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FOREWORD

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

In the field of information technology, ISO and IEC have established a joint technical committee,

ISO/IEC JTC 1. Draft International Standards adopted by the joint technical committee are circulated to
nationallbadies for \/nting Publication as an International Standard rpqnirpc appm\/al hy at least 75 % of

the natfonal bodies casting a vote.

International Standard ISO/IEC 9314-7 was prepared by Joint Technical Committee ISONEC|JTC 1
Information technology, Subcommittee SC 25, Interconnection of information technology equipmegnt.

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

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

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

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

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

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

— Part 6: Station Management (SMT)

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

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

— Part 9: Low-Cost Fibre — Physical Medium Dependent (LCF-PMD) (under consideration)
— Part 10: Token Ring Twisted Pair Physicallayer Medium Dependent (TP-PMD) (under considération)
— Part 13: Conformance Test Protocol Implementation Conformance Statement Proforma (CT-HICS)

— Part 20: Physical Medium Dependént Conformance Testing (PMD-ATS) (under consideration
— Part 21: Physical Layer Protgcal-:Conformance Testing (PHY-ATS) (under consideration)

— Part 25: Abstract Test Suite for FDDI — Station Management Conformance Testing (SMT-ATS
— Parf 26: Media Access Control Conformance Testing (MAC-ATS) (under consideration)

D To be published.
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INTRODUCTION

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

The Physical Layer Protocol (PHY) specifies the upper sublayer of the Physical Layer for the FDDI. As
such, it presents the specifications and services provided for conforming FDDI attachment devices.
PHY specifies the data encode and decode, framing, and clocking requirements. PHY also specifies
the elasticity buffer, smoothing, and repeat filter functions.

When {he set of basic FDDI standards, ISO/IEC 9314, is completed it will include the following
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INFORMATION TECHNOLOGY —
FIBRE DISTRIBUTED DATA INTERFACE (FDDI) —

Part 7: Physical Layer Protocol (PHY-2)

1 Scope

This p
Physig

FDDI provides a high-bandwidth (100 Mbit/s), general-purpose interconnection among’informatid

proces
media
(10 MK
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art of ISO/IEC 9314 specifies the Physical Layer Protocol (PHY), the upper sublayer of the
al Layer, for Fibre Distributed Data Interface (FDDI).

sing systems, subsystems and peripheral equipment, using fibre optics or other transmiss

FDDI can be configured to support a sustained data transfer rate of at least 80 Mbit/s
yte/s). FDDI provides connectivity for many nodes distributed over distancés of many
ters in extent. Certain default parameter values for FDDI (e.g. timer settings) are calculate
basis of up to 1 000 transmission links or up to 200 km total fibre-pathrlength (typically
ponding to 500 nodes and 100 km of dual fibre cable, respectively); however, the FDDI prg
pport much larger networks by increasing these parameter values.

wn in figure 1, FDDI consists of
hysical Layer (PL), which is divided into two sublayers:

) A Physical Medium Dependent (PMD), which provides the digital baseband point-to-p
communication between nodes in the FDDI network. The PMD provides all services
necessary to transport a suitably coded digital bit stream from node to node. The PM
defines and characterizes the fibre-optic‘drivers and receivers, medium-dependent co
requirements, cables, connectors, power budgets, optical bypass provisions, and phy
hardware-related characteristics. It'specifies the point of interconnectability for confo
FDDI attachments. The initial PMP standard defines attachment to multi-mode fibre.
Alternative PMD sublayer standards are being developed for attachment to other
transmission media and for mapping to Synchronous Optical Network (SONET),

) A Physical Layer ProtocOP(PHY), which provides connection between the PMD and th
Data Link Layer. PHY establishes clock synchronization with the upstream code-bit d
stream and decodes. this incoming code-bit stream into an equivalent symbol stream f
by the higher layers. PHY provides encoding and decoding between data and control
indicator symbols and code bits, medium conditioning and initializing, the synchroniza
incoming and‘outgoing code-bit clocks, and the delineation of octet boundaries as req
for the tfansmission of information to or from higher layers. Information to be transmi
the medium is encoded by the PHY using a group transmission code. The definition ¢
is_contained in this part of ISO/IEC 9314.

