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Foreword

ISO (the lhternational Organization for Standardization) is a worldwide federation of
national standards bodies (ISO member bodies). The work of preparing International
Standards is normally carried out through ISO technical committees. Each member
body interpsted in a subject for which a technical committee has been established has
the right {o be represented on that committee. International organizations, govern-
mental anfl non-governmental, in liaison with ISO, also take part in the work.

Draft Intefnational Standards adopted by the technical committees are circulated to
the member bodies for approval before their acceptance as International Standards-by
the 1SO Council. They are approved in accordance with ISO procedures requifing/at
least 75 %4 approval by the member bodies voting.

Internatiomal Standard ISO 9314-2 was prepared by Technical Committée)ISO/TC 97,
Informatian processing systems.

1SO 9314 ¢onsists of the following parts, under the general title /aformation processing
systems -+ Fibre Distributed Data Interface (FDDI) —

— P4rt 1: Token Ring Physical Layer Protocol. (PHY)
— P4rt 2: Token Ring Media Access Control{MAC)

— Part 3: Token Ring Physical Layer,\Medium Dependent (PMD)

iv
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Introduction

This part of ISO 9314 on the FDDI media access ¢ontrol is
intended for use in a high-performance multistation netwerk. This
protocol is designed to be effective at 100 Mbit/s usingl a Token
ring architecture and fibre optics as the) transmission medium
over distances of several kilometres in jextent.
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INTERNATIONAL STANDARD ISO 9314-2 : 1989 (E)

Information processing systems - Fibre Distributed Data
Interface (FDDI) -

Part 2: _
Token Ring Media Access Control (MAC)

1 Scop

This part pf ISO 9314 specifies the Media Access Control (MAC), the ‘lower sublayegr of the
Data Link Layer (DLL), for Fibre Distributed Data Interface (FDDI).

FDDI provides a high-bandwidth (100 Mbit/s), general-purpose interconnection among cpmputers
and periphpral equipment using fibre optics as the transmission,medium in a ring configuration.
FDDI can pe configured to support a sustained transfer raté Jof approximately 80 Mpit/s (10
Mbyte/s). | It may not meet the response time requirements of all unbuffered high speed
devices. DDI establishes the connection among many (stations distributed over distances of
several kilpmetres in extent. Default values for the ;/FDDI were calculated to accommodate
rings of up to 1 000 physical links and a totak'fibre path length of 200 km ([typically
correspond|ng to 500 stations and 100 km of dual.fibre cable).

FDDI consists of

driver{receiver requirements. PL (@lso defines encode/decode and cloCk requirements as
i yers of
the FDDIl. For purposes of this''part of 9314, references to the PL are made in fterms of

(a) A Physical Layer (PL), which provides the medium, connectors, optical bypasIEing, and

(b) A Data Link Layer-(PLL), which is divided into two sublayers:

(1] A Media <{AcCess Control (MAC) which provides fair and deterministic a¢cess to
the medium,“{address recognition, and generation and verification of framp check
sequences:\( Its primary function is the delivery of frames, including frame |insertion,
repetition'and removal. The definition of MAC is contained in this part of ISQ 9314.

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

? SMT will form the subject of a future part of ISO 9314.
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The MAC definition contained herein is designed to be as independent as possible from bo
the physical medium and the speed of operation. Concepts employed in ISO 8802-5, dealir
with Token Ring MAC operation have been modified to accommodate the higher FDDI speed
while retaining a similar set of services and facilities.

ISO 9314 specifies the interfaces, functions, and operations necessary to ensure interoperabilif
between conforming FDDI implementations. This part of ISO 9314 provides a function
description. Conforming implementations may employ any design technique that does n
violate interoperability.

2 NeratIve references

The fdllowing standards contain provisions which, through reference in ‘this texf, constitu
provisigns of this part of ISO 9314. At the time of publication the editions indicated wel
valid. |All standards are subject to revision, and parties to agreements based on|this part «
ISO 9314 are encouraged to investigate the possibility of applying -the’ most recen{ editions «
the standards listed below. Members of IEC and ISO maintain -registers of currently val

Internafional Standards.

ISO 8802-2: ----" Information processing systems - Local. Area Networks - Paft 2: Logic
Link Control (LLC).

ISO 8802-5: ----' Information processing systems “=’Local Area Networks - Part 5: Tok
Ring Agcess Method and Physical Layer specification.

ISO 9314-1: 1989, Information processing systems - Fibre Distributed Data Interfgce (FDDI)
Part 1| Token Ring Physical Layer Protocol (PHY).

ISO 9314-3: -—--" Information processing systems - Fibre Distributed Data Interface (FDDI)
Part 3] Token Ring Physical Layer, Medium Dependent (PMD).

3 Definitions
For thg purposes of this (part of ISO 9314, the following definitions apply:

3.1 asynchronous: _ADclass of data transmission service whereby all requests| for servic
contend for a poob of dynamically allocated ring bandwidth and response time.

3.2 capture: -~ The act of removing a Token from the ring for the purpos¢ of Fran
transmission;

initialize tt

3.4 entity: An active functional agent within an Open System Interconnection (OSIl) layer -
sublayer, including both operational and management functions.

3.5 fibre optics: The technology whereby optical signals from light-generating transmitters a
propagated through optical fibre waveguides to light-detecting receivers.

Y To be published.


https://standardsiso.com/api/?name=13977983e77c1139d26d9e6e8fae7feb

ISO 9314-2 :

1989 (E)

3.8 frame: A PDU transmitted between co-operating MAC entities on a ring, consisting of a
variable number of octets and control symbols.

3.7 Media

Access Control (MAC): The Data Link Layer responsible for scheduling an

data transmissions on a shared medium Local Area Network (e.g., an FDDI ring).

3.8 nonrestricted token:

A Token denoting the normal

d routing

mode of asynchronous bandwidth

allocation, wherein the available bandwidth is time-sliced among all requesters.

8.9 octet: A data unit composed of eight ordered bits {a pair of data symbols).

3.10 Physigal (PHY): The Physical Layer responsible for delivering a symbol stream-produced
by an upgtream MAC Transmitter to the logically adjacent downstream MAC Receivier in an
FDDI ring.

3.11 physiqal connection: The full-duplex physical layer association between adjacent| physical
layer entities (in concentrators, repeaters, or stations) in an FDDI ring.

3.12 primitlve: An element of the service interface presented by an. -entity.

8.13 Protocol Data Unit (PDU): The unit of data transfer beétween communicating peer layer
entities. It may contain control information, address information, data (e.g., an SDU from a
higher laygr entity), or any combination of the three. The *FDDI MAC PDUs are Tokens and
Frames.

8.14 receiye: The action of a station in accepting “a- Token, Frame, or other symbol sequence
from the incoming medium.

38.15 repeagt: The action of a station in_geceiving a Token or Frame from the |adjacent
upstream gtation and simultaneously sending it to the adjacent downstream station. The FDDI
MAC may| repeat received PDUs (Tokens and Frames), but does not repeat the [received
symbol stream between PDUs. While\repeating a Frame, MAC may copy the data [contents
and modify the control indicators as. appropriate.

38.18 restrigted token: A Token denoting a special mode of asynchronous bandwidth 3llocation,
wherein th¢ bandwidth available for the asynchronous class of service is dedicated to| a single
extended dlialogue between‘specific requesters.

38.17 ring:| Two 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.

3.18 Service~Data Unit (SDU):

:rvider.

service pr

The unit of data transfer between a service uselr and a

3.19 services:

higher laye

3.20 station:
receiving, and repeating information.

more MAC

3.21 Station Management (SMT):

r or sublayer entity or by management entities.

An FDDI station has one or more PHY entities
entities, and one SMT entity.

The supervisory entity within an FDDI station that

and controls the various FDDI entities including PMD, MAC, and PHY.

A set of functions provided by one OSI layer sublayer entity, for use by a

An addressable logical and physical attachment in a ring, capable of transmitting,

, one or

monitors
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3.22 symbol: The smallest signalling element used by MAC, i.e., the PHY SDU. The symt
set consists of 16 data symbols and 8 control symbols. Each symbol maps to a speci
sequence of five code bits as transmitted by the Physical Layer.

3.23 synchronous: A class of data transmission service whereby each requester
preallocated a maximum bandwidth and guaranteed a response time not to exceed a speci
delay.

3.24 token: -An explicit indication of the right to transmit on a shared medium. On a Tok
Ring, the Token circulates sequentially through the stations in the ring. At any time, it may
held by zero or one station. FDDI uses two Classes of Tokens: resfricted and -npnrestrictec

3.256 ftransmit: The action of a station in generating a Token, Frame, -or o¢ther symt
sequence and placing it on the outgoing medium.

4 (Conventions and abbreviations

4.1 Conventions

The terms SMT, MAC, LLC, and PHY, when used without{modifiers, refer specifiically to t
local éntities. The term LLC unless otherwise qualified refers to any local user ¢of MAC da
services, other than SMT, including ISO 8802-2.

Low lines (e.g., requested__service__class) are uséd as a convenience to mark [the name
signals| functions, etc. that might otherwise be misinterpreted as independent individual words
they were to appear in text.
The uge of a period (e.g., MA_UNITDATArequest) is equivalent to the use of low|lines exce
that period is used as an aid to,distinguish modifier words appended to an antecede
expression.

4.1.1 Alddressing

my shprt address (MSA). (16=bit Individual Address of this station (0 = Null).

my lophg address (MLA); 48-bit Individual Address of this station (0 = Null). |If a stati
does not implement_48~bit addressing then MLA=0.

short |addresses:: Set of 16-bit station Addresses including MSA if not Null, the 16-
Broadg¢ast Address (all ones), and any other 16-bit Group Addresses recognized by this static

long addresses: Set of 48-bit Station Addresses including MLA if not Nulll the 48-
Broadg¢ast Address (all ones), and any other 48-bit Group Addresses recognized by ti
station.

If a station does not implement 48-bit addressing, then MLA = 0.

When claiming the Token (i.e., the transmitter is in Claim Token state), if the station transm
with 16-bit addressing, then MLA = 0; conversely, if the station transmits with 48-|
addressing, then MSA = 0.
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41.2 Timing values and timers:

All timing values are expressed as the unsigned twos complements 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 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 materialize them when they are not needed.

For the purpose —¢€ eription—contained—in his—pa O o —83H4 - ime are assumed
to be initidlized with the unsigned twos complement of the target, or remaining, timeCi

Timers arel further assumed to count upward if enabled, expiring when an overflow)ocgurs. All
timer complarisons are expressed on the basis of elapsed time. These conventions jare only
for the comvenience of documenting this part of ISO 9314 and do not prescribe implementation.

4.2 Abbreviations

Error__Ct Count of reportable frame errors
Frame__Ct | Count of all frames received

Late__Ct Count of TRT expirations (Token Lateness)
Lost__Ct Count of PDUs detected as lost

A__Flag Indicates Destination Address match in last received frame
C_Flag Indicates successful copying of last received frame
E__Flag Indicates error detected in last received frame

H__Flag Indicates Higher Source Address received

L__Flag Indicates Lower Source Address received

M__Flag Indicates My Source Address received

N__Flag Indicates next station addressing

R__Flag Indicates the Token__class of the'last valid Token received was restricted
A_Max Maximum signal acquisition time

D_Max Maximum ring latency time

F_Max Maximum frame time

I__Max Maximum station physical:insertion time

L__Max Maximum Transmitter..\Frame set-up time

M_Max Maximum number of-MAC entities allowed on the ring
S__Min Minimum safety timing allowance

T__Bid__Rc| Bidding TTRT-received by this station in Claim Frames
T_Bid__Tx| Bidding TTRT,-transmitted in this station's Claim Frames

T__Init Ring initialization time

T_Max Maximum{ TTRT to be supported by this station
T_Min Minimum’ TTRT to be supported by this station
T_Neg Negotiated TTRT during Claim process (in receiver)
T_Opr Operative TTRT for this station (in transmitter)

T__Pri —Sotof mpriority—Token—rotation—time—thresholds
T__Pri(n) Element n of the set T_Pri
T__React Worst Case time to react to a station insertion or removal

T_Req Requested TTRT for this station's synchronous traffic
T__Resp Worst case time to recover a Token

THT Token-Holding Timer

TRT Token-Rotation Timer

TTRT Target Token Rotation Time

TVX Valid-Transmission Timer
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6 General description

A Token ring consists of a set of stations serially connected by a transmission medium
form a closed loop (see figure 1). Information is transmitted sequentially, as a stream
symbols, from one active station to the next. Each station generally regenerates and repe
each symbol and serves as the means for attaching one or more devices to the ring for
purpose of communicating with other devices on the ring. A given station (the one that
access to the medium) transmits information on to the ring, where the information circulz
from one station to the next. The addressed destination station(s) copies the information a
passed. Finally, the station that transmitted the informafion effeclively removes| it from
ring.

A B C D
a b c d
e = e
Y
A
] - -
n o] f &
N G F g

—» —> —Physical, Medium AB,CDEF,G, .. N - Ring Stations
: a,b,c,de,(f,g .. n - Bypass Function

Al

stations are{active except B (b illustrated in bypass mode)

Figure 1 - Token ring configuration example

A station’ gains the right to transmit its information on to the medium when it detacts a To
passing on the medium. The Token is a control signal comprised of a unique symbol seque
that circulates on the medium following each information transmission. Any station, uy
detection of a Token, may capture the Token by removing it from the ring. The station n
then transmit one or more frames of information. At the completion of its informa:
transmission, the station issues a new Token, which provides other stations the opportunity
gain access to the ring.

A Token-holding timer, or equivalent means, limits the length of time a station may
(occupy) the medium before passing the Token.
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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 voice), asynchronous (typically used 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 Gases utilizes a recovery function that is distributed among the stations attached to

the ring.

The media| access method as specified herein is not intended to place constraints| on the
logical link |control or higher level protocols employed to effect data transfer.

