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FOREWORD

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical activity.
ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with 1SO and IEC, also take part in the

work.

In the field of information technology, ISO and IEC have established a joint technical committee,
ISO/IEC JTC 1. Draft International Standards adopted by the joint technical committee are circulated to

nation

ql baodies for votina. Publication as an International Standard reauires apnnroval by at lea
~ 1 Ll } 7

t 75 %

of the

Interngtional Standard ISO/IEC 9314-8 was prepared by Joint Technical Committee ISO/IEC
Informiation technology, Subcommittee SC 25, Interconnection of information technology-equipm

ISO/IHC 9314 consists of the following parts, under the general title Information technology -
Distributed Data Interface (FDDI):

- Pa
- Pa
- Pa
- Pa
- Pa
- Pa
- Pa
- Pa
- Pa

- Pa
COlj

— Pa
- Pa
- Pa
- Pa
- Pa

hational bodies casting a vote.

[t 1: Token Ring Physical Layer Protocol (PHY) (1989)

[t 2: Token Ring Media Access Control (MAC) (1989)

[t 3: Physical Layer Medium Dependent (PMD) (1990)

't 4: Single Mode Fibre Physical Layer Medium Dependent(SMF-PMD) 1)

[t 5: Hybrid Ring Control (HRC) (1995)

[t 6: Station Management (SMT)

[t 7: Physical Layer Protocol (PHY-2)

[t 8: Media Access Control-2 (MAC-2)

't 9: Low-Cost Fibre — Physical Mediumy Dependent (LCF-PMD) (under consideration)

t10: Token Ring Twisted Pair Physical layer Medium Dependent (TP-PMD)
sideration)

[t 13: Conformance Test Pratocol Implementation Conformance Statement Proforma (CT-H
't 20: Physical Medium.Dependent Conformance Testing (PMD-ATS) (under consideration
't 21: Physical Layer)Protocol Conformance Testing (PHY-ATS) (under consideration)

[t 25: Abstracttest suite for FDDI — Station Management Conformance Testing (SMT-ATS
't 26: Media‘Access Control Conformance Testing (MAC-ATS) (under consideration)

JTC 1
ent.

- Fibre

(under

PICS)

1) Tob

e published
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INTRODUCTION

998(E)

The Fibre Distributed Data Interface (FDDI), ISO/IEC 9314, is intended for use in a high-performance
general purpose multi-node network and is designed for efficient operation with a peak data rate of
100 Mbit/s. It uses a Token Ring architecture with optical fibre as the transmission medium. FDDI
provides for hundreds of nodes operating over an extent of tens of kilometres.

The Media Access Control (MAC) specifies the lower sublayer of the Data Link Layer for the FDDI. As
such, it presents the specifications and services provided for conforming FDDI attachment devices.
MAC specifies the access to the medium, including addressing, data checking, and data framing. MAC

also specifies the receiver and transmitter state machines.

When

standdrds:

a)

b)

c)

A num
for Hy
isochr
foras

Other
conce
a (cop

This p

9314-2

Chang
intend
MAC |

the set of basic FDDI standards, ISO/IEC 9314, is completed it will include the following

A Physical Layer Protocol (PHY), which specifies the upper sublayer of the Rhysical Lay
ISO/IEC 9314.

A Physical Layer Media Dependent (PMD), which specifies the lowér sublayer of the P
Layer of ISO/IEC 9314.

A Station Management (SMT), which specifies the local peftion of the system manag
application process of ISO/IEC 9314.

ber of extensions to ISO/IEC 9314 are completed or in grocess. One extension, ISO/IEC 9
prid Ring Control (HRC), commonly known as FDDI-If; extends the capability of FDDI to hg
bnous data streams at a multiplicity of data rates. -Another extension, ISO/IEC 9314-4, pro

work, addressing alternate PMDs, is aimed.at<providing low-cost attachments for use in
htrator-to-workstation environments. This work includes a Low-Cost Fibre PMD (LCF-PML
per) Twisted Pair PMD (TP-PMD).

hrt of ISO/IEC 9314 for MAC-2 is an enhancement to the original FDDI standard on MAC (
). Itis referred to as MAC-2 when it is necessary to distinguish it from the original MAC.
es include those identified.in.footnotes to ISO 9314-2 as areas that the standards committ
bd to change as well as changes that were required for extensions to FDDI, such as FDDI
bvel bridging. MAC-2%also includes editorial corrections and clarifications.

pr of

hysical

ement

314-5,
indle
vides

ngle-mode optical fibre version of PMD (SMF-BRMD) and will permit optical links of up to 6 km.

D) and

SO

be
Il and
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INFORMATION TECHNOLOGY —
FIBRE DISTRIBUTED DATA INTERFACE (FDDI) —

Part 8: Media Access Control-2 (MAC-2)

1 Scope

This part of ISO/IEC 9314 specifies the Media Access Control (MAC), the middle sublayer of

the Data Link Layer (DLL), for Fibre Distributed Data Interface (FDDI).

FDDI|(ISO/IEC 9314) provides a high-bandwidth (100 Mbit/s), general-purpose
intercpnnection among information processing systems, subsystems and peripheral
equipment, using fibre optics or other transmission media. FDDI can be configlred to

suppart a sustained data transfer rate of at least 80 Mbit/s (10 Mbyte/s). (/=DDI provide$

conndctivity for many nodes distributed over distances of many kilometres'in extent. C
default parameter values for FDDI (e.g. timer settings) are calculated-oh the basis of up to
1 000|transmission links or up to 200 km total fibre path length (typically corresponding
500 npdes and 100 km of dual fibre cable, respectively); however, the FDDI protocols dan
suppqrt much larger networks by increasing these parameter values.

As shpwn in figure 1, ISO/IEC 9314 consists of

a) A
1)

Physical Layer (PL), which is divided into two sublayers:

brtain

to

A Physical Medium Dependent (PMD), which provides the digital baseband ppint-

to-point communication between nodes'in the FDDI network. The PMD provi
all services necessary to transport.a‘suitably coded digital bit stream from no

des
e to

node. The PMD defines and characterizes the fibre-optic drivers and receivefs,
medium-dependent code requiréments, cables, connectors, power budgets, aptical
bypass provisions, and physical-hardware-related characteristics. It specifieq the

point of interconnectability for conforming FDDI attachments. The initial PMD
standard, ISO/IEC 9314-3, defines attachment to multi-mode fibre. Additional

PMD sublayer standards are being developed for attachment to single-mode
and SONET.

A PhysicalLayer Protocol (PHY), which provides connection between the PMD

fibre

and the Rata Link Layer. PHY establishes clock synchronization with the upgtream

code-hitdata stream and decodes this incoming code-bit stream into an equi
symbol stream for use by the higher layers. PHY provides encoding and dec
between data and control indicator symbols and code bits, medium conditioni
and initializing, the synchronization of incoming and outgoing code-bit clocks,

alent
bding
ng
and

tho deolinaation-of actet haormmdaricc ac roacunrad far tha trancmicoinin Af infarna 4 tlon

T O T T e OO T O Ot tTC T o UOTTOTC o oo T o U C U TOT tHC A T o T TS SToOTT O T oo

to or from higher layers. Information to be transmitted on the medium is encoded

by the PHY using a group transmission code.

b) A Data Link Layer (DLL), which is divided into two or more sublayers:

1)

An optional Hybrid Ring Control (HRC), which provides multiplexing of packet and
circuit switched data on the shared FDDI medium. HRC comprises two internal
components, a Hybrid Multiplexer (H-MUX) and an isochronous MAC (I-MAC).

H-MUX maintains a synchronous 125 ps cycle structure and multiplexes the

packet and circuit switched data streams, and I-MAC provides access to circuit

switched channels.
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2) A Media Access Control (MAC), which provides fair and deterministic access to the
medium, address recognition, and generation and verification of frame check
sequences. Its primary function is the delivery of packet data, including frame
generation, repetition, and removal. The definition of MAC is contained in this part
of ISO/IEC 9314.

3) An optional Logical Link Control (LLC), which provides a common protocol for any
required packet data adaptation services between MAC and the Network Layer.
LLC is not specified by FDDI.

4)  An optional Circuit Switching Multiplexer (CS-MUX), which provides a common
protocol for any required circuit data adaptation services between I-MAC and the
Network Layer. CS-MUX is not specified by FDDI.

Station Management (SMT), which provides the control necessary at the nede lg¢vel
D manage the processes under way in the various FDDI layers such thatca. node may
york cooperatively on a ring. SMT provides services such as control of\configuratjon
management, fault isolation and recovery, and scheduling policies.

< = I

The MAC definition contained herein is designed to be as independent as possible from both
the physical medium and the speed of operation. Concepts employed in ISO/IEC 8802-5,

dealirlg with Token Ring MAC operation have been modified to accommodate the highe
FDDI|speeds, while retaining a similar set of services and facilities.

=

ISO/IEC 9314 specifies the interfaces, functions, and operations necessary to ensure
interoperability between conforming FDDI implementations. This part of ISO/IEC 9314
provides a functional description. Conforming implementations may employ any desigr
techn|que that does not violate interoperability. Implementations that conform to this part of
ISO/IEC 9314 shall also be interoperable with implementations that conform to 1ISO 9314-2 if
the additional capability of hybrid mode operation (as defined in this document) is not being
used.| Implementers are encouraged to consult ISO 9314-2 in addition to this part of
ISO/IEC 9314.
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Circuit Logical
Switching Link
Multiplexer(s) Control

(CS-MUX) (LLC)

e |

FDDI

|
! Isochronous Media Access [«
Components | | MAC (IMAC) |=& Control (MAC)O |—
]
! I
i Hybrid Ring Control I
. (HRC) (optional) :
! I
Data : Hybrid Multiplexer (HMUX) 9
Link ! I
Layer . F _________ ! Station
_——t e ——— — — — — — — — — e —_————— Management
Physital (SMT)C
Layer

Physical Layer Protocol (PHY).IJ <

¢

Physical Layer MediumDependent
(PMD)O

0 MAC-2.with HRC; MAC or MAC-2 otherwise.
0 PHY~2 with HRC; PHY or PHY-2 otherwise.
00 PMD, SMF-PMD, TP-PMD or LCF-PMD.
0°*SMT-2 with HRC; SMT or SMT-2 otherwise.

Figure 1 — FDDI structure

2 Normative references

OVt

provisions of this part of ISO/IEC 9314. At the time of publication, the editions indicated
were valid. All standards are subject to revision, and parties to agreements based on this
part of ISO/IEC 9314 are encouraged to investigate the possibility of applying the most
recent editions of the standards listed below. Members of IEC and ISO maintain registers of
currently valid International Standards.

llawvina standarde cantain nraviciane which thraniah rafaranca in thic tavt canctit
Staea-a6S-coRaPHAHSIO RS WG H-OUHgRHere e ReeHHHStextH-GoRStHE
e fc g B : g : e

ISO/IEC 8802-2: 1994, Information technology - Telecommunications and information
exchange between systems - Local and metropolitan area networks - Specific requirements -
Part 2: Logical link control

ISO/IEC 8802-5: 1992, Information technology - Telecommunications and information
exchange between systems - Local and metropolitan area networks - Specific requirements -
Part 5: Token ring access method and physical layer specifications
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ISO 9314-1: 1989, Information processing systems - Fibre Distributed Data Interface (FDDI)
- Part 1: Token Ring Physical Layer Protocol (PHY)

ISO 9314-2: 1989, Information processing systems - Fibre Distributed Data Interface (FDDI)
- Part 2: Token Ring Media Access Control (MAC)

ISO/IEC 9314-3: 1990, Information processing systems — Fibre Distributed Data Interface
(FDDI) — Part 3: Physical Layer Medium Dependent (PMD)

ISO/IEC 9314-4, Information technology — Fibre Distributed Data Interface (FDDI) — Part 4:
Single Mode Fibre Physical Layer Medium Dependent (SMF-PMD) V)

ISO/IEC 9314-5:1995, Information technology - Fibre Distributed Data Interface (FDDI) -
Part §: Hybrid Ring Control (HRC)

ISO/IEC 9314-6: Information technology - Fibre Distributed Data Interface (FDDI)=Part 6:
Station Management (SMT)

ISO/IEC 9314-7: Information technology - Fibre Distributed Data Interface (FPDI) - Part 7:
Physital Layer Protocol (PHY-2)

ISO/IEC 10038: 1993, Information technology - Telecommunications(and information
exchange between systems - Local area networks - Media access-control (MAC) bridgé

D

S

3 Definitions

For the purposes of this part of ISO/IEC 9314, the following definitions apply. In some ¢ases
these|definitions may duplicate those contained in-ether parts of ISO/IEC 9314. Such
definitions are included for completeness and to improve readability. In certain cases,
definitions herein may slightly update those.contained in the earlier published parts of
ISO/IEC 9314 to improve their clarity.

3.1 p@synchronous: A class of datatransmission service whereby all requests for service
contepd for a pool of dynamically allocated ring bandwidth and response time.

3.2 Basic mode: The mode of ring operation where MAC PDUs (frames and tokens)|are
directly transmitted by PHY.

3.3 bypass: The ability'ef a node to optically isolate itself from the FDDI network while
maintgining the continQity of the cable plant.

3.4 capture: Thé.act of removing a token from the ring for the purpose of Frame
transrnission.

3.5 [laimioken: A process whereby one or more MACs bid for the right to initialize the
ring.

3.6 ountar-rotatino: An-arrangement-wherebyv twno-sighal-paths-in-opposite-directiohs
. otHte-otatiig- aHahg t Y+ ghePat PP t t
existin a rng tOpOIOgy.

3.7 cycle: A Protocol Data Unit transmitted between cooperating HRC entities on a ring,
consisting of a fixed number of octets in each 125 ps interval.

1) 7o be published.
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3.8 entity: An active service or management element within an Open System
Interconnection (OSI) layer, or sublayer.

3.9 fibre optics: A technology whereby signals are transmitted over an optical waveguide
medium through the use of light-generating transmitters and light-detecting receivers.

3.10 frame: A Protocol Data Unit transmitted between cooperating MAC entities on a logical
ring, consisting of a variable number of octets and control symbols.

3.11 Hybrid mode: The mode of ring operation where HRC PDUs (cycles) are transmitted
by PHY.

3.12 Hybrid Ring Control (HRC): The Data Link Layer entity responsible for multiplexing of
packdt and circuit switched data, and providing access to circuit switched channels, in_an
FDDI [logical ring.

3.13 jmmediate: A class of data transmission service whereby requests for service frgm
SMT yhen the ring is non-operational are performed immediately without capture of a tpken.

3.14 |ogical ring: The set of FDDI Data Link Layer entities (HRC or MAC) serially
conngcted to form a single ring. The FDDI network topology can form-wo counter-rotat|ng
logicall rings; however, some subsets of this topology only form a siigle logical ring.

3.15 Media Access Control (MAC): The Data Link Layer entity responsible for schedpling
and rguting packet data transmissions in an FDDI logical rings

3.16 my long address (MLA): The 48-bit Individual Addréss of this MAC.
3.17 my short address (MSA): The 16-bit Individual*Address of this MAC.

3.18 phetwork (FDDI network): A collection of FDDI nodes interconnected to form a trunk,
or a tiee, or a trunk with multiple trees. This topology is sometimes called a dual ring of
trees.

3.19 hode: A collection of Physical Layeri(e.g. PMD and PHY) and optional Data Link [Layer
(e.g. MAC and HRC) entities within an FDDI network, capable of repeating information gnd
optionally of transmitting and receiving information, and managed by one SMT entity.

3.20 phon-restricted token: A token denoting the normal mode of asynchronous bandyvidth
allocdtion, wherein the available bandwidth is shared among requesters.

3.21 hull address: An address of all zeros, or an address that is either not implemented or
implemented but not enabled.

3.22 lpctet: A data.unit composed of eight ordered binary bits. An octet is represented
FDDlas a pair of data symbols.

n

3.23 PhysicalLayer Medium Dependent (PMD):  The Physical Layer entity responsible for
delivefring(aycode bit stream produced by a PHY entity to the physically adjacent PHY gntity,
attachiedlvia fibre optics, in an FDDI network.

3.24 Physical Layer Protocol (PHY): The Physical Layer entity responsible for delivering a
symbol stream produced by an upstream DLL entity (MAC or HRC) to the logically adjacent
downstream DLL entity in an FDDI network.

3.25 primitive: An element of the services provided by one entity to another.

3.26 Protocol Data Unit (PDU): The unit of information transfer between communicating
peer layer entities. It may contain control information, address information, data (e.g. an
SDU from a higher layer entity), or any combination of the three. The FDDI MAC PDUs are
tokens and frames.
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3.27 receive: The action of a node that consists of accepting an information stream (e.g.
frame, token, cycle or control sequence) from the medium. The node receiving the
information stream may examine it and selectively copy it as appropriate.

3.28 repeat: The action of a node that consists of receiving an information stream from an
upstream node and reproducing it on the medium to a downstream node. The node
repeating the information stream may examine it and selectively copy or modify it as
appropriate.

3.29 restricted token: A token denoting a special mode of asynchronous bandwidth
allocation, wherein the bandwidth available for the asynchronous class of service is
dedicated to a single extended dialogue between specific requesters.

3.30 fing: A closed loop consisting of one or more stations connected by a physicai
mediym wherein information is passed sequentially between active stations, each-station in
turn examining or copying and repeating the information, finally returning it to the.originpting
station.

3.31 [Service Data Unit (SDU): The unit of data transfer between a serviCe user and g
servige provider.

3.32 services: A set of functions provided by one OSI layer or sublayer entity, for use|by a
higher layer or sublayer entity or by management entities. Data.services are provided o a
highef layer or sublayer entity; management services are prowvided to a management entity.

3.33 ource routing: A method of routing frames through*a bridged network in which the
source station specifies within each frame the route it will traverse.

=

3.34 Pstation: An addressable logical and physicalnode in an FDDI network, capable g
transmitting, repeating and receiving information<:An FDDI station has one or more PHY
and PIMD entities, zero or more HRC entities,~0ne or more MAC entities, and one SMT
entity

3.35 [Station Management (SMT): Thesupervisory entity within an FDDI node that
monitprs and controls the other FDDkentities in the node.

14

3.36 symbol: The smallest signalting element used by the Data Link Layer (DLL). The
symbol set consists of 16 data'symbols and 9 control symbols.

3.37 synchronous: A class of data transmission service whereby each requester is
preallpcated a maximum bandwidth and guaranteed a maximum access time.

3.38 foken: An explieit indication of the right to transmit on a shared medium. On a token
ring, the token cifeulates sequentially through the stations in the ring. At any time, it may be
held Qy zero grone station. MAC uses two classes of tokens: restricted and non-restricted.

3.39 ftransmit: The action of a node that consists of generating an information stream|(e.g.
frame}, token, cycle or control sequence) and placing it on the medium.

3.40 transparent bridging: A method of routing frames through a bridged network in which
intermediate bridge stations determine the route that each frame will traverse without explicit
involvement of the end stations.
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4 Conventions and abbreviations

4.1 Conventions

The terms SMT, MAC, HRC, PHY and PMD, when used without modifiers, refer specifically
to the local FDDI entities within a node. The term LLC unless otherwise qualified refers to
any local user of MAC data services, other than SMT, including those conforming to ISO
8802-2.

LOW II ICO (C’y ICunOth_DCI V;bC_b:aDD) alrc uccd do A bUIIVCII;CI 1T tU il Ir\ thc nartic Of
signals, functions, etc., that might otherwise be misinterpreted as independent individual
wordg if they were to appear in text.

The use of a period (e.g. MA_UNITDATA.request) is equivalent to the use of adow line
excefdt that a period is used as an aid to distinguish modifier words appended‘to an
antecgdent expression.

Subsgripts or other object selectors are denoted by square brackets intext (e.g.
aggregate object[subscript] ).

Optiopal capabilities are distinguished from required capabilities, by the use of dashed ljnes
in drawings or curved braces in text (e.g. required capability{ | optional capability } ).

Subordinate clauses in state machine footnotes are denoted by indentation (e.g. matchjng
THEN and ELSE clauses are indented one level beneath their IF clause).

Comments in state machine footnotes are denoted-by double brackets (e.g.
condition « comment » ).

4.1.1| Addressing

MSA F the 16-bit Individual Address-ef this MAC, if implemented and enabled by SMT;
otheryise MSA = Null.

MLA # the 48-bit Individual Address of this MAC, if enabled by SMT; otherwise MLA = INull.

Short[ Addresses is the set of 16-bit MAC addresses including MSA if enabled, the 16-bit
Broadcast Address (all-enes), and any other 16-bit Group Addresses recognized by thi
MAC.

Long |Addresses'isithe set of 48-bit MAC addresses including MLA if enabled, the 48-hjt
Broadcast Address (all ones), and any other 48-bit Group Addresses recognized by this
MAC.

When claiming the token, if the MAC transmits with 16-bit addressing, then MLA = Null

| M Y Y MNAC & H'S o 40 L+ PPN H +la MSA | N(F |
ConV IDCIy, 1T UICT IVIAC UTAlNToITmnmto VWil 0O JIL QUUICDDIIIH, UICTIT IVio//A = TNUIL.

A Null Address consists of all zeros in MAC PDUs. The representation of Null and/or
disabled addresses within a station is not specified; however, by convention such addresses
are represented as all zeros in this document.

Transparent_Bridge_Addresses is the set of 48-bit MAC addresses to be forwarded by
transparent bridges.

4.1.2 Timing values and timers

All timing values, when encoded in binary form, are expressed as the unsigned twos
complement of the target or remaining time in octets, i.e. the numerically greater magnitude
represents the shortest time remaining. This definition is for reference purposes only and
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does not prescribe the implementation, except where these timing values appear in Protocol
Data Units on the ring. These timing values are not all used simultaneously in the state
machines; consequently, the implementation need not instantiate them when they are not
needed.

Timers are given a name of the form TXX where XX are two capital letters, an example is
the token rotation timer TRT. By convention, all timers are assumed to be initialized with the
unsigned twos complement of the target, or remaining, time in octets. Timers are further
assumed to count upward if enabled, expiring when an overflow occurs. All timer
comparisons are expressed on the basis of elapsed time. These conventions are for
reference purposes only and do not prescribe implementation.

4.2 Abbreviations

A Address Recognized Indicator in Frame Status field of a frame
A _Flag Indicates Destination Address match in last received frame
A_Max Maximum signal acquisition time

B_Flag Indicates new restricted dialog may Begin on thistoken rotation
C Frame Copied Indicator in Frame Status field-6f a frame

CMT Connection Management function of Station Management
Copigd_ct Count of PDUs addressed to and copiéd by the MAC

C_Flag Indicates successful copying of lastseceived frame

DA Destination Address field of a frame

DLL Data Link Layer

DM_Nlin Minimum duplicate MACidrame detection delay

D_Flj‘g Indicates that the duplicate MAC frame detection delay has transpired
D_Mdx Maximum ring latency time

E Error Detected-Indicator in Frame Status field of a frame

ED Ending Delimiter field of a MAC PDU

Error [ct Count of reportable frame errors

E_Fldg Indicates error detected in last received frame

FC Frame Control field of a MAC PDU

FCS Frame Check Sequence field of a frame

FF Frame Format bits in Frame Control field of a MAC PDU
Frame_ct Count of all frames received

FS Frame Status field of a frame

F_Max Maximum frame time

HRC Hybrid Ring Control

H_Flag Indicates Higher Source Address received

IG Individual/Group bit in Destination Address field of a frame

INFO Information field of a frame
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|_Max Maximum node physical insertion time

Last FC The Frame Control field of the last valid Frame or Token Received
Late_ct Count of TRT expirations (token lateness)

LLC Local Link Control

Lost_ct Count of PDUs detected as lost

L _Flag Indicates Lower Source Address received

L_Max Maximum transmitter frame set-up time

MAC Media Access Control

MLA My Long Address

MSA My Short Address

M_Flag Indicates My Source Address received

M_Max Maximum number of MAC entities allowed on the ring
Not_Copied_ct Count of PDUs addressed to and not copied by the MAC
NSA Next Station Addressing frame

N_Fldg Indicates No copy acknowledgment for this ffafme

PA Preamble between MAC PDUs

PDU Protocol Data Unit

PHY Physical Layer Protocol

PMD Physical Layer Medium Dependent

P_Flag Indicates Purge in process

RI Routing Information field of a frame

RII Routing Informatiop.Indicator bit in Source Address field of a frame
RMT Ring Management function of Station Management
R_Fldg Indicates lastyvalid token received was restricted

SA Source Address field of a frame

SD Starting Delimiter field of a MAC PDU

SDU Service Data Unit

SMT Station Management

S_Mir Minimum safety timing allowance

THT Token-Holding Timer

Token_ct Count of tokens received by the MAC

Transmit_ct Count of PDUs transmitted by the MAC

TRT Token-Rotation Timer

TTRT Target Token Rotation Time

TVX Valid-Transmission Timer

TVX value

TVX timeout value
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T Bid_rc Bidding TTRT received by this MAC in Claim Frames

T Bid_tx Bidding TTRT transmitted in this MAC's Claim Frames

T Flag Indicates that the last captured token was early

T Init Maximum allowed ring initialization time

T _Max Maximum TTRT to be supported by this MAC

T _Min Minimum TTRT to be requested by this MAC

T _Neg Negotiated TTRT during Claim process (in receiver)

T Opr Operative TTRT for this MAC (in transmitter)

T _Pri Set of n priority Token Rotation Time thresholds

T_Pri|n] Element n of the set T_Pri

T _Regct Maximum allowed time to react to a major ring fault

T _Req Requested TTRT for this MAC's traffic

T _Resp Maximum allowed time to recover a token

5 General description

An FDDI network consists of a set of nodes (e.g. stations) connected by optical transmission
medig into one or more logical rings. A logical ring cansists of a set of stations connected as
an alternating series of nodes and transmission media to form a closed loop (see figurq 2).