Data Link Layer (DLL), which is divided into two or more sublayers:
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switched data on the shared FDDI medium. HRC comprises two internal components, a

Hybrid Multiplexer (H-MUX) and an Isochronous MAC (I-MAC). H-MUX maintains a

synchronous 125 ps cycle structure and multiplexes the packet and circuit switched data

streams, and I-MAC provides access to circuit switched channels,

2) A Media Access Control (MAC), which provides fair and deterministic access to the
medium, address recognition, and generation and verification of frame check sequences.

Its primary function is the delivery of packet data, including frame generation, repetitio
removal,

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

by FDDI,

n, and

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

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

The definition of PHY as contained in this part of ISO/IEC 9314 is designed to be as independent as
possible from the actual physical medium.

This part of ISO/IEC 9314 is an optional alternative to the original part of ISO/IEC 9314 on PHY
(ISO 9314-1) for implementations without an (optional) HRC, and is required for implementations with
an HR[C. Tmplementations that conform to this part of ISO/IEC 9314 shall also be interoperable With

implementations that conform to 1ISO 9314-1 if the additional capability of Hybrid mode operation
(as defined in this part of ISO/IEC 9314) is not being used. Implementers are encouraged to read
ISO 9314-1 in addition to this part of ISO/IEC 9314.

The set of FDDI standards specifies the interfaces, functions and operations necessary to ensurg
interoperability between conforming FDDI implementations. This part of ISO/IEG-9314 is a functfonal
description. Conforming implementations may employ any design technique thatyis interoperable.
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HOPHY-2 with HRC; PHY or PHY-2 otherwise.
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O SMT-2 with HRC; SMT or SMT-2 otherwise.

Figure 1 — Structure of FDDI standards
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2 Normative references

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

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

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

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

ISO/IHC 9314-4, Information technology — Fibre Distributed Data Interface (FDDI) —
Part 4} Single Mode Fibre Physical Layer Medium Dependent (SMF-PMD) 1)

ISO/IHC 9314-5:1995, Information technology — Fibre Distributed Data Interface{(FDDI) —
Part 5] Hybrid Ring Control (HRC)

ISO/IHC 9314-6, Information technology — Fibre Distributed Data Interface\(FDDI) —
Part 6] Station Management (SMT)

ISO/IHC 9314-8, Information technology — Fibre Distributed Data Iaterface (FDDI) —
Part 8f Media Access Control (MAC-2)

ISO/IHC 9314-9:199X, Fibre Distributed Data Interface (FDRI))~ Part 9: Token ring low-cost fibre
physidal layer medium dependent (LCF-PMD)

ISO/IHC 9314-10:199X, Fibre Distributed Data Interface)(FDDI) — Part 10: Token ring twisted pali
physidal layer medium dependent (TP-PMD)

<

3 Definitions

For the purposes of this part of ISOHEC 9314, the following definitions apply. In some cases thege
definitions may duplicate those egontained in other parts of ISO/IEC 9314. Such definitions are included
for completeness and to improve-readability. In certain cases, definitions herein may slightly update
those gontained in the earlierpublished parts of ISO/IEC 9314 to improve their clarity.

3.1 basic mode: The.mode of ring operation where MAC PDUs (frames and tokens) are direct
transnjitted by PHY.

3.2 byte: A pair0f:symbols on an even-symbol boundary.

<

3.3 cqde bit: \The smallest signalling element used by the Physical Layer for transmission on the
medium.

3.4 cqde‘group: A Protocol Data Unit transmitted between cooperating PHY entities on a Physjcal
Link, cONSISTING Of @ SPecilic SEqUENCE Of TIVe code DItS representing a symbpol.

3.5 concentrator: A node which provides connections for multiple subordinate nodes in an FDDI
network. A concentrator has two or more Physical Layer attachments and may or may not have one or
more Data Link Layer entities.

3.6 Connection Management (CMT):  That portion of the Station Management (SMT) function that
controls network insertion, removal, and connection of PHY and Data Link Layer entities (MAC or
HRC) within a node.

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

1) 7o be published.
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3.8 cycle: A Protocol Data Unit transmitted between cooperating HRC entities on a ring, consisting of
a fixed number of symbols in each 125 us interval.

