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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 ISO 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
national bodies for voting. Publication as an International Standard requires approval by at least 75 %
of the national bodies casting a vote.

International Standard ISO/IEC 9314-8 was prepared by Joint Technical Committee ISO/IEC JTC 1
Information technology, Subcommittee SC 25, Interconnection of information technology equipment.

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

– Part 1: Token Ring Physical Layer Protocol (PHY) (1989)

– Part 2: Token Ring Media Access Control (MAC) (1989)

– Part 3: Physical Layer Medium Dependent (PMD) (1990)

– Part 4: Single Mode Fibre Physical Layer Medium Dependent (SMF-PMD) 1)

– Part 5: Hybrid Ring Control (HRC) (1995)

– Part 6: Station Management (SMT)

– Part 7: Physical Layer Protocol (PHY-2)

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

– Part 9: Low-Cost Fibre – Physical Medium Dependent (LCF-PMD) (under consideration)

– Part 10: Token Ring Twisted Pair Physical layer Medium Dependent (TP-PMD) (under
consideration)

– Part 13: Conformance Test Protocol Implementation Conformance Statement Proforma (CT-PICS)

– Part 20: Physical Medium Dependent Conformance Testing (PMD-ATS) (under consideration)

– Part 21: Physical Layer Protocol Conformance Testing (PHY-ATS) (under consideration)

– Part 25: Abstract test suite for FDDI – Station Management Conformance Testing (SMT-ATS)

– Part 26: Media Access Control Conformance Testing (MAC-ATS) (under consideration)

–––––––––––
1)  To be published
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INTRODUCTION

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

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

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

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

A number of extensions to ISO/IEC 9314 are completed or in process. One extension, ISO/IEC 9314-5,
for Hybrid Ring Control (HRC), commonly known as FDDI-II, extends the capability of FDDI to handle
isochronous data streams at a multiplicity of data rates.  Another extension, ISO/IEC 9314-4, provides
for a single-mode optical fibre version of PMD (SMF-PMD) and will permit optical links of up to 60 km.

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

This part of ISO/IEC 9314 for MAC-2 is an enhancement to the original FDDI standard on MAC (ISO
9314-2).  It is referred to as MAC-2 when it is necessary to distinguish it from the original MAC.
Changes include those identified in footnotes to ISO 9314-2 as areas that the standards committee
intended to change as well as changes that were required for extensions to FDDI, such as FDDI-II and
MAC level bridging.  MAC-2 also includes editorial corrections and clarifications.
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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
interconnection among information processing systems, subsystems and peripheral
equipment, using fibre optics or other transmission media.  FDDI can be configured to
support a sustained data transfer rate of at least 80 Mbit/s (10 Mbyte/s).  FDDI provides
connectivity for many nodes distributed over distances of many kilometres in extent.  Certain
default parameter values for FDDI (e.g. timer settings) are calculated on the basis of up to
1 000 transmission links or up to 200 km total fibre path length (typically corresponding to
500 nodes and 100 km of dual fibre cable, respectively); however, the FDDI protocols can
support much larger networks by increasing these parameter values.

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

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

1) A Physical Medium Dependent (PMD), which provides the digital baseband point-
to-point communication between nodes in the FDDI network.  The PMD provides
all services necessary to transport a suitably coded digital bit stream from node to
node.  The PMD defines and characterizes the fibre-optic drivers and receivers,
medium-dependent code requirements, cables, connectors, power budgets, optical
bypass provisions, and physical-hardware-related characteristics.  It specifies 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 fibre
and SONET.

2) A Physical Layer Protocol (PHY), which provides connection between the PMD
and the Data Link Layer.  PHY establishes clock synchronization with the upstream
code-bit data stream and decodes this incoming code-bit stream into an equivalent
symbol stream for use by the higher layers.  PHY provides encoding and decoding
between data and control indicator symbols and code bits, medium conditioning
and initializing, the synchronization of incoming and outgoing code-bit clocks, and
the delineation of octet boundaries as required for the transmission of information
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 µs 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.

c) A Station Management (SMT), which provides the control necessary at the node level
to manage the processes under way in the various FDDI layers such that a node may
work cooperatively on a ring.  SMT provides services such as control of configuration
management, fault isolation and recovery, and scheduling policies.

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,
dealing with Token Ring MAC operation have been modified to accommodate the higher
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 design
technique that does not violate interoperability.  Implementations that conform to this part of
ISO/IEC 9314 shall also be interoperable with implementations that conform to ISO 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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Hybrid Ring Control 
(HRC)  (optional)

Isochronous 
MAC (IMAC)

Media Access 
Control (MAC)➀

Station 
Management 

(SMT)➃

Physical Layer Protocol (PHY) ➁

FDDI 
Components

Hybrid Multiplexer (HMUX)

Physical Layer MediumDependent 
(PMD)➂

Circuit 
Switching 

Multiplexer(s) 
(CS-MUX)

Logical 
Link 

Control 
(LLC)

Data 
Link 
Layer

Physical 
Layer

➀  MAC-2 with HRC; MAC or MAC-2 otherwise. 

➁  PHY-2 with HRC; PHY or PHY-2 otherwise. 

➂  PMD, SMF-PMD, TP-PMD or LCF-PMD. 

➃  SMT-2 with HRC; SMT or SMT-2 otherwise.

Figure 1 – FDDI structure

2  Normative references

The following standards contain provisions which, through reference in this text, constitute
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.

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) 1)

ISO/IEC 9314-5:1995, Information technology - Fibre Distributed Data Interface (FDDI) -
Part 5:  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 (FDDI) - Part 7:
Physical Layer Protocol (PHY-2)

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

3  Definitions

For the purposes of this part of ISO/IEC 9314, the following definitions apply.  In some cases
these definitions may duplicate those contained in other 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 asynchronous: A class of data transmission service whereby all requests for service
contend 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 of a node to optically isolate itself from the FDDI network while
maintaining the continuity of the cable plant.

3.4 capture: The act of removing a token from the ring for the purpose of Frame
transmission.

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

3.6 counter-rotating:  An arrangement whereby two signal paths in opposite directions
exist in a ring topology.

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 µs interval.

–––––––––––
1) To 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
packet and circuit switched data, and providing access to circuit switched channels, in an
FDDI logical ring.

3.13 immediate:  A class of data transmission service whereby requests for service from
SMT when the ring is non-operational are performed immediately without capture of a token.

3.14 logical ring: The set of FDDI Data Link Layer entities (HRC or MAC) serially
connected to form a single ring. The FDDI network topology can form two counter-rotating
logical rings; however, some subsets of this topology only form a single logical ring.

3.15 Media Access Control (MAC): The Data Link Layer entity responsible for scheduling
and routing packet data transmissions in an FDDI logical ring.

3.16 my long address (MLA):  The 48-bit Individual Address of this MAC.

3.17 my short address (MSA):  The 16-bit Individual Address of this MAC.

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

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

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

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

3.22 octet: A data unit composed of eight ordered binary bits.  An octet is represented in
FDDI as a pair of data symbols.

3.23 Physical Layer Medium Dependent (PMD): The Physical Layer entity responsible for
delivering a code bit stream produced by a PHY entity to the physically adjacent PHY entity,
attached via 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 ring: A closed loop consisting of one or more stations connected by a physical
medium wherein information is passed sequentially between active stations, each station in
turn examining or copying and repeating the information, finally returning it to the originating
station.

3.31 Service Data Unit (SDU): The unit of data transfer between a service user and a
service 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 to a
higher layer or sublayer entity; management services are provided to a management entity.

3.33 source 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 station: An addressable logical and physical node in an FDDI network, capable of
transmitting, repeating and receiving information.  An FDDI station has one or more PHY
and PMD entities, zero or more HRC entities, one or more MAC entities, and one SMT
entity.

3.35 Station Management (SMT): The supervisory entity within an FDDI node that
monitors and controls the other FDDI entities in the node.

3.36 symbol: The smallest signalling 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
preallocated a maximum bandwidth and guaranteed a maximum access time.

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

3.39 transmit: 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 lines (e.g. requested_service_class) are used as a convenience to mark the name of
signals, functions, etc., that might otherwise be misinterpreted as independent individual
words if they were to appear in text.

The use of a period (e.g. MA_UNITDATA.request) is equivalent to the use of a low line
except that a period is used as an aid to distinguish modifier words appended to an
antecedent expression.

Subscripts or other object selectors are denoted by square brackets in text (e.g.
aggregate object[subscript] ).

Optional capabilities are distinguished from required capabilities by the use of dashed lines
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. matching
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 = the 16-bit Individual Address of this MAC, if implemented and enabled by SMT;
otherwise MSA = Null.

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

Short_Addresses is the set of 16-bit MAC addresses including MSA if enabled, the 16-bit
Broadcast Address (all ones), and any other 16-bit Group Addresses recognized by this
MAC.

Long_Addresses is the set of 48-bit MAC addresses including MLA if enabled, the 48-bit
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;
conversely, if the MAC transmits with 48-bit addressing, then MSA = Null.

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 this token rotation

C Frame Copied Indicator in Frame Status field of a frame

CMT Connection Management function of Station Management

Copied_ct Count of PDUs addressed to and copied by the MAC

C_Flag Indicates successful copying of last received frame

DA Destination Address field of a frame

DLL Data Link Layer

DM_Min Minimum duplicate MAC frame detection delay

D_Flag Indicates that the duplicate MAC frame detection delay has transpired

D_Max 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_Flag 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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I_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_Flag Indicates No copy acknowledgment for this frame

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 Information Indicator bit in Source Address field of a frame

RMT Ring Management function of Station Management

R_Flag Indicates last valid 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_Min 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_React 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
media into one or more logical rings.  A logical ring consists of a set of stations connected as
an alternating series of nodes and transmission media to form a closed loop (see figure 2).
Information is transmitted sequentially, as a stream of suitably encoded symbols, from one
active node to the next.  Each node generally regenerates and repeats each symbol and
serves as the means for attaching one or more devices to the ring for the purpose of
communicating with other devices on the ring.