Information is transmitted sequentially, as a stream of suitably encoded symbols, from pne

active
serve
comn

Two K
servig
transi
from (¢
they
the rin
chanr
struct
that ¢

FDDI
inforni

node to the next. Each node generally_regenerates and repeats each symbol and
5 as the means for attaching one or_more devices to the ring for the purpose of
unicating with other devices on th&’ring.

inds of data service can be pravided in a logical ring: packet service and circuit
e. For packet service, a given station (the one that has access to the medium)
hits information on to thering as a series of data packets, where each packet circulates
Dne station to the next. The addressed destination station(s) copies the packets as
ass. Finally, the station that transmitted the packets effectively removes them frgm

g. For circuit service, some of the logical ring bandwidth is allocated to independent
els. Two or more stations can simultaneously communicate via each channel.
Ure of themformation stream within each channel is determined by the stations sharing
nannel,

provides packet service via a token ring, wherein a station gains the right to transmit its
ation on to the medium when it detects a token passing on the medium. The token is

acon
follow

rol signal comprised of a unique symbol sequence that circulates on the medium
ing each series of transmitted packets. Any station, upon detection of a token, may

capture the token by removing it from the ring. The station may then transmit one or more
data packets. After transmitting its packets, the station issues a new token, which provides

other

stations the opportunity to gain access to the ring.

A Token-Holding Timer, or equivalent means, limits the length of time a station may use
(occupy) the medium before passing the token.

Multiple levels of priority are available for independent and dynamic assignment depending
upon the relative class of service required. The classes of service may be synchronous
(typically used for applications such as real-time packet voice), asynchronous (typically used
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for interactive applications), or immediate (used for extraordinary applications such as ring
recovery). The allocation of ring bandwidth occurs by mutual agreement among users of the
ring.

Error detection and recovery mechanisms are provided to restore ring operation in the event
that transmission errors or medium transients (e.g., those resulting from station insertion or
removal) cause the access method to deviate from normal operation. Detection and
recovery for these cases utilizes a recovery function that is distributed among the stations
attached to the ring.

Hybrid mode is the mode of operation Where both token ring operatlon and |sochronous data
transfer a ] [
existgnce of a Hybr|d Rlng Control (HRC) entlty HRC passes all packet data to the pa;
MAC Entity. HRC does not pass isochronous data to the packet MAC.

The media access method as specified herein is intended to place minimal constraints pn
the higher layer protocols employed to effect data transfer.

Cket

STATION
D

STATION
B

STATION
C

STATION
A

A A A

Y Y Y Y

STATION STATION STATION STATION
H G F E

All stations-are active except B (illustrated in bypass mode)

Figure 2 — Token ring logical configuration example

6 Services

This clause specifies the services provided by MAC and the services required by MAC. The
following services are defined:
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a) Data services provided by MAC to the optional local Logical Link Control (LLC) entity, or
other optional MAC users, denoted by a MA_ prefix.

b) Data services required by MAC from the local PHY entity when the optional HRC
function is not present, denoted by a PH__ prefix.

c) Data services required by MAC from the local H-MUX entity when the optional HRC
function is present, denoted by the HM__and HP__ prefixes.

d) Management services provided by MAC to the local SMT entity, denoted by a SM_MA _
prefix.

Some services and service primitives defined in this clause are optional; however, an
implementation shall provide a set of MAC services sufficient to support correct operatipn of
Station Management (SMT) protocols as well as any other protocol(s) being used (elg.|ISO
8802-P).

The definition of these services is for reference purposes only, and is not intended to specify
an implementation of the MAC interfaces. Any implementation technique-that causes the
same|external behaviour of the protocol is equally valid.

6.1 MAC-to-LLC services

This qubclause specifies the services provided at the interface between the MAC and the
local LLC (or other MAC user) entities, to support the exchange of PDUs among peer LILC

(or other MAC users such as a MAC relay function or jmplementor functions) entities. These
serviges provide delivery of submitted SDUs to individual peer entities (with individual
addrefsses), or to multiple peer entities (with groupraddresses). These services may bg used
to exghange both LLC frames and, optionally, implementor frames.

The following primitives are defined:

MA_UNITDATA.request
NMA_UNITDATA.indication
MA_UNITDATA_STATUS.indication
MA_ TOKEN.request

The primitives defined in this\subclause are optional.

The description of each«primitive includes a description of the information that shall be
passgd between the MAC and the LLC (or other MAC user) entities.

6.1.1| MA_UNTDATA.request

This gptionpalprimitive defines the transfer of SDUs to MAC from a local LLC entity or other
MAC sérs; for delivery to one or more peer entities.

6.1.1.1 Semantics of the primitive

MA_UNITDATA.request (
{ requested_token_class, }
{ requested_service_class, }
{ asynchronous_priority, }
FC_value [1],
destination_address [1],
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{ source_address[1],

{ bridge_route [1], } }

M_SDU [1],

{FCS[1], }

{ stream [1], }

{ FC _value [2],
destination_address [2],
{ source_address[2],

{ bridge_route [2], } }
M_SDU [2],
{ECS[2])

Requested_token_class may optionally be either.non-restricted, restricted, or any. MA
implementing the optional restricted token capability control restricted dialogs through

requested_token_class, which may require eapture of either a restricted or non-restricted
token|to service the request.

Requested_service class may optionally be either Synchronous or Asynchronous. If
asyndhronous, the asynchronous_priority level may optionally be specified.

stream [2], }

{ FC _value [n],
destination_address n],
{ source_address|n],

{ bridge_route“[n], } }
M_SDU [n},
{ FCS[n]}
stream[n], }

{ issded_token_class }

)

Each et of FC_value, destination”_address, bridge_route, M_SDU and stream parameters

specifies one frame for transmission and is referred to as a subrequest.

The HC value parameter.supplies the Frame Control (FC) field to be transmitted as pait of
the frame. The Frame Format value of zero (FC.FF = 00, i.e. SMT or MAC frames) shall not

be acgepted with this-service primitive (see 6.4.4).
The destinationicaddress parameter may specify either an individual or a group MAC

addreps. It shall contain sufficient information to create the DA (Destination Address) figld.
Addrgss length is determined by the L bit of the associated FC_value parameter (see 7,3.3).

specify the individual_MAC_address of the original source MAC.

If the M_SDU is being forwarded by a bridge, the optional bridge_route parameter causes
generation of a Routing Information (RI) field. It shall contain sufficient information to create
the RI field. If no bridge_route parameter is supplied, then no RI field will be generated.

The M_SDU parameter specifies the Service Data Unit to be transmitted in the Information
field of the frame. There shall be sufficient information associated with the M_SDU for MAC
to determine the length of the service data unit.


https://iecnorm.com/api/?name=22b990a1843c6f175f4af85a5b300b27

-14 - 9314-8 © ISO/IEC:1998(E)

If the M_SDU is being forwarded from another FDDI ring by a bridge, the optional FCS
parameter shall specify the Frame Check Sequence sent by the original source MAC.

The optional stream parameter, if set, shall cause multiple M_SDUs to be transmitted as a
result of the MA_UNITDATA.request. Stream, when reset, indicates that this M_SDU is the
last one associated with this MA_UNITDATA.request. The frames shall be transmitted in the
order presented by this primitive. If TRT (Token-Rotation Timer) has expired (Late_ct _ 0) or
if a frame is encountered that cannot be transmitted because of the current value of THT
(Token-Holding Timer), then transmission is terminated without altering Token_Class. A
MA_UNITDATA_STATUS.indication is subsequently returned to LLC. If the

transmlsslon status is successful MAC may |n|t|ate transmlsslon of the remammg frames on

new MA_UNITDATA.request. Care must be taken When |n|t|at|ng or terminating restricted
token|mode that multiple subrequests will be serviced correctly if the token is issued before
all sulbrequests are serviced.

Issuedl_token_class optionally specifies the Token_Class that MAC shall issue following
transmission of the associated SDUs (i.e. at the end of the request), if no,ether request
pending that can be honoured. With requests for synchronous service the

issued_token_class shall be the class of the token that was captured; with requests for
asyndhronous service it may be either restricted or nonrestricted. )If no SDUs were spegified
by the MA_UNITDATA.request, then MAC shall immediately iSsue the requested class |of
token

S

6.1.1{2 When generated

This grimitive is generated by the local LLC entity:whenever a MAC SDU is to be transferred
to a peer LLC entity or entities, or when a toker/is to be issued after an MA_TOKEN.reguest
if no $DUs are to be transferred. This may, be in response to a request from higher laygrs of
protogol or from PDUs generated internally within LLC.

6.1.1{3 Effect of receipt

The receipt of this primitive shall cause MAC to capture the next usable token based on the
request parameters. MAC then enters State T2 (Transmit Data), appends all MAC-sp€cific
fields, including DA, SA{Source Address), and any fields that are unique to the medium
acceds method, and/submits the properly formed frame(s) to the lower layer local entity
(PHY |or H-MUX) for. transfer to peer MAC entities.

6.1.2 MA_UNITDATA.indication

This gptional primitive defines the transfer of SDUs from MAC to the local LLC entity or|other
MAC USETS.

6.1.2.1 Semantics of the primitive

MA_UNITDATA.indication (
FC_value,
destination_address,
source_address,
{ bridge_route, }
M_SDU,
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{FCS,}
reception_status

)

The FC_value parameter is the value of the Frame Control (FC) field. The Frame Format
value of zero (FC.FF = 00, i.e. SMT or MAC frames) shall not be delivered with this service
primitive (see 6.4.5).

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 the individual address as specified by the SA field of the

The optional bridge_route parameter indicates reception of a Routing Information (RI)f
It conyeys the contents of the Rl field. If no Rl field is received, then no bridge_reute
paraneter is generated.

The M

| SDU parameter conveys the MAC service data unit as received in,the Informatipn
field df the frame.
The optional FCS parameter conveys the Frame Check Sequence as-received in the F

f the frame.

field g

The r¢ception_status parameter indicates the success or failure of the incoming frame.
consists of the following elements:

a) H

I
H

DD

)

b) A
|

6.1.2

rame validity: FR_GOOD or optionally FR_BAD

FR_BAD is reported, the reason for the errot shall also be reported. The reason
e one of the following:

) Invalid FCS: Calculated Frame Cheek Sequence (FCS) does not match the
received FCS.

) Length Error:  The frame did\not have a valid data length.

) Internal Error:  An internalerror has occurred that prevents MAC from transi
to LLC a frame that has'been acknowledged by the setting of the C (frame cg
indicator.

eld.

shall

erring
pied)

) E Indicator Errox; © The error detected indicator for the frame was not received as

reset (R) (i.ereither set (S) or missing).

rame Status:_The received E (error detected), A, C, and, optionally, any other
ndicator values. The reported status for each individual indicator shall include red
s set (S),received as reset (R), or not received as set or reset.

2 \When generated

eived

The MA_UNITDATA.indication primitive shall be generated by MAC to indicate to the local
LLC entity the receipt of a valid LLC or Implementor frame addressed to this entity. This
primitive shall (optionally) be generated to indicate receipt of an invalid LLC or Implementor
frame addressed to this entity when the optional indicate on bad frames function has been
selected (see 6.4.2.3).
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6.1.2.3 Effect of receipt

The effect of receipt of this primitive by the LLC entity is not specified.

6.1.3 MA_UNITDATA_STATUS.indication

This optional primitive defines the response to an MA_UNITDATA.request primitive
signifying the success or failure of the request.

6.1.3.1 Semantics of the primitive

MA UNITDATA_ STATUS.indication (
number_of SDUs,
transmission_ status,

)

The number_of SDUs parameter reports the number of M_SDUs transmitted on a given
acceds opportunity as a result of this request.

The transmission_status parameter shall be used to pass information back to the local
requesting LLC entity. It shall be used to indicate the success-or failure of a previous
assodiated MA_UNITDATA.request. The relationship betwéen requests and status
indicg:ions is implementor defined; and an implementation may provide a single status
indication for a request, or an indication for one or mafte)subrequests if the
MA_UNITDATA.request primitive specified more than one M_SDU.

6.1.3{2 When generated

This grimitive shall be generated by MAC:in response to an MA_UNITDATA.request
primitjve from the local LLC entity.

6.1.3{3 Effect of receipt

The efffect of receipt of this primitive by LLC is unspecified.

NOTE - In the eventof multiple outstanding requests, additional information may be neegled in
order for LLC t0 associate the response with the appropriate request. The association may be
implied by the requests being serviced in a first-in-first-out (FIFO) manner. Alternatively{MAC
may maintain multiple queues of requests, at least one for each class_of _service
implemented, servicing each of these queues in a FIFO manner. It is assumed that if th
addressed peer MAC entity, or entities, acknowledge receipt of the frame(s) (by setting the C
indieator), then either the frame(s) will be delivered, or an internal error should be reportgd, to
the corresponding L1 C entity, or entities, via an MA UNITDATA.indication

6.1.4 MA_TOKEN.request
This optional primitive is used by LLC to request the capture of the next usable token.
6.1.4.1 Semantics of the primitive

MA_TOKEN.request (
requested_token_class,


https://iecnorm.com/api/?name=22b990a1843c6f175f4af85a5b300b27

9314-8 © ISO/IEC:1998(E) -17 -

{ requested_service_class, }
{ asynchronous_priority }

)

Requested_token_class may be either non-restricted, restricted, or any. MACs
implementing the optional restricted token capability control restricted dialogs through
requested_token_class, which may require capture of either a restricted or non-restricted
token to service the request.

Requested_service class may optionally be either Synchronous or Asynchronous. If
asynchronous, the asynchronous_priority level may optionally be specified.

6.1.4{2 When generated

This grimitive may be generated by the local LLC entity when data of a time critical natdre is
to be fransferred, or to control a restricted dialog.

6.1.4{3 Effect of receipt

The receipt of this primitive shall cause MAC to capture the next usable token based on the
request parameters. MAC then enters State T2 (Transmit Data)_and transmits Idle symbols
(and Yoid frames if required by L_max) until an MA_UNITDATArequest primitive is recgived
from LLLC unless TRT (or THT, for asynchronous requests)expires first, in which case MAC
shall issue another token of the same Token_class as was captured.

NOTE - This primitive may be used for time criticalcoperations to minimize the effects of fing

latency. This mode of operation may cause longer than usual preambles preceding a frgme,
thus wasting ring bandwidth; therefore it should'not be used for transfers of data on the FDDI
ring that are not time critical.

6.2 MAC-to-PHY services

This qubclause specifies the services provided at the interface between the MAC and the
PHY entities to support the exchange of PDUs among peer MAC entities. Additional detail is
provided in ISO 9314-1 and ISO/IEC 9314-7 concerning conditions that generate these
primitjves and PHY actions upon receipt of MAC generated primitives.

The following primitive’s are defined:

PH_UNITDATA.request
RPH_UNITBRATA.indication
RPH_INVALID.indication

All primitives defined in this subclause are mandatory when the optional HRC function is not
presept.“When the optional HRC function is present, these primitives are replaced by the
MAC-to-H-MUX primitives defined in 6.3.

The description of each primitive includes a description of the information that is passed
between the MAC and PHY entities.

These services shall be ‘synchronous’, so that each PH_UNITDATA.indication causes
exactly one PH_UNITDATA.request. Depending upon the current internal configuration of
the station, the PH_UNITDATA.request may be returned to the same PHY or to a different
PHY.

To ensure correct operation of the Elasticity Buffer function defined in the FDDI PHY (see
ISO 9314-1 and ISO/IEC 9314-7), the maximum MAC PDU length shall not exceed 9 000
symbols, including the Starting Delimiter through the fourth preamble (ldle) symbol after the
PDU.
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6.2.1 PH_UNITDATA.request

This primitive transfers the symbol data stream from MAC to PHY.

6.2.1.1 Semantics of the primitive

PH_UNITDATA.request (
PH_Request(symbol)
)

The symbol specified by PH_Request (symbol) shall be one of the following:

I[J, K, n, R, SorT, from the set of symbols defined in the FDDI PHY (see ISO 9814-1
nd ISO/IEC 9314-7).

Q)

6.2.1{2 When generated

MAC khall generate one PH_UNITDATA.request for each PH_UNITDATA:indication
receied from PHY.

6.2.1{3 Effect of receipt

The effect of receipt of this primitive by PHY is not specified;

6.2.2| PH_UNITDATA.indication

This grimitive transfers the symbol data stream to"MAC from PHY.

6.2.2{1 Semantics of the primitive

PH_UNITDATA.indication (
PH_Indication(symbol)

)

The symbol specified by PH_indication (symbol) shall be one of the following:

H, I, J, K, n, R, S, Tsand optionally L, Q or V, from the set of symbols defined in th¢
RADDI standard pn-PHY (see ISO 9314-1 and ISO/IEC 9314-7).

U

6.2.2{2 When‘generated

PHY shallgenerate a PH_UNITDATA.indication for each decoded symbol received frof
PMD.| This indication shall be generated once every symbol period.

>

6.2.2.3 Effect of receipt
Upon receipt of this primitive, MAC shall accept a symbol from PHY, process it, and

generate a corresponding PH_UNITDATA.request to PHY, conveying the resulting output
symbol.

6.2.3 PH_INVALID.indication

This primitive indicates to MAC that continuity of the received symbol stream has been
compromised.
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6.2.3.1 Semantics of the primitive

PH_INVALID.indication (
PH_Invalid

)

The PH_Invalid parameter shall indicate that the PH_UNITDATA.indication symbol stream is

invali

d.

6.2.3.2 When generated

PHY

shall generate this primituve whenever it detects a Quiet, Halt, Master, or Noise L

State /| or other interruptions of the received symbol stream as specified in the FDDIsta
on PHY (see ISO 9314-1 and ISO/IEC 9314-7).

6.2.3{3 Effect of receipt

Receipt of this primitive by MAC shall cause the MAC receiver to enter State RO, and td
abort the processing of any PDU currently being received.

6.3 MAC-to-H-MUX Services

This qubclause specifies the services provided at the intérface between the MAC and tf
optionjal H-MUX entities to support the exchange of PDUs among peer MAC entities. T

FDDI

P-MALC. The P-MAC is the MAC specified in thissstandard, with the optional capabilitie
suppart Hybrid mode implemented. Additionalidetail is provided in HRC concerning
conditions that generate these primitives and:H-MUX actions upon receipt of MAC geng
primitjves.

The following primitives are defined:

HM_MODE.indication
HP_UNITDATA.request
HP_UNITDATA.indication
HIP_INVALID.indication
HP_MODE.request

All primitives defined.in this subclause are mandatory when the optional HRC function i
presept. Whendhe optional HRC function is not present, these primitives are replaced
the MAC-to-PHY primitives defined in MAC-to-PHY services (see 6.2).

The description of each primitive includes a description of the information that is passe
betwegen‘the MAC and H-MUX entities.

Thes

standard on HRC (see ISO/IEC 9314-5) defines two types of MAC entities, I-MAC

e
ndard

ne
he
and
5 to

brated

e services shall be ‘synchronous’, so that each HP_UNITDATA.indication causes

exactly one HP_UNITDATA.request.

6.3.1 HM_MODE.indication

The function of this primitive is to provide information on the current mode of operation of
H-MUX to the local MAC entity.
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6.3.1.1 Semantics of the Primitive:

HM_MODE.indication (
HM_mode(mode)

)

The HM_mode parameter shall be set to ‘basic’ during Basic mode operation, ‘slave’ during
Hybrid mode operation whenever the H-MUX Cycle Control state machine is in the SLAVE or
STANDBY states, and ‘master’ during Hybrid mode operation whenever the H-MUX Cycle
Control state machine is in the RESYNCH or MASTER states.

6.3.1{2 When Generated:

H-MUX continuously sends an indication of its mode to the local MAC entities.

6.3.1{3 Effect of Receipt:

The efffect of receipt of this primitive by MAC is specified in the MAC state machines. This
primitjve alters the behaviour of the MAC recovery conditions and &etions.

6.3.2| HP_UNITDATA.request

This grimitive transfers the symbol data stream from MAC to H-MUX.

6.3.2{1 Semantics of the primitive

HP_UNITDATA.request (
HP_Request(symbol)
)

The symbol specified by HP_Request (symbol) shall be one of the following:

I[J, K, L, n, R, SorT, from the set of symbols defined in the FDDI standard on PHY
(pee ISO 9314-1 and ISO/IEC 9314-7).

6.3.2{2 When generated

MAC khall generate ‘ene HP_UNITDATA.request for each HP_UNITDATA.indication
receijed from H-MUX.

6.3.2{3 Effeet of receipt

The effect of receipt of this primitive by H-MUX is not specified

6.3.3 HP_UNITDATA.indication

This primitive transfers the symbol data stream to MAC from H-MUX.
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6.3.3.1 Semantics of the primitive

HP_UNITDATA.indication (
HP_Indication(symbol)
)

The symbol specified by HP_Indication (symbol) shall be one of the following:

H, I,J,K, L n,R,S,Tand optionally Q or V, from the set of symbols defined in the
FDDI standard on PHY (see ISO 9314-1 and ISO/IEC 9314-7).

6.3.3[2 When generaied

H-MUX shall generate a HP_UNITDATA.indication for each symbol received from PHY/|in
Basic|mode, and for each Packet Data Channel symbol in Hybrid mode. This‘indication shall
be geherated once every symbol period in Basic mode. Since the Packet Data Channgl is
byte interleaved with other information in Hybrid mode, MAC shall be capable of procegsing
intermittent pairs of indications in Hybrid mode.

6.3.3{3 Effect of receipt

Upon|receipt of this primitive, MAC shall accept a symbol from H-MUX, process it, and
generate a corresponding HP_UNITDATA.request to H-MUX, conveying the resulting dutput
symbol.

6.3.4| HP_INVALID.indication

This grimitive indicates to MAC that continuity of the received symbol stream has been
compfomised.

6.3.4|1 Semantics of the primitive

HIP_INVALID.indication (
HP_Invalid

)

The HP_Invalid parameter shall indicate that the HP_UNITDATA.indication symbol stream is
invalid.

6.3.4{2 When’'generated

H-MUX.shall generate this primitive whenever it does not have a valid symbol stream tq
present to MAC.

6.3.4.3 Effect of receipt

Receipt of this primitive by MAC shall cause the MAC receiver to enter State RO, and to
abort the processing of any PDU currently being received.

6.3.5 HP_MODE.request

The function of this primitive is to allow the MAC to force basic mode for the transmission of
MAC recovery frames (e.g. Claim and Beacon).
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6.3.5.1 Semantics of the Primitive:

HP_MODE.request (
HP_mode(mode)

)

The HP_mode parameter shall be set to ‘any’ to allow normal Hybrid operation, and to ‘basic’
to force basic mode operation during the transmission of MAC recovery frames.

6.3.5.2 When Generated:

MAC Fontinuously sends an indication of Its mode to the Tocal H-MUX entity. MAC sha
allow hormal H-MUX operation except during transmission of MAC frames during riog
recovery. MAC shall assert HP_mode(any) except during Transmitter states T4/and T%. In
state T4, the Claim actions specify the setting of HP_mode. MAC shall assert
HP_mode(basic) in state T5.

6.3.5{3 Effect of Receipt:

When HP_mode(any) is asserted the H-MUX is free to transmitcycles in the normal
manner. When the HP_mode(basic) is asserted the H-MUX shall transmit MAC SDUs |n
Basic{mode.

6.4 NMAC-to-SMT services

This qubclause specifies the services provided at.the interface between the MAC and the
Station Management (SMT) entities. The services supplied by the MAC allow the local[SMT
entity [to monitor and control the operation of MAC. The MAC-to-SMT services shall haye

precepence over the MAC-to-LLC services. Additional detail is provided in ISO/IEC 93[14-6
concgrning conditions that generate these primitives and SMT actions upon receipt of MAC-
generjpted primitives.