6 Services

This clausel specifies the services provided by MAC and the services required by MAC. The
intent is to allow higher-level protocol(s) (e.g., ISO 8802-2) to operate correctly with this MAC.
How many|of the services described in this clause are chosen for a given implementation is
up to that|implementer; however, a set of MAC services shallvbe supplied sufficient t} satisfy
the higher |level protocol(s) being used. The services as ‘defined herein do not imply any
particular ihplementation, or any interface. Services destribed are

(a) MAC services provided to the local LLC “entity, or other MAC users (indicated by
MA__ prefix).

(b) Services required from the local PHY)entity by MAC (indicated by PH__ prefix).

(¢) MAC services provided to thelocal SMT entity (indicated by SM_MA__ prefix).
8.1 MAC-t9-LLC services
This subclduse specifies the services provided by the Medium Access Control (MAC) [to allow
the local LLC entity to exChange LLC service data units with peer LLC entities.| These
services afe also used for.‘implementer frames. The following primitives are defined:

MA__UNITDATA.request

MA_UNITDATA.indication

MA_UNITDATA_LSTATUS.indication
MA_TOKEN.request

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

6.1.1 MA__UNITDATA.request

This primitive defines the transfer of one or more Service Data Units (SDUs) from a local LLC
entity to a single peer LLC entity, or to multiple peer LLC entities in the case of group
addresses.
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6.1.1.1 Semantics of the primitive

MA_UNITDATA.request (
FC__value (1),
destination__address (1),
M_SDU (1),
requested__service__class (1),
stream (1),
FC__value (2),
dastination__address (2),
M_SDU (2),
requested__service__class (2),
stream (2),

FC__value (n),
destination__address {n),
M__SDU (n),
requested__servite__class (n),
stream (n),

Token__class

)

Each s$et of FC__value, destination__address, M_.'SDU, requested__service__class |and strea
—_value parameter supplies the Frame Control (FC) field to be transmitted as part «

The dgstination__address parameter may specify either an individual or a group MAC addres
contain sufficient information to create the DA (Destination Address) Ield that
in the frame by MAC, \ Address length is determined by the L bit of the associate

to be [transmitted by MAC. There is sufficient information associated with the [M_SDU fi
determine the length of the service data unit. Associated with each M__SDU is
requested__serviceo class parameter.

__SDU parameter (specifies an LLC service data unit as received at the M“E\C interfac

Requested__service__class may be either Synchronous or Asynchronous. If asyndhronous, tt
requesied__Token__class and the priority level may optionally be specified.

Stream| is’a parameter that, if set, shall cause multiple M_SDUs to be transmitted as a rest
of the MA_UNITDATA.request. Stream, when reset, indicates that this M_SDU is the last or
associated with this MA_UNITDATA.request. The frames shall be transmitted in the ord
presented by this primitive regardless of the associated requested__service__class. If TF
(Token-Rotation Timer) has expired (Late__Ct not= 0) or if a frame is encountered that cann
be transmitted because of its associated requested__service__class and the current value «
THT (Token-Holding Timer), then transmission is terminated and a Token is issued as define
by the Token__class parameter. A MA_UNITDATA__STATUS.indication is subsequently returne
to LLC. If the transmission__status is successful, MAC may initiate transmission of tt
remaining frames on the next permitted access opportunity or, alternatively, MAC may requii
reissuance of a new MA__UNITDATA.request.
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Token__class specifies the class of Token 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 Token__class shall be the Token__class
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 primiti
peer LLC
request fro

6.1.1.3 Effdct of receipt

ve is generated by the local LLC entity whenever data is to be transferred to a

entity _or _entitieS or a ToKen IS 10 bse generated.  ThisS may bs Inm response to a

m higher layers of protocol or from data generated internally to LLC.

The receipt of this primitive shall cause MAC to append all MAC-specific fields, inclyding DA,
SA (Sourcé Address), and any fields that are unique to the medium access method, and pass
the properly formed frames to the lower layers of protocol for transfér)to peer MAC [entity or
entities.
NOTE [ This primitive is the normal means of requesting the {ransfer of data. The capture of
a ToKen is implicit in this primitive and therefore it<{ is' not necessary to (ssue an
MA_TOKEN.request primitive in conjunction with it.
8.1.2 MA_UNITDATA.Indication
This primitive defines the transfer of data from MAC ‘to the local LLC entity.

68.1.2.1 Semantics of the primitive

MA__UN

TDATA.indication (

FC__value,
destination__address,
source__address,
M__SDU,
reception__status

)

The FC__vplue parameter—specifies the value of the frame's FC (Frame Control) field. The
destination]_address parameter may be either an individual or a group address as spegified by
the DA fidld of theVincoming frame. The source__address parameter is an individual| address
as specifigd by _the' SA field of the incoming frame. The M__SDU parameter shall spécify the
MAC servi¢e data unit as received by the local MAC entity.
The reception_status paramete ame. It
consists of the following elements:

(a) Frame validity: FR_GOOD, FR_BAD
If a FR_BAD is reported, the reason for the error shall also be reported. The reason shall
be one of the following:

)

Invalld FCS: Calculated FCS (Frame Check Sequence) does not match the

received FCS
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(2) Length Error: The frame did not have a valid data length

(3) Internal Error: An internal error has occurred that prevents

MAC fro

transferring to LLC a frame that has been acknowledged by the setting of the

(address recognized) and C (frame copied) indicators.

(b) Frame Status:

The received E (error detected), A, C, and, optionally, any other Indicator values.

The MA_UNITDATA.indication primitive shall be generated by MAC to indicate’to the local LL
entity the arrival of an LLC frame addressed to this station.
6.1.2.3 |[Effect of recelpt

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

6.1.3 MA_UNITDATA_STATUS.indication

This primitive shall provide an appropriate response)“to MA_UNITDATA.requgst primitiv

signifying the success or failure of the request.
6.1.3.1 Pemantics of the primitive

MA_LUNITDATA__STATUS.indication {

number__of__SDUs,
transmission__status,
provided__service__cClass
)

The nUmber__of__SDUs parameter ‘reports the number of M_SDUs transmitted
access| opportunity as a result~of this request.

The transmission__status (‘parameter shall be used to pass information back t
requesjng LLC entity..“It shall be used to indicate the success or failure of
associdted MA_UNITDATA.request. If the MA_UNITDATA.request primitive specifie
one MLSDU, then the transmission__status parameter may apply to all of the SDUs
indicating if all were acknowledged, via the A and C indicators, by a peer MAC er
case, the resolution of the transmission__status is implementer defined.

The prpvided__service__class parameter specifies the service class that was prov

on a give

b the locC
he previol
H more th¢
transmitte
tity. In th

ded for tt

transfef.

6.1.3.2 When generated

This primitive shall be generated by MAC in response to an MA_UNITDATA.request primitiy

from the local LLC entity.
6.1.3.3 Effect of recelpt

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

10
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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 A and C indicators),

then either the frame(s) will be delivered, or an internal error wil be reported, to the

corresponding LLC entity, or entities, via an MA_UNITDATA.indication.

6.1.4 MA_TOKEN.request

This primitfjve—is—usedby tE€toTequest—the—tapture—of—thenext—Token:

6.1.4.1 Semantics of the primitive

MA_TOKEN.request (
requested__Token__class
)
Requested__Token__class may be either restricted or nonrestricted. .“The priority level [may also
be specifipd if multiple levels of priorities are implemented.
6.1.4.2 ern generated
This primifive may be generated by the local LLC entity ‘When data of a time critical|nature is

to be transferred.

6.1.4.3 Effect of receipt

The receipt of this primitive shall cause MAC to capture the next usable Token basg
requested] Token__class parameter. MAC then enters State T2 (Transmit Data) and
Idle symbols until an MA_UNITDATA.request primitive is received from LLC unless TR
first, in which case MAC shall issue another Token of the same Token__class as was

d on the
transmits
I expires
captured.

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

latencly. This mode of operation may cause longer than usual preambles preceding
thus wasting ring bandwidth;-therefore it should not be used for transfers of data on

ring that are not time critical.

8.2 PHY-{o-MAC services

This subclause speGifies the services provided at the interface between the MAC
entities tp allow/MAC to exchange MAC protocol data units with peer
Additional | detail* is provided in the FDDI Physical Layer Protocol standard (ISC
concerning| conditions that generate these primitives and PHY actions upon receipt

generatedlprimitives.

a frame,
the FDDI

and PHY
entities.
) 9314-1)
of MAC

The following primitives are defined:

PH_UNITDATA.request
PH_UNITDATA.indication
PH__UNITDATA__STATUS.indication”
PH__INVALID.indication

 This PHY-to-MAC primitive is not used in this part of ISO 9314 on FDDI MAC.
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The description of each primitive includes a description of the information that is passe:
between the MAC and PHY entities. All PHY service data units have the duration of on
symbol period.

These services shall be "synchronous®, e.g, each PH_UNITDATA.indication causes exactly on
PH_UNITDATA.request. Depending upon the current internal configuration of the station, th
PH_UNITDATA.request may be returned to the same PHY, or to a different PHY.

6.2.1 PH_UNITDATA.request
This primitive definas the transfer of data from MAC to the local PHY entity,
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 thecfollowing: J, K, T/ R, S, |, o
n, wherp n is any of the 16 data symbols specified in the. FDDI Physical Laypr Protocc
standard (ISO 9314-1).

6.2.1.2 When generated

MAC shall send PHY one PH_UNITDATA.request for“each PH_UNITDATA.indicatign receive
from PHY.

6.2.1.3 Effect of receipt
The effect of receipt of this primitive by«PHY is not specified.
8.2.2 PI_._UNITDATA.IndIcatIon
This primitive defines the transfer.of data from the PHY entity to MAC.
6.2.2.1 $emantics of the primitive

PH_UNITDATA.indication (
;’H__Indication(symbol)

The symbol spécified by PH__Indication(symbol) shall be one of the following: J, K,| T, R, S,
n, Q H|or V.

6.2.2.2 When generated

The PHY entity sends MAC a PH_UNITDATA.indication every time PHY decodes a symbol
This indication is sent once every symbol period. '

6.2.2.3 Effect of recelpt

Upon receipt of this primitive, MAC shall accept a symbol from PHY, process it, and generat¢
a corresponding PH_UNITDATA.request to PHY.

12
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8.2.3 PH_UNITDATA_STATUS.indication

This primitive has local significance and shall provide an appropriate response to the
PH_UNITDATA.request primitive signifying acceptance of the symbol specified by the
PH_UNITDATA.request and willingness to accept another symbol.

8.2.3.1 Semantics of the primitive
PH_UNITDATA_STATUS.indication (

transmission__status
)

The transmission__status parameter shall be used to signify the transmission completion| status.
6.2.3.2 When generated
PHY sends PH__UNITDATA_STATUS.indication to MAC in response “to every TH_UNIT—
DATArequest received. The purpose of the PH_UNITDATA-_STATUS.indicatio is to
synchroniz¢ the MAC data output with the data rate of PHY.
6.2.3.3 Effect of receipt

The receigt of this primitive shall enable MAC to send another PH_UNITDATA.request to PHY.
6.2.4 PH_lINVALID.indication

This primitive is generated by the Physical Layer and asserted to MAC to indicate [that PHY
is unable {o present a valid symbol stream to.MAC.

8.2.4.1 Serantlcs of the bprimitive

PH__INVALJD.indication (
PH__Invalid

)

The PH__lnvaiid parameter shall indicate that PHY is unable to present a valid symbpl stream
to MAC.

8.2.4.2 Whien generated

The Physipal Layer generates this primitive whenever it detects that the symbol stream is
invalid.

8.2.4.3 Eftact of raceipt

Receipt of this primitive by MAC shall cause the MAC receiver to signal FO__Error, or if the
ending delimiter has already been received, FR_Received, to the MAC transmitter and enter
State RO. Depending upon the state exited on the transition to RO, actions relative to
incrementing Frame__Ct, Error__Ct and Lost_Ct are taken as appropriate. FO__Error or
FR__Received causes the MAC transmitter to enter State TO.

6.3 MAC-to-SMT services

This subclause specifies the services provided at the interface between the station
management (SMT) entity and MAC. This interface is used by the local SMT entity to monitor

13
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and control the operation of MAC. Additional detail is provided in SMT concerning conditio
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__INITIALIZE__PROTOCOL.confirm
SM_MA_CONTROL.request
SM__MA__STATUS.indication

S

betwee

6.3.1 SM_MA__INITIALIZE_PROTOCOL.request

This pri
MAC; hq
ring.

6.3.1.1 Temantlcs of the primitive

SM

The indjvidual_MAC.-address is the octet string that MAC shall use as its individ

Both a

Each gr

sm‘ mA_UNITDATA.._STATUS.indication
SM_MA__TOKEN.request

The dgscription of each primitive includes a description of the information that

SM_MA_UNITDATA.request

the MAC and the SMT entities.

mitive has local significance and is used by SMT to change operational pa

MA__INITIALIZE__PROTOCOL.request (
individual_MAC__address (16 bit),
individual_MAC__address (48 bit),
group_MAC__addresses,
T_Min__value,
T_Max__value,
TVX__value,
T_Req__value,
T_Neg__value,
T__Pri__valus,
indicate__for__own__frame,
indicate__for__rcv__only__good__frame
)

16-bit anda 48-bit address may be supplied.

oup. \MAC__address is an octet string that MAC shall use as a group addres

is passe

rameters

pwever, it is not necessary to change these parameters”while MAC is operaftional in tt

hal addres

T__Max value—specifies—the—maximum—targetToken—rotation—time+{FF RH)————

TVX__value specifies the value of TVX (Valid_Transmission Timer) to be used.

T_Min__value specifies the minimum target Token rotation time (TTRT) to be supported.

T__Req__value specifies the requested TTRT for asynchronous traffic.

T_Neg__value specifies the negotiated TTRT for asynchronous traffic.

14
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T__Pri__value specifies a set of priority Token rotation time thresholds.

The indicate__for__own__frame parameter specifies that MAC shall also receive and indicate to
SMT frames that it has transmitted.

The indicate__for_rcv_only__good__frames parameter is the value MAC shall use to decide
whether to generate MA_UNITDATA.indication and SM_MA_UNITDATA.indication primitives only
on frames that are good, or alternatively on all frames.

All parameters of this primitive are optional. If a parameter is omitted, MAC shall use the
most recertly provided value for this parameter or, if no value has been previously provided,
the default value for the parameter.