Two kinds of data service can be provided in a logical ring:  packet service and circuit
service.  For packet service, a given station (the one that has access to the medium)
transmits information on to the ring as a series of data packets, where each packet circulates
from one station to the next.  The addressed destination station(s) copies the packets as
they pass.  Finally, the station that transmitted the packets effectively removes them from
the ring.  For circuit service, some of the logical ring bandwidth is allocated to independent
channels.  Two or more stations can simultaneously communicate via each channel.  The
structure of the information stream within each channel is determined by the stations sharing
that channel.

FDDI provides packet service via a token ring, wherein a station gains the right to transmit its
information on to the medium when it detects a token passing on the medium.  The token is
a control signal comprised of a unique symbol sequence that circulates on the medium
following 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 operation and isochronous data
transfer are multiplexed on the same medium.  Hybrid mode operation requires the
existence of a Hybrid Ring Control (HRC) entity.  HRC passes all packet data to the packet
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 on
the higher layer protocols employed to effect data transfer.

STATION 
A

STATION 
B

STATION 
C

STATION 
D

STATION 
H

STATION 
G

STATION 
F

STATION 
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 operation of
Station Management (SMT) protocols as well as any other protocol(s) being used (e.g. ISO
8802-2).

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 subclause 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 LLC
(or other MAC users such as a MAC relay function or implementor functions) entities.  These
services provide delivery of submitted SDUs to individual peer entities (with individual
addresses), or to multiple peer entities (with group addresses).  These services may be used
to exchange both LLC frames and, optionally, implementor frames.

The following primitives are defined:

MA_UNITDATA.request
MA_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
passed between the MAC and the LLC (or other MAC user) entities.

6.1.1  MA_UNITDATA.request

This optional primitive defines the transfer of SDUs to MAC from a local LLC entity or other
MAC users, 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],
  { FCS[2], }
  stream [2], }

.

.

.
{ FC_value [n],
  destination_address [n],
  { source_address[n],
    { bridge_route [n], } }
  M_SDU [n],
  { FCS[n], }
  stream [n], }
{ issued_token_class }
)

Requested_token_class may optionally 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.

Each set 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 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 not
be accepted with this service primitive (see 6.4.4).

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).

If the M_SDU is being forwarded by a bridge, the optional source_address parameter shall
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.
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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
transmission_status is successful, MAC may initiate transmission of the remaining frames on
the next permitted access opportunity, or alternatively, MAC may require submission of a
new MA_UNITDATA.request.  Care must be taken when initiating or terminating restricted
token mode that  multiple subrequests will be serviced correctly if the token is issued before
all subrequests are serviced.

Issued_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 is
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
asynchronous service it may be either restricted or nonrestricted.  If no SDUs were specified
by the MA_UNITDATA.request, then MAC shall immediately issue the requested class of
token.

6.1.1.2  When generated

This primitive 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 token is to be issued after an MA_TOKEN.request
if no SDUs are to be transferred.  This may be in response to a request from higher layers of
protocol 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-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.

6.1.2  MA_UNITDATA.indication

This optional primitive defines the transfer of SDUs from MAC to the local LLC entity or other
MAC users.

6.1.2.1  Semantics of the primitive

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

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 93
14

-8:
19

98

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


9314-8 © ISO/IEC:1998(E) – 15 –

{ 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
incoming frame.

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

The M_SDU parameter conveys the MAC service data unit as received in the Information
field of the frame.

The optional FCS parameter conveys the Frame Check Sequence as received in the FCS
field of the frame.

The reception_status parameter indicates the success or failure of the incoming frame.  It
consists of the following elements:

a) Frame validity:  FR_GOOD or optionally FR_BAD

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

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

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

3) Internal Error:  An internal error has occurred that prevents MAC from transferring
to LLC a frame that has been acknowledged by the setting of the C (frame copied)
indicator.

4) E Indicator Error:   The error detected indicator for the frame was not received as
reset (R) (i.e. either set (S) or missing).

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

6.1.2.2  When generated

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
access 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
associated MA_UNITDATA.request.  The relationship between requests and status
indications is implementor defined; and an implementation may provide a single status
indication for a request, or an indication for one or more subrequests if the
MA_UNITDATA.request primitive specified more than one M_SDU.

6.1.3.2  When generated

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

6.1.3.3  Effect of receipt

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

NOTE - In the event of multiple outstanding requests, additional information may be needed in
order for LLC to 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 the
addressed peer MAC entity, or entities, acknowledge receipt of the frame(s) (by setting the C
indicator), then either the frame(s) will be delivered, or an internal error should be reported, to
the corresponding LLC 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,
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{ 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 primitive may be generated by the local LLC entity when data of a time critical nature is
to be transferred, 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 void frames if required by L_max) until an MA_UNITDATA.request primitive is received
from LLC 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 critical operations to minimize the effects of ring
latency.  This mode of operation may cause longer than usual preambles preceding a frame,
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 subclause 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
primitives and PHY actions upon receipt of MAC generated primitives.

The following primitives are defined:

PH_UNITDATA.request
PH_UNITDATA.indication
PH_INVALID.indication

All primitives defined in this subclause are mandatory when the optional HRC function is not
present.  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 (Idle) 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, S or T, from the set of symbols defined in the FDDI PHY (see ISO 9314-1
and ISO/IEC 9314-7).

6.2.1.2  When generated

MAC shall generate one PH_UNITDATA.request for each PH_UNITDATA.indication
received 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 primitive 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, T and optionally L, Q or V, from the set of symbols defined in the
FDDI standard on PHY (see ISO 9314-1 and ISO/IEC 9314-7).

6.2.2.2  When generated

PHY shall generate a PH_UNITDATA.indication for each decoded symbol received from
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
invalid.

6.2.3.2  When generated

PHY shall generate this primitive whenever it detects a Quiet, Halt, Master, or Noise Line
State, or other interruptions of the received symbol stream as specified in the FDDI standard
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 R0, and to
abort the processing of any PDU currently being received.

6.3  MAC-to-H-MUX Services

This subclause specifies the services provided at the interface between the MAC and the
optional H-MUX entities to support the exchange of PDUs among peer MAC entities.  The
FDDI standard on HRC (see ISO/IEC 9314-5) defines two types of MAC entities, I-MAC and
P-MAC.  The P-MAC is the MAC specified in this standard, with the optional capabilities to
support Hybrid mode implemented.  Additional detail is provided in HRC concerning
conditions that generate these primitives and H-MUX actions upon receipt of MAC generated
primitives.

The following primitives are defined:

HM_MODE.indication
HP_UNITDATA.request
HP_UNITDATA.indication
HP_INVALID.indication
HP_MODE.request

All primitives defined in this subclause are mandatory when the optional HRC function is
present.  When the optional HRC function is not present, these primitives are replaced by
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 passed
between the MAC and H-MUX entities.

These 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 effect of receipt of this primitive by MAC is specified in the MAC state machines.  This
primitive alters the behaviour of the MAC recovery conditions and actions.

6.3.2  HP_UNITDATA.request

This primitive 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, S or T, from the set of symbols defined in the FDDI standard on PHY
(see ISO 9314-1 and ISO/IEC 9314-7).

6.3.2.2  When generated

MAC shall generate one HP_UNITDATA.request for each HP_UNITDATA.indication
received from H-MUX.

6.3.2.3  Effect 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, T and 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 generated

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 generated once every symbol period in Basic mode.  Since the Packet Data Channel is
byte interleaved with other information in Hybrid mode, MAC shall be capable of processing
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 output
symbol.

6.3.4  HP_INVALID.indication

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

6.3.4.1  Semantics of the primitive

HP_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 to
present to MAC.

6.3.4.3  Effect of receipt

Receipt of this primitive by MAC shall cause the MAC receiver to enter State R0, 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 continuously sends an indication of its mode to the local H-MUX entity.  MAC shall
allow normal H-MUX operation except during transmission of MAC frames during ring
recovery.  MAC shall assert HP_mode(any) except during Transmitter states T4 and T5.  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 transmit cycles in the normal
manner.  When the HP_mode(basic) is asserted the H-MUX shall transmit MAC SDUs in
Basic mode.

6.4  MAC-to-SMT services

This subclause 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 have
precedence over the MAC-to-LLC services.  Additional detail is provided in ISO/IEC 9314-6
concerning conditions that generate these primitives and SMT actions upon receipt of MAC-
generated primitives.

The following primitives are defined:

SM_MA_INITIALIZE_PROTOCOL.request
SM_MA_CONTROL.request
SM_MA_STATUS.indication
SM_MA_UNITDATA.request
SM_MA_UNITDATA.indication
SM_MA_UNITDATA_STATUS.indication
SM_MA_TOKEN.request

All primitives defined in this subclause are mandatory, except the
SM_MA_UNITDATA_STATUS.indication and SM_MA_TOKEN.request primitives, which are
optional.

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_Req_value,
{ T_Neg_value, }
T_Pri_value,
)

The my_long_address and optional my_short_address parameters are the octet strings that
MAC shall use as its individual addresses.  Both a long (48-bit) and a short (16-bit) address
may be supplied.  Full MAC function on an FDDI network requires a non-Null
my_long_address.  Support of my_short_address is optional.

Each group_MAC_address is an octet string that MAC shall use as a group address.
Support for the broadcast address and for independent enabling or disabling of each of the
16 possible SMT group addresses is mandatory.  Support for enabling of other group
addresses 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 specifies the maximum Target Token Rotation Time (TTRT).  Support of
T_Max_value is optional.

DM_Min_value specifies the minimum duplicate MAC frame detection delay.

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

T_Req_value specifies the requested TTRT.

T_Neg_value specifies the negotiated TTRT.  Direct initialization of this parameter through
this primitive is optional 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  When 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 control_action parameter values shall include:  send_mac_frames, reset_mac,
control_MAC_recovery, reset_frame_counters, present_status,
control_MA_UNITDATA_request, and optionally control_MA_UNITDATA_indication.

The control action send_mac_frames shall include Beacon and Claim.  The
mac_frame_information parameter shall specify the DA field and the Information field for use
when transmitting Beacon frames, or the Information field for use when transmitting Claim
frames.  An implementation shall be capable of accepting a mac_frame_information
parameter specifying at least 64 octets of Information field for continuous transmission in
Transmitter State T4 (Claim Token, see 8.4.5) or State T5 (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 control action reset_mac specifies reset of the MAC state machines.