The following primitives are defined:

bM_MA_INITIALIZE_PROTOCOL.request
bM_MA_CONTROLrequest
bM_MA_STATUS.indication
bM_MA_UNITDATA.request
bM_MA_UNIFEDATA.indication

bM_MA UNITDATA_STATUS.indication
bM_ MASTOKEN.request

All primitives defined in this subclause are mandatory, except the

SM A LINUITIOATA _CTATLIC ool a—andd-CA _MNA _TOWIEN B Hn das Ll
II"\ UINT T IJI"\II_\ DITMAATUO. IIIUI\.;(]LIUII (ll ™A \)IVI IVII‘"\ TUTNLTN, |cqucot lJ I L4} VCQ, VVIIIL;I are

optional.

DN (N (N (N (N (N

The description of each primitive includes a description of the information that is passed
between the MAC and the SMT entities.

6.4.1 SM_MA_INITIALIZE_ PROTOCOL.request

This primitive is used by SMT to change operational parameters of MAC. The
implementation of this primitive shall allow for modification of single parameters. It is not
required to change these parameters while MAC is operational in the ring; however, the
implementation should minimize disruption of the ring during a parameter change.
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6.4.1.1 Semantics of the primitive

SM_MA_INITIALIZE_PROTOCOL.request  (
my_long_address,

{ my_short_address, }
group_MAC_addresses,
{ T_Min_value, }

{ T_Max_value, }
DM_Min_value,

{ TVX value, }

T Reg—value;
{T_Neg_value, }

T _Pri_value,

)

The my_long_address and optional my_short_address parameters are the,oetet stringg that
MAC khall use as its individual addresses. Both a long (48-bit) and a short (16-bit) addyess
may he supplied. Full MAC function on an FDDI network requires a pon=Null
my_lgng_address. Support of my_short_address is optional.

Each group_MAC_address is an octet string that MAC shall us€ as a group address.
Support for the broadcast address and for independent enabling or disabling of each of|the
16 popsible SMT group addresses is mandatory. Support far enabling of other group
addrejsses is optional.

NOTE - A group_MAC_address value should only.be supplied when the higher-layer protocol
entity intended to be accessed via that address.is-supported by the implementation

T_Min_value specifies the minimum Target Token Rotation Time (TTRT). Support of
T_Min_value is optional.

T_Max_value is optional.
DM

TVX_ yalue specifies the Valid-Transmission Timer (TVX) expiration value. Support of
TVX_palue is optional.

T_MZE_value specifies the maximum Target Token Rotation Time (TTRT). Support of
N

in_value specifies the minimum duplicate MAC frame detection delay.

T_Reg_value specifies-the requested TTRT.

T_Neg_value specifies the negotiated TTRT. Direct initialization of this parameter throtigh
this pfimitive is pptional since it is normally set through the Claim or Purge process.

T_Pri] value specifies an optional set of priority Token Rotation Time thresholds.

6.4.1{2°WWhen generated

This primitive is generated by SMT whenever it requires MAC to initialize or modify
operational parameters.

6.4.1.3 Effect of receipt

Receipt of this primitive shall cause MAC to establish the values of its addresses, and other
operational parameters. Prior to any SM_MA_INITIALIZE_PROTOCOL.request primitive, all
parameters shall assume their default values, and my_long_address and my_short_address
shall both be disabled.
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6.4.2 SM_MA_CONTROL.request

This primitive has local significance and is used by SMT to control the operation of MAC.
The implementation of this primitive shall allow for modification of individual control actions
listed below.

6.4.2.1 Semantics of the primitive

SM_MA_CONTROL.request (

control_action,
mac—frame—information;
requested_status

)

The cpntrol_action parameter values shall include: send_mac_frames, reset_mac,
contrgl_MAC_recovery, reset_frame_counters, present_status,
contrgl_MA_UNITDATA_request, and optionally control_MA_UNITDATA! ‘indication.

The cpntrol action send_mac_frames shall include Beacon and Claim. yThe
mac_frame_information parameter shall specify the DA field and theAnformation field fgr use
when [transmitting Beacon frames, or the Information field for use when transmitting Claim

framels. An implementation shall be capable of accepting a, mae_frame_information
paranmeter specifying at least 64 octets of Information field f@r continuous transmission |n
Trangmitter State T4 (Claim Token, see 8.4.5) or State.¥5 (Transmit Beacon, see 8.4.6).

WARNING - To assure stable MAC protocol behaviour, the maximum length of the MAC
frames (including preamble) continuously transmitted in States T4 and T5 should be
significantly less than T_Max / (N x M_Max). For more information, see annex D.

The cpntrol action reset_mac specifies reset.of the MAC state machines.

The cpntrol action control_MAC_recovery, shall specify full or partial recovery functions|in the
Trangmitter.

The cpntrol action reset_frame_counters shall include the MAC counters Frame_ct, Errpr_ct,
Lost_¢t, and (if implemented) Copied_ct, Transmit_ct, Not_Copied_ct and Token_ct.

The cpntrol action present_status shall cause generation of a SM_MA_STATUS.indication
that includes the requested_status.

The cpntrol action cantrol_MA_UNITDATA.request shall specify enable or disable of: 3
requests, synchrenous requests, and restricted requests.

The cpntrol action control_MA_UNITDATA.indication may optionally be implemented tg
enharjce the-frame copy capability of a MAC. Options may include indicate on all frames,
indicare on-O0wn frame, indicate on all group addresses, or no indicate on secondary N$A.

6.4.2.2 When generated

This primitive is generated by SMT to cause MAC to take the specified control action.

6.4.2.3 Effect of receipt

Receipt of this primitive by MAC shall cause it to take the following actions:
a) If the control action is reset_mac, then MAC shall
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b)

d)

9)

1)
2)
3)

Generate the MAC_Reset signal.
Enter Receiver State RO (Listen).
Enter Transmitter State TO (Transmit Idle).

If the control action is send_mac_frames (beacon), then MAC shall reset the
Transmitter state machine and enter State T5 (Transmit Beacon). The Late_Ct and the
D_Flag are not reset. The Beacon Frames shall be transmitted with the DA field, the

first octet of the Information field (Beacon Type), and any octets after the fourth octet of
the Information field specified by the mac_frame_information parameter.

If the control action is send_mac_frames (claim), then MAC shall reset the Transmitter

ys)

iy

DD
~—

iy

DD
~—"

dtate machine and enter State T4 (Claim Token). The Late Ct and the D_Flag aré
reset. The Claim Frames shall be transmitted with any octets after the fourth-6cte
the Information field specified by the mac_frame_information parameter.

the control action parameter is control_MAC_recovery and the request specifies

enable full recovery, then the Transmitter shall perform all tokef-and ring recq
functions;

enable partial recovery, then the Transmitter shall ignore token and ring reco
signals from the Receiver, i.e. signals generated by the Receiver upon receip,
valid Token or MAC frame, and TVX expired. Thispérmits transmission of M
SMT PDUs without interference from upstream stations. Received frames m
optionally be repeated when the Transmitter isidle; however, received tokeng
be stripped.

the control action parameter is reset_framexcounters, then MAC shall reset all
ndicated counters.

If the control_action is present_status, then MAC shall generate an
$M_MA_STATUS.indication to SMT:that includes the status indicated by the
requested_status parameter.

the control action is control "MA_ UNITDATA.request and the request specifies:

enable all requests, then MAC shall transmit all valid MA_UNITDATA.request
presented to it;

disable all requests, then MAC shall not transmit any MA_UNITDATA.reques
presented to.it;

enable synchronous requests, then MAC shall transmit all valid
MA_UNITDATA.requests with requested_service_class of synchronous presg
ta it:-~Support of this function is required if the optional synchronous transmiss
capability is supported;

b not
of

pvery

ery
t of a
AC or
Yy
shall

()

ented
sion

disable synchronous requests then MAC shall not transmit any

5)

MA_UNITDATA.requests with requested_service_class of synchronous presented

to it;
enable restricted requests, then MAC shall transmit all valid
MA_UNITDATA.requests with requested_token_class or issued_token_class

restricted presented to it. Support of this function is required if the optional
restricted token mode transmission capability is supported;

of
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6) disable restricted requests, then MAC shall not transmit any
MA_UNITDATA.requests with requested_token_class or issued_token_class of
restricted presented to it.

This control action does not affect operation of the SM_MA_UNITDATA.request
service.

h) If the control action is control_MA_UNITDATA.indication (optional) and the request
specifies:

1) Indicate on all frames shall cause the MAC to promiscuously copy and generate an
(SM_)MA_UNITDATA.indication on all frames independent of matching the

e

Dactiaatian-A-clds
DCStTatoTT \WaurtSST

—J

D)
N—r

Indicate on all group addresses shall cause the MAC to copy and generate)af
(SM_)MA_UNITDATA.indication on all frames independent of matching.the
Destination Address if the Destination Address is a group address.

Indicate on all frames or indicate on all group addresses shall not.expand the|set
of addresses included in Short_Addresses or Long_Addressesy-Therefore, the A
indicator shall only be set by a MAC if the DA of a frame is explicitly included |in the
set of Short_Addresses or Long_Addresses supplied via\thé
SM_MA_INITIALIZE_PROTOCOL.request.

3) Noindicate on own frame shall prevent the copy and generation of an
(SM_)MA_UNITDATA.indication on frames with the Source Address equal tothe
MAC's individual address.

4) No indicate on secondary NSA shall prevent the copy and generation of an
SM_MA_UNITDATA.indication on frames where the FC field indicates an SMT
Next Station Addressing frame and.the A indicator is received as S.

o
~—

No indicate on duplicate MAC shall prevent the copy and generation of an
SM_MA_UNITDATA.indicationon frames where the FC field indicates a MAC
frame and no difference was detected from the previous copied MAC frame v
the same FC value before-the fifth octet of the Information field.

th

8) No indicate on MACframes shall prevent the copy and generation of an
SM_MA_UNITDATAindication on frames where the FC field indicates a MAC
frame.

17 Indicate ombad frames shall cause the MAC to generate an
(SM_)MA. UNITDATA.indication on all frames that would otherwise be copied, but
that fail-the frame validity criteria (see 8.3.1). If this function is not selected, then

invalid frames are ignored.

6.4.3| SM_MA_STATUS.indication

This primitive is used by MAC to inform the local SMT entity of requested current status, or
errors and significant status changes detected by MAC.

6.4.3.1 Semantics of the primitive

SM_MA_STATUS.indication (
Status_report

)

The status_report parameter shall specify appropriate status including the following:
a) Any change of Ring_Operational status.


https://iecnorm.com/api/?name=22b990a1843c6f175f4af85a5b300b27

9314-8 © ISO/IEC:1998(E) - 27—

b)

)

k)

Receipt of a MAC frame with distinct reporting of: My_Claim, Higher_Claim,
Lower_Claim, My Purge, Other_Purge, My_Beacon, Other_Beacon or any other MAC
frame that satisfies the frame validity criteria. The report shall include at a minimum,
the first four bytes of the information field.

Expiration of TVX (optional).

Expiration of TRT and Late_ct not # O (optional).

Receipt of PH_Invalid when the Receiver was not in State RO (optional).
Overflow of a counter, (e.g. Error_ct) (optional).

Increment of a counter (n g Error r‘f\ (nnhnnnl\

Receipt of a valid frame with the Destination Address equal to this MAC's |nd|V|duzLI
gddress and the received A Indicator set (optional).

Receipt of any valid MAC frame (MAC_Frame) with SA = (MSA or MLA) (M_Flag et),
and:

1) Ring_Operational is set; or
is

D)

) Token_Class # none and the frame was not My_Claim orMy_Purge (if Purge
implemented); or

3) The Duplicate Detection Delay flag (D_Flag) is set;and
a) The Transmitter is not in State T2 (Transmit-Data); and

b) The Transmitter is not in State T4 (Claim/Token) or the frame was not
My_Claim or My_Purge (if Purge issimplemented); and

c) The Transmitter is not in State T5(Transmit Beacon) or the frame was not
My_Beacon.

Recognition that this MAC's transmitted frame was lost in the course of its circulation
ground the ring (optional).

ny change in R_Flag (optional’if another mechanism is provided for restricted mpde
honitoring).

Receipt of a valid frame\that was unsuccessfully copied (i.e., copy frame and not
F Flag and not C_Flag'and not N_Flag) (optional).

[oken) (optional).

Expirationi@f~TRT whilst in MAC Transmitter State T4 (Claim Token) or T5 (Transmi
beacon).(optional).

t

/
f
H
B
Receipt of a token-if the MAC Transmitter is in State T2 (Transmit Data) or T3 (Issue
1
H
B
i

ENtry-to Transmitter State T4 (Claim Token).
Entry to- Trarsmitter State~T5 (T ransmit Beacorn):

The current value of a requested operational parameter including: T_max, TVX_ value,
T_req, T_neg, T_pri.

The current state of MAC including: Transmitter state (optional), Receiver state
(optional), R_Flag, Ring_Operational, Last_FC (optional), and Late_ct.

The set of addresses recognized by the MAC.
The current value of a MAC frame counter (e.g., Error_ct).
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6.4.3.2 When generated
This primitive shall be generated by MAC when any of the listed reportable conditions are

detected.(items a through p above), or in response to an
SM_MA_CONTROL.request(present_status).

6.4.3.3 Effect of receipt

The effect of receipt of this primitive by SMT is not specified.

644 AN MNAA __LINUTIDAT +
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This grimitive defines the transfer of SDUs to MAC from the local SMT entity, for,delivefy to
one of more peer SMT entities.

6.4.4{1 Semantics of the primitive

$M_MA_UNITDATA.request (

requested_token” class,

requestedservice_class,

{ asynchrofious_priority, }

FC_value [1],

destination_address [1],

M SDU [1],

{ stream [1], }

{ FC_value [2],
destination_address [2],
M_SDU [2],
stream [2], }

{ FC_value [n],
destination_address [n],
M_SDU [n],
stream [n], }

{issued_token_class }

)

Requestedtoken_class may be either non-restricted, restricted, any or none. MACs
implementing the optional restricted token capability control restricted dialogs through
requeefnd_fnlznn_r-lacc, which may rnquirn capture of either a restricted-or non-restrictéd
token to service the request. If the requested_service_class is Immediate, then the
requested_token_class shall be none.

Requested_service_class may be either Synchronous (optional), Asynchronous, or
Immediate. If asynchronous, the asynchronous_priority level may optionally be specified.
Immediate, if specified, shall cause the frame to be sent immediately without capture of a
token, if the ring is not operational.

Each set of FC_value, destination_address, M_SDU and stream parameters specifies one
frame for transmission and is referred to as a subrequest.
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The FC_value parameter supplies the Frame Control (FC) field to be transmitted as part of
the frame. The Frame Format value of zero (FC.FF = 00, i.e. SMT or MAC frames) shall be
accepted with this service primitive (see 6.1.1).

The destination_address parameter may specify either an individual or a group MAC
address. It shall contain sufficient information to create the DA (Destination Address) field.
Address length is determined by the L bit of the associated FC_value parameter (see 7.3.3).

The M_SDU parameter specifies the Service Data Unit to be transmitted in the Information
field of the frame. There shall be sufficient information associated with the M_SDU for MAC
to determine the length of the service data unit.

require reissuance of a new SM_MA_UNITDATA.request. Care-must be taken when
initiating or terminating restricted token mode that multiple subrequests will be serviced
corregtly if the token is issued before all subrequests are serviced.

Issuedl_token_class optionally specifies the Token_Class that MAC shall issue following
transmission of the associated SDUs (i.e. at the end of the request), if no other request
pending that can be honoured. With requests far.synchronous service the
Issued_token_class shall be the class of the taken that was captured; with requests for
asyndhronous service it may be either restricted or non-restricted; with requests for
immegiate service, it shall be none. If no;SDUs were specified by the
SM_MA_UNITDATA.request, then MAC-shall immediately issue the requested class of
token

S

6.4.4{2 When generated

This grimitive is generated by the local SMT entity whenever a MAC SDU is to be transferred
to a peer SMT entity,orentities, when a token is to be issued after an MA_TOKEN.reqyest if
no SOUs are to betransferred, or when a token is to be generated and the ring is not
operational.

6.4.4{3 Effect of receipt

The recetptof-thisprimitive-shall-cadse-MAGCte-captdre-the-rextusable-teken-based-en the
request parameters (or wait for not Ring_Operational for immediate requests). MAC then
enters State T2 (Transmit Data), appends all MAC-specific fields, including DA, SA (Source
Address), and any fields that are unique to the medium access method, and submits the
properly formed frame(s) to the lower layer local entity (PHY or H-MUX) for transfer to peer

MAC entities.

6.4.5 SM_MA_UNITDATA.indication

This primitive defines the transfer of SDUs from MAC to the local SMT entity.
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6.4.5.1 Semantics of the primitive

SM_MA_UNITDATA.indication (

FC value,
destination_address,
source_address,
M_SDU,
reception_status

)

The FC_value parameter is the value of the Frame Control (FC) field. The Frame Format

value
primit
The d

specified by the DA field of the incoming frame.

The s
incon

The M
field g

The ré
CONSiIs
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Of zero (FC.FF = 00, 1.e. SMT or MAT frames) shall be delivered with this Service
ve (see 6.1.2).

estination_address parameter may be either an individual or a group address as

purce_address parameter is the individual address as specified by the*SA field of
ing frame.

_SDU parameter conveys the MAC service data unit as received in the Informati
f the frame.

bception_status parameter indicates the success or failure of the incoming frame.
bts of the following elements:

rame validity: FR_GOOD or optionally FR_BAD

FR_BAD is reported, the reason for the errer.shall also be reported. The reason
e one of the following:

) Invalid FCS: Calculated Frame Check Sequence (FCS) does not match the
received FCS.

) Length Error:  The frame did'not have a valid data length.

to SMT a frame that has been acknowledged by the setting of the C (frame ¢
indicator.

) E Indicator Ertors. © The error detected indicator for the frame was not receive
reset (R) (i.€. either set (S) or missing).

rame Statust, The received E (error detected), A, C, and, optionally, any other
ndicator values. The reported status for each individual indicator shall include red
s set (S),)received as reset (R), or not received as set or reset.

shall

) Internal Error: An internal error has occurred that prevents MAC from transierring

bpied)

bd as

eived

6.4.5

2°AWhen generated

The SM_MA_UNITDATA.indication primitive shall be generated by MAC to indicate to the
local SMT entity the receipt of a valid MAC or SMT frame addressed to this entity. This
primitive shall (optionally) be generated to indicate receipt of an invalid MAC or SMT frame
addressed to this entity when the optional indicate on bad frames function has been selected
(see 6.4.2.3).

6.4.5.3 Effect of receipt

The effect of receipt of this primitive by the SMT entity is not specified.
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6.4.6

SM_MA_UNITDATA_STATUS.indication

This optional primitive defines the response to an SM_MA_UNITDATA.request primitive,
signifying the success or failure of the request.

6.4.6

.1 Semantics of the primitive

SM_MA_UNITDATA_STATUS.indication (

The number_of _SDUs parameter reports the number of M_SDUs transmitted on a give
acceds opportunity as a result of this request.

The transmission_status parameter shall be used to pass information back to the local

reque

assodiated SM_MA_UNITDATA.request. The relationship between requests and statu
indiCj:ions is implementor defined; and an implementation may provide a single status

indic

SM_MA_UNITDATA.request primitive specified more than one.M) SDU.

6.4.6

This
primit

6.4.6

The €

6.4.7

This @

number_of_SDUs,

transmission_status,
\

7

Sting SMT entity. It shall be used to indicate the success or failure of'a@ previous

ion for a request, or an indication for one or more subrequests-if the

2 When generated

rimitive shall be generated by MAC in response te an SM_MA_UNITDATA.reque
ve from the local SMT entity.

3 Effect of receipt

ffect of receipt of this primitive by SMT is unspecified.

NOTE - In the event of multiple putstanding requests, additional information may be nee
order for SMT to associate the response with the appropriate request. The association 1
implied by the requests beihg serviced in a first-in-first-out (FIFO) manner. Alternatively,
may maintain multiple queues of requests, at least one for each class_of_service
implemented, servicing-each of these queues in a FIFO manner. It is assumed that if the
addressed peer MAC entity, or entities, acknowledge receipt of the frame(s) (by setting t
indicator), thenejther the frame(s) will be delivered, or an internal error will be reported, 1
corresponding SMT entity, or entities, via an SM_MA_UNITDATA.indication.

SM_MA’ TOKEN.request

ptional primitive is used by SMT to request the capture of the next usable token.

U7T

ed in
hay be
MAC

he C
o the

6.4.7.1 Semantics of the primitive

SM_MA_TOKEN.request (

requested_token_class,
{ requested_service_class, }
{ asynchronous_priority }

)
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Requested_token_class may be either non-restricted, restricted, or any. MACs
implementing the optional restricted token capability control restricted dialogs through
requested_token_class, which may require capture of either a restricted or non-restricted
token to service the request.

Requested_service class may optionally be either Synchronous or Asynchronous. If
asynchronous, the asynchronous_priority level may optionally be specified.

6.4.7.2 When generated

This primitive may be generated by the local SMT entity when data of a time critical nature is
to be fransferred, or to control a restricted dialog.

6.4.7{3 Effect of receipt

The receipt of this primitive shall cause MAC to capture the next usable token:based on the
request parameters. MAC then enters State T2 (Transmit Data) and transmits Idle symbols
(and Yoid frames if required by L_max) until an SM_MA_UNITDATA.request primitive is
receijed from SMT unless TRT (or THT, for asynchronous requestsy expires first, in which
case MAC shall issue another token of the same Token_class as-was captured.

NOTE - This primitive may be used for time critical operations-to minimize the effects of fing

latency. This mode of operation may cause longer than usual preambles preceding a frgme,
thus wasting ring bandwidth; therefore it should not be used for transfers of data on the FDDI
ring that are not time critical.

7 Facilities

7.1 $ymbol set

A symbol is the smallest signalling-element used by MAC. Symbols are used to convey
three types of information:

ine states, such asthe Halt Line State or Idle Line State.

Control sequences, such as the Starting Delimiter, Ending Delimiter or Control Indicator
equences.

O
N—r
Wn N —

c) [ata quartets, each representing a group of four ordered data bits.

Peer MAC entities on the ring communicate via a set of fixed-length symbols. These
symbols.are passed across the MAC-to-PHY (or MAC-to-H-MUX) interface via the defiped
primitives?” MAC shall generate PDUs as matched pairs of symbols, according to the ryles
specified in the remainder of this subclause. Additional information regarding the symbol set
can be found in the FDDI standard on PHY (see ISO 9314-1 and ISO/IEC 9314-7).

7.1.1 Line state symbols

These three symbols are reserved for use on the medium between MAC PDUs. The only
line state symbol generated by MAC is Idle; however, MAC can receive other line state
symbols. Detection of any of these symbols within a MAC PDU constitutes an error in the
PDU.
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7.1.1.1 Quiet (Q)

The Quiet symbol indicates the absence of any transitions in the code group.

7.1.1.2 Halt (H)

The Halt symbol indicates CMT signalling sequences (in the form of line states). It is also

used for filtering line state or code violation symbols from the repeated symbol stream while
minimizing the d.c. component of the NRZI signal on the transmission medium.

7.1.13—teHe-)

The Idle symbol indicates the normal condition of the medium between MAC PDUs) 1t
provides a continuous fill pattern to establish and maintain clock synchronism.

7.1.2| Control symbols

7.1.2{1 Starting Delimiter (SD)
A Stafting Delimiter (SD) is used to delineate the starting boundary of a data transmission
sequgnce (i.e. a MAC or HRC PDU). This PDU is normally-preceded by a preamble of|ldle
symbols, although it may succeed or preempt a previous’PDU. The Starting Delimiter may
also succeed or preempt a previous transmission. The.Starting Delimiter sequence consists

of the|uniquely recognizable symbol sequence (JK)\that can be recognized independently of
previqusly established symbol boundaries.

7.1.2{1.1 Initial SD symbol (J)

The J|symbol is the first symbol of a sequential Starting Delimiter symbol pair (JK).

7.1.2{1.2 Final SD symbol (K)

The K symbol is the second and last symbol of a sequential Starting Delimiter symbol gair
(JK).

7.1.2{2 Other delimiter symbols

7.1.2{2.1 -Embedded Delimiter symbol (L)

The L Q\J/mhnl is-the second-and-last cymhnl of a cnqunnfial Qf:arfing Delimiter cymhnl p ir

(IL) embedded within a channel in Hybrid mode. It does not affect the framing boundary
because it does not contain the uniquely recognizable symbol sequence of the JK pattern.