6.3.1.2 Whpn generated

This primitjve is generated by SMT whenever it requires MAC to reconfigure:
6.3.1.3 Effect of recelpt

Receipt of this primitive shall cause MAC to establish the values-of its addresses, t;r:ers, and
other initialization parameters. Upon completion of this primitive, MAC shall geperate a
SM__MA__INITIALIZE PROTOCOL.confirm.

6.3.2 SM_LMA__INITIALIZE_PROTOCOL.confirm

This primiLive is used by the MAC to inform SMT that the SM_MA_INITIALIZE{ PROTO-
COL.requept is complete.

68.3.2.1 Semantics of the primitive

SM_MA_INITIALIZE__PROTOCOL.confirm (
status

)

The stat parameter indicates;-the success or failure of the SM_MA_INITIALIZE{ PROTO-
COL.requepst.

8.3.2.2 When generated

This primitive shall :be generated by MAC upon completion of a SM_MA_INITIALIZE| PROTO-
COL.request.

8.3.2.3 Efffect 'of receipt

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

This primitive has local significance and is used by the local SMT entity to control the
operation of MAC.

6.3.3.1 Semantics of the primitive
SM_MA__CONTROL .request (

control__action,
beacon__information,
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requested__status
requested__condition
)

The control__action parameter shall include the following: Reset, Beacon, Present__Statu:
Reset__Counters, Interrupt__Upon__Conditions, or Send_Bad__FCS.

The beacon__information parameter shall contain the DA field and the Information field for us
in the Beacon Frame if the control__action parameter specifies Beacon.

The refuested__status parameter shall include the following:  current values of |all counter:
current| values of all timers, R__Flag (Token class restricted) value, current cRegeiver stat
maching state, and current Transmitter state machine state.

The requested__condition parameter shall include one or more of the following: | capture ¢
Token, |receipt of frame, and passing of the Token.

6.3.3.2| When generated

This pfimitive is generated by SMT to cause MAC to take the action specified by th
controll_action parameter.

6.3.3.3| Effect of receipt

Receipt of this primitive by MAC shall cause it to take the following actions:
(a) If the control_action parameter is Reset or Beacon, then MAC shall

(1) Generate the MAC__Reset signal.

(2) Enter Recesiver State RQ j(Listen).

(8) Enter Transmitter State TO (Transmit IDLE).

(b} If the control_action parameter is Beacon, then, following the above, State T

(Transmit Beacon) shall ‘be entered in the Transmitter state machine. The Beacon Frame
Il be constructed-using the beacon_information parameter.

If the control__action parameter is Present_Status, then MAC shall present the statu

If the“control__action parameter is Reset__Counters, then MAC shall reset |all counter:

If* the control__action parameter is Interrupt_Upon__Condition, then MAC| shall sign:
— iti re—detected:

(f) If the control__action parameter is Send_Bad_FCS, then MAC shall send bad FC
with a specific frame to be transmitted.

6.3.4 SM_MA_STATUS.Indication

This primitive is used by MAC to inform the local SMT entity of errors and significant statt
changes.
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6.3.4.1 Semantics of the primitive

SM__MA__STATUS.indication {

Status__report

)

The status__report parameter shall specify appropriate status including the following:

(a)
(b)
(c)
(d)
(e)
(f)
(9)
(h)
(i)

Any change of Ring__Operational status

1989 (E)

eceipt of My__Claim, Higher__Claim, or Lower__Claim

eceipt of My__Beacon or Other__Beacon

xpiration of TVX

xpiration of TRT and Late__Ct not= 0

eceipt of PH__Invalid causing the Receiver to enter State
eceipt of MAC__Reset causing the Receiver to enter(State RO
verflow of Frame__Ct, Error__Ct, or Lost_Ct

oceipt of a frame with the Destination Address equal to this station's

addrelss and the received A Indicator set

(J)

Recognition that this station's transmitted frame was lost in the cours

circulation around the ring

(k)
()

(m)

Any time the R__Flag goes from(Reset to Set

Any time a station sets Ax ‘but does not set Cx

(Issue| Token)

(n)

(o)

Expiration of TRT whilst in MAC Transmitter State T4 (Claim Token) or T5

Dccurrence X6f any condition specified in a previously received SM_N

TROLrequest(tinterrupt__upon__condition)

8.3.4.2 When<generated

This primi

individual

b of its

Receipt of a Token if-“the MAC Transmitter is in State T2 (Transmit Datp) or T3

fA_CON-

detected.

6.3.4.3 Effect of receipt

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

6.3.5 SM_MA_UNITDATA.request

ive sha a i tions are

This primitive defines the transfer of one or more SMT Service Data Units (SDU) from the
local SMT entity. Any defined PDU format may be sent.

17


https://standardsiso.com/api/?name=13977983e77c1139d26d9e6e8fae7feb

ISO 9314-2 : 1989 (E)

6.3.6.1 Semantics of the primitive

SM_MA_UNITDATA.request (

FC__value (1),
destination__address (1),
M__SDU (1),
requested__service__class (1),
stream (1),

FC__value (2),
destination__address (2),
M__SDU (2},
requested__service__class (2),
stream (2),

FC__value (n),
destination__address'.(n),
M_SDU (n),
requested__service__class (n),
stream (n),

Token__class

)

Each set of FC__value, destination__address, M_@SDU, requested__service__class, | and strea
paramgters specifies one frame for transmission and is referred to as a subrequest.

The FQ__value parameter supplies the FC field’to be transmitted as part of the frame.

The dgstination__address parameter may ‘specify either an individual or a group MAC addres
It shalll contain sufficient information.to "create the DA field that is appended to the frame L
MAC. |[Address length is determined by the L bit of the associated FC__value pargmeter.

Each M__SDU parameter specifies an SMT service data unit as received at the MAC interfac
to be [transmitted by MAC: ~There is sufficient information associated with the |[M_SDU f
MAC tp determine the length of the service data unit. Associated with each M__SDU is
requested__service__classparameter.

Requested__servicelclass may be either Synchronous, Asynchronous, or Immediate.
asynchfonous, the.tequested__token__class and the priority level may optionally be specified.
not sppcified, ¢hé default value is assumed. Immediate, if specified, shall cause fhe frame -
be sent immediately without waiting for receipt of a Token.

Stream| is) a parameter that if set shall cause multiple M_SDUs to be transmitted as a rest
of the same SM_MA_UNITDATArequest. Stiream, when reset, indicates that this SDU is tl
last one associated with this SM_MA_UNITDATA.request. The frames shall be transmitted
the order presented by this primitive regardless of the associated requested__service__clas
If TRT has expired (Late_Ct not= 0) or if a frame is encountered which cannot t
transmitted because of its associated requested__service__class and the current value of TH
then transmission is terminated and a Token is issued as defined by the Token__cla:
parameter. A SM_MA_UNITDATA_STATUS.indication is subsequently returned to SMT. If it
transmission__status is successful, then MAC may initiate transmission of the remaining fram¢
on the next permitted access opportunity or alternatively, MAC may require reissuance of
new SM__MA_UNITDATA.request.
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Token__class specifies the class of Token that MAC shall issue following the 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 Token__class shall be the
Token__class that was captured; with requests for asynchronous service it may specify either
none, restricted or nonrestricted. If no SDUs were specified by the

SM_MA_UNITDATA.request, then MAC shall immediately issue the requested class of Token.
6.3.5.2 When generated

This primitive shall be generated by SMT whenever data is to be transferred to a peer SMT
entity or gntities, or a Tokan IS to be generatsd:

6.3.5.3 Effect of receipt

The receigt of this primitive shall cause MAC to append all MAC-specific fields, inclyding DA,
SA, and ;ny fields that are unique to the medium access method, and\'pass the| properly
formed frdmes to the lower layers of protocol for transfer to the peer (MAC entity of entities.

NOTE |- The capture of a Token is implicit in this primitive and therefore it is not necpssary to
issue an SM_MA__TOKEN.request primitive in conjunction with it.

6.3.6 SM_LMA__UNITDATA.Indication

This primitjve defines the transfer of data from MAC to the local SMT entity or entities in the
case of group addresses. This primitive shall be able” to report any SMT or MAC frame
addressed| to the station.

6.3.6.1 Semantics of the primitive

SM_MA__UNITDATA.indication (

FC__value,
destination__address,
source__address,

M__SDU,
reception__status
)
The FC_lvalue parameter’ specifies the value for the frame's FC field] The

destinatiorl_address parameters may be either in individual or a group address as spgcified by
the DA fipld of the{intoming frame. The source_address parameter is an individua| address
as specified by the/SA field of the incoming frame. The M_SDU parameter shall specify the
MAC service data“unit as received by the local MAC entity.

The reception:_status parameter indicates the success or failure of the incoming 1rame. It
consists of—the—following—ecloments:

(a) Frame Validity: FR_GOOD, FR_BAD

If a 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 FCS does not match the received FCS.

(2) Length Error The frame did not have a valid data length.
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(3) Internal Error An internal error has occurred that prevents MAC fror
transferring to SMT a frame that has been acknowledged by the setting of the A an
C indicators.

(b) Frame Status: The received E, A, C, and, optionally, any other Indicator values.
6.3.6.2 When generated

The SM_MA__UNITDATA.indication primitive shall be generated by MAC to indicate the arriv:
of a MAC or SMT frame addressed to this station at the local MAC entity. If so initialize:
(see 6.3.
upon rgceipt of frames that |t has transmltted Th|s allows examination of elempnts of th
receptign__status for a transmitted frame following circulation around the ring.

6.3.6.3 [Effect of receipt
The effpct of receipt of this primitive by the SMT entity is not specified.
6.3.7 SM_MA_UNITDATA_STATUS.Iindication

This pripitive shall provide an appropriate response to the SM_MA_UNITDATA.requést primitiv:
generated by the SMT entity signifying the success or failure’ of the request.

6.3.7.1 Semantics of the primitive
SM_IMA__UNITDATA__STATUS.indication (
number__of__SDUs,
transmission__status,
provided__service__class

)

The number__of__SDUs parameter feports the number of M__SDUs transmitted on a give
access |opportunity as a result of ‘this request.

The tr;nsmission_status parameter shall be used to pass information back tg the loc:
requesting SMT entity. It shall be used to indicate the success or failure of the previou
associated SM_MA_UNITDATA.request. If the SM_MA_UNITDATA.request primitive specifie:
more than one M__SDU,.then the transmission__status parameter may apply to all qf the SDU
transmitted, indicating)if all were acknowledged, via the A and C indicators, by 4 peer MA(
entity. |In this case,~the resolution of the transmission__status is implementer defined.

The prqvided._service__class parameter specifies the service class that was provided for th
transfer

6.3.7.2 'When—generated

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

6.3.7.3 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 i
order for SMT to associate the response with the appropriate request. The association ma
be implied by the requests being serviced in a FIFO manner. Alternatively, MAC may maintai
multiple queues of requests, at least one for each class__of__service implemented, servicing eac
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It is assumed that if the addressed peer MAC entity, or

entities, acknowledge receipt of the frame(s) (by setting the A and C indicators), 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.

6.3.8 SM_MA__TOKEN.request

This primitive is used by SMT to request the capture of the next Token.

68.3.8.1 Semantics of the primitive

SM__MA_|TOKEN.request {
requested__Token__class
)
Requested__Token__class may be either restricted or nonrestricted. The (priority level| may also
be speciflfed if multiple levels of priorities are implemented.
6.3.8.2 When generated
This primitive may be generated by the local SMT entity when data of a time critical nature
is to be fransferred.
6.3.8.3 Effect of recelpt
The receipt of this primitive shall cause MAC to capture the next usable Token baspd on the
requested__Token__class parameter. MAC then enters State T2 and transmits Idle symbols until
an SM_MA_UNITDATA.request primitive is received from SMT unless TRT expires first, in
which cage MAC shall issue another Token of the same Token__class as was capturefd.
NOTE| - This primitive may be used.for time critical operations to minimize the effe¢ts of ring
latengy. This mode of operation (may cause longer than usual preambles precedini a frame,
thus Easting ring bandwidth; therefore it should not be used for transfers of data om the FDDI
ring that are not time critical.
7 Facjlities
7.1 Symbol set
Peer MAQ entities-'on the ring communicate via a set of fixed-length symbols. Thesp symbols
are passpd across the MAC-to-Physical interface via the primitives defined as part of the
FDDI serVices.
7.1.1 Line ‘states
Line States indicate the condition of the medium between transmissions. Line States are
indicated by sequences of the following symbols as defined in the FDDI Physical Layer

Protocol standard (ISO 9314-1).

7.1.1.1 Qui

et (Q)

The Quiet symbol indicates the absence of activity on the medium.

7.11.2 Ha

The Halt

It (H)

symbol indicates a forced logical break in activity on the medium.
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7.1.1.3 Idie ()
The Idle symbol indicates the normal condition of the medium between transmissions.

provides a continuous fill pattern to establish and maintain clock synchronization.

7.12 Control symbols

7.1.2.1 Starting Delimiter (SD)
data transmission sequence.

MWMWMM jssion.
Delimiter sequence consists of the unique symbol sequence (J,K) _ ¢hat may b

state.

Starting
recogniz

7.1.2.11

The J

71212

The K

7122

An End
sequenges.

A Starting Delimiter (SD) delineates the starting bo

ed independently of previously established symbol boundaries.

Initial SD symbol (J)

symbol is the first symbol of a sequential Starting Delimiter symbol pair.
Final SD symbol (K)

symbol is the last symbol of a sequential Starting Delimiter symbol pair.

Ending Delimiter (ED)

ng Delimiter consisting of one or more T symbols terminates all normal data

an Ending Delimiter may be followed by one ‘or more Control Indicator symb

undary of

During normal ring operation, the Starting Delimiter follows the idl

Th

transmissic

The T symbol is not necessarily the.last symbol in a transmission seqgpence, sinc

bls. Endin

Delimiters and optional Control Indicators shall;be transmitted as a balanced symbol sequenc
consisting of an even number of symbolsi.® When no Control Indicators are present, thi
sequenge consists of a pair of T symbols!