3.9 entity: An active service or management element within an Open System Interconnection (OSI)
layer, or sublayer.

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

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

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

3.13 Hybrid Ring Control (HRC): The Data Link Layer entity responsible for multiplexing of packet
and circuit switched data, and providing access to circuit switched channels, in an FDDI logicahring.

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

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

3.16 network (FDDI network): A collection of FDDI nodes interconnected toform a trunk, or afree,
or a triink with multiple trees. This topology is sometimes called a dual ring.of trees.

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

o
=

3.18 non-return to zero (NRZ): A coding technique where-one polarity level represents a logicgl "1"
(one) and the opposite polarity level represents a logical "@” (Zero).

3.19 non-return to zero, invert on ones (NRZI): A coding technique where a polarity transitior
represents a logical "1" (one) and the absence of a polarity transition denotes a logical "0" (zero)

3.20 gctet: A data unit composed of eight ordered binary bits. An octet is represented in FDDI gs a
pair of|data symbols.

3.21 Physical Connection:  The full-dupléx physical layer association between adjacent PHY ehtities
(in corcentrators, repeaters, or stations)in an FDDI ring, i.e. a pair of Physical Links.

3.22 PRhysical Layer Medium Dependent (PMD):  The Physical Layer entity responsible for deljvering
a codg bit stream produced by a-PHY entity to the physically adjacent PHY entity, attached via fire
optics jor other media, in an FDDInetwork.

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

3.24 Physical Link: " The simplex path (via PMD and attached medium) from the transmit functipn of
one PHY entityto,the receive function of an adjacent PHY entity (in concentrators, repeaters, or
statiorfs) in an-FDDI ring.

3.25 Port: “A PHY entity and a PMD entity in a node, together creating a PHY/PMD pair, that mgy
connettta the optical fibre or other media and provide one end of a physical connection with anather

node.

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

3.27 Protocol Data Unit (PDU): The unit of information transfer between communicating peer layer
entities. It may contain control information, address information, data (e.g. an SDU from a higher layer
entity), or any combination of the three. The FDDI PHY PDUs are code groups.

3.28 quartet: A data unit composed of four ordered binary bits. A quartet is represented in FDDI as a
single data symbol.

3.29 receive: The action of a node that consists of accepting an information stream (e.g. frame,
token, cycle or control sequence) from the medium. The node receiving the information stream may
examine it and selectively copy it as appropriate.
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3.30 repeat: The action of a node that consists of receiving an information stream from an upstream
node and reproducing it on the medium to a downstream node. The node repeating the information
stream may examine it and selectively copy or modify it as appropriate.

3.31 ring: A closed loop consisting of one or more stations connected by a physical medium wherein
information is passed sequentially between active stations, each station in turn examining or copying
and repeating the information, finally returning it to the originating station.

3.32 Service Data Unit (SDU): The unit of data transfer between a service user and a service
provider.

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

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

3.35 S$tation Management (SMT):  The supervisory entity within an FDDI node that.monitors and
contro|s the other FDDI entities in the node.

3.36 gymbol: The smallest signalling element used by the Data Link Layer (DEL). The symbol set
consists of 16 data symbols and 9 control symbols. Each symbol correspondsito a specific code group
to be transmitted by PHY.

3.37 transmit: The action of a node that consists of generating an infermation stream (e.g. frame,
token,[cycle or control sequence) and placing it on the medium.

3.38 Unit Interval (Ul): The transmission time for a fixed length'signalling element (e.g. a code|bit or
a symbol).

4 Conventions and abbreviations

4.1 Conventions

The terms SMT, MAC, HRC, PHY and PMD, when used without modifiers, refer specifically to the local
FDDI ¢ntities within a node. When this edition is to be distinguished from the first edition (ISO 9314-1:
1989) |t shall be referred to as RHY=2; the term PHY is used generically where either version may be

applicable.

Low lines (e.g. control_action) are used as a convenience to mark the name of signals, functionsg, etc.,
which might otherwise be.misinterpreted as independent individual words if they were to appear in text.

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

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

An overbar’(~ ) after a decimal fraction denotes a continued fraction (e.g. 0,04 = 0,044 444 ...).