7.1.2.2.2 Ending Delimiter (ED) symbol (T)

An Ending Delimiter symbol (T) terminates all MAC PDUs. The T symbol is not necessarily
the last symbol in a transmission sequence, since the Ending Delimiter may be followed by
one or more Control Indicator symbols. A sequence of Ending Delimiter and Control
Indicator symbols shall be generated by the DLL as a balanced sequence of symbol pairs
(i.e. an even number of R, S, and T symbols). When no Control Indicators are generated,
this sequence shall be generated as a pair of T symbols.
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7.1.2.3 Control indicators

Control Indicators specify logical conditions associated with a data transmission sequence.
They may be independently altered by repeating nodes without altering the normal data in
the transmission sequence. A sequence of Ending Delimiter and Control Indicator symbols
shall be generated by the MAC as a balanced sequence of symbol pairs (i.e. an even
number of R, S, and T symbols). A single Ending Delimiter symbol followed by an odd
number of Control Indicator symbols is a balanced symbol pair sequence; however, an
Ending Delimiter symbol followed by an even number of Control Indicator symbols shall be
balanced by adding a final Ending Delimiter symbol.

7.1.2{3.1 Reset (R)

The Reset Symbol indicates a logical ‘off’ or ‘false’ condition.

7.1.2|3.2 Set (S)

The Set Symbol indicates a logical ‘on’ or ‘true’ condition.

7.1.3| Data Quartets (0-F)

A Datp Quartet symbol conveys one quartet of binary data‘within a data transmission
sequgnce. The 16 Data Quartet symbols are denoted/by-the hexadecimal digits (0 — F), and
a gengric member of the set is denoted by the charaeter ‘n’. A sequence of Data Quartet
symbols shall be generated by the DLL as a balanced sequence of symbol pairs (i.e. af
even humber of n symbols).

7.1.4{ Violation symbol (V)

The \iolation symbol denotes a signal on the medium that does not conform to any legal
symbol in the symbol set. The receipt of Violation symbols may result from various error
conditions or during ring clock-synchronization sequences. MAC shall not transmit (i.e.
generate or repeat) Violation\symbols.

7.2 Rrotocol Data Units

Two Protocol Data Unit (PDU) formats are used by MAC: tokens and frames. In the
followjng discussion, the figures depict the formats of the PDUs in the order of transmission
on thg medium; with the left-most symbol transmitted first.

Fieldg déefined as numeric values are represented as unsigned magnitudes. Operations that
require-cemparisen-of-fields-ersymbelspererm-that-comparisen-dpenthese-fieldsas

depicted, with the first symbol transmitted (depicted as the left-most symbol) compared first
and, for the purpose of comparison, considered most significant.
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7.2.1 Token

PA = Preamble (4 or more symbols)
SD = Starting Delimiter (2 symbols)
FC = Frame Control (2 symbols)
ED = Ending Delimiter (2 symbols)

PA SD| FC| ED

The token is the means by which the right to transmit MAC SDUs (as opposed to the normal
process of repeating) is passed from one MAC to another.

71.2.2

|

Frame

| SFS—|a
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Start of Frame Sequence

reamble (4 or more symbols)

btarting Delimiter (2 symbols)

rame Control (2 symbols)

Destination Address (4 or 12 symbols)
bource Address (4 or 12 symbols)

RI = Routing Inhfermation (0-15)x4 symbols)

INFO = Information (= 0 symbol pairs
FCS =Frame Check Sequence (8 sy
EFS £ End of Frame Sequence

ED‘= Ending Delimiter (1 symbol)
FS = Frame Status (= 3 symbols)

ame format is used for transmitting both MAC recovery information and MAC SD
en peer MAC entities. A frame may or nay not have an information field.

1 Frame length

symbols, including four symbols of the preamble. The Physical Layer of FDDI dg
pose any limit on framé length in Hybrid Mode; however, to limit both the required
mentation capabilities'and the probability of undetected errors, the maximum fram
shall also be limited to 9 000 symbols, including four symbols of the preamble.

5ic Mode the Physical Layer of:FDDI requires limiting the maximum frame length to
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itting” and receiving (including copying) any valid frame (see table 1), up to the

-vaid-frame-tength defiredHh B W olleovwing-exeeptons:

For MAC frames, an implementation shall be capable of simultaneously transmitting
and receiving any valid MAC frame (see table 1) whose Information field does not
exceed 4 356 octets. An implementation is required to copy at least the first 64 bytes of
the Information (INFO) field; subsequent INFO bytes may optionally be discarded. An
implementation is not required to continuously transmit MAC frames whose Information
fields exceed 64 octets.

b) Animplementation is not required to transmit or copy Void frames. For
implementations that do transmit Void frames, these frames shall be at least the

minimum valid Void frame length (see table 1).
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7.3 Fields

The following is a detailed description of the individual fields contained within PDUs.

7.3.1 Preamble (PA)

The preamble (PA) shall be transmitted by the PDU originator as a minimum of four symbols
of Idle when in Hybrid mode, or 16 symbols of Idle in Basic mode (including stations with no
HRC capability).

In Basic mode the Physical Layers of subsequent repeating nodes may change the length of
the Id[e pattern consistent with Physical Layer clocking requirements. Thus, repeating hodes
may gee a variable length preamble that is shorter or longer than the originally transmitfed
preanmble. A MAC implementation is not required to be capable of copying frames¥ecdived
in Bagic mode, with less than 12 symbols of preamble. A MAC implementatioR’is not
requined to be capable of repeating frames received with less than two symbaels of preamble;
howeyer, if it cannot correctly repeat such a frame then it shall not repeat’any part of the
frame| (including the Starting Delimiter).

=4

A MAC implementation shall recognize and act upon tokens received’with a preamble ¢
zero Qr greater length. If a valid token is received but cannot be repeated (owing to ring
timing or latency constraints), MAC shall issue a new token,

7.3.2| Starting Delimiter (SD)

| J = J symbol

J | K K = K symbol

A Basic mode frame or token shall start with a JK symbol pair. No Basic mode frame qr
tokenl|is considered valid unless it starts'with this explicit sequence.

| | =1 symbol

l | L L = L symbol

A HyRhrid mode frame or token shall start with an IL symbol pair. No Hybrid mode frame or
tokenl|is considered validtunless it starts with this explicit sequence.

The Il symbol pairshall be generated as a single byte (odd/even pair of symbols) withip the
Packet Data Chantiel.

Receipt of ansIL symbol pair in Hybrid mode shall be processed identically to receipt of ja JK

symbol pairin Basic mode, except that receipt of an IL symbol pair in Hybrid mode while in
Receiverstates R2 (Receive Frame Control), R3 (Receive Frame Body) or R5 (Check |

Token) may be processed either as a frame strip condition or as a format error condition.

7.3.3 Frame Control (FC)

C = Class Bit

L = Address Length Bit
FF = Format Bits
WXYZ = Control Bits

T T T T T T 1
CLFFWXYZ
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The Frame Control field defines the type of the frame and associated control functions.

7.3.3.1 Frame class bit

The Frame Class bit indicates the class of service as follows:

C = 0 indicates an asynchronous frame
C =1 indicates a synchronous frame

7.3.3.2 Frame address length bit

The Hrame Address Length bit indicates the length of both MAC addresses (DA and S4) as
follows:

L = 0 indicates 16-bit addresses
L = 1 indicates 48-bit addresses

7.3.3|3 Frame format bits

The HF bits in conjunction with the CL bits and the WXYZ Control bits, indicate the frame
type gs follows:

CLFF WXYZ to WXYZ

0LOO 0000 Void frame

1000 0000 Non-restricted Token

1100 0000 Restricted Token

0LO0O 0001 to 1111 Station Management frame

1L00 0001 to 1111 MAC frame

CLO1 0000 to 1111 LLC frame

CL10 0000 to 1111 Reserved for Implementor

CL11 0000 to 1111 Reserved for future standardization

The W bit is reserved-for future standardization in all frames except void
frames and tokens. It shall be transmitted as zero, with the exception off SMT
Next Station Addressing frames (see 7.3.3.4). It shall be ignored when
received, but shall be included in the Frame Check Sequence computatipn for
all frames(see 7.3.6). Where 7.3.3.4 specifies that the X, Y or Z bits arg
reseryed for future assignment, the reserved bits shall be transmitted as|zero
and.shall be ignored when received, but shall be included in the Frame Check
Sequence computation.

Wher

U

FF = 00: Frames with FF = 00 are used for management of the FDDI network. They
shall be transmitted with the Source Address field set to the
individual MAC address of the Tmncmifring MAC, and the Rl hitsetto Q

They shall not be forwarded by bridges.

void: Void frames do not contain MAC SDUSs, and they are not delivered to a service
interface.

Two distinct void frame formats are used by MAC. These formats may be used by MAC in
the following situations, and also are permitted in other situations which are not specified:

a) Cases where a void with DA = Null should be transmitted:

1) After a frame transmission is aborted without a valid frame having been
transmitted in State T2; or
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2) Before atoken is issued when leaving state T2 or T4, that was not preceded by
transmission of a valid frame in state T2 or T4; or

3) After L_Max of preamble time without beginning transmission of a frame in State
T2.

b) Cases where a void with DA = SA should be transmitted:

1) Before atoken is issued after one or more frames have been transmitted in State
T2 with SA _ MLA or MSA (e.g. by a bridge); or
2) In other situations where another alternate stripping mechanism is being invoked.

Receint of a valid void frame shall reset TVX_ MAC shall Qtrip a void frame if the SA fie|ld

matches that MAC's address. Receipt of a valid void frame may cause a bridge to stog
stripping. Since void frames do not carry MAC SDUs they are normally not copied;

token| All MACs shall interpret the token, if valid. Two classes of tokens, restricted and
non-restricted, are specified. They are distinguished by the L bit.

statiop management: These frames contain Station Management (SMT)information.| The
contefts of the Control Bits have meaning for the MAC(s) addressed(by the DA field.

medig access control:  These frames contain MAC recovery information, and may
optionally contain SMT information. All MACs shall interpret the-Control Bits.

reseryed for implementor.  These frames contain implemeéntation-dependent information.
Their format is undefined except that it shall have valid FC, DA and SA fields, shall be an
integral number of octets between Starting and Ending, Delimiters, and shall end with a|valid
End of Frame Sequence. The contents of the Control Bits have meaning for the station(s)

addrelsed by the DA field.

logical link control:  These frames contain:LL’C PDUs. The contents of the Control Bits
have meaning for the station(s) identified by the Destination Address.

7.3.3|4 Control bits

The following values for the Control bits, when used with the associated CLFF bits, are
further defined in this part of ISO/IEC 9314. All other values, or values designated by r|, are
reservyed for future assignment.

MAC Beacon Frame (1L00 r010): This frame is transmitted to indicate a serious ring fault,
and apsists in locating’/persistent faults. It shall be transmitted with DA = 0 or a value
supplied by SMEe.g. the SMT group address for RMT beacon). It shall be interpreted by
each MAC thatveceives it. When a MAC receives its Beacon frame the ring fault has been
healefl, and:that MAC attempts to recover the ring.

MAC Claim Frame (1L00 r011): This frame is transmitted during error recovery in Bagic
mOde tU dCtUI IIIiI IT VV: Iib:l rV‘iAC Ul catca t: IT tU:’\UI 1. it D: |a“ IUU tl al |a|||ittcu' VVit:I DA - SA It
shall be interpreted by each MAC that receives it. When a MAC receives its Claim frame it
has claimed the token, and a new token is generated.

MAC Purge Frame (1L00 r100): This frame is transmitted by the cycle master during error
recovery in Hybrid mode to initialize the T_neg value in all MACs on the ring. It shall be
transmitted with DA = SA. It shall be interpreted by each MAC that receives it. When the
cycle master receives its Purge frame the ring has been purged, and a new token is
generated.

SMT Next Station Addressing Frame (OL0O r111):  This frame is transmitted by SMT to
address the next downstream station that is a member of an addressed group. When the
broadcast address is used this is the next downstream MAC. In a Next Station Addressing
(NSA) Frame, the C Indicator shall be set only by the next addressed MAC on the ring. The
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next addressed MAC is distinguished by the fact that a MAC recognizes the destination
address as its own individual or group address, and receives the frame with the A Indicator
reset. The reserved Control bit (FC.W) shall be transmitted as one in Basic mode and as
zero in Hybrid mode. It shall be ignored when received in either mode, but shall be included
in the Frame Check Sequence computation (see 7.3.7).

Asynchronous LLC Frame (OLO1 WPPP):  This frame contains an LLC PDU using the
asynchronous transmission service. The last three Control bits (PPP) indicate the SDU
(user) priority, with PPP=111 being the highest priority and PPP=000 being the lowest
priority.

Synchronous LLC Frame (1L01 rrrr): — This frame contains an LLC PDU using the
synchronous transmission service.

Implementor Frame (CL10 rUUU):  This frame contains an implementor defined MAC|SDU.
The cpntrol bits, UUU, are implementor defined.

7.3.4| Destination and source addresses

Each frame shall contain two address fields: the Destination (MAC) Address and the Spurce
(MAC) Address, in that order. Addresses may be either 16 or 48.hits in length; howevar, all
MACS shall implement 48-bit address capability. The Destination’and Source addresses
shall both be transmitted starting from the most significant data quartet (symbol) and
proceeding in order of significance to the least significant data quartet.

Both 16-bit and 48-bit addresses may be disabled for;specific protocol operations. If ar
addrefss is disabled or not implemented it is equivalent to the null address.

A MAC with only 48-bit address capability shall be“capable of functioning in a ring with MACs
concyrrently operating with 16-bit addresses.~Fo do so, such a MAC shall be capable of:

a) Repeating frames with 16-bit addresses.

b) Recognizing the 16-bit broadcast-address of all ones.

c) Reacting correctly to MAC recovery frames with 16-bit addresses.

d) Resetting TVX and incrementing the appropriate frame counters on receipt of valig
frames with 16-bit addresses.

A MAC using 16-bit addresses shall have a minimum 48-bit address capability such that the
MAC khall:

lave a fully,functional 48-bit individual address.

React correctly to MAC recovery frames with 48-bit addresses.

|_

b) Recognize'the 48-bit broadcast address of all ones.
H
F

e r‘npnhlp of indnppndnnﬂy nnahling or dicahling each of the 48-bit SMT group
addresses.

e) Reset TVX and increment the appropriate frame counters on receipt of valid frames
with 48-bit addresses.
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7.3.4.1 Destination address

The Destination Address identifies the MAC(s) for which the frame is intended. The first
bit(s) transmitted in the destination address are control bits: the first for individual or group
addresses, and in the case of 48-bit addresses, the second for universally or locally
administered addresses:

| 48-bit address ™ /G = Individual or
G T — T Group bit

I O : U/L = Unijversal or
Local bit

|- 46 bits -
[<—— 16-bitaddress—m=| 5 _ | Giquarer

| Group bit

I/G

i‘i 15 bits ——m|

Indivigual and Group Addresses: The first bit transmitted of the destination address
distinguishes individual from group addresses:

( = individual address, 1 = groupraddress

Indiviglual Address:  An individual address:identifies a particular MAC on the ring and|shall
be didtinct from all other individual MAC addresses on the same ring (except for the Null
addreps, see below), and from all other-individual MAC addresses on a global basis (in[the
case 0f universal administration).

WARNING - A duplicate individual address severely limits the MAC’s ability to communiqgate
with other MACs and can‘disrupt the normal operation of the ring. Frame transmission when
another MAC recognizes-the frame’s source address will cause the second MAC to strip|the
frame, which can cduse TVX to expire in downstream stations. Multiple MACs sharing ah
individual address can experience a patrtial or total loss of communication with each othgr and

with other MACs} due to premature frame stripping. The MAC recovery process can produce

multiple Tokens or oscillations between Claim and Beacon processes if a MAC with a dulplicate
address prevails over non-duplicate MACs.

Null Address:~ An address of all zeros is the Null address. The Null address shall not pe
used asthe’MLA or the MSA.

GroupAddress—#A grotp addressisusedto-addressaframeto mu:tlplc destinattorMACS.
Group addresses may be associated with zero, one or more, or all MACs on a given ring. In
particular, a group address is an address associated by convention with a group of logically
related MACs.

Broadcast Address: The group address consisting of all ones shall constitute a broadcast
address, denoting the set of all MACs on a given ring. Support for the broadcast address is
required. This address shall not be disabled.
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SMT Group Address:  Specific group addresses have been assigned for SMT protocols as
defined in ISO/IEC 9316-6. The addresses assigned to these protocols have been assigned
to simplify implementation by having the addresses differ in only the last symbol received.
Addresses that have been assigned have leading octet values of 01 80 C2 00 01 (in
canonical representation). Furthermore, the first transmitted symbol (last canonical symbol)
of the last octet has a value of zero. Support for independent enabling or disabling of each
group address for all of the 16 SMT group addresses is required. Additional information on
these addresses is included in annex A.

Address Administration:  The second bit transmitted of a 48-bit destination address
indicates whether the address has been assigned by a universal or local administrator:

Q = universally administered, 1 = locally administered

Therg are two methods of administering 48-bit addresses: locally or through a universa
administrator. Annex A contains additional information on address administration.

7.3.4|2 Source address

The Source Address shall be the (short or long) individual_ MAC_address of the MAC
origingting the frame, i.e. the address of the MAC transmitting the\frame except when the
frame|is being forwarded by a bridge. It shall have the same length as the Destination
Addrgss in the same frame. Except when a frame is being forwarded by a bridge, MAQ shall
not transmit a frame with a Source Address other than its 6wn enabled (short or long)
indivigual_ MAC _address.

|- 48-bit address -] RIl = Routihg
| | Information
RII IU/L I Indicator bt
|< 46 bits >| U/L = Universal or
Local bit

|-—— 16-bit address —=  _ ..

|
r

i‘i 15 bits ——|

Routing Indicator : The first bit transmitted of the source address is used as a routing
indicator:

0 = no routing information, 1 = routing information

In 48-bit source addresses the Routing Information Indicator (RII) bit shall be transmitted as
one to indicate the presence of a Routing Information (RI) field immediately after the Source
Address (SA) field; otherwise, it shall be transmitted as zero. Use of this bit in 16-bit source
addresses is reserved for future standardization, and it shall be transmitted as zero. This bit
shall be ignored for comparison of a 48-bit or 16-bit source address with the corresponding
Individual_MAC_address.

Address Administration:  The second bit transmitted of a 48-bit source address indicates
whether the address has been assigned by a universal or local administrator:

0 = universally administered, 1 = locally administered
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Null Address: The Null address shall not be used in the Source Address Field.

7.3.5 Routing Information (RI) field

When the RII bit of a 48-bit source address field is set to one, the Routing Information (RI)

field

shall be included in the frame. The RI Field contains 2 to 30 octets (symbol pairs)

whose format and meaning is specified in the ISO/IEC 10038 standard on bridging. The
length of the RI field in octets shall be conveyed in the first octet of the Rl field as follows:

xXXN NNNO  where NNNNO = length of RI field in octets.

Annex C contains additional information on bridging

7.3.6| Information (INFO) field

The INFO Field contains zero, one, or more data symbol pairs whose meaning‘is deter

by th

or SMT. The length of the INFO field is variable, but shall conform both’tp'the maximu
framellength criteria defined in 7.2.1 and to the frame validity criteria defined in table 1.

7.3.6|1 Order of transmission

The Service Data Units (SDUs) passed between LLC and MAC are assumed to be ord

sequ
most

symb

ances of octets. The MAC entity subdivides these-@ctets into data symbol pairs w
significant data symbol of each pair to be transmitted first. The ordering of these

entitigs.

7.3.6{2 MAC supervisory frames

bl sequences shall be preserved through all MAC entities and the associated PHY,

mined

g FC field and whose interpretation is made by the destination entity, €.9., MAC, L|C,

bred
th the
data

The Information Field for MAC supervisory frames shall be at least four octets in length, The
first fqur octets are defined as follows:
Claim|[Frame - The bid-for'Target Token Rotation Time expressed as the unsigned
twos complement of desired Target Token Rotation Time in octefs.
Purgg Frame - The\bid for Target Token Rotation Time expressed as the unsigned
twos complement of desired Target Token Rotation Time in octets.
Beacon Frame - The first octet is Beacon Type:
0000 0000 Unsuccessful Claim
All other values are reserved for future
assignment

The Second Octet 1S Receiver conaition:

0000 0000 Reserved for backward compatibility

0000 0001 None of the following conditions exist

0000 001x TVX is expired

0000 01xx MAC receiver is in the LISTEN state
All other values are reserved for future
assignment

The third octet is the Last_FC.
The fourth octet is the Late_Ct.
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The first four octets of the Information field shall be supplied by MAC in Transmitter States
T4 (for Claim and Purge frames) and T5 (for Beacon frames) as specified in this subclause,
except that the first octet (Beacon Type) shall be supplied by SMT when entry to State T5
was triggered by a SM_MA_ CONTROL.request(send_mac_frame(beacon)).

If MAC frames are transmitted in State T2 (due to SM_MA_UNITDATA.request), then the
first four octets shall be taken from the SDU supplied by SMT. If the supplied SDU is a
Beacon frame, then the contents of the first four octets of the Information field are defined by
SMT and ignored by MAC.

NOTE - Unless SMT can ensure that values in a Type 0 Beacon SDU given to MAC accurately

Subsé

To aid
transr
chang

7.3.7

This
detec
to the
fields,

7.3.7

F(X):
the F(
order

L(X):
1
G(X):

o)

R(X):
P(X):
FCS:

Q(X):

reflect the current MAC state, a value of zero should be supplied for the second octet.

pguent octets are optional and, if present, are defined and supplied by SMT.

in filtering the copying of duplicate received MAC frames, which may be centinu
nitted, any relevant change in the contents of the Information field shall ifclude a
e within the first four octets.

Frame Check Sequence (FCS)

ubclause specifies the generation and checking of the FCS-field. This field is usq
erroneous data bits within the frame as well as erroneols addition or deletion of
frame. The fields covered by the FCS field include the FC, DA, SA, INFO, and F
Annex B provides further information on the genetation and use of the FCS.

1 Definitions

A degree k-1 polynomial that is used to represent the k bits of the frame covered
CS sequence (see 7.2.2). For the purposes of the FCS, the coefficient of the high
term shall be the first bit transmitted.

A degree 31 polynomial with all*ef the coefficients equal to one, i.e.,
(X)=X31 + X30 + X29 4 + X2+ X + 1
The standard generator,polynomial

The remainder pelynomial that is of degree less than 32.
The remainder polynomial on the receive checking side that is of degree less thg
The FCS)polynomial that is of degree less than 32.

Thé greatest multiple of G(X) in [X32 F(X) + XK L(X)]

5(X) = X32 + X26 + %23 + X22 + X16 + x12+ x11 + X10 + X8 + X7 + X5 + X4 + X2 4

busly

dto
bits
CS

est

X+1

n 32.

Q*(X)
M(X):
M*(X)

Y32 O(X)
O\ 7

The sequence that is transmitted.
: The sequence that is received.

C(X): A unique polynomial remainder produced by the receiver upon reception of an error-
free sequence. This polynomial has the value.

C(X) = X32 (X) / G(X)
C(X) = X31 + X30 + X26 + X 25 + X24 + X18 + X15+ x14 + X12 + x11 + x10 + X 8 +

X6+ X3+ X4+ X3+X+1
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7.3.7.2 FCS Generation equations

The e

quations that are used to generate the FCS sequence from F(X) are as follows:

998(E)

FCS = L(X) + R(X) = R$(X). (1)
where R$(X) is the ones complement of R(X)
[X32 F(X) + XK L(X)] / G(X) = QX)+R(X) / G(X) (2)
M(X) = X32 F(X) + FCS 3)
NOTE - All arithmetic is modulo 2. In equation (1), adding L(X) (all ones) to R(X) simply
produces the one's complement of R(X); thus this equation is specifying that the R(X) is
inverted before it is sent out. Equation (3) simply specifies that the FCS is appended to.the
end of F(X).
7.3.7{3 FCS checking
The reéceived sequence M*(X) may differ from the transmitted sequence-M(X) if there afe
transrnission errors. The process of checking the sequence for validity,involves dividing the
receied sequence by G(X) and testing the remainder. Direct divisien, however, does not
yield @& unique remainder because of the possibility of leading zergs. Thus a term L(X) |s
prepended to M*(X) before it is divided. Mathematically, the received checking is shown in
equatjon (4).
X32 [M*(X) + XK L]/ G(X) = Q*(X) + P(X) / G(X) (4)
In the|absence of errors, the unique remainder is the‘remainder of the division
R(X) / G(X) = X32 L(X) / G(X) = C(X) (5)

7.3.8
The s
Contr
to ma
requir
7.3.8

The H

Ending Delimiter (ED)

Dl Indicators shall form a balanced symbol sequence, i.e., be transmitted in pairs
ntain octet boundaries. .This shall be accomplished by adding a trailing T symbol
ed.