7.1.2.3 Control indicators

Control| Indicators indicate logical conditions associated with a data transmissiop sequenc
They may be independently altered by repeating stations without altering the norfmal data
the transmission sequence. ‘A sequence of Ending Delimiter and Control Indicator symbols she
be baldnced, i.e., consist'of an even number of symbols. An Ending Delimiter fol(lf/wed by &
odd nuiber of Control-indicators is a baianced symbol sequence; however, an Ending Delimite
followed by an even”’ number of Control Indicators is balanced by adding a |[final Endin
Delimiter.

7.1.2.3.1 Reset (R)

The Re

Fet 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 symbols (0-F), (n)

A Data Symbol conveys one symbol of arbitrary binary data within a transmission sequenc:
The elements of the 16 Data Symbols are denoted by the set of hexadecimal digits (0-F).
nonspecific member of the set is denoted by the character n.
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7.1.4 Violation symbol (V)

The Vioiation Symboi indicates a condition of activity on the medium which does not conform
to any other symbol in the symbol set.

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 ddfined as numeric values are represented as unsigned magnitudes. OperJtions that
require domparison of fields or symbols, perform that comparison upon these |fields as
depicted, | with the first symbol transmitted (depicted as the left-most symbol). compared first
and, for {he purpose of comparison, considered most significant.

7.2.1 Token
PA = Preamble (16 or more symbols)
SD = Starting Delimiter (2 symbols)
' ' ' FC = Framé Control (2 symbols)
PA SD | FC | ED ED = Ending Delimiter (2 symbols)

The Token is the means by which the right to transmit {(as opposed to the normal process of
repeating) is passed from one station to another:

Physical |Layers of subsequent repeating stations may change the length of the Idle pattern
consistent with Physical Layer clocking requirements. Thus repeating stations mpy see a
variable Jength preamble that is shorter or longer than the originally transmitted| preamble.
Tokens shall be recognized and acted upon when received with a preamble of zero |or greater
length, indlependent of previously éstablished symbol boundaries. If a valid token i$ received
but cannqgt be repeated (owing;,to ring timing or latency constraints), the station shall issue a
new tokenh.

The preamble is transmitted by the Tokem) originator as a minimum of 16 symbo{ of lIdle.
|

7.2.2 Frame
[<———sFs >|< FCS Coverage >|<— grs —>
PA SD FC DA SA INFO FCS | ED FS
SFS = Start of Frame Sequence INFO = Information (0 or more symbol pairs)
PA = Preamble (16 or more symbols) FCS = Frame Check Sequence (8 symbols)
SD = Starting Delimiter {2 symbols) EFS = End of Frame Sequence
FC = Frame Control (2 symbols) ED = Ending Delimiter {1 symbol)
DA = Destination Address (4 or 12 symbols) FS = Frame Status (3 or more symbols)

SA Source Address (4 or 12 symbols)
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The frame format is used for transmitting both MAC and LLC messages to the destinatic
station(s). It may or may not have an information field. @The Media Access Control sh:
control the maximum frame length as required by the Physical Layer. For the purpose ¢
counting frame length, all of the above fields, excluding the preamble, are counted. Th
Physical Layer of FDDI requires limiting the maximum frame length to 9 000 symbols includir
four symbols of the preamble.

7.3 Fields

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

7.3.1 Prpamble (PA)

The PA| of a frame shall be transmitted by the frame originator as a minimum of| 16 symbo
of Idle.| Physical Layers of subsequent repeating stations may change the"length| of the Idl
pattern |consistent with Physical Layer clocking requirements. Thus, repeating statigns may se
a variable length preamble that is shorter or longer than the originally>transmitted preamble.

given MAC implementation is not required to be capable of copying)frames received with les
than 12| symbols of preamble; however, if it cannot correctly repsat such a frame |then it sh:
not repgat any part of the frame (including the starting delimiter).

7.3.2 Starting Delimiter (SD)

J =
J.K K = K symbol

A framg or Token shall start with these two symbols. No frame or Token is considered vali
unless it starts with this explicit sequence.

7.3.3 Frame Control (FC)

' C = Class bit
GQLFF ) Z227 L = Address Length Bit
FF = Format Bits
2ZZZ = Control Bits

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
C

0 indicates an asynchronous frame
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) ¢
follows:
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7.3.8.3 Frame format bits

0 indicates 16 bit addresses
1 indicates 48-bit addresses

ISO 9314-2 :

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

1989 (E)

CLFF 27227 tc 22ZZ

0X00 0000 Void frame

1000 0000 Nonrestricted Token

1100 0000 Rovtricted—Token

OL00O |0001 to 1111 Station management frame

1L00 (0001 to 1111 MAC frame

CLO1 [r000 to rifi LLC frame

CL10 |r000 to rifl Reserved for implementer

CL11 |rrer Reserved for future standardization
Where: X|is either a 0 or 1 bit

r s reserved for future standardization and should be set toozere

void: Vo|d frames are logically not frames and their content shall be ignored. Fiplds in a
PDU with |[FC = Void have no meaning except that a station shall reset TVX and strjp a void
frame if the SA field matches that station's address.
token: All stations shall interpret the Token, if valid. Two classes, restricted and
nonrestricted, of Tokens are specified.
station management: These frames contain . ‘Station Management (SMT) informati The
contents ¢f the Control Bits have meaning for the Station{(s) addressed by the DA fie
medium alccess control: If the Frame (Type Bits indicate a MAC frame, all statjons shall
interpret the Control Bits (ZZZZ) for MAC significance. If ZZZZ is not equal to (0000, all
stations shall interpret and, if necessary, act on the control bits. The information field| contents
of MAC frame is at least 32 bits-\long and shall be acted on by an appropriate mgnagement
entity of the station(s).
reserved |for Iimplementer: —Designates a frame that contains implementation-dependent
informatiorl. The format s\ Undefined except that it shall have DA and SA field, shall be an
integral nymber of octets (i.e., pairs of Data Symbols), and shall end with a valig End of
Frame Sequence.
logical i control: If the Frame Type Bits indicate an LLC frame, the contents of the

Control Bils have meaning for the station or stations identified by the Destination Addfress.

7334 C

The following values for the Control Bits, when used with the associated CLFF bits, have been

defined.

MAC Beacon Frame (1LOO 0010):

All other values are reserved for future assignment.

This frame is transmitted for the purpose of indicating that

corrective action is required and shall be interpreted by a station independent of the DA (DA

Oora

value supplied by SMT, e.g., upstream neighbour). This frame is sent as a

result of

serious ring failure (e.g., loss of signal or jabbering station transmitting in violation of the MAC

protocol).

This frame is useful in localizing the faulit.
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MAC Claim Frame (1LOO 0011): This frame is transmitted on the ring during error recovery fo
the purpose of determining the station that shall create the Token and initialize the ring an
shall be interpreted by a station independent of the DA (DA = SA). When a statio
determines that the ring is not properly functioning, it enters the Claim Token state. While i
this state the station sends Claim Frames and inspects the source address of the Clair
Frames it receives. If the source address matches its own address (MA), it has claimed th
Token and shall then generate a new Token.

SMT Next Station Addressing Frame (OLOO 1111): This frame is a Next Station Addressin
Frame and is to have the C Indicator set only by the next addressed station on the ring
5 » with the |

NQTE - The use of this frame will be specified in a future part of ISO 9314.0on SMT.
LLC Hrame (OLO1 rPPP): This frame is an LLC information frame "“used for fasynchronou
transmission. The last three Control bits (PPP) indicate the frame's priority, with APP=111 bein
the highest asynchronous priority and PPP=000 being the lowest Jasynchronous priority. Th
control| bit labelled r is reserved and should be set to zero.

LLC Frame (1LO1 rrrr): This frame is an LLC information frame used for| synchronou
transmission. The control bit labelled r is reserved and should be set to zero.

Implementor Frame (CL10 rXXX): This frame is an implementor defined frame. The control bi
labelled r is reserved and should be set to zero. The remaining control bitls, XXX, ar
implempntor defined.
7.3.4 Destination and source addresses
Each frame shall contain two address fields: the Destination (station) Address ang the Sourc
(station) Address, in that order. Addresses may be either 16 or 48 bits in length;| however, a
stations shall have 16-bit address capability."
A station with only 16-bit address capability shall be capable of functioning in| a ring wit
stationls concurrently operating’ with 48-bit addresses. To do so, the 16-bit address statio
shall be capable of

(a) Repeating framés with 48-bit addresses.

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

(c) Reacting correctly to Claim Frames with 48-bit addresses.

(d) C-Reacting correctly to Beacon Frames with 48-bit addresses.

A station using 48-bit addresses shall have a minimum 16-bit address capability such that th
48-bit address station shall

(a) Have a fully functional 16-bit individual address.

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

) This subclause is the intended subject of a future amendment to require that 48-bit addresse
are mandatory and 18-bit addresses are optional.
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The Destination Address identifies the station(s) for which thé frame is intended. The first
bit(s) transmitted in the destination address are control bits: one for individual or group
addresses, and in the case of 48-bit addresses, the other for universally or locally
administered addresses.
|< * 48-bit address > . )
: : I/G = Individual or Group Bit
UA—="Universal-or—tocal-Bit;
1/7G . u/L ‘
|<——— 46 bits >|
|<—— 16-bit address > . )
: I/G = Individual or Group Bit
I/7G '
| <— 15 bits >|
Individual| and Group Addresses: The first bit<(transmitted of the destination| address
distinguishlps individual from group addresses:
0 = |individual address, 1 = group address
Individual |addresses identify a particular (station on the ring and shall be distinct from all other
individual |station addresses on the same ring (in the case of Local Administration), [and from
the individual addresses of other,ring stations on a global basis (in the case of| Universal
Administration).
A group address is used to-address a frame to multiple destination stations. Group pddresses
may be associated with zero, one or more, or all stations on a given ring. In p%ticular, a
group address is an address associated by convention with a group of logically related
stations.
Broadcast Address: The group address consisting of all 1s shall constitute a |proadcast
address, denoting:the set of all stations on a given ring.
Null Addriess: An address of all zeros, known as the null address shall not be interpreted by
a station as its address.
Address Administration: There are two methods of administering 48-bit addresses: locally or

through a ‘universal" authority. The second bit transmitted of the destination address indicates
whether the address has been assigned by a universal or local administrator:

0 universally administered, 1 = locally administered
Universal Administration: With this method, each individual address is distinct from all other
individual addresses on a global basis. The procedure for administration of these addresses is

not specified in the FDDI standard.
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Local Administration: Individual station addresses are administration by a local authority.
7.3.4.2 Source address

The Source Address shall be the individual _MAC__address to identify the station originating the
frame and shall have the same format and length as the destination address in the giver
frame. The individual/group bit shall be set to 0.

7.3.5 Information (INFO) field

the FC [field and whose interpretation is made by the destination entity, e.g.,C(MAC, LLC, ol
SMT. The length of the INFO field is variable, but is limited however by the) maximum PDL
length restriction of 9 000 symbols for all PDU fields including four symbols of. the preamble.

The INFQ Field contains zero, one, or more data symbol pairs whose meaning is dejermined by

7.3.6.1 Qrder of transmission

The Seifvice Data Units (SDUs) passed between LLC and MAC _dre assumed to pe orderec
sequences of octets. The MAC entity subdivides these octets into/data symbol pajrs with the
most significant data symbol of each pair to be transmitted first. The ordering of [these dat:
symbol sequences shall be preserved through all MAC entities and the associated PHY entities

7.3.6.2 MAC supervisory frames

The Infdrmation Field for MAC supervisory frames shall be at least four octets in lpngth. The
first fouf octets shall be as follows:

Claim Friame - The bid for Target Token rotation time expressed as the
twos complement of desired Target Token rotation time in octets.

Beacon |[Frame - The first octet is Beacon Type and the next three octets are rgserved fol
future assignment.

Beacon Type
0000 0000 Unsuccessful Claim
0000 000i-to” 1111 1111 Reserved for future assignment

7.3.6 Frame Check Sequeénce (FCS)

This subclause specifies the generation and checking of the FCS field. This field |is used tc

detect erroneous’data bits within the frame as well as erroneous addition or delefion of bits
to the frame~—The fields covered by the FCS field include the FC, DA, SA, INFQ, and FCS
fields. nneX B provides further information on the generation and use of the FCS.

7.3.6.1

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 highes
order term shall be the first bit transmitted.

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

Lix) = X3 4+ X0+ X+ ...+ X2+ X + 1
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G(x): The standard generator polynomial

G(X) = X324XZ04+X24HXP24X O+ XX+ X O+ XE+XT
+ XX+ X2+ X+

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 [X32F(x)+X*L(x)].
Q*(x): x32Q(x).

M(x): The |sequence that is transmitted.

Mx*(x): The sequence that is received.

C(x): A umique polynomial remainder produced by the receiver upon reception of an prror-free
sequence.| This polynomial has the value.

C(X) = X32L(X)/G(X)

CIX) = XXX+ XZH XXX B+ XX 24X X1
XXX+ XXX+

7.3.6.2 FGS Generation equations

The equafjons that are used to generate theFCS sequence from F(x) are as follows:
FCS = L(X)+R(X) = R$(X) (1

where R$(X) is the oné's complement of R(X)

[X32F (X)X L{X)I/ G(X)=Q(X)+R(X)/ G(X) (2)

M(x) = x32F(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 th R(x) is

inverted before’ it is sent out. Equation (3) simply specifies that the FCS is appended to the
end i F(xX}):
7.3.63 F g

The received sequence Mx*(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).

X32IM*(X)+ X L(X)1/ G(X)=Q*(X)+P(X)/ G(X). (4)

In the absence of errors, the unique remainder is the remainder of the division
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P(X)/ G{X)=X32L(X)/ G(X)=C(X). (5)

7.3.7 Ending Delimiter (ED)

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

required.

7.3.7.1 Token ending delimiter

The Erjding Delimiter of a Token shall consist of two consecutive T symbols.

T T T = Terminate Symbol

7.8.7.2| Frame ending delimiter

The Ending Delimiter field of a frame shall consist of a Single T symbol.