The control action control_MAC_recovery shall specify full or partial recovery functions in the
Transmitter.

The control action reset_frame_counters shall include the MAC counters Frame_ct, Error_ct,
Lost_ct, and (if implemented) Copied_ct, Transmit_ct, Not_Copied_ct and Token_ct.

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

The control action control_MA_UNITDATA.request shall specify enable or disable of:  all
requests, synchronous requests, and restricted requests.

The control action control_MA_UNITDATA.indication may optionally be implemented to
enhance the frame copy capability of a MAC.  Options may include indicate on all frames,
indicate on own frame, indicate on all group addresses, or no indicate on secondary NSA.

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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1) Generate the MAC_Reset signal.

2) Enter Receiver State R0 (Listen).

3) Enter Transmitter State T0 (Transmit Idle).

b) 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.

c) If the control action is send_mac_frames (claim), then MAC shall reset the Transmitter
state machine and enter State T4 (Claim Token).  The Late_Ct and the D_Flag are not
reset.  The Claim Frames shall be transmitted with any octets after the fourth octet of
the Information field specified by the mac_frame_information parameter.

d) If the control action parameter is control_MAC_recovery and the request specifies:

1) enable full recovery, then the Transmitter shall perform all token and ring recovery
functions;

2) enable partial recovery, then the Transmitter shall ignore token and ring recovery
signals from the Receiver, i.e. signals generated by the Receiver upon receipt of a
valid Token or MAC frame, and TVX expired.  This permits transmission of MAC or
SMT PDUs without interference from upstream stations.  Received frames may
optionally be repeated when the Transmitter is idle; however, received tokens shall
be stripped.

e) If the control action parameter is reset_frame_counters, then MAC shall reset all
indicated counters.

f) If the control_action is present_status, then MAC shall generate an
SM_MA_STATUS.indication to SMT that includes the status indicated by the
requested_status parameter.

g) If the control action is control_MA_UNITDATA.request and the request specifies:

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

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

3) enable synchronous requests, then MAC shall transmit all valid
MA_UNITDATA.requests with requested_service_class of synchronous presented
to it.  Support of this function is required if the optional synchronous transmission
capability is supported;

4) disable synchronous requests, then MAC shall not transmit any
MA_UNITDATA.requests with requested_service_class of synchronous presented
to it;

5) enable restricted requests, then MAC shall transmit all valid
MA_UNITDATA.requests with requested_token_class or issued_token_class of
restricted presented to it.  Support of this function is required if the optional
restricted token mode transmission capability is supported;
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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
Destination Address.

2) Indicate on all group addresses shall cause the MAC to copy and generate an
(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_Addresses.  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 the
SM_MA_INITIALIZE_PROTOCOL.request.

3) No indicate on own frame shall prevent the copy and generation of an
(SM_)MA_UNITDATA.indication on frames with the Source Address equal to the
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.

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

6) No indicate on MAC frames shall prevent the copy and generation of an
SM_MA_UNITDATA.indication on frames where the FC field indicates a MAC
frame.

7) Indicate on bad 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.
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b) 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.

c) Expiration of TVX (optional).

d) Expiration of TRT and Late_ct not ≠ 0 (optional).

e) Receipt of PH_Invalid when the Receiver was not in State R0 (optional).

f) Overflow of a counter, (e.g. Error_ct) (optional).

g) Increment of a counter, (e.g. Error_ct) (optional).

h) Receipt of a valid frame with the Destination Address equal to this MAC's individual
address and the received A Indicator set (optional).

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

1) Ring_Operational is set; or

2) Token_Class ≠ none and the frame was not My_Claim or My_Purge (if Purge is
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 is implemented); and

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

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

k) Any change in  R_Flag (optional if another mechanism is provided for restricted mode
monitoring).

l) Receipt of a valid frame that was unsuccessfully copied (i.e., copy frame and not
E_Flag and not C_Flag and not N_Flag) (optional).

m) Receipt of a token if the MAC Transmitter is in State T2 (Transmit Data) or T3 (Issue
Token) (optional).

n) Expiration of TRT whilst in MAC Transmitter State T4 (Claim Token) or T5 (Transmit
Beacon) (optional).

o) Entry to Transmitter State T4 (Claim Token).

p) Entry to Transmitter State T5 (Transmit Beacon).

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

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

s) The set of addresses recognized by the MAC.

t) The current value of a MAC frame counter (e.g., Error_ct).

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 93
14

-8:
19

98

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


– 28 – 9314-8 © ISO/IEC:1998(E)

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.

6.4.4  SM_MA_UNITDATA.request

This primitive defines the transfer of SDUs to MAC from the local SMT entity, for delivery to
one or more peer SMT entities.

6.4.4.1  Semantics of the primitive

SM_MA_UNITDATA.request (
requested_token_class,
requested_service_class,
{ asynchronous_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 }
)

Requested_token_class may be either non-restricted, restricted, any or none.  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.  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.

The optional stream parameter, if set, shall cause multiple M_SDUs to be transmitted as a
result of the SM_MA_UNITDATA.request.  Stream, when reset, indicates that this M_SDU is
the last one associated with this SM_MA_UNITDATA.request.  The frames shall be
transmitted in the order presented by this primitive.  If TRT (Token-Rotation Timer) has
expired (Late_ct not= 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 SM_MA_UNITDATA_STATUS.indication is subsequently returned
to SMT.  If the transmission_status is successful, MAC may initiate transmission of the
remaining frames on the next permitted access opportunity or, alternatively, MAC may
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
correctly if the token is issued before all subrequests are serviced.

Issued_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 is
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
asynchronous service it may be either restricted or non-restricted; with requests for
immediate 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.

6.4.4.2  When generated

This primitive is generated by the local SMT entity whenever a MAC SDU is to be transferred
to a peer SMT entity or entities, when a token is to be issued after an MA_TOKEN.request if
no SDUs are to be transferred, or when a token is to be generated and the ring is not
operational.

6.4.4.3  Effect of receipt

The receipt of this primitive shall cause MAC to capture the next usable token based on 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 of zero (FC.FF = 00, i.e. SMT or MAC frames) shall be delivered with this service
primitive (see 6.1.2).

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
incoming frame.

The M_SDU parameter conveys the MAC service data unit as received in the Information
field of the frame.

The reception_status parameter indicates the success or failure of the incoming frame.  It
consists of the following elements:

a) Frame validity:  FR_GOOD or optionally FR_BAD

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

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

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

3) Internal Error:  An internal error has occurred that prevents MAC from transferring
to SMT a frame that has been acknowledged by the setting of the C (frame copied)
indicator.

4) E Indicator Error:   The error detected indicator for the frame was not received as
reset (R) (i.e. either set (S) or missing).

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

6.4.5.2  When 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 (
number_of_SDUs,
transmission_status,
)

The number_of_SDUs parameter reports the number of M_SDUs transmitted on a given
access opportunity as a result of this request.

The transmission_status parameter shall be used to pass information back to the local
requesting SMT entity.  It shall be used to indicate the success or failure of a previous
associated SM_MA_UNITDATA.request.  The relationship between requests and status
indications is implementor defined; and an implementation may provide a single status
indication for a request, or an indication for one or more subrequests if the
SM_MA_UNITDATA.request primitive specified more than one M_SDU.

6.4.6.2  When generated

This primitive shall be generated by MAC in response to an SM_MA_UNITDATA.request
primitive from the local SMT entity.

6.4.6.3  Effect of receipt

The effect of receipt of this primitive by SMT is unspecified.

NOTE - In the event of multiple outstanding requests, additional information may be needed in
order for SMT to 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 the
addressed peer MAC entity, or entities, acknowledge receipt of the frame(s) (by setting the C
indicator), then either the frame(s) will be delivered, or an internal error will be reported, to the
corresponding SMT entity, or entities, via an SM_MA_UNITDATA.indication.

6.4.7  SM_MA_TOKEN.request

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

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 transferred, 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 void frames if required by L_max) until an SM_MA_UNITDATA.request primitive is
received from SMT 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 critical operations to minimize the effects of ring
latency.  This mode of operation may cause longer than usual preambles preceding a frame,
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  Symbol set

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

a) Line states, such as the Halt Line State or Idle Line State.

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

c) Data 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 defined
primitives.  MAC shall generate PDUs as matched pairs of symbols, according to the rules
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.

7.1.1.3  Idle (I)

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

7.1.2  Control symbols

7.1.2.1  Starting Delimiter (SD)

A Starting Delimiter (SD) is used to delineate the starting boundary of a data transmission
sequence (i.e. a MAC or HRC PDU).  This PDU is normally preceded by a preamble of Idle
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
previously 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 pair
(JK).

7.1.2.2  Other delimiter symbols

7.1.2.2.1  Embedded Delimiter symbol (L)

The L symbol is the second and last symbol of a sequential Starting Delimiter symbol pair
(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 Data Quartet symbol conveys one quartet of binary data within a data transmission
sequence.  The 16 Data Quartet symbols are denoted by the hexadecimal digits (0 – F), and
a generic member of the set is denoted by the character ‘n’.  A sequence of Data Quartet
symbols shall be generated by the DLL as a balanced sequence of symbol pairs (i.e. an
even number of n symbols).

7.1.4  Violation symbol (V)

The Violation 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  Protocol Data Units

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

Fields defined as numeric values are represented as unsigned magnitudes.  Operations that
require comparison of fields or symbols, perform that comparison upon those fields as
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 FC EDSD
PA = Preamble (4 or more symbols)
SD = Starting Delimiter (2 symbols)
FC = Frame Control (2 symbols)
ED = Ending Delimiter (2 symbols)

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.

7.2.2  Frame

DA SA INFO ED FSPA SD FC

SFS FCS Coverage EFS

RI FCS

SFS = Start of Frame Sequence
PA = Preamble (4 or more symbols)
SD = Starting Delimiter (2 symbols)
FC = Frame Control (2 symbols)
DA = Destination Address (4 or 12 symbols)
SA = Source Address (4 or 12 symbols)

RI = Routing Information (0-15)x4 symbols)
INFO = Information (≥ 0 symbol pairs)
FCS = Frame Check Sequence (8 symbols)
EFS = End of Frame Sequence
ED = Ending Delimiter (1 symbol)
FS = Frame Status (≥ 3 symbols)

The frame format is used for transmitting both MAC recovery information and MAC SDUs
between peer MAC entities.  A frame may or may not have an information field.