1 Token endingydelimiter

nding Delimiter of a token shall consist of two consecutive T symbols.

T | T T = Terminate Symbol

ymbol T is the ending delimiter-of tokens and frames. Ending delimiters and optignal

50 as
as

7.3.8.2 Frame ending delimiter

The Ending Delimiter field of a frame shall consist of a single T symbol. A frame whose first
T is the second symbol of a symbol pair may optionally be processed as a format error,

since

this format cannot be legally transmitted.

1
T T = Terminate Symbol
1 y
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7.3.9 Frame Status (FS)

The Frame Status field (FS) shall consist of an arbitrary length sequence of Control Indicator
symbols (R and S) that follows the Ending Delimiter of a frame. It ends if any symbol other
than R or S is received. If an expected indicator is not received as R or S, it shall be
reported as not received. A trailing T symbol, if present, shall be repeated as part of the FS
field. The first three Control Indicators of the Frame Status field are mandatory, indicating
Error Detected (E), Address Recognized (A), and Frame Copied (C). The use of additional
Control Indicators in the Frame Status field after the C indicator is optional and is
Implementor defined. Although the use of optional additional Control Indicators in the Frame
Status field is undefined by ISO/IEC 9314, all conforming FDDI MACs shall repeat the.¢ntire
Frame Status field.

E A C

, T i -l e+ T = Terminate Symbegl
RIS|R/IS R/IS|R/S RIS 'L T R = Reset Symbol

L | R N N PR S = Set Symbol

7.3.9|1 Error detected indicator (E)

The efror detected indicator (E) is transmitted as R by the MAC that originates the frame. All
MACS on the ring inspect repeated frames for errors,.df)an error is detected and the
receied E indicator is not S, then an error is counted. The E indicator is transmitted as S by
a repe¢ating MAC when either an error to be counted is detected, the received E indicatpr is

S, or the E indicator was not received.

7.3.9|2 Address recognized indicatof:(A)

The address recognized indicator is@ansmitted as R by the MAC that originates the frgme.
If another MAC recognizes the destination address as its own individual or group address it
shall set the A indicator to S.~A"MAC shall not set the A indicator for a partially filtered group
addrefss, i.e. it shall only set the A indicator for a precise match.

A bridge performing source routing which recognizes a received frame as one it intends to
forward by means ofthe information in the Routing Information (RI) field shall set the A
indicator of the repeated frame to S.

In other cases;a repeating MAC shall transmit this indicator as received.

7.3.9{3/Frame copied indicator (C)

The frame copied indicator is transmitted as R by the MAC that originates the frame. If
another MAC has set the A indicator and copied the frame (into its receive buffer), it shall set
the C indicator to S.

If a transparent bridge including optional capability for setting the C indicator recognizes the
destination address as one to be forwarded, has not set the A indicator, and has copied the
frame (into its receive buffer) for forwarding, it shall set the C indicator to S if the A indicator
is received as R.

If a MAC including optional capability for clearing the C indicator has set the A indicator, and
has not copied the frame (into its receive buffer), it shall transmit the C indicator as R if the
received A indicator is R.

In other cases, a repeating MAC shall transmit this indicator as received.
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Annex C contains more information on these options.

7.4 Timers

Each MAC shall maintain three timers to regulate the operation of the ring. The values of
these timers may vary from MAC to MAC on the ring, provided that the applicable ring limits
are not violated. The default values defined in this subclause use the current values of
parameters defined in other FDDI documents. Annex D describes the derivation of the
values used herein.

The term Reset, when applied to timers, shall mean that the timer is reset to its initial value

and (d
respe

7.4.1

Each
the M
asynd
assoda
timer

7.4.2

Each
transi
disab
such {

.
Anne

The appropriate TVX_value is different in Basic and Hybrid modes, since D_Max and H

differ
at lea

TVX |
TVX €
proce
be at
for the

g)started. The terms disabled and enabled refer to stopping and starting the tme
Ctively.

Token-Holding Timer (THT)

IMAC shall have a timer THT, called the Token-Holding Timer, that.controls how I
AC may transmit asynchronous frames. A MAC may initiate a transmission of an
hronous frame if timer THT has not expired and is less than theT_Pri (see 8.1.4.
iated with the frame to be transmitted. Timer THT is initialized with the current vg
TRT (see 7.4.3) when the token is captured.

Valid-Transmission Timer (TVX)

IMAC shall have a timer TVX, called the Valid-Transmission Timer, to recover fron
BNt ring error situations. Whenever TVX expires, it remains expired until it is expl
ed or reset by the Receiver. The timeoutvalue of TVX, called TVX value, shall b
hat:

VX _value > max(D_Max, F_Max)@ Token_Time + F_Max + S_Min
D describes the derivation of these parameters.

n the two modes. Thedefault value for TVX_value with Hybrid mode disabled sh
5t 2,500 0 milliseconds (62 500 symbol times at 100 Mbits/sec).

value is determined in a different manner in hybrid mode, where the Cycle Mastel
xpiration to invoke the purge process, before any other MAC invokes the claim
5s due to TRTexpiration. The default value for TVX with Hybrid mode enabled sk

rs,

DNg

)

lue of

n
citly
e set

| Max
all be

uses

nall

east 3,600 0 ms (90 000 symbol times at 100 Mbits/sec). This value shall be scaled

 effective’ MAC data rate by the Cycle Master.

NOTE - A cycle master implementation may scale the TVX_value parameter based on tH

cufrent Programming Template, or may directly scale TVX by driving the TVX timer at th

A%

effective packet data channel rate based on counting symbols. The first method is more
accurate, and will produce much better results for slower packet data channel rates. Thi
because the TVX_Value consists of terms that scale with the effective channel rate (e.g.
maximum frame time), as well as those that do not (e.g. maximum ring latency).

sis

The FDDI standard on HRC (see ISO/IEC 9314-5) contains additional information regarding
the operation of the cycle master.
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7.4.3 Token-Rotation Timer (TRT)

Each MAC shall have a timer TRT, called the Token-Rotation Timer, used to control ring
scheduling during normal operation and to detect and recover from serious ring error
situations. Since TRT measures the time between token arrivals, it operates the same in
either basic or hybrid mode. In hybrid mode, all non-packet data bandwidth (including cycle
headers) is allocated from synchronous bandwidth (see 8.1.4.1). TRT is initialized with
different values during different phases of ring operation. Whenever TRT expires, it is
reinitialized to the current value of T_Opr, and Late_ct is incremented.
T_Opp-controlled-by-the transmit state-machine of MAC -is-the operative timeoutvalue, of
TRT. |T_Opr is negotiated between MACs to a value that is shorter than T_Max for, alhMACs
on thg ring as part of the Claim Token bidding process (see 8.4.5), which occurs during ring
initialization. Thus T_Opr affects the operating characteristics of the ring. Eachr MAC Uses a
value|T_Req, between its T_Min and T_Max values, to negotiate for the lowest value o
T_Op¥, such that the lowest value of T_Req becomes T_Opr for the ring.

Note that because of the nature of the timed token rotation protocol, the token may be
receied up to one T_Opr late. Thus a station requiring a guaranteéd response time should
set ity T_Req to one-half of the required response time. A station,requiring a guarantegd
bandwidth (maximum average response time) should set its TCReq equal to the requirgd
time, since the accumulated lateness cannot be greater than the worst case lateness on one
rotatign.

The minimum value of TRT, called T_Min, affects thejinteroperability of MACs on the ring. If
the negotiated value of T_Opr is less than a MAC's\T " Min, then that MAC is unable to
corregtly provide services to higher layers requiring the T_min. The default value of T_Min
shall mot be greater than 100 000 symbol times{(4,0 ms).

The maximum value of TRT, called T_Max;,shall be several times the maximum ring
initialization time to permit stable ring recovery. The default value for T_Max in Basic njode
shall be at least 165 ms (4 125 000,symbol times at 100 Mbits/sec). Note that a value|of

167,772 16 ms may be derived canveniently from the symbol clock (i.e., with a 22-bit
counter) and may be used by ¢conforming FDDI MAC entities as the default value of T_Max
in Bagic mode.

The default value for T_Max in Hybrid mode shall be at least 670 ms.(16 750 000 symbol
times|at 100 Mbits/sec).” Note that a value of 671,088 64 ms may be derived convenierl\tly
from the symbol cleck(i.e., with a 24-bit counter) and may be used by conforming FDD|

MAC Entities as'the default value of T_Max in Hybrid mode.

Annex D caontains additional information on the calculation of ring initialization time.

NOTE - The time spent in States TO, T4, and T5 of the Transmitter state machine during(ring
recovery is directly dependent on the choice of the T Max parameter if there is a fault and
thus the T_Max value should not be set to the maximum value supported by this part of

ISO/IEC 9314 on MAC (i.e. with a 32-bit counter) unless specifically required by the network.

The Token Rotation Timer shall also be used to time the delay between transmission of MAC
frames and enabling of duplicate address detection in received MAC frames, unless an
alternative timing method that detects the required conditions is implemented. This function
is permitted but not required when Ring_Operational is set.

The minimum duplicate MAC frame detection delay, called DM_Min, shall be set such that:
T Max >>DM_Min > D_Max

The default value for DM_Min shall be equal to the default value for TVX value (at least
2,5 ms with Hybrid mode disabled and at least 3,6 ms with Hybrid mode enabled). This
value is not required to be scaled for the effective MAC data rate in Hybrid mode.
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7.4.4 Late Counter (Late_ct)

The number of TRT expirations since MAC was reset or a token (restricted or non-restricted)
was received shall be accumulated as the value Late_ct to assist Station Management in the
isolation of serious ring errors.

Late ctis set to one when the MAC is initialized or reset and is incremented, whenever TRT
expires. After the ring has become operational (Ring_Operational), Late_ct is cleared (to
zero) whenever the transmitter is notified by the receiver of the arrival of a valid token
(restricted or non-restricted). Late_ct is incremented on each expiration of TRT, until it
reaches a value of 255. Late_ct shall be capable of assuming any value from zero to 255,
inclusjve.

7.4.5| Token Counter (Token_ct)

The number of tokens received by a MAC may optionally be counted by-a“MAC, to aid SMT
in determination of the throughput of the ring.

7.5 HKrame counts

To aid in performance monitoring, problem determination and fault location, MAC shall
maintain counts of all frames received and of all frames«eceived with one or more errofs

that were previously undetected. A MAC implementation' may optionally maintain counts of
SDuUg transmitted, received and delivered, and received but not delivered.

To belcounted as a frame, a frame sequence shall'be terminated by a frame ending de|imiter
(T symbol). Frame sequences terminated by-stfipping actions (Idle symbols) or the
reception of invalid symbol sequences shall not be counted as frames received. Full detail
on Rgceiver actions for receiving and courting frames is provided in 8.3.

7.5.1| Frame_ct

This is the count of all frames received.

7.5.2| Error_ct

This i$ the count ofterror frames that were detected by this MAC and no previous MAC
Frames received-with the Error Detected Indicator set (Er = S) are not counted as errof
frames by a MAC, since they should already have been counted by the MAC that set the
Error |ndicator.

7.5.3 Lost_ct

Lost_ct is a count of all instances in which MAC is in the process of receiving a frame or
token and an error is detected that prevents complete PDU reception. In these instances,
MAC shall increment the Lost_ct and strip the rest of the PDU from the ring, replacing it with
Idle symbols. The Lost_ct is not incremented in subsequent MACs that recognize the
remnant as a stripped PDU because it is followed by an Idle symbol.
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754

Copied_ct

Copied_ct is an optional count of frames containing SDUs addressed to and successfully
copied by this MAC. This count shall exclude Void and MAC frames (e.g. Claim frames).
This count is used by SMT to determine MAC input SDU load.

7.5.5

Transmit_ct

Transmit_ct is an optional count of frames containing SDUs transmitted by this MAC. This
count shall exclude all frames generated internally by MAC (e.g., Void frames generated in

state
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5). MAC frames transmitted via the SM_MA_UNITDATA.request primitive shall
ed in the Transmit_ct. This count is used by SMT to determine MAC output.SDU

Not_Copied_ct

fopied_ct is an optional count of frames containing SDUs addreSsed to but not co
receive buffer by this MAC. This count shall exclude Void and MAC frames, opti
ames generated by this MAC (M_Flag set), and secondary NSA or transparent b
5 (N_Flag set). This count is used by SMT to determine- MAC input SDU congest]

Deration

lause specifies the operation of the MAC-entity of an FDDI station.

Dverview

ubclause provides a descriptive overview of MAC operation. The formal specifica
ntained in subsequent subglauses (8.2 to 8.4).
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This is done by matching the DA to its own address or a relevant group address. If a match
occurs, the frame is processed by the MAC or sent to SMT or LLC.
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Frame transmission

Upon a request for Service Data Unit (SDU) transmission, MAC constructs the Protocol Data
Unit (PDU) or frame from the SDU by placing the SDU in the INFO field of the frame. The
SDU remains queued by the requesting entity awaiting the receipt of a token that may be
used to transmit it.

Upon reception and capture of an appropriate token, the MAC begins transmitting its queued
frame(s) in accordance with the rules of token holding.

During transmission, the FCS for each frame is generated and appended to the end of the

PDU.
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ransmission of the frame(s) is completed, the MAC immediately transmits a new

Frame stripping

transmitting station shall be responsible for stripping from the ring the frames that
ated. A MAC shall strip each frame that it transmits beginning not later than the
th symbol after the end of the SA field. Normally, this:is accomplished by strippin
nder of each frame whose Source Address matches the MAC's address from the
pplacing it with Idle symbols.

rocess of stripping leaves remnants of frames, consisting at most of the PA, SD,

A, and six symbols after the SA field, followed by Idle symbols. These remnants
se the decision to strip a frame is normally based upon recognition of the MAC's

5s in the SA field, which cannot occur, until after the initial part of the frame has al
fepeated. These remnants are notrecognized as frames because they lack an E
ter (ED). The limit on remnant length also prevents remnants from satisfying the
um frame length criteria. Tothe level of accuracy required for statistical purpose
an be distinguished from error or lost frames because they are always followed b
mbol. Remnants are rfemoved from the ring when they encounter a transmitting
ants may also be removed by the Smoothing function of PHY. An implementatio
ermitted to remaoveremnants by any other interoperable means.

ation of thesframe. The limit of six symbols after the Source Address provides a

sary guid€line for the design of a receiver. However, an implementation that doe
t least-the last symbol of the SA field may have difficulty in implementing a precis
MALUNITDATA_STATUS.indication service (due to ambiguous setting of M_Flag
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Some implementations (e.g. bridges) will transmit frames with another MAC'’s individual
address in the SA field. An alternative stripping method shall be used for such frames. Any
method which is interoperable with the rest of this part of ISO/IEC 9314 may be employed.
Examples of alternative methods are described in annex C. To ensure interoperability of
different stripping methods, an alternative stripping method shall stop stripping when it
receives a valid token or clears Ring_Operational.
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8.1.4 Ring scheduling

Transmission of normal PDUs (i.e., PDUs formed from SDUSs) on the ring is controlled by a
Timed Token Rotation protocol. This protocol supports two major classes of service:

a) synchronous: Guaranteed bandwidth and response time
b) asynchronous: Dynamic bandwidth sharing

The synchronous class of service is used for those applications whose bandwidth and
response time limits are predictable in advance, permitting them to be preallocated (via

SMT)_The asynchronous class of service is used for those applications whose bandwidth
requirements are less predictable (e.g., bursty or potentially unlimited) or whose respotrjse
time requirements are less critical. Asynchronous bandwidth is instantaneously altecated
from the pool of remaining ring bandwidth that is unallocated, unused, or both.

Within each MAC, the MAC Transmitter maintains a Token-Rotation Timer (TRT) to control
ring scheduling. A Target Token Rotation Time (TTRT) is negotiated during*ring initialization
via the¢ Claim Token process. The MAC Receiver saves the most recently received TTRT
bid (T| Bid_Rc) and passes the final negotiated TTRT value (T_Neg) te the MAC transmitter,
wherg it becomes the operative TTRT (T_Opr) upon successful ring initialization. TRT ghall
be reget each time an early token arrives at a MAC. A token arriving before TRT reaches
TTRT|(i.e., an early token) may be used for both synchronous‘and asynchronous
transmissions. A token arriving after TRT reaches TTRT (i-€., a late token) may be usad
only fpr synchronous transmissions. Different mechanisms are used to limit the length[of a
MAC's synchronous and asynchronous transmissions. ‘However, in no case is a MAC
intended to hold the token longer than TTRT.

This protocol guarantees an average TRT (qr.average synchronous response time) not
greater than TTRT, and a maximum TRT (ormaximum synchronous response time) ng
greater than twice TTRT.

—

8.1.4|1 Synchronous transmission

Each pstation has a known allocation of synchronous bandwidth, i.e., the maximum time|that
the MAC may hold the token without THT being enabled. Allocation of synchronous

bandwidth is established:hy SMT, using SMT PDUs. Initially, each station has a zero
allocdtion, and it uses the SMT protocol to change its allocation. A station may "remenjber"
its allpcation across_ting reinitialization, provided that there has not been a TTRT change.
Synchronous sewice shall be disabled whenever a Beacon frame is received, until enapled

by SMT. Thelsum of all stations' current allocations should not exceed the maximum ugable
synchronous bandwidth of the ring, expressed as:

TTRT|-(D_Max + F_Max + 2 * Void_Frame_time + Token_time)
Annex D contains more information on the derivation of timing parameters.

Support for synchronous transmission is optional, and is not required for interoperability.

8.1.4.2 Asynchronous transmission

Asynchronous bandwidth is controlled by a two-tier allocation mechanism, enforced by two
classes of tokens:

a) non-restricted token:  Asynchronous bandwidth is shared among all requesters.
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b) restricted token: Asynchronous bandwidth is dedicated to a single extended dialogue
controlled by a specific requester.

The following description assumes that all timer values are implemented as the unsigned
twos complement of the desired time, with the timers TRT and THT counting up toward zero.
Any functionally equivalent implementation is allowed.

The ring begins operation in non-restricted token mode. This is the normal mode of
operation. It supports fair access at a frame granularity. In this mode multiple levels of
asynchronous priority may optionally be distinguished by a station. For each implemented
priority level (n), a threshold value (T_Pri[n]) is established, forming a set of threshold values
(T_Pri)._A non-restricted token may only be captured for transmission of a frame of priority n
when|the current Token-Rotation Timer (TRT) is less than the associated priority threshold
value|(T_Pri([n]). By setting lower threshold values for lower priority levels, transmission of
lower |priority frames is deferred when the ring is more heavily loaded (i.e., the token rotation
time gxceeds the threshold).

Whenever an early token is captured, the current value of TRT shall be saved in an
asyndhronous Token-Holding Timer (THT), and TRT shall be reset to time the next token
rotatign. THT is enabled (running) during asynchronous transmission.- The difference
betwegen its current value and the target value (TTRT) reflects the\temaining asynchronous
bandwidth available to this MAC. An asynchronous frame of prierity n may only be
transrnitted if THT is less than the associated priority threshold value (T_Pri([n]). Multigle
asyndhronous priority levels is an implementation option. [fthey are not implemented, then
all asynchronous frames shall have an effective threshold value of Late_ct = 0.

Restricted token mode is entered when a station wishes to initiate an extended dialogug¢
requirjng substantially all of the unallocated ring<andwidth (e.g., an extended burst datg
transfer from a high-speed device). The management of the extended dialogue (e.qg.,
decisipns to initiate, continue and terminate the dialogue) shall be the responsibility of
higher-level protocols. The initiating station captures a non-restricted token, transmits ifs
initial dialogue frame(s), then issues a-restricted token. The addressed destination statjon(s)
receive the initial dialogue frame(s);enter restricted mode, and exchange restricted tokens
for the duration of the dialogue (potentially many times TTRT). Restricted token mode |s
terminated when the terminating station captures a restricted token, transmits its final
dialodue frame(s), then issues a non-restricted token.

Restricted token mode-supports fair access at a dialogue granularity, in that each contgnding
extenfed dialogue initiator has equal opportunity to initiate new dialogues (deterministigally,
if the [nitiator is also.the terminator). Restricted token mode prevents any asynchronous
transrnission (inetluding SMT normal background protocols, e.g., Neighbour Identification)
other than the-eurrent extended dialogue, because normal asynchronous transmission
cannqt use restricted tokens and any new extended dialogue may only begin with a nomp
restrigted.token. However, synchronous transmission may proceed normally in restricteéd
token mode, because elther class of token may be used.

Use of THT in restricted token mode is not required, since the dialogue consists of a
deterministic sequence of exchanges, and frame-granular fairness to other traffic has been
preempted. Ignoring THT is sometimes useful in that it extends to restricted token mode
service the bandwidth and response time guarantees of synchronous service, and may be
used in conjunction with MA_TOKEN.request to minimize the effect of ring latency.
However, if THT is ignored, the station shall not intrude on the aggregate synchronous
bandwidth allocation (known to SMT).
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To ensure fairness and detect potential hang conditions during restricted token mode
operation, SMT monitors the duration of restricted token mode. If restricted token mode
operation exceeds the maximum time, SMT should abort the extended dialogue. A
restricted dialogue shall be disabled by the reception of a MAC frame, and the restricted
dialogue may only be resumed using the same steps that initiate a dialogue.

Support for restricted token mode transmission is optional, and is not required for
interoperability. An implementation of restricted token mode may support ignoring THT, but
is not required to. A MAC-2 implementation shall be capable of permitting SMT to monitor
restricted token mode.

8.1.5[ Ring monitoring

The MAC monitoring functions are distributed among all stations on a ring. Each\MAC
contirfjuously monitors the ring for invalid conditions requiring ring (re)initialization. Ring
(re)initialization is a consequence of either inactivity or incorrect activity on,the ring. Ring
inactiyity is typically detected by expiration of the Valid-Transmission Tinier (TVX) in the
MAC Receiver. Incorrect ring activity is typically detected by counting-successive expirations
of the| Token-Rotation Timer (TRT) with the Late Counter (Late_ct)dn the MAC Transmitter,

or by SMT processes.

174

8.1.5{1 Claim Token process

Any station detecting a requirement for ring (re)initialization shall initiate the Claim Token
proceps. In this process one or more MACs bid far the right to initialize the ring by
contirfuously transmitting Claim Frames. Each MAC also looks for incoming Claim Frames
and cpmpares the received bid with the MAC's;own bid. Any MAC receiving a lower bidl shall
(re)enter the bidding, while any MAC receivifng a higher bid shall yield. Conflicting bids|shall
be resolved by an arbitration hierarchy as-follows:

a) The bid with the lowest Target-Token Rotation Time (TTRT) has precedence (i.e.,[the
numerically highest T_Bid value).

b) Given equal T_Bid values;the bid with the longest address has precedence (i.e., FC.L
31>FC.L=0).

c) Given equal T_Bid<«and L values, the bid with the highest address has precedence(i.e.,

the numerically highest SA value).

The Qlaim Token.process completes when one MAC receives its own Claim Frames after
the frames havé/passed around the ring. At this point the ring is filled with that MAC's Claim
Frames and all-other MACs have yielded. The winning MAC proceeds to initialize the nng
(see 8.1,5.2). These rules permit a given installation to give certain stations preferentid|
statug in<ring recovery, but do not require it.

Each MAC times the Claim Token process by setting the Token-Rotation Timer (TRT) to a
large value (T_Max) that is sufficient to permit stable ring recovery. TRT shall be reset to
this value upon entering the Claim Token process, but shall not be reset once a MAC has
left the Claim Token process until the ring becomes operational (see 8.1.5.2). If TRT expires
while a MAC is in the Claim Token process, the Claim Token process has failed to recover
the ring. At this point, intervention that is external to MAC may be required, and the MAC
shall initiate the Beacon process (see 8.1.5.3). If TRT expires after a MAC has left the Claim
Token process and is waiting for some other MAC to initialize the ring, this MAC shall
re-enter the Claim Token process. This mechanism ensures that spurious Beacon or
preemptive Claim Frames will not persist on the ring, since at least one Beacon or Claim
Frame has to be received to leave the Claim Token process.
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An alternate mechanism is used in FDDI-II rings by the Cycle Master to Claim Token. The
Cycle Master is designed to be the first station to recognize loss of the token; and upon
detection of token loss, its MAC sends Purge Frames instead of Claim Frames. The Purge
is similar to the Claim in that it includes a T_bid value which is used to determine T_neg in
MACs on the ring. The Cycle Master transmits purge frames until it receives its own purge
frames which completes the Claim Token process without stations leaving hybrid mode. If
the Cycle Master fails to complete the Claim Token process while operating in hybrid mode,
the Cycle Master station will eventually initiate the Beacon process or some other station will
initiate the Claim process. The Beacon or Claim frames cause all stations to revert to basic
mode, including the Cycle Master. The Beacon or Claim Token process then continues as
described

8.1.5{2 Initialization process

Within each MAC, the Boolean variable Ring_Operational indicates the current operating
statug of the ring. Ring_Operational is cleared whenever the MAC initiates ‘or detects the
Claim| Purge or Beacon processes on the ring, and when it receives a MAC_Reset request
from $MT (see 6.4.2). Whenever Ring_Operational is cleared (including subsequent
MAC |Resets), any (SM_)MA_UNITDATA.request or (SM_)MA_TOKEN.request currenily

being|serviced is aborted, no token is issued, and an abnormal eonfirm status is returned to
the reguester.