ED

T

T = Terminate Symbol

7.3.8 Hrame Status (FS)

The Friame Status field (FS) shall ‘consist of an arbitrary length sequence of Con

trol Indicato

symbols (R and S) that follows the Ending Delimiter of a frame. It ends if any $ymbol othe

than R| or S is received. A trailing T symbol, if present, shall be repeated as pa
field. | The first three Control Indicators of the Frame Status field are mandato
Error Detected (E), Address Recognized (A), and Frame Copied (C). The use

t of the F¢
'y, indicating
bf additiona

trailing | Control Indicators in the Frame Status field is optional and is Implementer defined

Although the use .of\.optional trailing Control Indicators in the Frame Status field is

indefined by

the FDDI! standard, all conforming FDDI stations shall repeat the entire Frame Statug field.

E_A _C - T = Terminate Symbol
er RAS RASIRAS RS T R = Reset Symbol
) L AL S = Set Symbol

7.3.8.1 Error detected indicator (E)

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

is S.
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7.3.8.2 Address recognized iIndicator (A)

The address recognized indicator is transmitted as R by the station that originates the frame.
If another station recognizes the destination address as its own individual or group address it
sets the A indicator to S; otherwise, a repeating station transmits this indicator as received.
7.3.8.3 Frame copied Indicator (C)

The frame copled mdncator is transmltted as R by the station that orlgmates the frame. If

another s (into its
receive uffer), |t sets the C lndlcator to S; otherWIse, a repeatmg station tranmlts this
indicator as received.

7.4 Timer§

Each station shall maintain three timers to regulate the operation of thé>ring. The [values of

these timprs are locally administered. They may vary from station to station on| the ring,
provided that the applicable ring limits are not violated.

The term|Reset, when applied to timers, shall mean that the timer is reset to its injtial value
and (re)sfarted. The terms disabled and enabled refer to-stopping and starting the timers,
respectivaly.

7.4.1 Elements of timer calculation

timer valles are also a function of the attached Physical Layer(s) parameters, appropriate
parameters and concepts as related to the Physical Layer are assumed as described in this
subclause.

The follorng parameters are used for the purpose of timer calculation. Because [the MAC

D__Max j 1,617 ms (default)
Maximum Ring Latency

D_Max i§ the maximum latency c(Circulation delay) for a Starting Delimiter (SD) to trayel around
the ring as expressed in time. ;" D_Max consists of the total ring cable delay plus|the total
station lafency of all stations: As defined, D_Max allows for a wide variety of fopologies,
for example;

(a) |A total path-length equal to a maximum of 200 km contributing a maximum of 1,017
ms tp the D_tMax term when calculated at approximately & 085 ns/km. ThlI 200 km
limit |on the )path length allows for a total cabled ring length of 100 Km, which
accog'nmodates the round trip path length that exists between single-%ttachment

conngctions as well as the total cable length for trunks formed by dual-dttachment
conngctions in_a wrap configuration.

NOTE - The description of dual-attachment connections, single-attachment connections, and
wrap configurations will be contained in a future part of ISO 9314 on SMT.

(b) A total number of physical connections equal to 1 000, which for all stations
repeating a frame contributes a maximum of 0,600 ms to the D_Max term when
calculated on the basis of 600 ns (15-symbol) latency per physical connection. The 600
ns maximum is a default maximum Start Delimiter latency allowed for conforming FDDI
equipment including the latency (delay) introduced by both the MAC entity and its
associated physical connection(s). This calculation assumes that all physical connections
are at their maximum Start Delimiter latency, which includes the maximum elasticity buffer
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del

M__Max

ay in the Physical Layer when the elasticity buffer processes a transition fron
Idle__Line-State to Active__Line-State (i.e., a JK is received in ILS).

= 1 000 (default)
= Maximum Number of MAC entities

M_Max equals the maximum number of MAC entities allowed on the ring. Note that M_Ma>

may be

where two Physical Layers are used with one MAC to create a Class A connection.

L_Max

I_Max

A__Max

A_Max

time contributed by the attached Physical Layer(s).
Token__Time
Token__Time consists of the time required to transmit a Token (6 symbols) and i

(16 symbols). Token capture and retransmission time is assumed to be on the ord
symbols| and not significant to MAC timer calculations.

L_Max

L_Max
the firs

NO
fra
tra
iss

F_Max

F_Max

its Preamble (16 symbols).

25,0 ms
Maximum Station Physical Insertion Time

E 1,0 ms
Maximum Signal Acquisition Time
consists of the sum of the maximum allowed clock and“DC balance signal

0,000 88 ms
Token Length

0,003 5 ms
Maximum Transmitter Frame set-up time

consists of the maximum set’up time permitted for a station to begin tran
t| and subsequent frames after the capture of a Token.

TE - L_Max determinés) the maximum length of the preamble that may normally

smit the minimumClength of preamble possible. If a station exceeds L__Max, th
a well-formed void frame to allow all MAC receivers to reset TVX.

= 0,361 ms
= Maximum Frame Time

consists of the time required to transmit a maximum length frame (9 000 s\

additionally limited by the constraints imposed by D__Max; for example, in the case

is the maximum station physical insertion time contributed by the Physical Layer(s).

acquisitior

s Preamble
of a few

smission o

precede :

pn it shoulc

Hee when it is initially transmitted. Considerations of performance make it desirable t¢

ymbols) anc

Claim_FR = 0,002 58 ms

Claim__FR

Claim Frame Length

symbols). A minimum length Claim Frame using long (48 bit) addresses is assumed.

S__Min

= 0,364 5 ms
= Minimum Safety Timing Allowance

consists of the time required to transmit a Claim Frame and its Preamble (i€

S_Min consists of the minimum safety timing allowance for the recovery from random noise oi
the ring. S__Min consists, at a minimum, of one frame of maximum length (F_Max),
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be permuted by noise plus the L_Max that is required to place the first frame on to the ring
after capturing a Token.

7.4.2 Token-Holding Timer (THT)

Each station shall have a timer THT, called the Token-Holding Timer, that controls how long
the station may transmit asynchronous frames. A station may initiate a transmission of an
asynchronous frame if timer THT has not expired and is less than the T_Pri (see 8.14.2)
associated with the frame to be transmitted. Timer THT is initialized with the current value of
timer TRT (see 7.4.4) when the Token is captured.

7.4.3 Valid-Transmission Timer (TVX)

Each stafion has a timer TVX, called the Valid-Transmission Timer, to recover from transient
ring error |situations. The timeout value of TVX is determined such that:

TVX > Max(D__Max, F_Max) + Token_Time + F_Max +-S__Min
> 2,35 ms

The defallt value for TVX shall be at least 62 500 symbol times (2,50 ms). Note that a
value of P,621 44 ms may be derived conveniently from the-symbol clock (i.e., with (with a 16
bit countgr) and thus may be used by conforming FDDI MAC’ entities as the defaul value of
TVX.

7.4.4 Toklen-Rotation Timer (TRT)

Each station shall have a timer TRT, called thé® Token—-Rotation Timer, used to control ring
scheduling| during normal operation and to detec¢t”and recover from serious ring error [situations.
TRT is inftialized with different values during~different phases of ring operation. Whenever TRT
expires, if 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_lOpr is negotiated between- stations to a value that is between T_Min and T_Max
for all sfations on the ring as—part of the Claim Token bidding process (see 8.4.5), which
occurs dyring ring initialization;” -Thus T_Opr affects the operating characteristics of the ring.
Each statjon 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 fof the ring.
Note thaf because of (the nature of the timed Token rotation protocol, the Tokep may be
received up to one T..Opr late. Thus a station requiring a guaranteed response time should
set its Tl Req to one-half of the required response time.

m value of TRT, called T__Min, affects the interoperability of stations on the ring. If
the negotiatéd® value of T_Opr is less than a station's T_Min, then that station is |unable to
operate gorrectly on the ring. The default value of T__Min shall not be greater thapn 100 000
symbol times (4,0 ms) yielding a guaranteed maximum latency of 8,0 ms.

The maximum value of TRT, called T__Max, shall be several times the maximum ring initialization
time to permit stable ring recovery, where:

T_Max > K x T__lnit (default K=4)
T_Max > M x T_React + N x T_Resp (default M=2 and N=6)
The default value for T_Max shall be at least 4 125 000 symbol times (165 ms). 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.
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NOTE - The time spent in States TO, T4, and T5 of the Transmitter state machine during ring
recovery is directly dependent on the choice of the T_Max parameter if there is a fault and

thus the T_Max value should not be set to the maximum value supported by this
9314 (i.e., with a 32-bit counter) unless specifically required by the user.

T_Init is measured from the time the ring is free of spurious noise.
components where

T_lnit- = T_React + T_Resp
< 40,58 ms

part of ISO

It consists of two

In the Lbsence of noise,

T_React < ILMax + D_Max + A_Max + TVX
< 30,24 ms

NQTE - TVX is the actual value of TVX used (2,621 44 ms assumed):

< ({38 x D_Max) + (2 x M_Max x Claim_FR)};+ S__Min)
< 10,34 ms

T__Resp

7.4.56 Llate Counter (Late__Ct)

The number of TRT expirations since MAC was reset.or a Token (restricted or 1
was rdceived shall be accumulated as the value Late. Ct to assist Station Manag
isolation of serious ring errors and to provide'“fair bandwidth sharing for u
asynchfonous data service provided by MAC.

Late__Ct is set to one when the station -is‘initialized or reset and is increment
TRT expires. After the ring has become (operational (Ring_Operational), Late__Ct i
zero) Whenever the transmitter is notified by the receiver of the arrival of a
(restricted or nonrestricted) and the-‘Late__Ct is incremented on each expiration of

7.5 Frame counts

To aid in problem determination and fault location, the MAC entity in each
maintaih counts of all frames received and of all frames received with one or mor
were previously undetected.

To be|counted as)a’ frame, a frame sequence shall be terminated by a frame en¢
(T symbol). Frame sequences terminated by stripping actions (ldle symbols) or the
invalid | symbols./shall not be counted as frames received. Full detail on Receive

onrestricted|
ment in the
ers of the

d, whenevel

cleared (tc
valid Toker
TRT.

station shal
errors thal

ling delimitei
reception of
actions foi

receivi[g and>counting frames is provided in 8.3.

7.6.1 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 station and no previous station
Frames received with the Frame Status Error Indicator set (Er = 8) are not counted as erroi
frames by a station, since they should already have been counted by the station that set the
Error Indicator.
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7.6.3 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 such that the credibility of PDU reception is placed in doubt.
In these instances, MAC shall increment the Lost_Ct and strip the rest of the frame from the
ring, replacing it with Idle symbols. The Lost_Ct is not incremented in subsequent stations
that recognize the remnant as a stripped frame because it is followed by an Idle symbol.

8 Operation

This clausp specifies the operation of the MAC entity of a FDDI Token Ring Station:

8.1 Overvjew

This subclause provides a descriptive overview of MAC operation. TheD formal spegifications
are contajned in subsequent subclauses (8.2 to 8.4).

Access t¢ the Physical medium (the ring) is controlled by passing a Token around| the ring.
The Tokeh gives the downstream station (receiving relative to the station passing the Token)
the opporftunity to transmit a frame or a sequence of frames.“ If a station wants tq 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 station shall begin transmitting Its eligible
queued frames.

After transmission, the station issues a new Token.for use by a downstream station.
Stations that are not transmitting merely repeat the incoming symbol stream. While|repeating
the incom|ng symbol stream, the station detérmines whether the information is intended for this
station. This is done by matching the DAl-to its own address or a relevant group address. If

a match pccurs, subsequent received symbols, up to. the FCS, are processed by th¢ MAC or
sent to the LLC.

8.1.1 Framie transmission

Upon a r
Unit (PDU
SDU rem
used to t

bquest for Servicé Data Unit (SDU) transmission, MAC constructs the Prot

ins queued by-'the requesting entity awaiting the receipt of a Token tha
Fansmit it.

or frame from the SDU by placing the SDU in the INFO field of the frame.

bcol Data
The
I may be

ption _and capture of an appropriate Token, the station begins transmitting its queued

actordance with the rules of Token holding.

Upon recI
frame(s) i

8.1.2 Token transmission
After transmission of the frame(s) is completed, the station immediately transmits a new Token.

Optionally, the station may wait to see one or more frames return, up to the number it has
sent during that Token holding time, before issuing the Token. The station shall check to see
if the station’s address has returned in the SA field, as indicated by the M_FLAG. If it has
not been returned, the station shall transmit Idle symbols. On notification that the FC, DA, and
SA have been returned, or immediately if it chooses not to wait, the station shall transmit a
new Token. Note that this optional Token handling method shall not be used with normal data
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transmission because it results in significant performance degradation. However, this method
may be used for various Station Management functions.

8.1.3 Frame stripping

Each transmitting station shall be responsible for stripping from the ring the frames that it
originated. This is accomplished by stripping the remainder of each frame whose Source
Address matches the station's address from the ring and replacing it with Idle symbols.

This process of stripping leaves remnants of frames, consisting of the PA_SD_FC, DA and SA
fields, |followed by Idle symbols, because the decision to strip a frame .is)|based upon
recognition of the station's address in the SA field, which cannot occur until‘after the initial
part of the frame has already been repeated. These remnants cause no_ill effgcts because
various| criteria, including recognition of an Ending Delimiter (ED), have to, be met} indicate a
frame. | To the level of accuracy required for statistical purposes, these remnants can be
distingdished from error or lost frames because they are always followed by the|idle symbol.
Remnarnts are removed from the ring when they encounter a transmitting station.

8.1.4 Ring scheduling

Transm|ssion of normal PDUs (i.e., PDUs formed from SDUs) on the ring is confrolled by a
Timed [Token Rotation protocol. This protocol supports two” major classes of servig¢e:

(a) synchronous: Guaranteed bandwidth and reésponse time

(b} asynchronous: Dynamic bandwidth sharing

The synchronous class of service is used for those applications whose bandwidth and
responge time limits are predictable in advance, permitting them to be preallocated (via SMT).
The asynchronous class of servicel-is used for those applications whosg bandwidth

Within ¢ach station, the MAC ) Transmitter maintains a Token-Rotation Timer (TRT) tq 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 bic
(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. RT shall be
reset @ach time‘van early Token arrives at a station. 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 foi
synchrgnous transmissions Different mechamsms are used to limit the length off a station's
synchrano 3 3 3 3 intended tc
hold the Token Ionger than TTRT.