7.2.2.1  Frame length

In Basic Mode the Physical Layer of FDDI requires limiting the maximum frame length to
9 000 symbols, including four symbols of the preamble.  The Physical Layer of FDDI does
not impose any limit on frame length in Hybrid Mode; however, to limit both the required
implementation capabilities and the probability of undetected errors, the maximum frame
length shall also be limited to 9 000 symbols, including four symbols of the preamble.

An implementation shall limit the maximum transmitted frame length as specified by this
subclause.  An implementation shall be capable of repeating any valid frame (see table 1),
up to the maximum valid frame length (as defined in this subclause).

For any implemented data service, an implementation shall be capable of simultaneously
transmitting and receiving (including copying) any valid frame (see table 1), up to the
maximum valid frame length (as defined in this subclause), with the following exceptions:

a) 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) An implementation 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 Idle pattern consistent with Physical Layer clocking requirements.  Thus, repeating nodes
may see a variable length preamble that is shorter or longer than the originally transmitted
preamble.  A MAC implementation is not required to be capable of copying frames received
in Basic mode, with less than 12 symbols of preamble.  A MAC implementation is not
required to be capable of repeating frames received with less than two symbols of preamble;
however, if it cannot correctly repeat such a frame then it shall not repeat any part of the
frame (including the Starting Delimiter).

A MAC implementation shall recognize and act upon tokens received with a preamble of
zero or 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 K
J = J symbol
K = K symbol

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

I L
I = I symbol
L = L symbol

A Hybrid mode frame or token shall start with an IL symbol pair.  No Hybrid mode frame or
token is considered valid unless it starts with this explicit sequence.

The IL symbol pair shall be generated as a single byte (odd/even pair of symbols) within the
Packet Data Channel.

Receipt of an IL symbol pair in Hybrid mode shall be processed identically to receipt of a JK
symbol pair in Basic mode, except that receipt of an IL symbol pair in Hybrid mode while in
Receiver states 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 L F F ZX YW
C = Class Bit
L = Address Length Bit
FF = Format Bits
WXYZ = Control Bits
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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 Frame Address Length bit indicates the length of both MAC addresses (DA and SA) as
follows:

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

7.3.3.3  Frame format bits

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

CLFF
0L00
1000
1100
0L00
1L00
CL01
CL10
CL11

WXYZ
0000
0000
0000
0001
0001
0000
0000
0000

to

to
to
to
to
to

WXYZ

1111
1111
1111
1111
1111

Void frame
Non-restricted Token
Restricted Token
Station Management frame
MAC frame
LLC frame
Reserved for Implementor
Reserved for future standardization

Where: 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 of 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 computation for
all frames (see 7.3.6).  Where 7.3.3.4 specifies that the X, Y or Z bits are
reserved 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.

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 transmitting MAC, and the RI bit set to 0.
They shall not be forwarded by bridges.

void:  Void frames do not contain MAC SDUs, 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

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 93
14

-8:
19

98

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


– 38 – 9314-8 © ISO/IEC:1998(E)

2) Before a token 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 a token 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.

Receipt of a valid void frame shall reset TVX.  MAC shall strip a void frame if the SA field
matches that MAC's address.  Receipt of a valid void frame may cause a bridge to stop
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.

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

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

reserved for implementor:  These frames contain implementation-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)
addressed by the DA field.

logical link control:  These frames contain LLC 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
reserved for future assignment.

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

MAC Claim Frame (1L00 r011):  This frame is transmitted during error recovery in Basic
mode to determine which MAC creates the token.  It shall be transmitted with 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 (0L00 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 (0L01 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 control 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 Source
(MAC) Address, in that order.  Addresses may be either 16 or 48 bits in length; however, 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 an
address 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
concurrently operating with 16-bit addresses.  To 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 valid
frames with 16-bit addresses.

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

a) Have a fully functional 48-bit individual address.

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

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

d) Be capable of independently enabling or disabling 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

I/G U/L

46 bits

I/G = Individual or
Group bit
U/L = Universal or
Local bit

16-bit address

I/G

15 bits

I/G = Individual or
Group bit

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

0 = individual address, 1 = group address

Individual Address:   An individual address identifies a particular MAC on the ring and shall
be distinct from all other individual MAC addresses on the same ring (except for the Null
address, see below), and from all other individual MAC addresses on a global basis (in the
case of universal administration).

WARNING - A duplicate individual address severely limits the MAC’s ability to communicate
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 cause TVX to expire in downstream stations.  Multiple MACs sharing an
individual address can experience a partial or total loss of communication with each other 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 duplicate
address prevails over non-duplicate MACs.

Null Address:  An address of all zeros is the Null address.  The Null address shall not be
used as the MLA or the MSA.

Group Address:   A group address is used to address a frame to multiple destination MACs.
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:

0 = universally administered, 1 = locally administered

There are two methods of administering 48-bit addresses:  locally or through a universal
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
originating 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
Address in the same frame.  Except when a frame is being forwarded by a bridge, MAC shall
not transmit a frame with a Source Address other than its own enabled (short or long)
individual_MAC_address.

48-bit address

RII U/L

46 bits

RII = Routing
Information
Indicator bit

U/L = Universal or
Local bit

16-bit address

r

15 bits

r = reserved bit

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 RI field as follows:

xxxN NNN0 where NNNN0 = 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 determined
by the FC field and whose interpretation is made by the destination entity, e.g., MAC, LLC,
or SMT.  The length of the INFO field is variable, but shall conform both to the maximum
frame length 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 ordered
sequences of octets.  The MAC entity subdivides these octets into data symbol pairs with the
most significant data symbol of each pair to be transmitted first.  The ordering of these data
symbol sequences shall be preserved through all MAC entities and the associated PHY
entities.

7.3.6.2  MAC supervisory frames

The Information Field for MAC supervisory frames shall be at least four octets in length.  The
first four 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 octets.

Purge 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 is Receiver condition:

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

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

To aid in filtering the copying of duplicate received MAC frames, which may be continuously
transmitted, any relevant change in the contents of the Information field shall include a
change within the first four octets.

7.3.7  Frame Check Sequence (FCS)

This subclause specifies the generation and checking of the FCS field.  This field is used to
detect erroneous data bits within the frame as well as erroneous addition or deletion of bits
to the frame.  The fields covered by the FCS field include the FC, DA, SA, INFO, and FCS
fields.  Annex B provides further information on the generation and use of the FCS.

7.3.7.1  Definitions

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

L(X):  A degree 31 polynomial with all of the coefficients equal to one, i.e.,

L(X)= X31 + X30 + X29 +…+ X2 + X + 1

G(X):  The standard generator polynomial

G(X) = X32 + X26 + X23 + X22 + X16 + X12 + X11 + X10 + X8 + X7 + X5 + X4 + X2 + X + 1

R(X):  The remainder polynomial that is of degree less than 32.

P(X):  The remainder polynomial on the receive checking side that is of degree less than 32.

FCS:  The FCS polynomial that is of degree less than 32.

Q(X):  The greatest multiple of G(X) in [X32 F(X) + Xk L(X)]

Q*(X):  X32 Q(X).

M(X):  The sequence that is transmitted.

M*(X):  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 L(X) / G(X)

C(X) = X31 + X30 + X26 + X 25 + X24 + X18 + X15 + X14 + X12 + X11 + X10 + X 8 +
X6 + X5 + X4 + X3 + X + 1
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7.3.7.2  FCS Generation equations

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

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) = Q(X)+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 received sequence M*(X) may differ from the transmitted sequence M(X) if there are
transmission errors.  The process of checking the sequence for validity involves dividing the
received sequence by G(X) and testing the remainder.  Direct division, however, does not
yield a unique remainder because of the possibility of leading zeros.  Thus a term L(X) is
prepended to M*(X) before it is divided.  Mathematically, the received checking is shown in
equation (4).

X32 [M*(X) + Xk L(X)] / G(X) = Q*(X) + P(X) / G(X) (4)

In the absence of errors, the unique remainder is the remainder of the division

P(X) / G(X) = X32 L(X) / G(X) = C(X) (5)

7.3.8  Ending Delimiter (ED)

The symbol T is the ending delimiter of tokens and frames.  Ending delimiters and optional
Control Indicators shall form a balanced symbol sequence, i.e., be transmitted in pairs so as
to maintain octet boundaries.  This shall be accomplished by adding a trailing T symbol as
required.

7.3.8.1  Token ending delimiter

The Ending Delimiter of a token shall consist of two consecutive T symbols.

T T T = Terminate Symbol

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.

T T = Terminate Symbol
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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 entire
Frame Status field.

E A C

R/SR/S R/S R/S R/S … T
T = Terminate Symbol
R = Reset Symbol
S = Set Symbol

7.3.9.1  Error detected indicator (E)

The error detected indicator (E) is transmitted as R by the MAC that originates the frame.  All
MACs on the ring inspect repeated frames for errors.  If an error is detected and the
received E indicator is not S, then an error is counted.  The E indicator is transmitted as S by
a repeating MAC when either an error to be counted is detected, the received E indicator is
S, or the E indicator was not received.

7.3.9.2  Address recognized indicator (A)

The address recognized indicator is transmitted as R by the MAC that originates the frame.
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
address, 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 of the 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 (re)started.  The terms disabled and enabled refer to stopping and starting the timers,
respectively.

7.4.1  Token-Holding Timer (THT)

Each MAC shall have a timer THT, called the Token-Holding Timer, that controls how long
the MAC may transmit asynchronous frames.  A MAC may initiate a transmission of an
asynchronous frame if timer THT has not expired and is less than the T_Pri (see 8.1.4.2)
associated with the frame to be transmitted.  Timer THT is initialized with the current value of
timer TRT (see 7.4.3) when the token is captured.