Ring initialization begins when one MAC successfully completes the Claim Token or Ptjjrge
procegs. That MAC proceeds to initialize the ring. First)it sets the operative TTRT vallie

(T_Opr) to the negotiated TTRT value (T_Neg) (which should be the same as its requesgted
TTRT|value (T_Req) since this MAC won the bidding). Then it resets its Token-Rotation
Timer|(TRT). Finally it issues an initial non-restricted token.

The purpose of the initial rotation of the token'is to align both the TTRT values and the [TRT
timerg in all MACs on the ring. Since Ring' Operational is clear, no MAC may capture the

initial foken or transmit frames. In each MAC upon receipt (and repeating) of the initial
token| T_Opr shall be setto T_Negi-TRT shall be reset, Late_ct shall be set =1, and

Ring_|Operational shall be set.. These actions permit synchronous transmission on the
second token rotation while inhibiting asynchronous transmission. Beginning with the
second token rotation, each MAC correctly accumulates current synchronous bandwidth
utilization (as opposed-tg:allocated limits) in TRT, and asynchronous transmission is pdssible
on the third and subseguent token rotations (see 8.1.4.2).

8.1.5|3 Beacon-process

When a MAE detects that the Claim Token process has failed, or upon request from SIMT
(see 6.4:2), that MAC initiates the Beacon process. In this case, the ring has probably peen
physicatty mterrupted;and may frave been gtobatty Teconfigured(e-g-, one togicat Ting Thay
have been partitioned into two, or two logical rings may have been joined into one). Some
form of intervention that is external to MAC has been or should be invoked to restore the
logical ring. The purpose of the Beacon process is to signal to all remaining MACs that a
significant logical break has occurred and to provide diagnostic or other assistance to the
restoration process (via SMT).
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Upon entering the Beacon process, a MAC continuously transmits Beacon Frames. A MAC
yields to Beacon Frames received from an upstream MAC. Consequently, if the logical
break persists, the Beacon Frames of the MAC immediately downstream from the break are
normally propagated. If a MAC in the Beacon Process receives its own Beacon Frames, it
assumes that the logical ring has been restored, and it initiates the Claim Token process to
recover the ring quickly.

As with the Claim Token process, a MAC shall reset TRT upon entering the Beacon process,
but not upon receipt of individual Beacon or Claim frames. If TRT expires after a MAC has

left the Beacon process, this MAC shall enter the Claim Token process to remove spurious

Beacon Frames. In conjunction with the normal frame-stripping function, these rules ensure
that the Ting can be recovered efficientty and reffiably When the fogicarl break 15 restored
Howeler, they result in a brief interruption of Beacon Frame propagation through MAE$ not
immedgiately downstream of a logical break once every T_Max. This phenomenondoes not
compfomise MAC, and it is easily filtered in the SMT Beacon processing logic!

8.2 Structure

MAC tonsists of two cooperating asynchronous processes, the MAC Receiver and the MAC
Transmitter, within each MAC. Both of these processes operate-on the symbol stream) and
they gre synchronized by global MAC variables (e.g., T_Opr).and signals (e.g.,
TK_Received, My_Claim).

The need for separate Receiver and Transmitter processes arises from the requirement that
certaip functions (specifically, recognition of MAC frames, own address detection, and
captufe of the Frame Status) shall be performed concurrently with, and asynchronously to
the states of, the Transmitter. In cases where identical functions are needed by both
procegses (e.g., delimiter recognition and input-validation), they have been placed in thp
Receiver with appropriate signals sent to the“Transmitter. These signals may be replaged by
their gorresponding functions in the Transmitter.

\%J
=~

It is also desirable that a station be capable of self-monitoring, both to facilitate loop-ba
testing and to avoid compromising ring integrity unnecessarily; thus the error detection
functipns are specified in the Receiver while the recovery functions are specified in the
Trangmitter.

The MAC processes are:defined as cooperating state machines. It is assumed that time
elapses only within discrete states, and that state transitions are logically instantaneous. It
follows that actions.requiring one or more symbol times to complete shall be performed
within| states; however, when these actions are associated with a specific transition, thgy
may he described as part of that transition. In all such cases the actions occur prior to the
assodiated transition. Actions described as part of a state occur each time the state is
entered{ Thus, when a triggering event occurs externally to a state machine, the state
machlne-shall-perform-the following-event-processing-sequence-as-a-logicallyatomic

operation:

a) Evaluate all conditions within the current state.

b) If the conditions for a state transition are satisfied, then
1) perform the transition actions in the current state.
2) enter the new state.
3) perform the entry actions (if any) for the new state.

4) if an immediate transition from the new state is possible, then repeat the sequence
beginning with step 1.
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c) If the conditions for in-state actions are satisfied, then the specified actions shall be
performed.

The major triggering event to the MAC Receiver is the occurrence of a
PH_UNITDATA.indication. The Receiver shall perform its event processing sequence, using
the input symbol presented with the PH_UNITDATA.indication as a parameter for condition
evaluation. Upon completion of the event processing sequence in the Receiver, both the
input symbol and any associated event signals generated by Receiver actions shall be
forwarded to the MAC Transmitter.

Event propagation from the MAC Receiver to the MAC Transmitter shall incur a conceptual
propagation delay representing the internal MAC repeat delay of the station. The input
symbol and any associated event signals generated by the Receiver actions experiencée
identical propagation delay between Receiver and Transmitter. Consequently, they-arrjve at
the Transmitter at the same conceptual time, but in the order that they were generated [by
the Receiver.

The major triggering event to the MAC Transmitter is the arrival of an input symbol, toggther
with any associated event signals, from the MAC Receiver; i.e., for eachiinput symbol the
Transmitter shall generate a corresponding output symbol. The Transmitter performs its
eventtprocessing sequence, but uses the input symbol forwardedfrom the Receiver as|a
parameter for condition evaluation only when it is potentially repeatable; i.e., within the
Repeat State. Upon completion of the event processing sequence in the Transmitter, 3
PH_UNITDATA.request with the appropriate output symbol.is generated as an in-state
actior] in the resultant Transmitter state. In the Repeat-State, the output symbol shall
typically be the input symbol from the Receiver; in all.other states, the input symbol is
disc;]ded and a new output symbol is generated,

It is also assumed that the contents of specificdields in received and transmitted PDUs jare
only Known to MAC during the processing of\the PDUs. Any values to be remembered|shall
be sayed in MAC variables.

The MAC state machines are specified*both with prose and with state diagrams. In the|
event|of any discrepancy, the state*diagrams and attached notes shall take precedence over
prose} however, the prose may. explicitly define optional conditions and actions not shovn in
the state diagrams.

State [transitions shall occur when the conditions are satisfied according to the evaluation
rules specified in this_subclause, except when explicit exceptions are specified in the prose
descr|ptions.

In the|state diagrams, states are shown as vertical staffs and state transitions as horizgntal
arrowp, with the triggering event or condition above the shaft and any action beneath the
shaft.| Symbaols are used in the conditions, actions, and footnotes for logical operations|with
the fol|lowing meanings: or |, and &, not ~. Optional conditions or actions are delimited py
matched paii‘o of { }, anc-comments-are-detimited by matehed paii‘o of«—»—Fhe-conditton
‘before’ shall be true whenever the last symbol of the referenced PDU field has not been
processed. The condition ‘after’ shall be true whenever the last symbol of the referenced
PDU field has been processed, and shall be true before the next symbol. The condition
‘else’ shall be true whenever the referenced condition is true and no other transition
conditions are satisfied.
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8.3 Receiver

This subclause describes the detailed MAC Receiver operation as shown in figure 3.

The MAC Receiver process receives and validates information from the ring, selects those
portions that are relevant to its station, detects ring errors and failures, and reports them via
appropriate signals. The Receiver scans the input from PHY (PH_Indication), looking for
valid frames (FR) and tokens (TK). Each frame whose Destination Address (DA) matches
one of the Station_Addresses shall be passed to the appropriate entity (LLC, MAC, or SMT)
with the frame valldlty status MAC frames shall be processed by the Recelver after

Apprad pr|ate S|gnals shaII be generated for the Transmltter process and the current
T _Bid Rc and T_Neg and Frame Status Indicators, A_Flag, C_Flag, E_Flag, and®™, -Flag
shall be saved for the transmitter. Counts of frames (e.g., Frame_ct, Error_ctand Los|_ct)
shall also be maintained for SMT.

8.3.1| Token and frame validity criteria
For plirposes of classifying and taking action as the result of a received token or frame] the
followjng criteria are applied:

a) Token (included in Token_ct):

1) has a Starting Delimiter (JK).

4) has an FC = 1X00 0000.

) has no additional Data Symbols (n).

[d%)

4) has a Token Ending Delimiter (TT)s
b) Hrame (included in Frame_ct):

1) has a Starting Delimiter (JK):

42) has an FC other than 1X00 0000.

3) has zero or more additional Data Symbols (n).

4) has an Ending Delimiter (T). An implementation may optionally require that the

Ending Delimiter be the first symbol of a symbol pair.

c) Hormat Error (included in Lost_ct):

1) has a¢Starting Delimiter (JK).

4) has.zero or more Data Symbols (n).

3) < is’not a Token.

IS nota Frame.

5) ends with a symbol other than Idle (1) as its first non-data symbol.

d) Start of Void Sequence (may or may not be a valid frame, but contains no MAC SDU):
1) has a Starting Delimiter (JK).
2) has an FC = 0X00 0000.

e) Valid Data Length:

1) is an integral number of Data Symbol pairs (octets) between Starting and Ending
Delimiters.

2) is a minimum number of octets between Starting and Ending Delimiters as shown
in table 1.
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8.3.2| State RO: LISTEN

When a MAC Receiver is initialized, it enters the Listen State. .In this state, the receiver
waits for a valid symbol from PHY, and the Valid-Transmission-Timer (TVX) is disabled

A PH] Indication(l) represents the start of signalling receptien upon which clock
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Valid Frame:

1) isaFrame.

2) has a Valid Data Length.

3) has an FC = XX10 XXXX, or has correct FCS.

4) has an Error Detected Indicator of Reset (Er = R).
Frame Error (set E_Flag):

1) isaFrame.

2) is nota Valid Frame.

Reportable Frame Error (included in Error_ct):
1) is a Frame Error.

4) the Error Detected Indicator either was not received or was received-‘as Reset
(Er = R).

synchronization may be established. A transition to the\listen State represents a potential

discomtinuity in the processing of the input symbol stream.

R(00)} Reset: A transition to State RO occurs ika’MAC_Reset signal (see 6.4.2.3) is
receiyed. On this transition, the negotiated TTRT (T_Neg) may optionally be set to the
maximum TTRT supported by this MAC (T, Max).

R(01)} Signal Start: If PH_Indication(l)is received from PHY, or when PH_Invalid is njot
being|received from PHY in Hybrid mode, the Valid-Transmission Timer (TVX) shall bereset

and epabled, and a transition to State R1 occurs.

8.3.3| State R1: AWAIT_SD (Await Starting Delimiter)

In thig state, the receiverlooks for a valid start of a frame or token (PH_Indication(J)). |nput
receied during other receiver states is not excluded, since invalid input in those states{may
prove|to be valid starting delimiters upon return to this state. The test for the Start condlition

only dccurs inthis state.

R(10d): Reset: A transition to State RO occurs if a MAC_Reset signal is received. On this
transition; kast_FC is set to zero, and the negotiated TTRT (T_Neg) may optionally be set to

the meximum-TTRT supported-byv this MAC (T Max)
Ll o 7J T — 7

R(10b): Invalid: A transition to State RO occurs if a PH_Invalid is received from PHY.

R(12): Start: If PH_Indication(J) is received, a transition to State R2 occurs. On this
transition, the RC_Start signal is generated. The address recognized (A_Flag), frame copied
(C_Flag), error detected (E_Flag), higher source address (H_Flag), lower source address
(L_Flag), my source address (M_Flag), and no copy acknowledgment (N_Flag) flags shall be
cleared.
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Table 1 — Interpretation of FC field

8.3.4

In thig
sequdq
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FCSr

R(204
transi
the m

R(204
this tr

R(214
PH_In
the FH

R(214
or nn
signa

FC Interpretation Minimum Octets

CLFF WwWXYzZ to WXYZ

1X00 0000 Token 1
0000 0000 Void frame 9
0100 0000 Void frame 17
0000 0001 to 1111 SMT frame 9
0100 0001 to 1111 SMT frame 17
1000 0001 to 1111 MAC frame 13
1100 0001 to 1111 MAC frame 21
X001 XXXX LLC frame 9
X101 XXXX LLC frame 17
X010 XXXX Implementor frame 9
X110 XXXX Implementor frame 17
X011 XXXX Reserved 9
X111 XXXX Reserved 17

State R2: RC_FR_CTRL (Receive Frame Caontrol Field)

state, the receiver scans the received symbegls for a start of frame or start of tokg
nce consisting of the start delimiter followed by two data symbols (JKnn). The
priate valid header exit is chosen based.upon the received frame control field. V4
is reset in preparation for checking the\incoming frame.

): Reset: A transition to State RQ<ccurs if a MAC_Reset signal is received. On
ion, Last_FC is set to zero, and the negotiated TTRT (T_Neg) may optionally be
paximum TTRT supported by, this MAC (T_Max).

): Invalid: A transitiop-t0-State RO occurs if PH_Invalid is received from PHY. (
ansition, the FO_Error signal shall be generated and the Lost_ct shall be increme

). Strip: A transition to State R1 occurs if PH_Indication(l) is received from PHY|
dication (K) isot'the next symbol received after transition R(12). On this transit
R_Strip signadhshall be generated.

): Format‘Error: This transition to State R1 occurs if a symbol sequence other
s received from PHY after receipt of the K symbol. On this transition, the FO_Er
shallbe generated and the Lost_ct shall be incremented. This transition shall pr

the TH

2N

lid

this
set to

Dn
nted.
or if
on,

han |
or
bvent

ansmitter from repeating the symbol or symbol pair that caused detection of the f

brmat

error.

If the transition R(21a) or R(21b) is caused by the receipt of another J symbol, such as the
sequences JJ, JKJ, or JKnJ, and the Receiver is capable of processing a Start of Frame
sequence with a zero-length Preamble, then the transition to State R1 and back to State R2
shall be considered as taking zero time, such that the second J symbol is interpreted as the
potential start of a valid frame sequence.

R(23)

. Frame: After a starting delimiter and FC field (JKnn) have been received; a

transition to State R3 occurs if the received FC field (FCr) indicates a frame start (i.e., not
token).
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R(25): Token: After a starting delimiter and FC field (JKnn) have been received a transition
to State R5 occurs if a possible token is being received.

8.3.5 State R3: RC_FR_BODY (Receive Frame Body)

In this state the receiver scans the received frame body, including Destination Address (DA),
Source Address (SA) and INFO fields and takes actions as appropriate. Also, in this state
the receiver scans the remainder of the frame up to the reception of an Ending Delimiter

(T symbol) and checks FCS. If a MAC Frame is indicated by the FC field, the receiver takes
actions as appropriate.

The
a)

b)

c)

Destnation Address shall be processed as 1ollows:

the L Bit in the received FC field (FCr.L) is equal to zero, indicating a 16-bitaddr
nd if the Destination Address received (DAr) is contained in the set of this:MAC's
\ddresses, then the A_Flag is set and the frame is copied to the appropriate entity
| | C, SMT, or other MAC user) as indicated by the Frame Control field teceived (
[he A_Flag shall not be set for a partially filtered group address match, although t
rame may be copied. If the A_Flag is set and the received Frame Control field (F
ndicates an SMT next station addressing frame, then N_Flag.shall be set. A void
rfame is not required to be copied.

If the L Bit in the received FC field (FCr.L) is equal to oneyindicating a 48-bit addrg
and if the Destination Address received (DAr) is contained in the set of this MAC's
Addresses, then the A_Flag is set and the frameds\copied to the appropriate entity
(LLC, SMT, or other MAC user) as indicated by\the Frame Control field received (
The A_Flag shall not be set for a partially filteted group address match, although t
frame may be copied. If the A_Flag is set.and the received Frame Control field (F
i

t

/
S

—H - —h 1~

indicates an SMT next station addressing-frame, then N_Flag shall be set. If a
ransparent bridge copies a frame forforwarding, it may optionally set the N_Flag.
\ void frame is not required to be copied.

ource Address shall be processed as follows:

the L Bit in the received-EC field (FCr.L) is equal to zero, indicating a 16-bit addr
nd if the Source Address received (SAr) is equal to this MAC's My Short Address
MSA), and MSA is enabled

)  FR_Strip signal shall be generated.

= S Q)

) If the Source Address received (SAr) is not equal to zero then the MAC shall
M_Flag-

the L.Bit’in the received FC field (FCr.L) is equal to one, indicating a 48-bit addrg
nd it the Source Address received (SAr) is equal to this MAC's My Long Address

N

PSS,
Short

£Cr).

ne
Cr)

Ss,
Long

~Cr).
ne
Cr)

eSS,

set

SS,

g
(MLA) and MLA is enabled

1) FR_Strip signal shall be generated.

2) If the Source Address received (SAr) is not equal to zero then the MAC shall
M_Flag.

set

If the L Bit received (FCr.L) is equal to zero, and if the Source Address received (SAr) is

greater than this MAC's My Short Address (MSA) or MSA is disabled, and this MA
My Long Address is disabled or enabled as the Null address; or if the L Bit receive

C’s
d

(FCr.L) is equal to one, and if the Source Address received (SAr) is greater than this

MAC's My Long Address (MLA) or MLA is disabled, then H_flag shall be set.


https://iecnorm.com/api/?name=22b990a1843c6f175f4af85a5b300b27

9314-8 © ISO/IEC:1998(E) - 61—

d) If the conditions in a, b, or ¢ above are not satisfied, and the Source Address received
(SAr) is not zero, then L_Flag shall be set.

The first four octets of the INFO field shall be processed as follows:

a) If the Frame Control Field received indicates that this frame is a MAC Claim Frame
(FC = 1L00 r011), or Purge Frame (FC = 1L00 r100) then the first four octets of this
frame's INFO field contains the bidding TTRT received (T_Bid_Rc) from an upstream
MAC. Ifthe T_Bid_Rc is not equal to this MAC's requested TTRT (T_req):

1) If M_Flagis set, then clear A_Flag.

2) Ifthe T_Bid_Rc is greater than this MAC'’s requested TTRT (T_req), and L_Flag is
set:

- H_Flag is set.
- L_Flag is cleared.

3) Ifthe T_Bid_Rc is less than this MAC'’s requested TTRT (T_req) M Flag is s
and a non-Null MSA or MLA is enabled:

- L_Flag is set.

1%
~—+

- H_Flag is cleared.

b) If the FCrindicates a Claim Frame and the previous SA‘and INFO processing ruleg do
not cause H_Flag to be set (or remain set) then the MAC shall signal FR_Strip.

If a station implements reception of source routing frames as a bridge, the frame is
addressed as a source routing frame (FCr.L = 1 and\SAr.RI = 1), and if the frame is not a

MAC pr SMT frame (FCr.FF # 00) and an addressymatch is found in the routing informgtion
field df the frame:

a) A_Flagis set.

b) Copy the frame.

Additipnal optional criteria may be applied to further control frame copying (see 6.4.2).
These criteria affect the operation-of the MAC data service interface but they do not affect

the satting of flags or indicators:or other MAC interoperability requirements. Consequeptly,
they gre not further specified'in the Receiver state machine.

R(30d): Reset: A trapsition to State RO occurs if a MAC_Reset signal is received. On this
transition, Last_FC is'set to zero, and the negotiated TTRT (T_Neg) may optionally be set to
the mpximum TTRT supported by this MAC (T_Max).

R(30h): Invalidi* A transition to State RO occurs if a PH_Invalid is received from PHY.| On
this transitienythe FO_Error signal shall be generated and the Lost_ct shall be incremepted.

R(313):<Strip: A transition to State R1 occurs if PH_Indication(l) is received from PHY. On

th t hinetion thin T CHrin oAl chall Iha A~ Aratad
IS lred TSTOOT tHCTT T _ ot Sigrar Shan OC g eTieTatc s

R(31b): Format Error:  This transition to State R1 occurs if a symbol other than | or data is
received before an Ending Delimiter (T). Optionally, this transition occurs if a valid data
length (see 8.3.1) has not been received. In basic mode, however, this transition shall not
occur when the Ending Delimiter of a Void frame is received after any even number of data
symbols. On this transition, the FO_Error signal shall be generated, and if the transition is
not because of a PH_Indication(T) (i.e. invalid data length), then the Lost_ct shall be
incremented. This transition shall prevent the Transmitter from repeating the symbol or
symbol pair that caused detection of the format error.
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R(34): ED Received: A transition to State R4 occurs if PH_Indication(T) is received. This
transition is not required to occur if the option for treating an invalid data length as a format
error is implemented in R(31b) and a valid data length has not been received; however, this
transition shall occur in basic mode when the Ending Delimiter of a Void frame is received
after any even number of data symbols.

8.3.6 State R4: RC_FR_STATUS (Receive Frame Status)

In this state the receiver scans for trailing control indicator symbols (R or S) representing the
Error Detected (E), Address Recognized (A), and Frame Copied (C) control indicators, and
subse . diti h-to-State-R ay-be-satistied-upon
detection of the first symbol after the E indicator that is not a control indicator, and shal| be
satisfied upon the detection of a trailing T symbol. If the terminating symbol is a T-sympol, it
is a candidate for being repeated by the MAC transmitter as the last symbol offrame status.

NOTE - One way to align the timing of the above conditions so that the MAC\transmitter heed
not be sensitive to what is occurring is to implement a substate within State R4 which is
entered only upon detection of a trailing T symbol. The MAC receiver. would then transition to
State R1 at the next symbol boundary, regardless of what symbol js presented. While in|this
substate, if either condition for transition to State RO is satisfied, that transition (40a or 4Qb)
would still continue to take precedence.

The receiver performs final validity checking on the frame, and determines the control
indicator values that the Transmitter should transmit in the ‘process of repeating the frame.
On entry into the state, the Frame_ct is incremented and'the E_Flag is set. Each of the
requined control indicators is processed as follows:

14

a) the E indicator received (Er) is not an R symbol, or the frame did not have a valif data
bngth, or the FCS received is not valid.(unless the frame is an implementor frame

I

I

then the frame is considered in error.

1) Clear A_Flag, H_Flag, L_Flag,“M_Flag, and N_Flag.

)  For backward compatibility,if a Void frame is received in basic mode and the|E
indicator is an R symbol;-then reset TVX and clear the E_Flag.

N

b) Eris an R symbol, and the frame has a valid data length, and the FCS received

alid (or the frame is,.an implementor frame), then the frame is valid.
) Reset TVX dnd'clear the E_Flag.

) If A_Flagisset or the N_Flag is set, and the frame has been successfully cop
(Frame-copied)

- Set C_Flag

> If the frame is not a MAC or Void frame, increment Copied_ct (if
imlnlnmnnmd)

S

=< -

ied

N

If the frame is a valid frame then the receiver also produces signals to the Transmitter for
MAC and Void frames as follows:

a) If the FCr indicates a Beacon Frame then:
1) The MAC optionally sets T_neg to T_max.
2) If M_Flag is set then the receiver signals My_Beacon.
3) If M_Flag is not set then the receiver signals Other_Beacon.
4) A station shall also disable service for synchronous and restricted requests.
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b) If the FCrindicates a Claim Frame, then:

1) IfH_Flagis setthen T_neg is loaded with T_Bid_rc. The receiver may optionally
test the T_Bid_rc to verify it is within range of operational bounds for this MAC (i.e.,
T_max < T_Bid_rc < T_min) and notify SMT when an invalid T_bid has been
received. The receiver signals Higher_Claim.