This protocol guarantees an average TRT (or average synchronous response time) not greate
than TTRT, and a maximum TRT (or maximum synChronous response time) not greater thar
twice TTRT.

8.1.4.1 Synchronous transmission
Each station has a known allocation of synchronous bandwidth, i.e., the maximum time that the
station may hold the Token without THT being enabled. Synchronous bandwidth is expressec

as a percentage of TTRT, i.e., a station would require a 100% allocation to transmit for a time¢
equal to TTRT before issuing a Token.
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Allocation of synchronous bandwidth is established by SMT, using SMT PDUs. Initially, each

bl ha
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 or a major ring reconfiguration (e.g., no Beacon frames have been received). 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 + Token__time) (see 7.4.1)

8.1.4.2 Aslynchronous transmission

Asynchronpus bandwidth is controlled by a two-tier allocation mechanism, .enforceq by two
classes of Tokens:

(a) honrestricted token: Asynchronous bandwidth is time-sliced among all requesters.

(b} restricted token: Asynchronous bandwidth is dedicated to a single |extended
dialogue between specific requesters.

The ring Pegins operation in nonrestricted 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 Igvel (n), a
threshold | value (T_Pri(n)) is established, forming:ca” set of threshold values (TL_Pri). A
nonrestricfed Token may only be captured for transmission of a frame of priority n|when the
current Tloken-Rotation Timer (TRT) is less- than the associated priority threshpld value
(T_Pri(n)).| By seotting lower threshold values-for lower priority levels, transmission| of lower
priority flames is deferred when the ring.“is more heavily loaded (ie, TRT exdeeds the
threshold).

Whenever | an early Token is captured, the current value of TRT shall be savpd in an
asynchronpus Token-Holding Timer (THT), and TRT shall be reset to time the ngxt Token
rotation. |THT is enabled (running) during asynchronous transmission. The difference| between
its current value and the target value (TTRT) reflects the remaining asynchronous pandwidth
available fto this station. ,An asynchronous frame of priority n may only be transmitted if THT
is less than the associated priority threshold value (T_Pri(n)). Multiple asynchronoys priority
levels is lan implementation option. If they are not implemented, then all asynchronops frames
shall havg an effective threshold value = TTRT.

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 hlgh-speed dev:ce) The management of the extended dlalogue (e.g.,| decisions
to initiate;,—¢ ate : all—be—the—respons of—higher-level
protocols. The mntnatmg statlon captures a nonrestncted Token transmlts lts 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 (typically 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 nonrestricted 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
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Tokens and any new extended dialogue may only begin with a nonrestricted 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 g
deterministic sequence of exchanges, and frame-granular fairness to other traffic has beer
pre-empted. 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 usec
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 allocatior
(known [to SMT).

To ensbre fairness and detect potential hang conditions during restricted Token ‘mode operation
SMT should negotiate and monitor a maximum restricted Token mode time.' |If restficted Toker
mode bperation exceeds this time, SMT should abort the extended ,dialogue vja the SMI1
protocql and interface.

Support for restricted Token mode transmission is optional,;-and is not tequired fol
interopérability. An implementation of restricted Token mode may” support ignoring THT, but is
not reduired to.

8.1.5 Rjng monitoring

The MAC monitoring functions are distributed among all stations on a ring. [Each statior
continupusly monitors the ring for invalid conditions requiring ring (re)initialization. Rin¢
(re)initialization is a consequence of either inactivity or incorrect activity on the ring. Ring
inactivity is typically detected by expiration ©f the Valid-Transmission Timer (TVX)| in the MAC(
Receiver. Incorrect ring activity is typically detected by counting successive ekxpirations o
the Token-Rotation Timer (TRT) with thex[ate Counter (Late__Ct) in the MAC Transmitter, or by
SMT processes.

8.1.6.1 Claim Token process

Any station detecting a requirement for ring (re)initialization shall initiate the Claim Toket
process. In this process (one or more stations bid for the right to initialize the ring b}
continupusly transmitting _Claim Frames. Each station also looks for incoming Claim| Frames anc
compares the received. bid with the station's own bid. Any station receiving a lower bid shal
(re)enter the bidding;-While any station receiving a higher bid shall yield. Conflicting bids shal
be resplved by anrarbitration hierarchy as follows:

(a] The'bid with the lowest Target-Token Rotation Time (TTRT) has precedenhce (i.e., the
numerijcally highest T_Bid value).

(b]—Given equal T_Bid values, the bid with the longest address has pregedence ({i.e.
FCL = 1> FCL = 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 station receives its own Claim Frames after th
frames have passed around the ring. At this point the ring is *filled" with that station’s Clain
Frames and all other stations have yielded. The winning station proceeds to initialize the rin
(see 5.1.5.2). These rules permit a given installation to give certain stations preferential statu:
in ring recovery, but do not require it.
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Each station 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 leaving the Claim Token process, but shall not be reset once a station
has left the Claim Token process until the ring becomes operational (see 8.15.2). If TRT
expires while a station 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
station shall initiate the Beacon process (see 8.1.5.3). If TRT expires after a station has left
the Claim Token process and is waiting for some other station to initialize the ring, this station
shall re-enter the -Claim Token process. This mechanism ensures that spurious Beacon or
pre-emptive Claim Frames will not persist on the ring, since at least one Beacon or Claim
Frame has[ to be reCeived to leave the Cla

8.1.6.2 Initjalization process

Within each station, the Boolean variable Ring__Operational indicates the current “operating status
of the ring. Ring__Operational is cleared whenever the station initiates or,detects the| Claim or
Beacon pfocesses on the ring, and when it receives a MAC_Reset réquest from $MT (see
6.3.3). Whenever Ring__Operational is cleared (including subseqiént MAC_Resgts), any
(SM_)MA_LUNITDATA.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.

That statipn proceeds to initialize the ring. First, it sets thé operative TTRT value (T_Opr) to
the negotiated TTRT value (T_Neg) (which should be the ' same as its requested TTRT value
(T_Req) gince this station won the bidding). Then it resets its Token-Rotation Timer (TRT).
Finally it issues an initial nonrestricted Token.

Ring initia{zation begins when one station successfully completes the Claim Token| process.

so of the initial rotation of the Token.s to align both the TTRT values and| the TRT
Since Ring._Operational is clear, no station may ca
initial Tokpbn or transmit frames. In each “station upon receipt (and repeating) of
Token, T_|Opr shall be set to T_Neg, (TRT shall be reset, Late__Ct shall be set
Ring__Operational shall be set. These actions permit synchronous transmission on th
Token rotiation while inhibiting asynchronous transmission.
rotation,
opposed 1
subsequent

The purpo
timers in all stations on the ring.

Token rotations (see”8.1.4.2).
8.1.56.3 Beacon process

When a s

(see 6.3.3),

physically
been part
interventio

that station initiates the Beacon process.

interrupted, and may have been globally reconfigured (e.g., one ‘logical ring
tioned mto two, or two logical rings may have been joined into one).

The purpc

logical break has occurred and to prowde dlagnostlc or other assnstance to the restoration
process (via SMT).

Upon ente

yields to Beacon Frames received from an upstream station.
the Beacon Frames of the station

persists,
normally p
assumes t
recover th

ring the Beacon process, a station continuously transmits Beacon Frames. A station
Consequently, if the logical break
immediately downstream from the break are
ropagated. If a station in the Beacon Process receives its own Beacon Frames, it
hat the logical ring has been restored, and it initiates the Claim Token process to
e ring quickly.
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As with the Claim Token process, a station shall reset TRT upon entering the Beacon process,
but not upon receipt of individual Beacon or Claim frames. If TRT expires after a station has
left the Beacon process, this station 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 stations 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 c¢onsists of two co-operating asynchronous processes, the MAC Receiver-gand the MAC
Transmitter, within each station. 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., [Token, Claim
Frame,| and the like).

The need for separate Receiver and Transmitter processes arisesCfrom the requirement that
certain functions (specifically, recognition of MAC frames, own address detection,| and capture
of theg Frame Status) shall be performed concurrently with, and”Zasynchronously to the states
of, th¢ Transmitter. In cases where identical functions are -needed by both processes (e.g.,
delimiter recognition and input validation), they have been placed in the ceiver with
appropriate signals sent to the Transmitter. These.(signals may be replackd 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 Trapsmitter.

The MAC processes are defined as cCo=operating state machines. It is assumpd that time
elaps only within discrete states, and-"that state transitions are logically instgntaneous. I
follows that actions requiring one or (more symbol times to complete shall be performed withir
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
associpted transition. Actions:\described as part of a state occur each time |[the state is
enterefd. Thus, when a triggering event occurs externally to a state machinp, the state
machine shall perform the-following event-processing sequence as a logically atomi¢ operation:

(d) 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) f an immediate transition from the new state is possible, then repeat the
sequence beginning with step 1.

(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

PH_UNITDATA.indication. The Receiver shall perform its event processing sequence, using ths
input symbol presented with the PH_UNITDATA.indication as a parameter for conditioi
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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; lLe., for each Iinput symbol the
Transmitter shall generate a corresponding output symbol. The Transmitter pérforms Its
event-prqcessing sequence, but uses the input symbol forwarded from \'the Recgiver as a
parametef 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_UNITPATA.request with the appropriate' output symbol is generated as an in-stafie 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 alsd assumed that the contents of specific fields in received and transmitted [frames are
only known to MAC during the lifetime of the frames.“Any values to be rememberg¢d shall be
saved in|MAC variables.

The MA(Q state machines are specified both with text and with state diagrams. I the state
diagrams,| states are shown as vertical staffs“and state transitions as horizontal afrows, with
the triggéring event or condition above the) shaft and any action beneath the shaft. In the
event of| any discrepancy, the state diagrams and attached notes shall take precegence over
text.

8.3 Recejver

This subdlause describes the (detailed MAC Receiver operation as shown in figure 2.

octs those
portions fthat are relevant to its station, detects ring errors and failures, and reports them via
appropriate signals. for valid

frame Vv MAC frames shall be processed by the Receiver after validation. A
Vaiid-Tra Approprjate signals
shail be ated for the ansmitter proce and i and T__Neg and
Frame Status Indicators, A__Flag, C_Flag, and E_Flag shall be saved for the transmitter.

Counts of ail frames (Frame__Ct) and bad frames (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
foilowing criteria are applied:

(a) Token
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(b)

(c)

(d)
info

(e)

(f)

(1) Has a Starting Delimiter (JK).

(2) Has an FC = 1X00 0000.

(8) Has no additional Data Symbols (n).
(4) Has a Token Ending Delimiter (TT).

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).

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.

(6) Ends with a symbol other than Idle (I) as its first nondata symbol.

Void (may or may not physically be a frame, but logically is not, ie.,
'mation)

(1) Has a Starting Delimiter (JK).
(2) Has an FC_=)0X00 0000.
Valid Data Length

(1) Is an~integral number of Data Symbol pairs (octets) between Starting
Delimiters.

| in“table 1

contains n

and Endin

(2)\."'Is a minimum number of octets between Starting and Ending DelimiterT as show

Valid Frame?

(1) Is a Frame.

) The list of valid frame criteria is the intended subject of a future amendment to also require tha
the received E indicator be reset, and in addition, to require that MAC repeat the E indicator as se
for all cases where it is not received as reset.
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(2) Has a Valid Data Length.

(3) Has an FC = 0X00 0000 or XX10 XXXX, or has correct FCS.
(g) Frame Error (set E_Flag)

(1) Is a Frame.

(2) Is not a Valid Frame.

(h) [LLocatable Error (included in Error__Ct)
i) Is a Frame Error.

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

Table 1 - Interpretation of FC field

FC Interpretation Minimum Octets

CLFF 7777 to 1711

XX00 0000 Void or Token 1
0000 0001 to 1111 SMT frame 9
0100 0001 to 1111 SMT frame 17
1000 0001 to 1111 MAC frame 13
1100 0001 to 1111 MAC frame 21
X001 XXXX LLC frame 9
X101 XXXX LLC frame 17
X010 XXXX Implementer frame 9
X110 XXXX Implementer frame 17
X011 XXXX Reserved 9
X111 XXXX Reserved 17

8.3.2 StTe RO: LISTEN

When a IMACUReceiver is initialized, it enters the Listen State. In this state, thg receiver
waits for| a_valid symbol from PHY, and the Valid-Transmission Timer (TVX) is disablgd.

A PH_lndication(l) 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): Physical Reset: A transition to State RO occurs if a MAC_Reset signal (see 6.3.3.3) is
received. On this transition, the negotiated TTRT (T_Neg) shall be set to the maximum TTRT
supported by this station (T_Max).

R(01): Signal Start: If PH_lIndication(l) is received from PHY, the Valid-Transmission Timer
(TVX) shall be reset and enabled, and a transition to State R1 occurs.
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8.3.3 State R1: AWAIT__SD (Awalt 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 state:

may prove to be vaiid starting deiimiters upon return to this staie. The test fo

only occurs in this state.

R(10a): Physical Reset:

r RC_Star

A transition to State RO occurs if a MAC__Reset signal is received

On this transition, the negotiated TTRT (T_Neg) shall be set to the maximum TTRT supportec

by this

x)

"

R(10b): Reset: A transition to State RO occurs if a PH_lnvalid is received from PH

R(12): Start Receive: If PH__Indication(J) is received, a transition to State R2 occurs. On thi:
transition, the RC__Start signal is generated. The address recognized (A ‘Flag), frame cCopiec
(C__Flag), error detected (E_Fiag), next station addressing (N__Fiag), “higher sourge addres:
(H__Flag), lower source address (L_Flag), and my source address, (M_Flag) flags shall b«
cleared.

8.3.4 State R2: RC_FR_CTRL (Recelve Frame Control Field)

in this $tate, the receiver scans the received symbols for a start of frame or stagt of Tokel
sequence consisting of the start delimiter followed: by two data symbols (JKnn). The
appropriate valid header exit is chosen based Upon the received frame cgntrol fielc
Valid_FICS__Rc is reset in preparation for checking~the incoming frame.