A vertical stroke (|) in a logical expression denotes a logical ‘OR’.
An ampersand ( &) in a logical expression denotes a logical ‘AND’.
A tilde (~) in a logical expression denotes a logical ‘NOT".

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

Comments in state machine footnotes are denoted by double angle brackets (e.g. condition
«commenty).
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4.2 Abbreviations

PMD
PHY
HRC
MAC
SMT
CMT
SONET
DLL

Physical Layer Medium Dependent (see ISO/IEC 9314-3, 9314-4, 9314-9 or 9314-10)

Physical Layer Protocol (see ISO/IEC 9314-7 or this standard)
Hybrid Ring Control (see ISO/IEC 9314-5)

Media Access Control (see ISO/IEC 9314-2 or 9314-8)
Station Management (see ISO/IEC 9314-6)

Connection Management

Synchronous Optical Network

ALS
CLS
HLS
ILS
MLS
NLS
QLS
LSU
NRZ
NRZI
Pl
PO
SI
SO
ul
AT_max
LS_Max
Limit_¢t
Target _ct
Out_ct
C_Flag
S _Flag
T_Flag
D _Ma
Limit_max
Limit_gntr
Targef_max
Target_cntr

Batetinktayet

Active Line State

Cycle Line State

Halt Line State

Idle Line State

Master Line State

Noise Line State

Quiet Line State

Line State Unknown

Non Return to Zero

Non Return to Zero, Invert on Ones

Primary In

Primary Out

Secondary In

Secondary Out

Unit Interval

Maximum PHY acquisition time

Maximum line state changg interval

Current Limit Smoother'extension (in symbols)
Current Target Smaoaother extension (in symbols)
Number of outplt symbols

Indicates Hybrid mode operation
Indicates-synchronization established in Hybrid mode
Indicates current frame cannot be stripped
Maximum ring latency

Maximum Limit Smoother capacity (in symbols)
One half of maximum Limit Smoother capacity (in symbols)
Maximum Target Smoother capacity (in symbols)

QOne half of maximum Targpf Smaoother Pnln:mify (in Qymhnle)

Target_th
PA_max
MIC
P_max
SD_max
SD_min
ms

VE

ns

Current Target Smoother threshold (in symbols)

Maximum Hybrid mode preamble length (in symbols) before loss of synchronization

Media Interface Connector

Maximum number of Ports in a logical ring

Maximum effective starting delimiter delay contribution of this attachment
Minimum starting delimiter delay through this attachment

millisecond

microsecond

nanosecond
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5 General description

An FDDI network consists of a set of nodes (e.g. stations) connected by optical transmission media
into one or more logical rings. A logical ring consists of a set of stations connected as an alternating
series of nodes and transmission media to form a closed loop. Information is transmitted sequentially,
as a stream of suitably encoded symbols, from one active node to the next. Each node generally
regenerates and repeats each symbol and serves as the means for attaching one or more devices to
the ring for the purpose of communicating with other devices on the ring.

Two klnds of data serwce can be prowded ina Iog|cal rmg packet serwce and C|rcu|t serwce For
to the

itted

ssion
medium. A peer Physical Connection connects adjacent nodes in the FBDI trunk ring. A hierarchical
Physigal Connection connects a master PHY in a concentrator to a suberdinate PHY in another node,
to cregte a branching topology. Physical Connections may be intercenhected within nodes, via
attachgd Data Link Layer entities (MAC or HRC)s or other means;to create the FDDI network.

A Physical Connection consists of a pair of Physical Links carrying signals in opposite directions
betwegn the pair of PHYs. A peer Physical Connection indhe’FDDI trunk ring consists of a Primary
Link apd a Secondary Link. A Primary Link consists of the output end, called Primary Out (PO), ¢f a
PHY, communicating over a Primary medium to the input end, called Primary In (PI), of a second PHY.
A Secopndary Link consists of the output end, calledSecondary Out (SO), of the second PHY
commpnicating over a Secondary medium to thexinput end, called Secondary In (SI), of the first RHY.