2) If A_Flag and M_Flag are set then T_neg is loaded with T_Bid_rc. The receiver

may optionally test the T_Bid_rc to verify it is within range of operational bounds
for this MAC (i.e., T_max < T_Bid_rc < T_min) and notify SMT when an invalid
T_bid has been received. The receiver signals My_Claim.

A

[d%)

[

c) If the FCrindicates a Purge Frame then the receiver may optionally perform\the

d)

= =k —

)
)

D)

The r¢ceived A Indicator is also processed.

the FCr indicates a Void Frame then the receiver may optionally perform the
bllowing:

LE Y ) ) Ll e | 'y ) A4 | | - . (| Ll oA LA
IETICIIET Uic Ti_riay Tur uic vi_riay 15 ST, dllu a TIUTT=INUIT IVIoA Ul IVILA TS

enabled, then the receiver shall signal Lower_Claim.

following:

1) |IfH_Flag or L_Flag are set then T_neg is loaded with T_Bid_rc-,. Fhe receiver may
optionally test the T_Bid_rc to verify it is within range of operational bounds fgr this
MAC (i.e., T_max < T_Bid_rc < T_min) and notify SMT when’an invalid T_bid has
been received. The receiver signals Other_Purge.

4) If A_Flag and M_Flag are set then T_neg is loaded with' T_Bid_rc. The receiyer

may optionally test the T_Bid_rc to verify it is within range of operational bounds
for this MAC (i.e., T_max < T_Bid_rc < T_min)yand notify SMT when an invalid
T_bid has been received. The receiver signals'My_Purge.

If M_Flag is not set, then signal Other_Void.
If M_Flag and A_Flag are set, then signal My_Void.

b)

R(404

Ar is an R symbol then the/MAC is the first MAC on the ring to recognize the adq
I_Flag is cleared, allowing the transmitter to set the C Indicator (Cx) if the frame
uccessfully copied (Otherwise, if Ar is not an R symbol and the N_Flag was set, t
ne transmitter will ngt acknowledge copying of this frame.).

= n = —=

Iress.
vas
hen

Ar is an S symbel then the receiver tests for recognition of a possible duplicate

eset, anddhe Destination Address of the frame being an individual address (DAr.I

Qo = QO —

o

it iscclear (SAr.RI = 0). SMT is notified of a duplicate address.

ddress on the ring. This is indicated by the A_Flag being set, and the E_Flag being

), and €ither the frame is a MAC or SMT frame (FCr.FF = 0) or the Routing Indicator

) Reset: A transition to State RO occurs if a MAC Reset signal is received. On this

transition, Last_FC is set to zero, and the negotiated TTRT (T_Neg) may optionally be set to
the maximum TTRT supported by this MAC (T_Max).

R(40b): Invalid: A transition to State RO occurs if PH_Invalid is received from PHY. On
this transition, the FR_Received signal shall be generated and, if the E_Flag is set and the
Error Detected Indicator (Er) was not received as Set, then the Error_ct shall be
incremented. If the received frame was a valid MAC frame then the R_Flag shall be cleared,
MAC_Frame is signalled to the transmitter, and Restricted service is disabled (if
implemented).

If a valid frame (E_Flag is not set) was addressed to this MAC (A_Flag is set), the frame was
not sent by this MAC (M_Flag is not set), frame acknowledgment is not inhibited (N_Flag is
not set), the frame was not successfully copied (C_Flag is not set), and the frame was not a
void or MAC frame, then increment Not_Copied_ct (if implemented).
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R(41): Frame Received: After reception of the received Frame Status field (FSr), a
transition to State R1 occurs. On this transition, the FR_Received signal shall be generated
and, if the E_Flag is set and the Error Detected Indicator (Er) was not received as Set, then
the Error_ct shall be incremented. If the received frame was a valid MAC frame then the
R_Flag shall be cleared, MAC_Frame is signalled to the transmitter, and Restricted service
is disabled (if implemented).

If a valid frame (E_Flag is not set) was addressed to this MAC (A_Flag is set), the frame was
not sent by this MAC (M_Flag is not set), frame acknowledgment is not inhibited (N_Flag is
not set), the frame was not successfully copied (C_Flag is not set), and the frame was not a
void or MAC frame, then increment Not_Copied_ct (if implemented).

8.3.7| State R5: CHECK_TK (Check Token)

In thid state, the receiver looks for a valid token ending delimiter (TT). Both T Symbols ghall
be repeated by the MAC transmitter when the token is being repeated by theXMAC.

NOTE - To align the timing of the above condition to the symbol being repeated in a fashion
consistent with the repeating of the symbols of frame status in State(R4, a substate may |be
implemented within State R5, which is entered upon detection of thé.second T symbol. The
MAC receiver would then transition to R1 via R(51c) at the next'symbol boundary, regargless
of what symbol is presented. While in this substate, if either(eondition for transition to State RO
is satisfied, that transition (50a or 50b) would still continueto take precedence.

R(504): Reset: A transition to State RO occurs if a MAE_Reset signal is received. On this
transition, Last_FC is set to zero, and the negotiated " TVRT (T_Neg) may optionally be set to
the mpximum TTRT supported by this MAC (T_Max).

R(50h): Invalid: A transition to State RO occuts'if a PH_Invalid is received from PHY.| On
this transition, the FO_Error signal shall be génerated and the Lost_ct shall be incremepted.

R(514d): Strip: A transition to State R1 gecurs if PH_Indication(l) is received from PHY,.
This transition shall occur if PH_Indication(l) is received from PHY before PH_Indication(T) is
receied from PHY, and may optionally occur if PH_Indication(l) is received from PHY after
PH_Indication(T) is received fromtPHY. On this transition, the FR_Strip signal shall be
generated.

R(51h): Format Error:  This transition to State R1 occurs if any symbol other than 1 of T is
receijed. This transition'may optionally occur if PH_Indication(l) is received from PHY gfter
PH_Indication(T) is received from PHY. On this transition, the FO_Error signal shall bg
generated and the'kost_ct shall be incremented. This transition shall prevent the
Transmitter from'repeating the symbol or symbol pair that caused detection of the formpat
error.

R(51q):/Teken Received: A transition to State R1 occurs if a correct token Ending
Delimiter{TT) is received. If the Token class of the received token is nonrestricted, thén the
R_Flag shall be cleared and TVX shall be reset; otherwise, if the R_Flag is not already set,
then the R_Flag shall be set and an SM_MA_Status.indication should be optionally
generated to permit SMT to monitor the duration of the restricted token dialogue. In
restricted token mode, TVX shall not be reset unless a valid Frame is received. In any case,
the Token_Received (TK_Received) signal shall be generated for the Transmitter, and the
optional Token_ct shall be incremented.
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8.4 Transmitter

This subclause describes the overall MAC Transmitter operation as shown in figure 4.

The MAC Transmitter process repeats information from other stations on the ring, inserts
information from its own station into the ring, and cooperates with other stations to
coordinate priorities for use of the ring. It operates on the input symbol stream from PHY
(PH_Indication) and produces the output symbol stream to PHY (PH_Request). The
Transmitter repeats the received frames until it needs and receives a usable token. Then it
transmlts its own data passes the token, and resumes repeatlng The Transmltter also

also
uses the Frame Status (A_Flag), C_Flag, and E_Flag) values saved by the Receiver. The

When a MAC transmitter is initialized, it enters the TX_ldle state. \In'this state the trangmitter
continuous Idle symboils (I). The Transmitter reverts to.this state between repeated
frameps and tokens, to capture a token, and to strip frames that-have circulated the ring

—

T(00)] Reset: A transition to State TO occurs when tragsmitter reset is required. Resg

shall Ibe required when any of the following conditions‘o¢curs

a) AnSM_MA_ CONTROL.request(reset_mac or:send_mac_frames) is received from
SMT.

b) A MAC Frame is received when full recovery is enabled, and either Ring_Operatignal is

det, or the Late_ct is zero, or the Token_Class is not equal to none and the MAC frame

T_Makx, TRT shall be reset to T_Qpr and Token_Class shall be reset to none. If reset_mac
was requested, then Late_ctshall be cleared to zero and Ring_Operational and D_Flag shall
be clgared. Otherwise, if Ring_Operational is set or Late_ct is clear, then Late_ct shalllbe
set to|1 and Ring_Operational shall be cleared. In any case, B_Flag shall be cleared (if
restrigted mode is implemented) and alternative stripping (bridge stripping) shall cease)

This transition shall'take precedence over the recovery transition if their respective
conditions occursimultaneously.

T(01)] Start:~ A transition to State T1 occurs after the receiver detects the beginning of a
starting.delimiter (RC_Start signal). RC_Start received during other transmitter states is not
necedsarily ignared, since transitions to the TX_Idle State may immediately encounter the
receiver start condition upon return to the TX _ Idle State, i.e., the TX ldle State may be
traversed in zero time; however, the reaction to RC_Start onIy occurs in the TX_Idle state.

This transition is optionally not required when partial recovery is enabled in which case the
entire PDU is stripped.

T(02a): Usable Token: A transition to State T2 occurs when the receiver signals the
receipt of a valid token (TK_Received), and the token is usable. A token is usable when the
ring is operational (Ring_Operational) and either:

a) The station has a synchronous request queued for transmission and synchronous
service is allowed, or
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b) The token is early (Late_ct=0) and all of the following conditions exist:

1) The station has an asynchronous request queued.

2) The correct type of token was received (FCr.L = Requested_Token_Class) .

3) Asynchronous priorities are not implemented or TRT is less than the T_pri

4)

At this Innim‘, the token has heen QII(‘(‘PQQfII”y r‘apturpd The Tnkpn-HnIding Timer (TH

threshold for the requested priority.

service is enabled and either B_Flag is set or the Requested_Token_Class is
restricted.

The request is not a restricted request, or if the request is restricted, restricted

) is
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transi
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ed. If the token is early (Late_ct=0), then the Token-Rotation Timer (TRT) value

in THT and TRT is reset to T_opr and if implemented, T_Flag is set. Otherwise,
to its expired value and Late_ct is cleared, allowing TRT to retain the accumulate
ss, and T_Flag is cleared if implemented. Token_Class is set to non-restricted if
al to zero; if FCr.L is equal to one, it is set to restricted. Finally, the-transition to §
Curs.

le TK_Received signal shall cause at most one transition in the Transmitter, i.e.,
ion cannot immediately follow T(10b).

ransition shall not occur when partial recovery is enabled2In this case the Token
d.

: Transmit Immediate: A transition to State T2-0ccurs when an immediate req
ued, the ring is not operational and the Token<Class is none. TRT isresetto T_
ate ct is cleared to enable the transmission te~complete.

Unusable Token: A transition to State’T3 occurs when the Receiver signals th
t of a valid token (TK_Received) and the token is not usable (see T(02)). At this
ken has been inadvertently capturedi(due to a short latency ring or timing window
pe reissued. If the ring is already‘\operational (Ring_Operational), and if the token
Late_ct=0), the Token-Rotation Timer (TRT) shall be reset to the Target Token
on Time (T_Opr). If the ring-is operational and Late_Ct is not equal to zero, Late|
pe cleared but TRT is netreset to allow the MAC to retain the accumulated latene
g is not already operational, T_Opr shall be set to the final negotiated Target Tok
on Time (T_Neg),<IRT is reset to the new value of T_Opr, Late_ct is set equal to
ing_Operational'is'set.

Feceived tokénwas restricted (FCr.L = 1), then B_Flag is cleared and Token_Clad
restrictedi/©Otherwise, B_Flag is set and Token_Class is set to non-restricted. Fi
Ansition.to’ State T3 occurs.

le/TK) Received signal shall cause at most one transition in the Transmitter, i.e.,

transi
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ion“cannot immediately follow T(10b).

This transition shall not occur when partial recovery is enabled. In this case the Token is
ignored.

T(04): Recovery: A transition to State T4 occurs when ring recovery is required. Recovery
shall be required when any of the following conditions occurs:

a) The Valid-Transmission Timer (TVX) expires when full recovery is enabled and
HM_mode is not slave (or Hybrid mode is not implemented).

b) TRT expires and the token is already late (Late_ct>0) and either, HM_mode is not slave
(or Hybrid mode is not implemented), or the ring is not operational (~Ring_Operational)
and the Token_Class is none.
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c) If Hybrid mode is implemented, and HM_mode is master, and the ring is not operational
(~Ring_Operational), and the Token_Class is none.

d) A Claim Frame with a lower precedence is received (Lower_Claim) when full recovery is
enabled.

e) Immediately after the Reset transition when SM_MA_ CONTROL.request (Claim) is
received.

The recovery transition conditions are asynchronous to the normal operation of the
Transmitter. Therefore, these conditions may occur at the same time as the conditions for
some other transition. If this happens the other transition shall take precedence. However,
the regevery-transtioncondittens{e-g——tmerexpiratton-shatt-be—rememberes “Hrtessithe
pting transition causes them to be cleared (e.g., timer reset).

T(05)] Beacon Requested: A transition to State T5 occurs immediately after the Resgt
transition when SM_MA_CONTROL.request (Beacon) is received.

8.4.2| State T1: REPEAT (Repeat)

In thig state the transmitter generally repeats the input symbol stream; however, the re¢eived
trailing Control Indicators may be modified and certain frames may be aborted. The
transmitter normally returns to the Idle state between frames(FR_Received or
TK_Rleceived). If a usable token is detected, then the transmitter returns to the Idle State
before the FC field of the token is repeated and thus the'token is stripped from the ring| The
repeat action shall also be stopped for any frame wherethe Source Address field equals the
MAC pddress (M_Flag), thereby stripping it from the ring, and whenever a format error
(FO_Error) is detected by the receiver.

While|in this state, the Transmitter may alterthie values of individual control indicators in the
repeated Frame Status field (FS_Actions).\The processing on required indicators shall(be:

a) If the E_Flag is set then the transmitted E Indicator (Ex) shall be an S symbol.
Qtherwise, Ex shall be an R symbol. (Note that E_Flag is always set when the regeived
B

E Indicator (Er) is not R.)

b) Ifthe A_Flag is set or theYeceived A Indicator (Ar) is an S symbol, then the transmitted
A Indicator (Ax) shall be an S symbol. Otherwise, if Aris an R symbol, then Ax shall be
an R symbol. If none of these conditions hold, then the transmitter shall transmit gither
g

T or an | symbal-and return to the IDLE state.

If the C_Flag.is set and the N_Flag is not set or the received C Indicator (Cr) is an|S
qymbol andthe A_Flag is not set or Ar is an S symbol, then the transmitted C Indi¢ator
(Cx) shalbe an S symbol. Otherwise, if Cris an R symbol or the A_Flag is set and Ar
i$ an\R symbol, then Cx shall be an R symbol. If none of these conditions hold, then
thetransmitter shall transmit either a T or an | symbol and return to the IDLE state|.

The processing of subsequent optional indicators by an addressed MAC (i.e. when the
A_Flag is set) is unspecified, except that they shall be transmitted as R, S or T symbols;
however, a MAC that is not explicitly addressed shall repeat them unaltered.

The Frame Status field is variable in length; consequently, some control indicators may
inadvertently be destroyed by transmission noise on the ring. If an E, A or C indicator is not
correctly received, it shall be processed according to rule (a), (b) or (c) above. Ifa
subsequent optional indicator is not correctly received, then the transmitter shall transmit
either a T or an | symbol and return to the IDLE state.
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NOTE - When the above rules require transmission of either a T or an | symbol, an
implementation may choose either one. This choice affects ring integrity in two ways.
Transmission of an | symbol will allow the Elasticity Buffer and Smoothing functions defined in
ISO 9314-1 and ISO/IEC 9314-7 to adjust at the earliest moment (i.e. one symbol earlier).
ISO/IEC 9314-1 and ISO/IEC 9314-7 also define symbol coding rules which provide for the
integrity of the End of Frame Sequence. Two NRZI code errors on the same transmission line
are required to transform one R, S or T symbol into a different R, S or T symbol. A single error
can transform an | symbol into an R or S symbol, whereas three errors must occur on the
same transmission line to transform a T symbol into an |, R or S symbol. It is recommended
that the trailing T symbol be used in case of errors to ensure maximum integrity of the Frame
Status field.
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the foregoing rules cause a Frame Status symbol (R, S or T) to be transmitted;, that

bl shall be transmitted in State T1 (REPEAT). When these rules cause an Idl€symbol
fransmitted, first Transition T(10e) (Frame Repeated) shall occur, then the ltdle symbol
pe transmitted in State TO (IDLE).

. Capture Token: A transition to State TO occurs before the Frameg Control (FQ) field
ken is repeated, if the token is usable or if repeating when partialtecovery is enabled.
N is usable when the ring is operational (Ring_Operational) and_either:

[he station has a synchronous request queued for transmission and synchronous
ervice is allowed, or

[he token is early (Late_ct=0) and all of the following gonditions exist:
) The station has an asynchronous request quetied.
) The correct type of token was received (ECr.L = Requested_Token_Class) .

) Asynchronous priorities are not implemented or TRT is less than the T_pri
threshold for the requested priority.

) The request is not a restricted request, or if the request is restricted, restricted
service is enabled and B_Flagis set.

point, an attempt is made tox¢apture the token by stripping it from the ring. Notg that
Ansition may occur before the first symbol of the FC field is repeated, and shall ogcur
e the last symbol of theFC field is repeated. The Receiver shall subsequently sigpal
ssful token capture (TK_Received) if a valid token was received.

ransition shall occurregardless of whether the Token is usable when partial recovery is
ed. In this case the Token shall always be stripped.

. Token Repeated: A transition to State TO occurs after a token is repeated. [fithe

already operational (Ring_Operational), and if the token is early (Late_ct=0), then the
-Rotation Timer (TRT) shall be reset to the Target Token Rotation Time (T_Opr);
vise,-Late_ct shall be cleared, allowing TRT to retain accumulated lateness. If the ring

is not

already aoperational then T Qpr shall he set to the negotiated Target Token Ratation

Time (T_Neg), TRT shall be reset to the new value of T _Opr, Late_ct shall be setto 1, and
Ring_Operational shall be set. Finally, the transition to State TO occurs.

A single TK_Received signal shall cause at most one transition in the Transmitter; i.e., this
transition cannot immediately precede T(02) or T(03).

This transition shall not occur when partial recovery is enabled. In this case the Token shall
always be stripped.
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T(10c): Reset: A transition to State TO occurs when transmitter reset is required. Reset
shall be required when any of the following conditions occurs:

a) An SM_MA_CONTROL.request(reset_mac or send_mac_frames) is received from
SMT.

b) A MAC Frame is received when full recovery is enabled, and either Ring_Operational is
set, or the Late_ct is zero, or the Token_Class is not equal to none and the MAC frame
received was neither My_Claim nor My_Purge.

On this transition, the operational Target Token Rotation Time (T_Opr) shall be set to
T_Max, TRT shall be reset to T_Opr and Token_Class shall be reset to none. If reset_mac
was regaestetthentate—etshal-be—clearedtozeroandRing—Operationatland-B—-eag shall
be clgared. Otherwise, if Ring_Operational is set or Late_ct is clear, then Late_ct shalllbe
set to|1 and Ring_Operational shall be cleared. In any case, B_Flag shall be cleared (if
restrigted mode is implemented) and alternative stripping (bridge stripping) shall cease,

This transition shall take precedence over the recovery transition if their respéctive
conditions occur simultaneously.

T(10d): Strip: A transition to State TO occurs if the Fr_Strip or FO_ Error signals are
receied, and the remainder of the PDU is stripped from the ring.

T(10€): Frame Repeated: A transition to State TO occurs aftera frame is repeated. This
transition shall occur after processing the Frame Status field, Frame status processing|shall
terminate when neither an R nor an S symbol can properly*be transmitted; however, when
frame| status processing terminates due to receipt of anynvalid control indicator, or afte the
first symbol of a symbol pair, an implementation may<complete processing of that symhol
pair agcording to the specified rules for frame status processing. In these cases it is
recommended that a trailing T symbol be transmitted before returning to State TO.

T(14)] Recovery: A transition to State T4.0ecurs when ring recovery is required. Recpvery
shall be required when any of the following conditions occurs:

a) The Valid-Transmission Timer (TVX) expires when full recovery is enabled and
HM_mode is not slave (or Hybrid mode is not implemented).

b) TRT expires and the tokenis already late (Late_ct>0) and either, HM_mode is not|slave
(pr Hybrid mode is not.implemented), or the ring is not operational (~Ring_Operatipnal)
gnd the Token_Class'is none.

C) Hybrid mode S implemented, and HM_mode is master, and the ring is not operational

~Ring_Operational), and the Token_Class is none.

I

(

d) A Claim Frame with a lower precedence is received (Lower_Claim) when full recoyery is
gnabled:

The recovery transition conditions are asynchronous to the normal operation of the

Transwmitter—Fherefere-these-condittons-may-oceurat-the-same-time-as-the-conditons-for
some other transition. If this happens the other transition shall take precedence. However,
the recovery transition conditions (e.g., timer expiration) shall be ‘remembered’ unless the

pre-empting transition causes them to be cleared (e.g., timer reset).
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State T2: TX_DATA (Transmit data)

In this state the transmitter transmits one or more data frames, the total being limited by the
TRT and the amount of data queued for transmission; for synchronous data by this station's
synchronous bandwidth allocation, and for asynchronous data by the values of the Token-
Holding Timer and the asynchronous priority thresholds, if any. Before transmitting each
frame, if the requested service class for the frame is asynchronous, then Token-Holding
Timer (THT) shall be enabled; otherwise, THT shall be disabled. After transmitting the last
frame of a request, Token_Class shall be updated based upon the (optional)
issued_token_class parameter of the request.

. Reset: A transition to State TO occurs when transmitter reset Is required. Reset

T(20
shall

a)

b)

received was neither My_Claim nor My_Purge.
On th|s transition, the operational Target Token Rotation Time (T )Opr) shall be set to

T_M
was r

set to

restrigted mode is implemented), alternative stripping*(bridge stripping) shall cease, and
D_Fldg shall be cleared.

This t

conditions occur simultaneously.

T(20H): No Token: A transition to State TO occurs after an immediate transmission re
is completed where the Token_ClasSis equal to none. The TRT is resetto T_Opr, the

Late |

T(22)
t

A

g

a 1
b) {
t
d
c) A

e required when any of the following conditions occurs:

n SM_MA_CONTROL.request(reset_mac or send_mac_frames) is received fron
MT.

MAC Frame is received when full recovery is enabled, and either Ring_Operatignal is
et, or the Late_ct is zero, or the Token_Class is not equal to none“and the MAC frame

, TRT shall be reset to T_Opr and Token_Class shall be_reset to none. If reset_|

1 and Ring_Operational shall be cleared. In any.case, B_Flag shall be cleared (i

ransition shall take precedence over theYecovery transition if their respective

Ctis setto 1 and D_Flag iscleared.

Another Frame: A ttansition to State T2 occurs after the Frame Status (FS) is
ransmitted if another Frame can be transmitted. Upon completion of the current f
nother frame cap-Be transmitted if TRT has not expired (Late_ct =0) and either:

[he ring is nat operational and an immediate request is queued (optional), or

bynchronausis allowed, and a synchronous request is queued whose next frame
ransmission would not exceed the station’s synchronous bandwidth allocation (ng
hecked by the MAC), or

n.asynchronous request is queued and the following conditions exist:

mac

pquested, then Late_ct shall be cleared to zero and Ring_Operational and D_Flag shall
be cldared. Otherwise, if Ring_Operational is set or Late- ct is clear, then Late_ct shall

be

quest

rame

—*

1) The Requested_Token_Class is equal to the current Token_Class.

2) THT is unexpired or the token was early (T_Flag) and THT is to be ignored

3)

(Ignore_THT).

the requested priority threshold value (T_Pri(Request_Priority)).

4) The request is a non-restricted request or if a restricted request then restricte
service is enabled, and either B_Flag is set or the Requested_Token_Class is

equal to restricted.

The request is a non-priority request or the Token-Holding Timer (THT) is less than

d
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T(23): Done: A transition to State T3 occurs at the end of a completed Frame if there are
no more Frames that may be transmitted as described in transition T(22), and the current
Token_Class is not none. This transition shall also occur if TRT expires while the
Transmitter is waiting to transmit another frame (e.g. during frame setup time or while
waiting for the Stream indicator (see 6.1.1)).

On this transition, if Ring_Operational is not set then the Token-Rotation Timer (TRT) shall
be reset and D_Flag shall be cleared.

T(24): Recovery: A transition to State T4 occurs when ring recovery is required. Recovery
shall be required when any of the following conditions occurs:

I N alia T H H - Vim . WAVAY H I £l H klaeal l
a e vanu=rraroimmmooiUrT TTTICT (T VA ) TAPITTO WIHITTT TUIT TTULUVTTY 10 TIHADITU altu

IM_mode is not slave (or Hybrid mode is not implemented).

br Hybrid mode is not implemented), or the ring is not operational (~Ring{Operatipnal)

I.

b) TRT expires and the token is already late (Late_ct>0) and either, HM_modetis’not|slave
(

gnd the Token_Class is none.