R(20a): |Physical Reset: A transition to State’;RO occurs if a MAC_Reset signal |s receivec
On this|transition, the negotiated TTRT (T_Neg) shall be set to the maximum TTRT supporte«
by this [station (T__Max).

R(20b): |Reset: A transition to State“RO occurs if PH_lnvalid is received from PH)Y. On thi
transitiop, the FO__Error signal shall bé generated and the Lost__Ct shall be incremented.
R(21a): Frame Strip: A transition to State R1 occurs if PH_Indication(l) is received from PH\
or if HH_Jndication (K) is‘.not the next symbol received after transition R{12). On thi
transitiop, the FR__Strip signal shall be generated.

R(21b): Format Error:~ ~This transition to State R1 occurs if a symbol sequence othgr than | o
nn is received from-vYPHY after receipt of the K symbol. On this transition, th¢ FO__Erro
signal shall be generated and the Lost_Ct shall be incremented.

If the uch as the
sequenc of Fram«
sequence b State R

shall be conmdered as taking zero tlme. such that the second J symbol is |nterpreted as the

potential start of a valid frame sequence.

R(23): Start of Frame: After a starting delimiter and FC field (JKnn) have been

received; i

transition to State R3 occurs if the received FC field (FCr) indicates a frame start (i.e., no

Token).
set.

R(26): Start of Token: After a starting delimiter and FC field (JKnn) have been
transition to State R5 occurs if a possible Token is being received.
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8.3.6 State R3: RC_FR_BODY (Receive Frame Body)

: 1989 (E)

In this state the receiver scans the received Destination Address (DA) and Source Address

(SA) and

takes actions as appropriate.

the frame up to the reception of an Ending Delimiter (T symbol) and checks FCS.
Frame is indicated by the FC field, the receiver scans the INFO field and takes actions as
appropriate.

Destination Address received actions (DA__Actions) shall be as follows:

Also, in this state the receiver scans the remainder of

If a Claim

(a)
(b)

i
16-bit address, and if the Destination Address received (DAr) is contained in}
station's Short Addresses, then the A_Flag is set and the frame’'is passe

this
appf
(FCr

(c)

48-bit address, and if the Destination Address received (DAr) is contained in

this
appf
(FCr

Source /

(a)

(b)

).

).

\ddress received actions (SA__Actions) shall be" as follows:

{MEAY butTot—zero, then

No actions are taken if the FC field indicaies a Void Frame.

If the L Bit received (Lr), contained in the FC field, is equal to zero,

opriate entity (LLC, MAC, or SMT) as indicated by the Frame, Control fiel

If the L Bit received (Lr), contained in the FC field, isDequal to one, i

station’s Long Addresses, then the A_Flag is set <and the frame is pas
opriate entity (LLC, MAC, or SMT) as indicated by) the Frame Control fiel

If the L Bit received (Lr) is equal to zero, indicating a 16-bit address, ther

(1) If the Source Address received (SAr) is equal to this station's My Shg
(MSA) but not zero, then

My Address received,flag (M_Flag) is set.

FR__Strip signaltis' generated.

(2) If this station's—~My Long Address (MLA) is equal to zero and SAr

indicating a

he set of
d to the
d received

ndicating a
the set of
ed to the

received

rt Address

is greater

than this station’sMSA, then the Higher Address received flag (H_Flag) is $et.

(3) Otherwise, when SAr is
flag (L_Flag) is set.

If Lr<is“equal to one, indicating a 48-bit address, then

() " If the Source Address received (SAr) is equal to this station's My Lo

not equal to zero, then the Lower Address received

ng Address

My Address received flag (M_Flag) is set.

FR__Strip signal is generated.

(2)
(H__Flag) is set.

(3)
(L_Flag) is set.

If SAr is greater than this station's MLA, then the Higher Address received flag

Otherwise, when SAr is not equal to zero, then the Lower Address received flag
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Claim-Token-received actions (CT__Actions) shall be as follows:

(a) If the Frame Control Field received indicates that this frame is a MAC Ciaim Frame
(FC = 1L00 0011), then the first four octets of this frame's INFO field contains the bidding
TTRT received (T__Bid__Rc) from the upstream station. If the T_Bid_Rc is

(1) Greater than this station's requested TTRT (T_Req), then

- . H_Flag is set.

= WNM__Fiag is Ciea
- L_Flag is cleared.

(2) Less than this station’s requested TTRT (T_Req), then
- L_Flag is set.
- M_Fiag is Cieared.
- H_Flag is cleared.

(3) Equal to this station's requested TTRT (T._Req), then no flag actions| are taken
and

- L_Flag is unchanged.
- M_Flag is unchanged.
- H_Flag is unchanged.
(b) | Finally, if the L_Flag is still jset then the FR_Strip signal is generated.
R(30a): Physical Reset: A transition to State RO occurs if a MAC_Reset signal is received

On this |transition, the negotiated TTRT (T_Neg) shall be set to the maximum TTRT| supportec
by this ptation (T_Max).

R(30b): Reset: A transition to State RO occurs if a PH_lnvalid is received from| PHY. Or
this transition, the FO_Error signal shall be generated and the Lost_Ct shall be incremented.

R(31a): |Frame <Strip: A transition to State R1 occurs if PH_Indication(l) is received| from PHY
On this ftransition, 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). ©On this transition, the FO_FError signal shall be
generated and the Lost__Ct shall be incremented.

R(34): ED Received: A transition to State R4 occurs and Frame__Ct shall be incremented if
PH__Indication(T) is received. If the received frame has a valid data length and the FCS is
good, or if FCr indicates a Void or Implementer frame, then the Valid-Transmission Timer (TVX
shall be reset and if the A__Flag has been set and no error was detected in the interface tc
the receiving entity (Valid_Copy), then the frame-copied indicator (C_Flag) shall be set. I
the received frame does not have a valid data length, or the FCS check is bad and FCi
does not indicate a Void or Implementer frame, then the E__Flag shall be set and the A_Flag
M_Flag, H_Flag and L_Flag shall be cleared.
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8.3.6 State R4: RC_FR_STATUS (Recelve Frame Status)

In this state the receiver scans for trailing control indicator symbols (R or S) representing the
Error Detected, Address Recognized, and Frame Copied control indicators. The condition for
transfer to State R1 is satisfied upon detection of the first subsequent symbol that is not a
control indicator. If that symbol is a T symbol, it is a candidate for being repeated by the
MAC transmitter as the last symbol of frame status. If that symbol is not a T symbol, it shall
not be considered to be part of frame status and therefore shall not be repeated by the
MAC transmitter.

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 wouldhfhen ftransition to
State R1 at the next symbol boundary, regardless of what symbol is presented. hile in this
substate, if either condition for transition to State RO is satisfied, that transition (#0a or 40Db)
would still continue to take precedence.

While in|this state, if the received A indicator (Ar) is reset, and if the N__Flag is sét indicating
a next [station addressing frame, then the N_Flag shall be cleared) allowing the transmitter to
set the |C Indicator (Cx). The transmitter shall, however, still repeat the C Indicatgr as set if
the recqgived value is set.

R(40a): |Physical Reset: A transition to State RO occursl if a MAC__Reset signal |s received.
On this |transition, the negotiated TTRT (T__Neg) shall .be set to the maximum TTRT supported
by this |station (T_Max).

R(40b): [Reset: A transition to State RO occurs.if PH__Invalid is received from PHlY. On this
transition, the FR_Received signal shall be generated and, if the E_Flag is set and the Error
Detected Indicator (Er) either was not received or was received as Reset, then the Error__Ct
shall be|incremented.

R(41a): My Claim: After reception(of the received Frame Status field (FSr), a transition to
State occurs. If the received: Frame Control field indicates a Claim Frame (FCr = Claim)
and a puccessful claim comparison is made, then T_Neg shall be set equal to |[T_Bid_Rc,
My__Claim shall be generated;‘and the R_Flag shall be reset. The comparison for |establishing
My__Claim requires that the. address length bit contained in the FC field (FC.L), the [Source and
Destinatlon Address fields-{SA and DA), and the MAC information field (including (T__Bid__Rc)
match this station's transmitted values.

R(41b): Higher Claim— Received: After FSr, a transition to State R1 occurs. If t:te received
Frame Control Afigld indicates a Claim Frame (FCr = Claim) and a successful higher claim
comparigon is<made, then T_Neg shall be set to T_Bid_Rc, Higher__Claim shall bel generated,
and the| R«Flag shall be reset. The comparison for establishing Higher__Claim shdll be made
in the following order; first on the T_Bid__Rc field, second on the address length bit contained

in the FCtfield,—and finally on the address fislditself.

R(41c): Lower Claim Received: After FSr, a transition to State R1 occurs. If the received
Frame Control field indicates a Claim Frame (FCr = Claim) and a successful lower claim
comparison is made, then Lower_Claim shall be generated and the R__Flag shall be reset.
The comparison for establishing 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.

R(41d): My Beacon Received: After FSr, a transition to State R1 occurs. If the received
Frame Control field indicates a Beacon Frame and a successful address comparison (SA=MA)
is made, then My__Beacon shall be generated, T_Neg shall be set to T_Max, and the R_Flag
shall be reset.
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R(41e): Other Beacon Received: After FSr, a transition to State R1 occurs. If the received
Frame Control field indicates a Beacon Frame, an unsuccessful address comparison (SA not=
MA) is made, and no errors were detected (not E_Flag), then Other_Beacon shall be
generated, T_Neg shall be set to T_max and the R_Flag shall be reset.

R(41f): Frame Recelved: After FSr, a transition to State R1 occurs. If none of the conditions
for transitions R(41a) through R(41e) are satisfied, then transition R(41f) shall be taken and
FR_Received shall be generated. On this transition, if the E_Flag is set and the Error
Detected Indicator (Er) either was not received or was received as Reset, then the Error__Ct

shall be

8.3.7 StJte R56: CHECK_TK (Check Token)

In this s

NOTE

cons

be in

MAC

what

is s
R{60a):
On this
by this

R(50b):

this trang

R(51a): F
On this fransition, the FR__Strip signal-'shall be generated.

R(61b): F

received.

increment

R(51c): T
(TT) is r
shall be
the R_F|

permit SMT tomonitor the duration of the restricted Token dialogue.

mode, T

Token_qeceived (TK_Received) signal shall be generated for the Transmitter.

8.4 Tran

incremented.

te, the receiver looks for a valid Token ending delimiter (TT).

- To align the timing of the above condition to the symbol being repeated in
{stent with the repeating of the symbols of frame status in_State R4, a subs
hplemented within State R5, which is entered upon detection.of the second T sy

symbol is presented. While in this substate, if either condition for transition tg
tisfied, that transition (50a or 50b) would still continug to take precedence.

hysical Reset:
ransition, the negotiated TTRT (T_Neg) shall be set to the maximum TTRT
tation (T__Max).

eset: A transition to State RO occurs' if a PH_Invalid is received from
ition, the FO__Error signal shall be generated and the Lost__Ct shall be incrg

rame Strip: A transition to State R1 occurs if PH_Indication(l) is received

ormat Error: This transition to State R1 occurs if any symbol other than
On this transition, the)FO__Error signal shall be generated and the Lost_(
ed.

oken Received: . ZA transition to State R1 occurs if a correct Token Endin
bceived. If thé’ Token__class of the received Token is nonrestricted, then #{
cleared and-TVX shall be reset; otherwise, if the the R_Flag is not already
ag shall. be set and an SM__MA__Status.indication should be optionally ge
In restric
not be reset unless a valid Frame is received. In any

VX, shall

t]ta Both .T symbols shall
be repeafted by the MAC transmitter when the token is being repeated by lthe statio

r—4
b

a fashion
ate should
mbol. The

receiver would then transition to R1 via 51c at the nextsymbol boundary, regardless of

State RO

A transition to State RO occurs if a MAC__Reset signal i§ received.

supported

PHY.
mented.

On

from PHY.

l or T is
bt shall be

g Delimiter
he R_Flag
r set, then
herated to
ted Token
case, the

smitter

This subclause describes the overall MAC Transmitter operation as shown in figure 3.

The MAC Transmitter process repeats information from other stations on the ring, inserts
information from its own station into the ring, and co-operates with other stations to
co-ordinate 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
own dat

Frames when required to recover the ring.

the received frames until it needs and receives a usable Token.
a, passes the Token, and resumes repeating. The Transmitter also trans

Then it transmits its

mits Claim

The operation of the Transmitter is synchronized

by the signals generated by the Receiver; the Transmitter also uses the Frame Status
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C_Flag, and E_Flag) values saved by the Receiver.

operating value of the ring Target Token Rotation Time (T_Opr)

Token-Rotation Timer (TRT) to ensure correct ring scheduling.

8.4.1 Sta

When a MAC transmitter is initialized, it enters the TX__ldle state.
sends continuous Idle symbols (l).

te TO: TX_IDLE (Transmitter Idle)

In this state the

: 1989 (E)

The Transmitter maintains the

and the

transmitter

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): R
be requir

(a)
MAC

(b)

(c)
The ope
(T_Max).

Token is
T__Opr,

Ring__Ops¢

This tran

occur sim

T(01): Re
of a sta

receiver

traversed

T(02): Usable Token Receiyed:
receipt g
ring is of

(a)
(b)

At this point, the Token has been successfully captured.

disabled.
saved in
cleared,
occurs.

oset:

Wmmmwff
d when any of the following conditions occurs:

An SM_MA__CONTROL.request (Reset or Beacon) is received from-SMT, T

|_Reset.

A Claim Frame with a higher precedence is received (Higher_Claim).

not already late (Late__Ct=0), then the Token-Rotation Timer (TRT) shall b
the Token shall be indicated as late by . ‘setting Late__Ct equal to
rational shall be cleared. Finally the transition®to State TO occurs.

sition shall take precedence over the regovery transition if their respective
ultaneously.

ceive Start:
ting delimiter (RC_Start signal)

start condition upon return to the TX_ldle State, ie., the TX_ldle Stat
in zero time; however,the reaction to RC_Start only occurs in the TX_lIdI

A transition to State T2 occurs when the receiver

f a valid Token{TK__Received), the Token is usable. A Token is usable

berational (Ringz_Operational) and either:
The stationhas a synchronous request queued for transmission, or
The Token is early (Late__Ct=0) and all of the following conditions exist:

(1)~ “The station has an asynchronous request queued.