7.4.2  Valid-Transmission Timer (TVX)

Each MAC shall have a timer TVX, called the Valid-Transmission Timer, to recover from
transient ring error situations.  Whenever TVX expires, it remains expired until it is explicitly
disabled or reset by the Receiver.  The timeout value of TVX, called TVX_value, shall be set
such that:

TVX_value > max(D_Max, F_Max) + Token_Time + F_Max + S_Min

Annex D describes the derivation of these parameters.

The appropriate TVX_value is different in Basic and Hybrid modes, since D_Max and F_Max
differ in the two modes.  The default value for TVX_value with Hybrid mode disabled shall be
at least 2,500 0 milliseconds (62 500 symbol times at 100 Mbits/sec).

TVX_value is determined in a different manner in hybrid mode, where the Cycle Master uses
TVX expiration to invoke the purge process, before any other MAC invokes the claim
process due to TRT expiration.  The default value for TVX with Hybrid mode enabled shall
be at least 3,600 0 ms (90 000 symbol times at 100 Mbits/sec).  This value shall be scaled
for the effective MAC data rate by the Cycle Master.

NOTE - A cycle master implementation may scale the TVX_value parameter based on the
current Programming Template, or may directly scale TVX by driving the TVX timer at the
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.  This is
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).

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_Opr, controlled by the transmit state machine of MAC, is the operative timeout value of
TRT.  T_Opr is negotiated between MACs to a value that is shorter than T_Max for all MACs
on the 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.  Each MAC uses a
value T_Req, between its T_Min and T_Max values, to negotiate for the lowest value of
T_Opr, 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
received up to one T_Opr late.  Thus a station requiring a guaranteed response time should
set its T_Req to one-half of the required response time.  A station requiring a guaranteed
bandwidth (maximum average response time) should set its T_Req equal to the required
time, since the accumulated lateness cannot be greater than the worst case lateness on one
rotation.

The minimum value of TRT, called T_Min, affects the interoperability 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
correctly provide services to higher layers requiring the T_min.  The default value of T_Min
shall not 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 mode
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 conveniently 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 Basic 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 conveniently
from the symbol clock (i.e., with a 24-bit counter) and may be used by conforming FDDI
MAC entities as the default value of T_Max in Hybrid mode.

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

NOTE - The time spent in States T0, 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_ct is 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,
inclusive.

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  Frame counts

To aid in performance monitoring, problem determination and fault location, MAC shall
maintain counts of all frames received and of all frames received with one or more errors
that were previously undetected.  A MAC implementation may optionally maintain counts of
SDUs transmitted, received and delivered, and received but not delivered.

To be counted as a frame, a frame sequence shall be terminated by a frame ending delimiter
(T symbol).  Frame sequences terminated by stripping actions (Idle symbols) or the
reception of invalid symbol sequences shall not be counted as frames received.  Full detail
on Receiver actions for receiving and counting 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 is the count of error 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 error
frames by a MAC, since they should already have been counted by the MAC that set the
Error Indicator.

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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7.5.4  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 T2 or T3, Claim or Purge frames generated in state T4, or Beacon frames generated in
state T5).  MAC frames transmitted via the SM_MA_UNITDATA.request primitive shall be
included in the Transmit_ct.  This count is used by SMT to determine MAC output SDU load.

7.5.6  Not_Copied_ct

Not_Copied_ct is an optional count of frames containing SDUs addressed to but not copied
into a receive buffer by this MAC.  This count shall exclude Void and MAC frames, optionally
any frames generated by this MAC (M_Flag set), and secondary NSA or transparent bridge
frames (N_Flag set).  This count is used by SMT to determine MAC input SDU congestion.

8  Operation

This clause specifies the operation of the MAC entity of an FDDI station.

8.1  Overview

This subclause provides a descriptive overview of MAC operation.  The formal specifications
are contained in subsequent subclauses (8.2 to 8.4).

Access to the Physical medium (the ring) is controlled by passing a token around the ring.
The token gives the downstream MAC (receiving relative to the MAC passing the token) the
opportunity to transmit a frame or a sequence of frames.  If a MAC wants to transmit, it strips
the token from the ring before the Frame Control field of the token is repeated.  After the
captured token is completely received, the MAC shall begin transmitting its eligible queued
frames.

After transmission, the MAC issues a new token for use by a downstream MAC.

MACs that are not transmitting repeat the incoming symbol stream.  While repeating the
incoming symbol stream, the MAC determines whether frames are intended for this MAC.
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.STANDARDSISO.C
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8.1.1  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.

8.1.2  Token transmission

After transmission of the frame(s) is completed, the MAC immediately transmits a new token.

8.1.3  Frame stripping

Each transmitting station shall be responsible for stripping from the ring the frames that it
originated.  A MAC shall strip each frame that it transmits beginning not later than the
seventh symbol after the end of the SA field.  Normally, this is accomplished by stripping the
remainder of each frame whose Source Address matches the MAC's address from the ring
and replacing it with Idle symbols.

The process of stripping leaves remnants of frames, consisting at most of the PA, SD, FC,
DA, SA, and six symbols after the SA field, followed by Idle symbols.  These remnants exist
because the decision to strip a frame is normally based upon recognition of the MAC's
address in the SA field, which cannot occur until after the initial part of the frame has already
been repeated.  These remnants are not recognized as frames because they lack an Ending
Delimiter (ED).  The limit on remnant length also prevents remnants from satisfying the
minimum frame length criteria.  To the level of accuracy required for statistical purposes,
they can be distinguished from error or lost frames because they are always followed by the
Idle symbol.  Remnants are removed from the ring when they encounter a transmitting MAC.
Remnants may also be removed by the Smoothing function of PHY.  An implementation is
also permitted to remove remnants by any other interoperable means.

The maximum remnant length impacts station operation, at both the source and the
destination of the frame.  The limit of six symbols after the Source Address provides a
necessary guideline for the design of a receiver.  However, an implementation that does not
strip at least the last symbol of the SA field may have difficulty in implementing a precise
(SM_)MA_UNITDATA_STATUS.indication service (due to ambiguous setting of M_Flag
caused by recirculating remnants).

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 SDUs) 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 response
time requirements are less critical.  Asynchronous bandwidth is instantaneously allocated
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) to the MAC transmitter,
where it becomes the operative TTRT (T_Opr) upon successful ring initialization.  TRT shall
be reset 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.e., a late token) may be used
only for 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 (or average synchronous response time) not
greater than TTRT, and a maximum TRT (or maximum synchronous response time) not
greater than twice TTRT.

8.1.4.1  Synchronous transmission

Each station 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 by SMT, using SMT PDUs.  Initially, each station has a zero
allocation, and it uses the SMT protocol to change its allocation.  A station may "remember"
its allocation across ring reinitialization, provided that there has not been a TTRT change.
Synchronous service shall be disabled whenever a Beacon frame is received, until enabled
by SMT.  The sum of all stations' current allocations should not exceed the maximum usable
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 exceeds the threshold).

Whenever an early token is captured, the current value of TRT shall be saved in an
asynchronous Token-Holding Timer (THT), and TRT shall be reset to time the next token
rotation.  THT is enabled (running) during asynchronous transmission.  The difference
between its current value and the target value (TTRT) reflects the remaining asynchronous
bandwidth available to this MAC.  An asynchronous frame of priority n may only be
transmitted if THT is less than the associated priority threshold value (T_Pri([n]).  Multiple
asynchronous priority levels is an implementation option.  If they 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 dialogue
requiring substantially all of the unallocated ring bandwidth (e.g., an extended burst data
transfer from a high-speed device).  The management of the extended dialogue (e.g.,
decisions to initiate, continue and terminate the dialogue) shall be the responsibility of
higher-level protocols.  The initiating station captures a non-restricted token, transmits its
initial dialogue frame(s), then issues a restricted token.  The addressed destination station(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 is
terminated when the terminating station captures a restricted token, transmits its final
dialogue frame(s), then issues a non-restricted token.

Restricted token mode supports fair access at a dialogue granularity, in that each contending
extended dialogue initiator has equal opportunity to initiate new dialogues (deterministically,
if the initiator is also the terminator).  Restricted token mode prevents any asynchronous
transmission (including SMT normal background protocols, e.g., Neighbour Identification)
other than the current extended dialogue, because normal asynchronous transmission
cannot use restricted tokens and any new extended dialogue may only begin with a non-
restricted token.  However, synchronous transmission may proceed normally in restricted
token mode, because either 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
continuously 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
inactivity is typically detected by expiration of the Valid-Transmission Timer (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) in the MAC Transmitter,
or by SMT processes.

8.1.5.1  Claim Token process

Any station detecting a requirement for ring (re)initialization shall initiate the Claim Token
process.  In this process one or more MACs bid for the right to initialize the ring by
continuously transmitting Claim Frames.  Each MAC also looks for incoming Claim Frames
and compares the received bid with the MAC's own bid.  Any MAC receiving a lower bid shall
(re)enter the bidding, while any MAC receiving 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
= 1 > 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 Claim Token process completes when one MAC receives its own Claim Frames after
the frames have 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 ring
(see 8.1.5.2).  These rules permit a given installation to give certain stations preferential
status 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
status 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 SMT (see 6.4.2).  Whenever Ring_Operational is cleared (including subsequent
MAC_Resets), any (SM_)MA_UNITDATA.request or (SM_)MA_TOKEN.request currently
being serviced is aborted, no token is issued, and an abnormal confirm status is returned to
the requester.

Ring initialization begins when one MAC successfully completes the Claim Token or Purge
process.  That MAC proceeds to initialize the ring.  First, it sets the operative TTRT value
(T_Opr) to the negotiated TTRT value (T_Neg) (which should be the same as its requested
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
timers in all MACs on the ring.  Since Ring_Operational is clear, no MAC may capture the
initial token or transmit frames.  In each MAC upon receipt (and repeating) of the initial
token, T_Opr shall be set to T_Neg, 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 to allocated limits) in TRT, and asynchronous transmission is possible
on the third and subsequent token rotations (see 8.1.4.2).

8.1.5.3  Beacon process

When a MAC detects that the Claim Token process has failed, or upon request from SMT
(see 6.4.2), that MAC initiates the Beacon process.  In this case, the ring has probably been
physically interrupted, and may have been globally reconfigured (e.g., one logical ring may
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 ring can be recovered efficiently and reliably when the logical break is restored.
However, they result in a brief interruption of Beacon Frame propagation through MACs not
immediately downstream of a logical break once every T_Max.  This phenomenon does not
compromise MAC, and it is easily filtered in the SMT Beacon processing logic.