Hybrid mode is implemented, and HM_mode is master, and the fing is not operational
~Ring_Operational), and the Token_Class is none.

I

(

d) A Claim Frame with a lower precedence is received (Lower~Claim) when full recoyery is
gnabled.

On th|s transition D_Flag shall be cleared.

The recovery transition conditions are asynchronous te~the normal operation of the
Transmitter. Therefore, these conditions may occur<at the same time as the conditions| for
some|other transition. If this happens, the other transition shall take precedence. However,
the recovery transition conditions (e.g., timer expiration) shall be "remembered"” unless fthe
pre-empting transition causes them to be cleared (e.g., timer reset).

8.4.4| State T3: ISSUE_TK (Issue Token)

In thig state, a new token is issued. “This state is entered after the MAC has completed|its
data tfansmission or has been:successful in claiming the token. The class of token isslied
after @ successful Claim Token bidding process shall be non-restricted. Otherwise, the|class
of token to be issued is determined by the value of the Token_Class variable.

T(304): Reset: A transition to State TO occurs when transmitter reset is required. Reset
shall be required when any of the following conditions occurs:

a) An SM_MA/-CONTROL.request(reset_mac or send_mac_frames) is received from
SMT.

A\ MAC Frame is received when full recovery is enabled, and either Ring_Operatignal is
et.or the Late_ct is zero, or the Token_Class is not equal to none and the MAC frame
received was neither My_Claim nor My_Purge.

b)

I

i)

On this transition, the operational Target Token Rotation Time (T_Opr) shall be set to
T_Max, TRT shall be reset to T_Opr and Token_Class shall be reset to none. If reset_mac
was requested, then Late_ct shall be cleared to zero and Ring_Operational and D_Flag shall
be cleared. Otherwise, if Ring_Operational is set or Late_ct is clear, then Late_ct shall be
set to 1 and Ring_Operational shall be cleared. In any case, B_Flag shall be cleared (if
restricted mode is implemented) and alternative stripping (bridge stripping) shall cease.

This transition shall take precedence over the recovery transition if their respective
conditions occur simultaneously.
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T(30b): Token Issued: A transition to State TO occurs after the transmitter has issued the
ending delimiter of the token. On this transition, if Ring_Operational is not set then T_Opr
shall be setto T_Neg, TRT shall be reset to T_Opr, and Late_ct shall be set to one. If
Ring_Operational is set, then B_Flag shall be set if the Token_Class that was issued was
non-restricted and the R_Flag is not set; otherwise, B_Flag shall be cleared.

T(34): Recovery: A transition to State T4 occurs when ring recovery is required. Recovery
shall be required when any of the following conditions occurs:

a) The Valid-Transmission Timer (TVX) expires when full recovery is enabled and
HM_mode is not slave (or Hybrid mode is not implemented).

b) RT CAP;ICD and-the-toketris ahcady tate (Latc_bt C) and-etthrer ”Vl:_llludc isfetslave
(pr Hybrid mode is not implemented), or the ring is not operational (~Ring_Opetatipnal)
gnd the Token_Class is none.

C) Hybrid mode is implemented, and HM_mode is master, and the ring is not operational

~Ring_Operational), and the Token_Class is none.

I

(

d) A Claim Frame with a lower precedence is received (Lower_Claim)-when full recoyery is
gnabled.

The recovery transition conditions are asynchronous to the normal operation of the
Transmitter. Therefore, these conditions may occur at the same-time as the conditions| for
some|other transition. If this happens, the other transition shall take precedence. However,
the recovery transition conditions (e.g. timer expiration) shall be "remembered" unless the
pre-empting transition causes them to be cleared (e.g{timer reset).

8.4.5| State T4: CLAIM_TK (Claim Token)

On entry to the Claim Token state, the T_Opr.shall be set to its maximum value (T_Max),
TRT ghall be reset to the new value of T_Qpr, and Token_class shall be set to none. If
Ring_[Operational is set or Late_ct is equal to zero, then Late_ct shall be set to 1 and
Ring_|Operational shall be cleared., B, Flag shall be cleared if the optional restricted made is
implemented, and the bridge stripping shall be stopped if implemented. If Hybrid mode|is

implemented, then P_Flag shalkbe cleared and if the entry was caused by
SM_MA_CONTROL.request(€laim), then HP_MODE.request(HP_mode(basic)) shall ble
asserted.

The transmitter thenscontinuously sends either Claim or Purge frames to initialize the ripg. A
Purgg Frame is sentif HM_mode(master) is asserted. In this case,

HP_MODE.request(HP_mode(any)) shall be asserted, and P_Flag is set. Otherwise,
HP_MODE.request(HP_mode(basic)) shall be asserted and Claim frames are transmitted.

When Claim Frames are sent, each MAC on the ring is forced to participate in negotiating
the Target Token Rotation Time (TTRT). The Claim Frames include the bid for TTRT in the
INFO field (T_Bid_tx) equal to this MAC's requested Target Token Rotation Time (T_Req) (if
T_Req is not specified, then T_Bid_tx shall be setto T_Max). Claim continues until
successful, a Beacon Frame or Higher_Claim Frame is received, TRT expires, or a
MAC_Reset signal is received from SMT.

When Purge Frames are sent, each MAC on the ring is forced to accept the Target Token
Rotation Time (TTRT) supplied by the master. The Purge Frames include the TTRT in the
INFO field (T_Bid_tx) equal to this MAC's requested Target Token Rotation Time (T_Req) (if
T_Req is not specified, then T_Bid_tx shall be setto T_Max). Purge continues until the
master receives a valid My_Purge frame, a Beacon Frame is received, TRT expires, or a
MAC_Reset signal is received from SMT. Should TRT expire before a valid My _Purge is
received, the beacon process is entered in basic mode.
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While in this state, MAC shall not generate preambles longer than 16 symbols between
transmitted frames, and shall be capable of continuously transmitting Claim or Purge frames
with Information field lengths between 4 and 64 octets (inclusive), and optionally longer than
64 octets.

WARNING - To assure stable MAC protocol behavior, the maximum length of the MAC
frames (including preamble) continuously transmitted in this state should be
significantly less than T_Max / (N x M_Max). For more information see annex D.

Claim arbitration is successful when one MAC receives My_Claim Frame or My _Purge
Frame (a frame successfully circulates the ring). The MAC that receives one of these
frames shall issue a non-restricted token to restart ring operation.

If TRT expires while the MAC is issuing Claim or Purge Frames, MAC ring recovery.has
failed] The MAC shall exit this state to T5, to issue Beacon Frames indicating a serious ring
failurg. The comparison for establishing a Higher_Claim or Lower_Claim shall-be'made in

the fol|lowing order; first on the T_Bid_Rc field, second on the address length bit'contained in
the FC field, and finally on the address field itself. If a Lower_Claim Claim Frame is
receied, the MAC shall continue to send its own Claim Frames. If a Higher_Claim Clajm
Frame is received, a transition shall be made to State T1 and subsequent received Clajm
Frames shall be repeated.

T(40)] Reset: A transition to State TO occurs when transmitterreset is required. Resegt
shall be required when any of the following conditions occurs:

a) AnSM_MA CONTROL.request(reset_mac or sends,mac_frames) is received from
[«

bMT.

b) A MAC Frame of Other_Beacon or Higher_Claim is received when full recovery is
gnabled.

c) If Hybrid Mode is implemented, P_Flag:is set and HM_mode(master) is not asserted.

On this transition, the operational Target’Token Rotation Time (T_Opr) shall be set to
T_Makx, TRT shall be reset to T_Opr and Token_Class shall be reset to none. If reset_mac
was requested, then Late_ct shall be“cleared to zero and Ring_Operational and D_Flag shall
be cldared. Otherwise, if Ring. Operational is set or Late_ct is clear, then Late_ct shalllbe
set to|1 and Ring_Operational shall be cleared. In any case, B_Flag shall be cleared (if
restrigted mode is implemented), alternative stripping (bridge stripping) shall cease, and
D_Fldg shall be cleared.

This transition shall take precedence over the recovery transition if their respective
conditions occur.Simultaneously.

T(43)] Successful Claim: A transition to State T3 occurs when full recovery is enabled, if
the MAC receives its own (My_Claim) Claim Frame, or if the MAC receives My_Purge and

HM_mode’is master. TRT shall be reset to the Target Token Rotation Time of the ring

T O hy) | {W72N MAC - an-tha rina-chall hava caot T oo fro m-tha INEO fiald af tha Clayas or
r.n} |_V\,|_y WIARC O aic T g —STaiT ave~—SC T 1T _T1Cy IIUIII TN T O 1TCTO OT e CTautiT

Purge Frame. The D_Flag shall be cleared and the Token_Class shall be set to non-
restricted. Finally, the transition to State T3 occurs.

T(45): Failed: A transition to State T5 is made if TRT expires while the MAC is issuing
Claim Frames. The Beacon type shall be set to Unsuccessful Claim and the Beacon DA
shall be set to Null to indicate the failure of the Claim Token process. The D_Flag shall be
cleared. Finally, the transition to State T5 occurs.
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State T5: TX_BEACON (Transmit Beacon)

This state is entered if the MAC's attempt at ring recovery by issuing Claim Frames fails, or
upon request from SMT. This action normally occurs if there is a physical interruption in the
ring or SMT has detected a condition requiring notification to all stations. In this state, a
MAC continuously transmits Beacon Frames. The normal effect on any MAC of receiving a
Beacon Frame is to revert to idle and repeat mode, so that only the MAC transmitter
immediately downstream from the logical ring interruption persists in issuing Beacon
Frames.

While

Informpation field lengths between 4 and 64 octets (inclusive), and optionally [anger thar]

64 oc

T(50)
shall |
a) A
9
b) A
V]

On th

T_Makx, TRT shall be reset to T_Opr and“Token_Class shall be reset to none. If reset_|

was r
be clg
set to
restriq

D_Fldg shall be cleared,

This t
condit

T(54)
recei\
recov

ax).

in this state, MAC shall be capable of continuously transmitting Beacon frames w

ets.

WARNING - To assure stable MAC protocol behavior, the maximum length of the MAC
frames (including preamble) continuously transmitted in this state.should be
significantly less than T_Max / (N x M_Max). For more informatign see annex D.

Reset: A transition to State TO occurs when transmitter’reset is required. Resq
pe required when either of the following conditions ocCurs:

\n SM_MA_CONTROL.request(reset_mac or setid*mac_frames) is received fron
SMT.

\ Beacon Frame with a another MAC’s Soutee Address is received (Other_Beaco
yhen full recovery is enabled.

s transition, the operational Target Token Rotation Time (T_Opr) shall be set to

bquested, then Late_ct shall be-cleared to zero and Ring_Operational and D_Flag
ared. Otherwise, if Ring_Qperational is set or Late_ct is clear, then Late_ct shall
1 and Ring_Operationalshall be cleared. In any case, B_Flag shall be cleared (i
ted mode is implemented), alternative stripping (bridge stripping) shall cease, an(

ransition shall take’ precedence over the recovery transition if their respective
ions occur simuitaneously.

Fixed: ~A-transition to State T4 occurs when full recovery is enabled, if the MAQ
es its own Beacon Frames. The D_Flag shall be cleared. The MAC shall attemp
br the fing.

ith

bt

=)

)

mac
shall
be

t to
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R1: AWAIT_SD

RO: LISTEN
DISABLE TVX
PH_Indication(l) { | (~HM_mode(basic) & ~PH_Invalid) }
R(01) RESET TVX; ENABLE TVX -
MAC_Reset
B SET Last FC=0; { SETT_Neg=T_Max } R(102)
- PH_Invalid R(10b)
R5: CHECK TK
MAC_Reset
& SETLastFC=0 {SETT Neg=T Max] (003 PH_Indication(l)
: R(18) —SiGNAL FR Stip
- PH_Invalid R(50b)
SIGNAL FO_Error; INC Lost_ct R(51b) PH_Indication(~(I,T))>
SIGNALLFO_Error;

R2: RC_FR_CTRL

INC\LoOst_ct
After ED(TT)

After FCr & FCr = Token | R(51c) .
MAC_Reset R(20a) R(25) - Token_Actions[]
= a
SET Last_FC =0;
{SET T_Neg =T_Max } - PH_Indication(J) R(12)
PH Invalid SIGNAL RC_Start; CLEARA, C, E, H, L, M, N_Flags
= R(2
SIGNAL FO_Error; (200) R(212) PH_Indication(lj [ (Before K & PH_Indication(~K))
INC Lost_ct SIGNAL FR_Strip
R(21b After K & PH_Indication(~(1,n)) >
(216) SIGNAL FO_Error; INC Lost_ct

MAC_Reset
R(00) C_Reset

SET Last_FC = 0;
After FCr & FCr # Token
-

R4:RC FR_STATUS

Status_Actions[]
PH_Indication(T)

R3:RC FR
Body_Actions[]

{SETT_Neg=T_Max}
R(23)
PH_Indication(l)
R(31 = :
MAS Reset (318) —5IGNAL FR_strip
R(30a)
SET Last_FC'%.0; { SET T_Neg = T_Max }
. PH_Indication(~(1,n,T))
- PH_Invalid R(30b) {| (PH_Indication(T) &
SIGNAL FO_Error; INC Lost_ct ~Valid Data Length) }
R(31b) SIGNAL FO_Error;

BODY

IF ~PH_Indication(T)
THEN INC Lost_ct

MAC Reset ., 0
SET Last FC=0: (40a) <{ & Valid Data Length } (5
{SET T_Neg =T_Max }
PH_Invalid rob)|rean) After ESr -
Frame_Actions[]

Frame_Actions[]

{ delimits optional term }

Figure 3 — MAC Receiver state diagram (Part 1 of 4)


https://iecnorm.com/api/?name=22b990a1843c6f175f4af85a5b300b27

- 76— 9314-8 © ISO/IEC:1998(E)

1. Body Actions:

After DAr DO
IF (FCr.L = 0 & DAr [0 Short_Addresses) |
(FCr.L =1 & DAr [0 Long_Addresses))
THEN SET A_Flag;
IF FCr # Void
THEN Copy frame;
IF FCr = Next Station Addressing
THEN SET N_Flag
{ELSEIFFCrL=1&FCrFF#0& «transparent bridges »

DAr [0 Transparent_Bridge_Addresses
THEN Copy frame; SET N_Flag }

After SAr DO
IF (FCr.L =0 & MSA enabled & SAr = MSA) |
(FCr.L =1 & MLA enabled & SAr = MLA)
THEN SIGNAL FR_Strip;
IF SAr>0
THEN SET M_Flag
ELSE IF SAr>0
THEN IF (FCr.L = 0 & (MSA disabled | SAr > MSA) &
(MLA disabled | MLA = 0)) |
(FCr.L =1 & (MLA disabled | SAr > MLA))
THEN SET H) Flag
ELSE SETL._Flag

After 4 INFO octets DO
IF FCr = (Claim | Purge) & T*Bid_rc # T_Req
THEN IF M_Flag
THEN CLEAR A_Flag
IF T Bid re> T_Req
THEN'IF L_Flag
THEN SET H_Flag; CLEAR L_Flag
ELSE IF H_Flag & ((MSA enabled & MSA > 0) |
(MLA enabled & MLA > 0))
THEN SET L_Flag; CLEAR H_Flag
IF ECr= Claim & ~H_Flag
THEN SIGNAL FR_Strip

{ After routing field DO « explicit bridges »
IFFCrL=1&FCrFF#0& SArRlII=1 &
Address match in routing field

THEN-SET A FlagCopy frame§

Footnote: { delimits optional term}  « delimits comment »

Figure 3 — MAC Receiver state diagram (Part 2 of 4)
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2. Status_Actions:

On entry DO

INC Frame_ct; SET E_Flag

After Er DO

IF Er # R | ~Valid Data Length | ~(Valid FCSr | FCr.FF = Implementor)
THEN « invalid frame »

CLEAR A, H, L, M, N_Flags;
IF FCr = Void & Er = R { & HM_Mode(Basic) }
THEN RESET TVX; CLEAR E_Flag
ELSE « valid frame »

RESET TVX; CLEAR E_Flag; SET Last FC = FCr;
IF (A_Flag | N_Flag) & Frame copied
THEN SET C_Flag;
{IF FCr # (Void | MAC)
THEN INC Copied_ct}
CASE FCr OF
Beacon:
{SETT_Neg=T_Max; }
IFM_Flag
THEN SIGNAL My_Beacon
ELSE SIGNAL Other,_ Beacon
Disallow synchronous,and restricted requests
Claim:
IF H_Flag | (A_Flag & M_Flag)
THEN T¢Neg_Actions;
IFcH  Flag
THEN SIGNAL Higher_Claim
ELSE SIGNAL My_Claim
ELSE IF ~M_Flag & ((MSA enabled & MSA >0
(MLA enabled & MLA > 0)
THEN SIGNAL Lower_Claim
{Pdrge: « FDDI-Il »
IFH _Flag | L_Flag | (A_Flag & M_Flag)
THEN T_Neg_Actions;
IF A Flag & M_Flag
THEN SIGNAL My_Purge
ELSE SIGNAL Other_Purge }
{ Void: « bridge stripping »
IF ~M_Flag
THEN SIGNAL Other_Void
ELSE IF A_Flag

)

THEN SIGNAL My_Void }

After Ar DO
IFAr=R
THEN CLEAR N_Flag
ELSE IFAr=S &A Flag & DAr.IG =0 & ~E_Flag &
(FCr.FF = 0 | SAr.RIl = 0)
THEN Notify SMT (suspect DA received)

Footnote: { delimits optional term}  « delimits comment »

Figure 3 — MAC Receiver state diagram (Part 3 of 4)
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3. Frame_Actions:

IF FCr.C=1 & FCr.FF =0 & ~E_Flag
THEN SIGNAL MAC_Frame; CLEAR R_Flag;
Disallow restricted requests
SIGNAL FR_Received;
IFE Flag&Er#S
THEN INC Error_ct
{IF~E_Flag & A_Flag & ~M_Flag & ~N_Flag & ~C_Flag & FCr # (Void | MAC)
THEN INC Not_Copied_ct}

4, Token Actions:

IFFCrL=1
THEN IF ~R_Flag
THEN SET R_Flag; Notify SMT (restricted token mode)
ELSE RESET TVX; CLEAR R_Flag
{INC Token_ct; } SET Last FC = FCr; SIGNAL TK_Received

5. T _Neg_ Actions:

SET T_Neg =T _Bid_rc;
{IFT_Bid_rc <T_Max
THEN Notify SMT (invalid T_Bid_rc)
ELSE IF T_Bid_rc > T_Min
THEN Notify SMT (invalid T_Bid, rc) }

Footnote: { delimits optional term }  «‘delimits comment »

Figure 3 — MAC Receiverstate diagram (Part 4 of 4)
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T4: CLAIM_TK

Claim_Actions[ ]

T0: TX_IDLE T1: REPEAT
Status_Actions[]
T(01) RC_Start -
Before FCx & FCr = Token & Usable[]
T(10a)
m P Ao T(a0n) Recovery Reauired
_ O T(14) ecovery Required >
- Reset_Req_uwedﬂ T(100)
Reset_Actions[]
< FR_Strip | FO_Error T(10d)
Else after FSx
B T(10e) T2: TX_DATA
T(02a) TK_Received & .Usable|—| -
Capture_Actions[]
Immediate request &
~Ring Operational & Token Class = none
T(02b) RESET TRT = T_Opr; CLEAR Late_ct > =
- Reset_Required[] 7(263) T(ZZ)A—D_nother_Frame '
Reset_Actions[]; CLEAR D_Flag
Else after FSx & Token_Class = none
~®RESETTRT = T_Opr; SET Late_ct = 1; CLEAR D_FlaTQ(ZOb)
T3: ISSUE_TK Recovery_Required[]
T(24)—C[EAR D_Flag -l
T(O'I:;)K_Received & ~Usable Else after FSx &
: Token_Class # none
Pass_Actions| =
- 0 el IF ~Ring_Operational T(23)

Reset_Required[

THEN RESET TRT = T_Opr;

Reset_Actions[] T30 CLEAR D_Flag
Recovery Required
After ED(TT)_. 7301 T(34) il
Issue_Actions[] | @MY _Claim {| (My_Purge & HM_Mode(master)} .4
RESET TRT = T_Opr; CLEAR D_Flag;
SET Token_Class = nonrestricted
T(04) Recovery Required ]| SM_MA_CONTROL.request(Claim) -l
- Reset_Required[ | Other_Beacon | Higher_Claim { | (P_Flag & ~HM_Mode(master)) T(40)
Reset_Actions[]; CLEAR D_Flag
150 qupt_anuirpdE
( T5: TX_BEACON
Reset_Actions[] .
TRT expires T(45)
T(05) SM_MA CONTROL.request(Beacon) CLEAR Beacon_Type, D_Flag
Reset_Required[]| Other B MY_Beacon |
eset_Required[] er_Beacon
Reset_Actions[]; CLEAR D_Flag CLEARD_Flag

{ delimits optional term }

Figure 4 — MAC Transmitter state diagram (Part 1 of 4)
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Status_Actions:

Before Ex DO

IF E_Flag
THEN SETEx=S
ELSE SETEx=R

Before Ax DO
IFA Flag| Ar=S
THEN SET Ax=S
ELSE IF Ar=R
THEN SET Ax=R

2.

3.

{ELSE SETAX=T}

Before Cx DO
IF (C_Flag&~N_Flag) | (Cr=S{&~(A Flag & ArzS)})
THEN SET Cx =S
ELSEIFCr=R{| (A_Flag & Ar=R) }
THEN SET Cx =R
{ELSESETCx=T}

Usable_Token:

Ring_Operational &
({ (Synchronous request & Synchronous allowed) | }
(Asynchronous request & Requested taken class = FCr.L &
Late ct=0
{ & (Non-priority request | TRT <I_Pri[Request priority]) }
{ & (Non-restricted request |
(Restricted allowed &
(B_Flag | Requested token class = restricted))) } ))

Pass_Actions:

IF Ring_Operational
THEN IF Late_ct="0
THEN'RESET TRT = T_Opr
ELSE CLEAR Late_ct
ELSE SET°T_Opr=T_Neg; RESET TRT =T_Opr; SET Late ct=1;
SEF Ring_Operational
IFFCrL=1
THEN { CLEAR B_Flag; }
SET Token_Class = restricted
ELSE { SET B_Flag; }
SET Token_Class = nonrestricted

L4 o al et H h
1 StopOfage—SttPPMo—r

Footnote:  { delimits optional term }

Figure 4 — MAC Transmitter state diagram (Part 2 of 4)
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4. Capture_Actions:

DISABLE THT;

IF Late_ ct=0

THEN { SET T_Flag; } SET THT = TRT; RESET TRT =T_Opr
ELSE SET THT = expired; CLEAR { T_Flag, } Late_ct
IFFCrL=1

THEN SET Token_Class = restricted

ELSE SET Token_Class = non-restricted

{ Stop bridge stripping }

5. Another Frame:

After FSx & Late ct=0&
({ (~Ring_Operational & Immediate request) | }
(Ring_Operational &
({ (Synchronous request & Synchronous allowed) | }
(Asynchronous request & Requested token class = Token_Class &
(THT unexpired { | (T_Flag & Ignore THT) })
{ & (Non-priority request | THT < T_Pri[Requestpriority]) }
{ & (Non-restricted request |
(Restricted allowed &
(B_Flag | Requested token class =¢estricted))) }))))

6. Issue_Actions:

IF ~Ring_Operational
THEN SET T_Opr =T_Neg; RESETTRT =T_Opr; SET Late_ct=1
{ ELSE IF Token_Class = non-restricted & ~R_Flag

THEN SET B_Flag

ELSE CLEAR B_Flag }

7. Reset_Required:

MAC_Reset | SM_MA’ CONTROL.request(send_mac_frame) |
(MAC_Frame &

(Ring_Operational | Late_ct =10 |

(Token_Class # none & ~My_Claim { & ~My_Purge })))

8. Reset_Actions:

SET.T-Opr=T_Max; RESET TRT =T_Opr; SET Token_Class = none;
IF,MAC Reset

THEN CLEAR Late_ct, Ring_Operational, D_Flag

ELSE IF Ring_Operational | Late_ct=0

THEN SET Late_ct = 1; CLEAR Ring_Operational
{(‘I EAR R_I:Ing; anlr_\ hridgn eripping }

Footnote:  { delimits optional term }

Figure 4 — MAC Transmitter state diagram (Part 3 of 4)
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