An FDDI network consists of a theoretically, ualimited number of connected nodes. SMT establishes
the Phlysical Connections between nodes,.and the correct internal node configurations, to create fan
FDDI network of logical rings. The method of actual physical attachment of nodes to the FDDI ngtwork
will vafy and is dependent on specificiapplication requirements. The function of each node is not
specified in this part of ISO/IEC 9314y but is determined by its specific application and management
requirgments. Application requirements are not specified by any part of ISO/IEC 9314; however,
management requirements are specified in ISO/IEC 9314-6.
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Figure 2 — Peer Physical Connection example

brvices

ause specifies the services provided by PEY-and the services required by PHY. The follo
s are defined:

ata services provided by PHY to the lg€al Data Link Layer (DLL) entity (MAC or HRC), de
y a PH_ prefix

ata services required by PHY-from the local PMD entity, denoted by a PM__ prefix

vices defined in this clause are mandatory.

pfinition of these services is for reference purposes only, and is not intended to specify an
nentation of the PHY interfaces. Any implementation technique that causes the same extg
our of the protecol is equally valid.

PHY-to-DLL services

ibcClause specifies the services provided at the interface between the PHY and the Data Li

lanagement services proyided by PHY to the local SMT entity, denoted by a SM_PH__ prefjix

Dde[n]

ving

noted

rnal

nk

Layer

D) entities, to suppart the exchange of PDUSs among peer DI | _entities (MAC or HRC)

Additional detail is provided in the parts of ISO/IEC 9314 on MAC and HRC concerning conditions that
generate these primitives and DLL actions upon receipt of PHY-generated primitives.

The fo

llowing primitives are defined:

PH_UNITDATA.request
PH_UNITDATA.indication
PH_INVALID.indication

All primitives defined in this subclause are mandatory.

The description of each primitive includes a description of the information that shall be passed between
the PHY and Data Link Layer entities.
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These services shall be ‘synchronous’, so that each PH_UNITDATA.indication causes exactly one
PH_UNITDATA.request. Depending upon the current internal configuration of the node, the
PH_UNITDATA.request may be returned to the same PHY or to a different PHY. Although these
services are primarily intended as a PHY-to-DLL interface, they also serve as a PHY-to-PHY interface
when repeating on a logical ring with no intervening MAC or HRC. In this case the function of the
Repeat Filter is required somewhere in the repeat path within the Physical Layer (see 8.9).

To ensure correct operation of the Elasticity Buffer function, the maximum DLL PDU length shall not
exceed 9 000 symbols, including the Starting Delimiter through the fourth preamble (ldle) symbol after
the PDU (see 8.6).

6.1.1 PH_UNITDATA.request

This pfimitive transfers the symbol data stream to PHY from MAC or HRC.

6.1.1{1 Semantics of the primitive

RH_UNITDATA.request (
PH_Request(symbol)

The symbol specified by PH_Request(symbol) shall be one of the followings
H, 1, J,K, n, R, S, T and optionally L, Q or V, from the set of symbals defined in table 1.

PH_Request(L) is not required in Basic mode. PH_Request(H, Qor'V) is not required by MAC o
HRC.

=

NOTE 1 — When repeating in the Physical Layer, each PH_Indieation(symbol) (see 6.1.2.1) is presented as 4
PH_Request(symbol). In this case, PH_Request(H) is required and PH_Request(Q or V) is possible.

6.1.1{2 When generated

MAC gr HRC shall generate one PH_UNITDATA.request for each PH_UNITDATA.indication recgived
from HHY.

6.1.1{3 Effect of receipt

Upon feceipt of this primitive during Line_State_action(Transmit_PDR), PHY shall encode the
PH_Request(symbol) into the appropriate PM_Request(NRZI code) stream.

NOTE 2 - The operation of the Smoothing and Repeat Filter functions may alter the PH_Request(symbol) stfeam
within PHY.

6.1.2| PH_UNIDATA.indication

This pfimitive transfers the symbol data stream from PHY to MAC or HRC.

6.1.2.1Semmantics of theprimmitive

PH_UNITDATA.indication
PH_Indication(symbol)
)

The symbol specified by PH_Indication(symbol) shall be one of the following:
H,1,J,K, n, R, S, Tand optionally L, Q or V, from the set of symbols defined in table 1.