8.2  Structure

MAC consists 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 are 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
certain functions (specifically, recognition of MAC frames, own address detection, and
capture 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
processes (e.g., delimiter recognition and input validation), they have been placed in the
Receiver with appropriate signals sent to the Transmitter.  These signals may be replaced by
their corresponding functions in the Transmitter.

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

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, they
may be described as part of that transition.  In all such cases the actions occur prior to the
associated 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
machine shall perform the following event-processing sequence as a logically atomic
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 experience
identical propagation delay between Receiver and Transmitter.  Consequently, they arrive 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, together
with any associated event signals, from the MAC Receiver; i.e., for each input symbol the
Transmitter shall generate a corresponding output symbol.  The Transmitter performs its
event-processing sequence, but uses the input symbol forwarded from 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, a
PH_UNITDATA.request with the appropriate output symbol is generated as an in-state
action 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
discarded and a new output symbol is generated.

It is also assumed that the contents of specific fields in received and transmitted PDUs are
only known to MAC during the processing of the PDUs.  Any values to be remembered shall
be saved 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 shown 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
descriptions.

In the state diagrams, states are shown as vertical staffs and state transitions as horizontal
arrows, with the triggering event or condition above the shaft and any action beneath the
shaft.  Symbols are used in the conditions, actions, and footnotes for logical operations with
the following meanings: or |, and &, not ~.  Optional conditions or actions are delimited by
matched pairs of { }, and comments are delimited by matched pairs of « ».  The condition
‘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 validity status.  MAC frames shall be processed by the Receiver after
validation.  A Valid-Transmission Timer (TVX) shall be maintained to detect ring failures.
Appropriate signals shall be generated for the Transmitter process, and the current
T_Bid_Rc and T_Neg and Frame Status Indicators, A_Flag, C_Flag, E_Flag, and N_Flag
shall be saved for the transmitter.  Counts of frames (e.g., Frame_ct, Error_ct  and Lost_ct)
shall also be maintained for SMT.

8.3.1  Token and frame validity criteria

For purposes of classifying and taking action as the result of a received token or frame, the
following criteria are applied:

a) Token (included in Token_ct):

1) has a Starting Delimiter (JK).

2) has an FC = 1X00 0000.

3) has no additional Data Symbols (n ).

4) has a Token Ending Delimiter (TT).

b) Frame (included in Frame_ct):

1) has a Starting Delimiter (JK).

2) 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) Format Error (included in Lost_ct):

1) has a Starting Delimiter (JK).

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

3) is not a Token.

4) is not a Frame.

5) ends with a symbol other than Idle (I) 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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f) Valid Frame:

1) is a Frame.

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).

g) Frame Error (set E_Flag):

1) is a Frame.

2) is not a Valid Frame.

h) Reportable Frame Error (included in Error_ct):

1) is a Frame Error.

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

8.3.2  State R0:  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(I) represents the start of signalling reception upon which clock
synchronization may be established.  A transition to the Listen State represents a potential
discontinuity in the processing of the input symbol stream.

R(00):  Reset:   A transition to State R0 occurs if a MAC_Reset signal (see 6.4.2.3) is
received.  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(I) is received from PHY, or when PH_Invalid is not
being received from PHY in Hybrid mode, the Valid-Transmission Timer (TVX) shall be reset
and enabled, and a transition to State R1 occurs.

8.3.3  State R1:  AWAIT_SD (Await Starting Delimiter)

In this state, the receiver looks for a valid start of a frame or token (PH_Indication(J)).  Input
received 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 condition
only occurs in this state.

R(10a):  Reset:  A transition to State R0 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(10b):  Invalid:  A transition to State R0 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

FC Interpretation Minimum Octets

CLFF WXYZ to WXYZ
1X00 0000
0000 0000
0100 0000
0000 0001 to 1111
0100 0001 to 1111
1000 0001 to 1111
1100 0001 to 1111
X001 XXXX
X101 XXXX
X010 XXXX
X110 XXXX
X011 XXXX
X111 XXXX

Token
Void frame
Void frame
SMT frame
SMT frame
MAC frame
MAC frame
LLC frame
LLC frame
Implementor frame
Implementor frame
Reserved
Reserved

1
9

17
9

17
13
21
9

17
9

17
9

17

8.3.4  State R2:  RC_FR_CTRL (Receive Frame Control Field)

In this state, the receiver scans the received symbols for a start of frame or start of token
sequence consisting of the start delimiter followed by two data symbols (JKnn).  The
appropriate valid header exit is chosen based upon the received frame control field.  Valid
FCSr is reset in preparation for checking the incoming frame.

R(20a):  Reset:  A transition to State R0 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(20b):  Invalid:  A transition to State R0 occurs if PH_Invalid is received from PHY.  On
this transition, the FO_Error signal shall be generated and the Lost_ct shall be incremented.

R(21a):  Strip:  A transition to State R1 occurs if PH_Indication(I) is received from PHY or if
PH_Indication (K) is not the next symbol received after transition R(12).  On this transition,
the FR_Strip signal shall be generated.

R(21b):  Format Error:  This transition to State R1 occurs if a symbol sequence other than I
or nn is received from PHY after receipt of the K symbol.  On this transition, the FO_Error
signal shall be generated and 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.

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 Destination Address shall be processed as follows:

a) If the L Bit in the received FC field (FCr.L) is equal to zero, indicating a 16-bit address,
and if the Destination Address received (DAr) is contained in the set of this MAC's Short
Addresses, then the A_Flag is set and the frame is copied to the appropriate entity
(LLC, SMT, or other MAC user) as indicated by the Frame Control field received (FCr).
The A_Flag shall not be set for a partially filtered group address match, although the
frame may be copied.  If the A_Flag is set and the received Frame Control field (FCr)
indicates an SMT next station addressing frame, then N_Flag shall be set.  A void
frame is not required to be copied.

b) If the L Bit in the received FC field (FCr.L) is equal to one, indicating a 48-bit address,
and if the Destination Address received (DAr) is contained in the set of this MAC's Long
Addresses, then the A_Flag is set and the frame is copied to the appropriate entity
(LLC, SMT, or other MAC user) as indicated by the Frame Control field received (FCr).
The A_Flag shall not be set for a partially filtered group address match, although the
frame may be copied.  If the A_Flag is set and the received Frame Control field (FCr)
indicates an SMT next station addressing frame, then N_Flag shall be set.  If a
transparent bridge copies a frame for forwarding, it may optionally set the N_Flag.
A void frame is not required to be copied.

The Source Address shall be processed as follows:

a) If the L Bit in the received FC field (FCr.L) is equal to zero, indicating a 16-bit address,
and if the Source Address received (SAr) is equal to this MAC's My Short Address
(MSA), and MSA 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 set
M_Flag.

b) If the L Bit in the received FC field (FCr.L) is equal to one, indicating a 48-bit address,
and if the Source Address received (SAr) is equal to this MAC's My Long Address
(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 set
M_Flag.

c) 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 MAC’s
My Long Address is disabled or enabled as the Null address; or if the L Bit received
(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.
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d) If the conditions in a, b, or c 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.  If the T_Bid_Rc is not equal to this MAC’s requested TTRT (T_req):

1) If M_Flag is set, then clear A_Flag.

2) If the 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) If the T_Bid_Rc is less than this MAC’s requested TTRT (T_req), H_Flag is set,
and a non-Null MSA or MLA is enabled:

- L_Flag is set.

- H_Flag is cleared.

b) If the FCr indicates a Claim Frame and the previous SA and INFO processing rules 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 or SMT frame (FCr.FF ≠ 00) and an address match is found in the routing information
field of the frame:

a) A_Flag is set.

b) Copy the frame.

Additional 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 setting of flags or indicators or other MAC interoperability requirements.  Consequently,
they are not further specified in the Receiver state machine.

R(30a):  Reset:  A transition to State R0 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(30b):  Invalid:  A transition to State R0 occurs if a PH_Invalid is received from PHY.  On
this transition, the FO_Error signal shall be generated and the Lost_ct shall be incremented.

R(31a):  Strip:  A transition to State R1 occurs if PH_Indication(I) is received from PHY.  On
this transition, the FR_Strip signal shall be generated.

R(31b):  Format Error:  This transition to State R1 occurs if a symbol other than I 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
subsequent optional indicators.  The condition for return to State R1 may be satisfied upon
detection of the first symbol after the E indicator that is not a control indicator, and shall be
satisfied upon the detection of a trailing T symbol.  If the terminating symbol is a T symbol, it
is a candidate for being repeated by the MAC transmitter as the last symbol of frame status.

NOTE - One way to align the timing of the above conditions so that the MAC transmitter need
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 is presented.  While in this
substate, if either condition for transition to State R0 is satisfied, that transition (40a or 40b)
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
required control indicators is processed as follows:

a) If the E indicator received (Er) is not an R symbol, or the frame did not have a valid data
length, or the FCS received is not valid (unless the frame is an implementor frame),
then the frame is considered in error.

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

2) 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.

b) If Er is  an R symbol, and the frame has a valid data length, and the FCS received is
valid (or the frame is an implementor frame), then the frame is valid.

1) Reset TVX and clear the E_Flag.

2) If A_Flag is set or the N_Flag is set, and the frame has been successfully copied
(Frame copied)

- Set C_Flag

- If the frame is not a MAC or Void frame, increment Copied_ct (if
implemented).

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 FCr indicates a Claim Frame, then:

1) If H_Flag is 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 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.

3) If neither the H_Flag nor the M_Flag is set, and a non-Null MSA or MLA is
enabled, then the receiver shall signal Lower_Claim.

c) If the FCr indicates a Purge Frame then the receiver may optionally perform the
following:

1) If H_Flag or L_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 Other_Purge.

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_Purge.

d) If the FCr indicates a Void Frame then the receiver may optionally perform the
following:

1) If M_Flag is not set, then signal Other_Void.

2) If M_Flag and A_Flag are set, then signal My_Void.