A Beacon Frame with another station's Source Address is“received (Other__

ational Target Token Rotation Time (T_Opr) shall, be set to its maxir
If the ring was operational (Ring_Operational).{before the reset occurr

eset shall

esulting in

Beacon).

num value
bd or the
b reset to
one, and

conditions

A transition to State-T1 occurs after the receiver detects the¢ beginning
RC__Start received during other transmittes
not necepsarily ignored, since transitions to the TX_ldle State may immediately enc

states is
ounter the
5 may be
b state.

isignals the
when the

(2) The requested Token class was received (R_Flag).

(3)
than the requested priority threshold value (T_Pri(Request_Priority)).

THT is to be ignored (lgnore_THT) or the Token Rotation Timer (TRT) is less

The Token-Holding Timer (THT) is

If the Token is early (Late__Ct=0), then the Token-Rotation Timer (TRT) value is

THT and TRT is reset.
allowing TRT to retain the accumulated lateness.

Otherwise, THT is set to its expired value and Late__Ct is
Finally, the transition to State T2
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A single TK_Received signal shall cause at most one transition in the Transmitter,

transition cannot immediately follow T(10b).

T(03): Token Recelved and Not Usable:
signals the receipt of a valid Token (TK__Received) and the Token is not usable

SeSl < b 1A uoaal)

i.e, thi

A transition to State T3 occurs when the Receive

{see T(02)

At this point, the Token has been inadvertently captured (due to a short ring or other timin

If the ring is already operational (Ring_Operational),

the Token-Rotation Timer (TRT) shaii be reset to

window) and shall be reissued.
Token is eariy {Late__Ci=0j,

and if th
the Targe

Token Rotation- Time (T_Opr); otherwise, Late__Ct shall be cleared, allowing TRT to retain th

accumulated lateness.

If the ring is not already operational, T Opr shall be set to the fine

negotiatbd Target Token Rotation Time {T_Neg), TRT is reset fo the new value]| of T_Opi
Late__Ct is set equal to one and Ring_Operational is set. Finally, the transition,-tp State T:
occurs.
A singlg TK__Received signal shall cause at most one transition in the |\ Transmitter, i.e. thi
transition cannot immediately follow T{10b).
T(04): Recovery: A transition to State T4 occurs when ring recovery is required| Recover
shall be| required when any of the following conditions occurs:

(a)| The Valid-Transmission Timer (TVX) expires.

(b)| TRT expires and the Token is already late (Late_Ct>0).

{c})| The ring is operat ora' {Ring__Operational}) with a Target Token Rotation Tlime greate

than this station's requested Target Token Rotatlon Time (i.e., in twos pfomplemen

T__Ppr<T_Req).

(d)| A Claim Frame with a lower precedence is received (Lower__Claim).

(e)| A Beacon Frame is received.‘with this station's Source Address (My__Beacpn).
The T_lOpr shall be set to its maximum value (T_Max), TRT shall be reset to thg new valu
of T__Opr, Ring__Operational shall*be cleared, and the transition to State T4 occurs.
The reclovery transition conditions are asynchronous to the normal operation of the [Transmitte!
Therefofe these conditions” may occur at the same time as the conditions for [some othe
transitiop. If this happens the other transition shall take precedence. However, the recover
transition conditions . {e.g., timer expiration) shall be ‘remembered" unless the |pre-emptin
transition causes them to be cleared (e.g., timer reset).
T(05): Beacon. Requested: A transition to State T5 occurs if a SM_MA_CONTROL.reques
(Beacon) was received. TRT shall be reset to T_Opr.

8.4.2 State T1. REPEAT (Repeat)

In this state the transmitter generally repeats the input symbol stream; however, the receive
trailers may be modified and certain frames may be aborted. The transmitter normally return

to the Idle state between frames (FR_Received or TK__Received).

If a usable Token i

detected, then the transmitter returns to the Idle State before the FC field of the Token i

repeated and thus the Token is stripped from the ring.

stopped for any frame where the Source Address field equals the station address

The repeat action shall also b

(M_Flag

thereby stripping it from the ring, and whenever a format error (FO_Error) is detected by th

receiver.
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While in this state, the Transmitter may alter the values of individual control indicators in the
repeated Frame Status field (FS_Actions). If the E_Flag or A_Flag are set, then the
corresponding E or A indicators shall be set rather than repeated. If the C_Flag is set and
the N_Flag is clear, then the C indicator shall be set rather than repeated. If the N_Flag is
set, this station is not the next station addressed within the group, so it shall not alter the C
indicator even if it successfully copied the Frame. The processing of subsequent indicators by
an addressed station (A_Flag set) is unspecified; however, a nonaddressed station shall repeat
them unaltered.

The Frame Status field is variable in length; consequently, some control indicators may
inadverténtly be destroyed by transmission noise on the ring. If a given indicator is not
correctly] received, the Receiver shall not scan for subsequent indicators. The implementer may
choose to restore lost indicators in certain cases. For example, the E indicator |can always
be rest¢red to the set condition based on the value of E_Flag, whereas thg A and C
indicatorp shall only be restored to the set condition if the corresponding FS__Actions cause
them to |be set, rather than repeated.

T(10a): Token Capture: A transition to State TO occurs before .the Frame Contrdl (FC) field
of a Tpken is repeated, if the Token is usable. A Token “is usable when fthe ring is
operatiopal (Ring__Operational) and either:

(a) | The station has a synchronous request queued for‘transmission, 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 requested Token class was ‘received (R_Flag).

(3) THT is to be ignored (lgnore__THT) or the Token Rotation Timer (TRT) is less
than the requested priority threshold value (T_Pri(Request__Priority)).

At this point, an attempt is made to capture the Token by stripping it from the [ring. Note
that thid 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 fubsequently
signal sdccessful Token capture (TK__Received) if a valid Token was received.

T(10b): Token Repeatedy A transition to State TO occurs after a Token is repeated. If the
ring is diready operational (Ring__Operational), and if the Token is early (Late__Ct=p), then the
Token-Rptation Timer (TRT) shall be reset to the Target Token Rotation Time (T_Opr);
otherwisp, Latei 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 final negotiated T?rget Token

Rotation| Tiing' (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 TO occurs.

A single TK__Received signal shall cause at most one transition in the Transmitter; i.e. this
transition cannot immediately precede T(02) or T(03).

T(10c): Strip: A transition to State TO occurs if the Receiver detects a strip condition
(FR_Strip) or if a format error (FO__Error) is detected.

T(i0d): Reset: A transition to State TO occurs when transmitter reset is required. Reset shall
be required when any of the following conditions occurs:
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(a) An SM__MA__CONTROL.request (Reset or Beacon) is received from SMT, resulting in a
MAC__Reset.

(b) A Claim Frame with a higher precedence is received (Higher__Claim).
{(c) A Beacon Frame with another station's Source Address is received (Other_Beacon).

The operational Target Token Rotation Time (T_Opr) shall be set to its maximum value
(T_Max). If the ring was operational (Ring_Operational) before the reset occurred or the
Token is not already late {Late_Ct=0), then the Token-Rotation Timer (TRT) shall be reset tc

T_Opr, [the Token shall be Indicated—as late by setting Late_Ct—equal— 19 one, anc
Ring__Oderational shall be cleared. Finally the transition to State TO occurs.

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

T(10e): kFrame Repeated: A transition to State TO occurs after a frame~“is repeated.

T(14): Rpcovery: A transition to State T4 occurs when ring recovery is required.| RecCover)
shall be|required when any of the following conditions occurs:

(a) | The Valid-Transmission Timer (TVX) expires.
(b) | TRT expires and the Token is already late {Late__Ct>0).

(c) | The ring is operational (Ring_Operational)\ with a Target Token Rotation Tjme greate
thap this station's requested Target Token Rotation Time (i.e., in twos fomplementi
T_Opr<T_Req).

(d) | A Claim Frame with =z iower precedence is received (Lower__Claim).
(e) | A Beacon Frame with another staticn's Source Address is received (My__Bpeacon).

The T_Ppr shall be set to its<maximum vaiue {T_Max), TRT shall be reset to thel new vaiu
of T_Opr, Ring__Operational shall be cleared, and the transition to State T4 occurs.

The recpvery transition Conditions are asynchronous to the normal operation of the [Transmitte
Therefore these conditions may occur at the same time as the conditions for some othe
transition. If this happens the other transition shall take precedence. However, the recover
transitioi conditions. (e.g., timer expiration) shall be ‘remembered" unless the pre-emptin
transitiom causes ‘them to be cleared (e.g., timer reset).

8.4.3 Sflate T2: TX_DATA (Transmit data)

In this state the ftransmitfer fransmits one cr more data frames, the total being limited by th
TTRT and the amount of data queued for transmission; for synchronous data by this station
synchronous bandwidth allocation, and for asynchronous data by the values of th
Token-Holding Timer and the asynchronous priority thresholds, if any. Before transmitting eac
frame, if the requested service class for the frame is asynchronous, then Token-Holding Tim¢
(THT) shall be enabled; otherwise, THT shall be disabled.

T(20): Reset: A transition to State TO occurs when transmitter reset is required. Reset sh:
be required when any of the following conditions occurs:
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(a)
MAC__Reset. »
(b) A Claim Frame with a higher precedence is received (Higher__Claim).

(c)

: 1989 (E)

An SM_MA__CONTROL.request (Reset or Beacon) is received from SMT, resulting in a

A Beacon Frame with another station’s Source Address is received (Other_Beacon).

The operational Target Token Rotation Time (T_Opr) shall be set to its maximum value

(T_Max).

If the ring was operational (Ring_Operational) before the reset occurred or the

Token is not already late (Late__Ct=0), then the Token-Rotation Timer (TRT) shall be reset to

T_Opr, lthe Token shall be indicated as late by setting Lafte_Ct equal to| one, and
Ring__Opérational shall be cleared. Finally the transition to State TO occurs.

This tran ition shall take precedence over the recovery transition if their respective| conditions
occur sinultaneously.

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

(a)
the ktation's synchronous bandwidth allocation (not checked by MAC), or

(b)
(1) The requested Token class was received (R_Flag).

(2) THT is to be ignored (lgnore_THT) or the Token Holding Timer (TH
than the requested priority threshold value (T_Pri(Request__Priority)).

A synchronous request is queued whose next frame transmission would not exceed

An asynchronous request is queued and bothcof the following conditions exist:

T) is less

T(23): Dbne: A transition to State T8Coccurs at the end of a completed Frame iff there are
no more |Frames that may be transmitted as described in transition T(22). This transition shall
also be |taken if TRT expires whilée. the Transmitter is waiting to transmit another frame (e.g,
during Friame setup time or whiletwaiting for the Stream indicator (see 6.1.1)).

T(24): Rpcovery: 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.
(b)

(c)
than| Cthis station's

TRT exXpires and the Token is already late (Late_Ct>0).

requested Target Token Rotation Time (i.e., in twos (

T__Opr<T_Req).

The\(ring is operational (Ring_Operational) with a Target Token Rotation Time greater

omplement,

(d) A Claim Frame with a lower precedence is received (Lower__Claim).

(e) A Beacon Frame with this station’s Source Address is received (My_Beacon).

The T_Opr shall be set to its maximum value (T_Max), TRT shall be reset to the new value
of T__Opr, Ring_Operational shall be cleared, and the transition to State T4 occurs.

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
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transition conditions (e.g., timer expiration) shall be ‘remembered” unless the pre-emptin
transition causes them to be cleared (e.g., timer reset).

8.4.4 State T3: ISSUE__TK (Ilssue Token)

In this state, a new Token is issued. This state is entered after the station has completec
its data transmission or has been successful in claiming the Token. The class of Token issuet
after a successful Claim Token bidding process shall be nonrestricted.

T(30a): Reset: A transition to State TO occurs when transmitter reset is required. Rese

shall be[required when an :

(a) | An SM_MA_CONTROL.request (Reset or Beacon) is received from SMT, rgsulting in
MAC__Reset.

(b) | A Claim Frame with a higher precedence is received (Higher__Claim).

(c) | A Beacon Frame with another station's Source Address is (received (Other_|Beacon).

(T_Max]. If the ring was operational (Ring_Operational) before the reset occur ed or th
Token is$ not already late (Late__Ct=0), then the Token-Rotation Timer (TRT) shall be reset t
T_Opr, | the Token shall be indicated as late by . Setting Late_Ct equal to[ one, an
Ring__Operational shall be cleared. Finally the transition to State TO occurs.

The operational Target Token Rotation Time (T_Opr) shall be" set to its maximum valu

This trahsition shall take precedence over the recovery transition if their respectivg condition
occur simultaneously.

T(30b): [Token Issued: A transition to State TO occurs after the transmitter has|issued th
ending delimiter of the Token.

T(34): Recovery: A transition to State T4 occurs when ring recovery is required.| Recover
shall be| required when any of the ‘following conditions occurs:

(a) | The Valid-Transmission’ Timer (TVX) expires.

(b) | TRT expires and-the Token is already late (Late_Ct>0).
(c) | The ring iscoperational (Ring_Operational) with a Target Token Rotation Tjme greate
than this stafion's requested Target Token Rotation Time (i.e., in twos gomplemen

T_DPpr<T_Req).

(d)| A Claim Frame with a lower precedence is received (Lower__Claim).

con).

(e)

The T_Opr shall be set to its maximum value (T_Max), TRT shall be reset to the new valu
of T__Opr, Ring__Operational shall be cleared, and the transition to State T4 occurs.

The recovery transition conditions are asynchronous to the normal operation of the Transmitte
Therefore, these conditions may occur at the same time as the conditions for some othe
transition. If this happens, the other transition shall take precedence. However, the recover
transition conditions (e.g., timer expiration) shall be ‘remembered® unless the pre-emptin
transition causes them to be cleared (e.g., timer reset).
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