The received A Indicator is also processed.

a) If Ar is an R symbol then the MAC is the first MAC on the ring to recognize the address.
N_Flag is cleared, allowing the transmitter to set the C Indicator (Cx) if the frame was
successfully copied (Otherwise, if Ar is not an R symbol and the N_Flag was set, then
the transmitter will not acknowledge copying of this frame.).

b) If Ar is an S symbol then the receiver tests for recognition of a possible duplicate
address on the ring.  This is indicated by the A_Flag being set, and the E_Flag being
reset, and the Destination Address of the frame being an individual address (DAr.IG =
0), and either the frame is a MAC or SMT frame (FCr.FF = 0) or the Routing Indicator
bit is clear (SAr.RI = 0).  SMT is notified of a duplicate address.

R(40a):  Reset:  A transition to State R0 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 R0 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 this state, the receiver looks for a valid token ending delimiter (TT).  Both T symbols shall
be repeated by the MAC transmitter when the token is being repeated by the MAC.

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 the second T symbol.  The
MAC receiver would then transition to R1 via R(51c) at the next symbol boundary, regardless
of what symbol is presented.  While in this substate, if either condition for transition to State R0
is satisfied, that transition (50a or 50b) would still continue to take precedence.

R(50a):  Reset:  A transition to State R0 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(50b):  Invalid:  A transition to State R0 occurs if a PH_Invalid is received from PHY.  On
this transition, the FO_Error signal shall be generated and the Lost_ct shall be incremented.

R(51a):  Strip:  A transition to State R1 occurs if PH_Indication(I) is received from PHY.
This transition shall occur if PH_Indication(I) is received from PHY before PH_Indication(T) is
received from PHY, and may optionally occur if PH_Indication(I) is received from PHY after
PH_Indication(T) is received from PHY.  On this transition, the FR_Strip signal shall be
generated.

R(51b):  Format Error:  This transition to State R1 occurs if any symbol other than I or T is
received.  This transition may optionally occur if PH_Indication(I) is received from PHY after
PH_Indication(T) is received from PHY.  On this transition, the FO_Error signal shall be
generated and 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.

R(51c):  Token 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, then 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
transmits its own data, passes the token, and resumes repeating.  The Transmitter also
transmits Claim or Purge Frames when required to recover the ring.  The operation of the
Transmitter is synchronized by the signals generated by the Receiver; the Transmitter also
uses the Frame Status (A_Flag), C_Flag, and E_Flag) values saved by the Receiver.  The
Transmitter maintains the current operating value of the ring Target Token Rotation Time
(T_Opr) and the Token-Rotation Timer (TRT) to ensure correct ring scheduling.

8.4.1  State T0:  TX_IDLE (Transmitter Idle)

When a MAC transmitter is initialized, it enters the TX_Idle state.  In this state the transmitter
sends continuous Idle symbols (I).  The Transmitter reverts to this state between repeated
frames and tokens, to capture a token, and to strip frames that have circulated the ring.

T(00):  Reset:  A transition to State T0 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 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.

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
necessarily ignored, 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_Idle State may be
traversed in zero time; however, the reaction to RC_Start only 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
threshold for the requested priority.

4) The request is not a restricted request, or if the request is restricted, restricted
service is enabled and either B_Flag is set or the Requested_Token_Class is
restricted.

At this point, the token has been successfully captured.  The Token-Holding Timer (THT) is
disabled.  If the token is early (Late_ct=0), then the Token-Rotation Timer (TRT) value is
saved in THT and TRT is reset to T_opr and if implemented, T_Flag is set.  Otherwise, THT
is set to its expired value and Late_ct is cleared, allowing TRT to retain the accumulated
lateness, and T_Flag is cleared if implemented.  Token_Class is set to non-restricted if FCr.L
is equal to zero; if FCr.L is equal to one, it is set to restricted.  Finally, the transition to State
T2 occurs.

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

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

T(02b):  Transmit Immediate:  A transition to State T2 occurs when an immediate request
is queued, the ring is not operational and the Token_Class is none.  TRT is reset to T_Opr,
and Late_ct is cleared to enable the transmission to complete.

T(03):  Unusable Token:  A transition to State T3 occurs when the Receiver signals the
receipt of a valid token (TK_Received) and the token is not usable (see T(02)).  At this point,
the token has been inadvertently captured (due to a short latency ring or timing window) and
shall be reissued.  If the ring is already operational (Ring_Operational), and if the token is
early (Late_ct=0), the Token-Rotation Timer (TRT) shall be reset to the Target Token
Rotation Time (T_Opr).  If the ring is operational and Late_Ct is not equal to zero, Late_ct
shall be cleared but TRT is not reset to allow the MAC to retain the accumulated lateness.  If
the ring is not already operational, T_Opr shall be set to the final negotiated Target Token
Rotation Time (T_Neg), TRT is reset to the new value of T_Opr, Late_ct is set equal to one
and Ring_Operational is set.

If the received token was restricted (FCr.L = 1), then B_Flag is cleared and Token_Class is
set to restricted.  Otherwise, B_Flag is set and Token_Class is set to non-restricted.  Finally,
the transition to State T3 occurs.

A single TK_Received signal shall cause at most one transition in the Transmitter, i.e., this
transition 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 recovery transition conditions (e.g., timer expiration) shall be "remembered" unless the
pre-empting transition causes them to be cleared (e.g., timer reset).

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

8.4.2  State T1:  REPEAT (Repeat)

In this state the transmitter generally repeats the input symbol stream; however, the received
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_Received).  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 where the Source Address field equals the
MAC address (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 alter the 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.
Otherwise, Ex shall be an R symbol.  (Note that E_Flag is always set when the received
E Indicator (Er) is not R.)

b) If the A_Flag is set or  the received A Indicator (Ar) is an S symbol, then the transmitted
A Indicator (Ax) shall be an S symbol.  Otherwise, if Ar is an R symbol, then Ax shall be
an R symbol.  If none of these conditions hold, then the transmitter shall transmit either
a T or an I symbol and return to the IDLE state.

c) If the C_Flag is set and the N_Flag is not set or the received C Indicator (Cr) is an S
symbol and the A_Flag is not set or Ar is an S symbol, then the transmitted C Indicator
(Cx) shall be an S symbol.  Otherwise, if Cr is an R symbol or the A_Flag is set and Ar
is an R symbol, then Cx shall be an R symbol.  If none of these conditions hold, then
the transmitter shall transmit either a T or an I 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.  If a
subsequent optional indicator is not correctly received, then the transmitter shall transmit
either a T or an I symbol and return to the IDLE state.
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NOTE - When the above rules require transmission of either a T or an I symbol, an
implementation may choose either one.  This choice affects ring integrity in two ways.
Transmission of an I 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 I symbol into an R or S symbol, whereas three errors must occur on the
same transmission line to transform a T symbol into an I, 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.

When the foregoing rules cause a Frame Status symbol (R, S or T) to be transmitted, that
symbol shall be transmitted in State T1 (REPEAT).  When these rules cause an Idle symbol
to be transmitted, first Transition T(10e) (Frame Repeated) shall occur, then the Idle symbol
shall be transmitted in State T0 (IDLE).

T(10a):  Capture Token:  A transition to State T0 occurs before the Frame Control (FC) field
of a token is repeated, if the token is usable or if repeating when partial recovery is enabled.
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

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
threshold for the requested priority.

4) The request is not a restricted request, or if the request is restricted, restricted
service is enabled and B_Flag is set.

At this point, an attempt is made to capture the token by stripping it from the ring.  Note that
this transition may occur before the first symbol of the FC field is repeated, and shall occur
before the last symbol of the FC field is repeated.  The Receiver shall subsequently signal
successful token capture (TK_Received) if a valid token was received.

This transition shall occur regardless of whether the Token is usable when partial recovery is
enabled.  In this case the Token shall always be stripped.

T(10b):  Token Repeated:  A transition to State T0 occurs after a token is repeated.  If the
ring is already operational (Ring_Operational), and if the token is early (Late_ct=0), then the
Token-Rotation Timer (TRT) shall be reset to the Target Token Rotation Time (T_Opr);
otherwise, Late_ct shall be cleared, allowing TRT to retain accumulated lateness.  If the ring
is not already operational, then T_Opr shall be set to the negotiated Target Token Rotation
Time (T_Neg), TRT shall be reset to the new value of T_Opr, Late_ct shall be set to 1, and
Ring_Operational shall be set.  Finally, the transition to State T0 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 T0 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 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.

T(10d):  Strip:  A transition to State T0 occurs if the Fr_Strip or FO_Error signals are
received, and the remainder of the PDU is stripped from the ring.

T(10e):  Frame Repeated:  A transition to State T0 occurs after a 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 an invalid control indicator, or after the
first symbol of a symbol pair, an implementation may complete processing of that symbol
pair according 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 T0.

T(14):  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.

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.

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).
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8.4.3  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.

T(20a):  Reset:  A transition to State T0 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 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), alternative stripping (bridge stripping) shall cease, and
D_Flag shall be cleared.

This transition shall take precedence over the recovery transition if their respective
conditions occur simultaneously.

T(20b):  No Token:  A transition to State T0 occurs after an immediate transmission request
is completed where the Token_Class is equal to none.  The TRT is reset to T_Opr, the
Late_ct is set to 1 and D_Flag is cleared.

T(22):  Another Frame:  A transition to State T2 occurs after the Frame Status (FS) is
transmitted if another Frame can be transmitted.  Upon completion of the current frame
another frame can be transmitted if TRT has not expired (Late_ct =0) and either:

a) The ring is not operational and an immediate request is queued (optional), or

b) Synchronous is allowed, and a synchronous request is queued whose next frame
transmission would not exceed the station’s synchronous bandwidth allocation (not
checked by the MAC), or

c) An asynchronous request is queued and the following conditions exist:

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
(Ignore_THT).

3) The request is a non-priority request or the Token-Holding Timer (THT) is less than
the requested priority threshold value (T_Pri(Request_Priority)).

4) The request is a non-restricted request or if a restricted request then restricted
service is enabled, and either B_Flag is set or the Requested_Token_Class is
equal to restricted.
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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:

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.

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.

On this transition D_Flag shall be cleared.

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).

8.4.4  State T3:  ISSUE_TK (Issue Token)

In this state, a new token is issued.  This state is entered after the MAC has completed its
data transmission or has been successful in claiming the token.  The class of token issued
after a 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(30a):  Reset:  A transition to State T0 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 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 T0 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 set to 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) 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.

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.

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 shall be reset to the new value of T_Opr, 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 mode is
implemented, and the bridge stripping shall be stopped if implemented.  If Hybrid mode is
implemented, then P_Flag shall be cleared and if the entry was caused by
SM_MA_CONTROL.request(Claim), then HP_MODE.request(HP_mode(basic)) shall be
asserted.

The transmitter then continuously sends either Claim or Purge frames to initialize the ring.  A
Purge Frame is sent if 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 set to 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 set to 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
failure.  The comparison for establishing a Higher_Claim or Lower_Claim shall be made in
the following 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
received, the MAC shall continue to send its own Claim Frames.  If a Higher_Claim Claim
Frame is received, a transition shall be made to State T1 and subsequent received Claim
Frames shall be repeated.

T(40):  Reset:  A transition to State T0 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 of Other_Beacon or Higher_Claim is received when full recovery is
enabled.

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_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), alternative stripping (bridge stripping) shall cease, and
D_Flag 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_Opr).  Every MAC on the ring shall have set T_neg from the INFO field of the Claim or
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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8.4.6  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.

In this state MAC shall not generate preambles longer than 16 symbols between transmitted
frames to ensure reliable stabilization of the beacon process within the allotted time
(T_Max).

While in this state, MAC shall be capable of continuously transmitting Beacon 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.

T(50):  Reset:  A transition to State T0 occurs when transmitter reset is required.  Reset
shall be required when either of the following conditions occurs:

a) An SM_MA_CONTROL.request(reset_mac or send_mac_frames) is received from
SMT.

b) A Beacon Frame with a another MAC’s Source Address is received (Other_Beacon)
when full recovery is enabled.

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), alternative stripping (bridge stripping) shall cease, and
D_Flag shall be cleared.

This transition shall take precedence over the recovery transition if their respective
conditions occur simultaneously.

T(54):  Fixed:  A transition to State T4 occurs when full recovery is enabled, if the MAC
receives its own Beacon Frames.  The D_Flag shall be cleared.  The MAC shall attempt to
recover the ring.
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R0: LISTEN
DISABLE TVX

R1: AWAIT_SD

R(01)
PH_Indication(I) { | (~HM_mode(basic) & ~PH_Invalid) }

RESET TVX; ENABLE TVX

R(10a)
MAC_Reset

SET Last_FC = 0; { SET T_Neg = T_Max }

R(10b)
PH_Invalid

R5: CHECK_TK

R(50a)
MAC_Reset

SET Last_FC = 0; { SET T_Neg = T_Max }

R(50b)
PH_Invalid

SIGNAL FO_Error; INC Lost_ct

R2: RC_FR_CTRL

R(25)
After FCr & FCr = Token

R(51a)
PH_Indication(I)

SIGNAL FR_Strip

R(51c)
After ED(TT)

Token_Actions

R(51b)
PH_Indication(~(I,T))
SIGNAL FO_Error;

INC Lost_ct

R(20a)
MAC_Reset

SET Last_FC = 0;
{ SET T_Neg = T_Max }

R(20b)
PH_Invalid

INC Lost_ct

R(12)
PH_Indication(J)

SIGNAL RC_Start; CLEAR A, C, E, H, L, M, N_Flags

R(30a)
MAC_Reset

SET Last_FC = 0; { SET T_Neg = T_Max }

R(30b)
PH_Invalid

SIGNAL FO_Error; INC Lost_ct

R(31a)
PH_Indication(I)

SIGNAL FR_Strip

PH_Indication(~(I,n,T))
{ | (PH_Indication(T) &
~Valid Data Length) }

R(31b)
SIGNAL FO_Error;
IF ~PH_Indication(T)
    THEN INC Lost_ct

R(21a)
PH_Indication(I) | (Before K & PH_Indication(~K))

SIGNAL FR_Strip

R(21b)
After K & PH_Indication(~(I,n))

SIGNAL FO_Error; INC Lost_ct

R3: RC_FR_BODY
Body_Actions➀

R(23)
After FCr & FCr ≠ Token

R4: RC_FR_STATUS
Status_Actions➁

R(40a)
MAC_Reset

SET Last_FC = 0;
{ SET T_Neg = T_Max }

PH_Indication(T)
{ & Valid Data Length }

R(34)

R(41) After FSr
Frame_Actions➂

R(00)
MAC_Reset

{ SET T_Neg = T_Max }

R(40b)
PH_Invalid

Frame_Actions➂

{ delimits optional term }

SIGNAL FO_Error;

SET Last_FC = 0;

➃

Figure 3 –  MAC Receiver state diagram  (Part 1 of 4)
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1. Body_Actions:

After DAr DO
IF ((FCr.L = 0 & DAr ∈ Short_Addresses) |
      (FCr.L = 1 & DAr ∈ Long_Addresses))

THEN SET A_Flag;
IF FCr ≠ Void

THEN Copy frame;
IF FCr = Next Station Addressing

THEN SET N_Flag
{ ELSE IF FCr.L = 1 & FCr.FF ≠ 0 & « transparent bridges »

          DAr ∈ 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 SET L_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_rc > 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 FCr = Claim & ~H_Flag
THEN SIGNAL FR_Strip

{ After routing field DO « explicit bridges »
IF FCr.L = 1 & FCr.FF ≠ 0 & SAr.RII = 1 &
     Address match in routing field

THEN SET A_Flag; Copy 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:
{ SET T_Neg = T_Max; }
IF M_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;

IF H_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

{ Purge: « FDDI-II »
IF H_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
IF Ar = R

THEN CLEAR N_Flag
ELSE IF Ar = S & A_Flag & DAr.IG = 0 & ~E_Flag &

(FCr.FF = 0 | SAr.RII = 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;
IF E_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:

IF FCr.L = 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;
{ IF T_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 Receiver state diagram (Part 4 of 4)
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T0: TX_IDLE

T2: TX_DATA

T(20a)
Reset_Required➆

Reset_Actions➇; CLEAR D_Flag

T3: ISSUE_TK

T(10a)
Before FCx & FCr = Token & Usable➁

T(10b)
TK_Received

Pass_Actions➂

T1: REPEAT
Status_Actions➀

T(01) RC_Start

T5: TX_BEACON

T(10d)
FR_Strip | FO_Error

T(02a)
TK_Received & Usable➁

Capture_Actions➃

T(02b)

Immediate request &
~Ring_Operational & Token_Class = none

RESET TRT = T_Opr; CLEAR Late_ct

T(20b)Else after FSx & Token_Class = none
RESET TRT = T_Opr; SET Late_ct = 1; CLEAR D_Flag

T(30a)
Reset_Required➆
Reset_Actions➇

T(03)
TK_Received & ~Usable➁

Pass_Actions➂

After ED(TT)
Issue_Actions➅

T(30b)
T(34)

Recovery_Required➈

T(43)
MY_Claim { | (My_Purge & HM_Mode(master)) }

T(14)
Recovery_Required➈

T4: CLAIM_TK
Claim_Actions➉

T(04)
Recovery_Required➈ | SM_MA_CONTROL.request(Claim)

T(40)
Reset_Required➆ | Other_Beacon | Higher_Claim { | (P_Flag & ~HM_Mode(master))

Reset_Actions➇; CLEAR D_Flag

T(00)

Reset_Actions➇

Reset_Required➆

T(50)Reset_Required➆ | Other_Beacon
Reset_Actions➇; CLEAR D_Flag

TRT expires
T(45)CLEAR Beacon_Type, D_Flag

T(05)
SM_MA_CONTROL.request(Beacon)

T(22)
Another_Frame➄

T(10c)
Reset_Actions➇

Reset_Required➆

{ delimits optional term }

T(10e)Else after FSx

T(23)

Else after FSx &
Token_Class ≠ none
IF ~Ring_Operational
    THEN RESET TRT = T_Opr;
    CLEAR D_Flag

T(24)
Recovery_Required➈

CLEAR D_Flag

T(54)
MY_Beacon

CLEAR D_Flag

RESET TRT = T_Opr; CLEAR D_Flag;
SET Token_Class = nonrestricted

Figure 4 –  MAC Transmitter state diagram  (Part 1 of 4)
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1. Status_Actions:

Before Ex DO
IF E_Flag

THEN SET Ex = S
ELSE SET Ex = R

Before Ax DO
IF A_Flag | Ar = S

THEN SET Ax = S
ELSE IF Ar = R

THEN SET Ax = R
{ ELSE SET Ax = T }

Before Cx DO
IF (C_Flag & ~N_Flag) | (Cr = S { & ~(A_Flag & Ar ≠ S) } )

THEN SET Cx = S
ELSE IF Cr = R { | (A_Flag & Ar = R) }

THEN SET Cx = R
{ ELSE SET Cx = T }

2. Usable_Token:

Ring_Operational &
( { (Synchronous request & Synchronous allowed) | }
   (Asynchronous request & Requested token class = FCr.L &
     Late_ct = 0
     { & (Non-priority request | TRT < T_Pri[Request priority]) }
     { & (Non-restricted request |
            (Restricted allowed &
             (B_Flag | Requested token class = restricted))) } ))

3. 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;
SET Ring_Operational

IF FCr.L = 1
THEN { CLEAR B_Flag; }

SET Token_Class = restricted
ELSE { SET B_Flag; }

SET Token_Class = nonrestricted
{ Stop bridge stripping }

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
IF FCr.L = 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[Request priority]) }
       { & (Non-restricted request |
              (Restricted allowed &
               (B_Flag | Requested token class = restricted))) } ))))

6. Issue_Actions:

IF ~Ring_Operational
THEN SET T_Opr = T_Neg; RESET TRT = 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 = 0 |
  (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
{ CLEAR B_Flag; Stop bridge stripping }

Footnote:     { delimits optional term }

Figure 4 –  MAC Transmitter state diagram (Part 3 of 4)
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