PH_Indication(L) is not required in Basic mode, and in this case it may be indicated as
PH_Indication(H or V). PH_Indication(Q) may optionally be indicated as PH_Indication(H or V).
PH_Indication(V) may optionally be indicated as PH_Indication(H). When repeating in the Physical
Layer, PH_Indication(H, Q or V) shall be generated when PH_Invalid is asserted.
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6.1.2.2 When generated

PHY shall generate a PH_UNITDATA.indication once every symbol period, derived from the decoded
PM_Indication(NRZI code) stream.

NOTE 3 - The operation of the Elasticity Buffer, Line State Detection and Smoothing functions may alter the
PH_Indication(symbol) stream within PHY.

6.1.2.3 Effect of receipt

Upon receipt of this primitive, MAC or HRC shall accept a symbol from PHY, process it, and generate
a corresponding PH UNITDATA.request to PHY, conveying the resulting output symbol.

6.1.3| PH_INVALID.indication

This pfimitive indicates to MAC or HRC that continuity of the received symbol stream has been
comprpmised.

6.1.3|1 Semantics of the primitive

RH_INVALID.indication (
PH_Invalid

)
The PH_Invalid parameter shall indicate that the PH_UNITDATAundication symbol stream is invalid.

6.1.3{2 When generated

PHY shall generate this primitive whenever it detects a-Quiet, Halt, Master or Noise Line State. In
additign, PHY shall generate this primitive for otherinterruptions of the received symbol stream
detected by PHY, including Elasticity Buffer errars; receipt of Signal_Detect(off), detection of

Clock | Detect(off) (if implemented) and any other detected condition that causes potential loss of
duplication (as opposed to alteration) of ong*or more received symbols within a MAC or HRC PDU.
These|additional conditions may optionally be reported as PH_Indication(H, Q or V) in Basic mode.

6.1.3{3 Effect of receipt

The effect of receipt of this primitive by MAC or HRC is not specified.

6.2 RPHY-to-PMD Services

This spibclause spetcifies the services provided at the interface between the PHY and the PMD entities
of the Physicallayer, to support the exchange of NRZI code-bit streams between peer PHY entities.
Additignal detall is provided in the applicable FDDI standard on PMD (ISO/IEC 9314-3, 9314-4, 9314-9,
or 9314-10) concerning conditions that generate these primitives and PMD actions upon receipt pf
PHY-0generated primiti\/pc

The following primitives are defined:

PM_UNITDATA.request
PM_UNITDATA.indication
PM_SIGNAL.indication

All primitives defined in this subclause are mandatory.

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

The implementation of the PHY to PMD interface is not specified. However, an exemplary
implementation of this interface is provided as an annex to ISO/IEC 9314-3.
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6.2.1 PM_UNITDATA.request
This primitive transfers the NRZI data stream from PHY to PMD.

6.2.1.1 Semantics of the primitive

PM_UNITDATA.request (
PM_Request(NRZI code)

The data conveyed by PM_Request shall be a continuous NRZI data stream (i.e. each polarity change
in PM_Request signifies a NRZI code ‘one’).

6.2.1{2 When generated

PHY cpntinuously sends PMD the current NRZI code polarity.

6.2.1{3 Effect of receipt

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

6.2.2| PM_UNITDATA.indication

This pfimitive transfers the NRZI data stream to PHY from PMD.

6.2.2{1 Semantics of the primitive
RM_UNITDATA.indication

(
PM_Indication(NRZI code)
)

The data conveyed by PM_Indication shall hé&’a continuous NRZI data stream (i.e. each polarity
changg in PM_Indication signifies a NRZI code ‘one’).

6.2.2{2 When generated

PMD gontinuously sends PHY-the current NRZI code polarity.

6.2.2{3 Effect of reeeipt

In norinal (non-Logpback) mode, PM_Indication is continuously sampled by the Receive function of
PHY.

6.2.3| PMUSIGNAL.indication

This primitive indicates to PHY the status of the optical signal level being received by PMD.

6.2.3.1 Semantics of the primitive

PM_SIGNAL.indication
Signal_Detect(status)

)

The Signal_Detect(status) parameter shall indicate whether the received signal level from the medium
is above (Signal_Detect(on)) or below (Signal_Detect(off)) the signal detection threshold of the receiver
in PMD.
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6.2.3.2 When generated
PMD continuously generates this primitive to indicate the status of the received signal.
6.2.3.3 Effect of receipt

The effect of receipt of this primitive is to assert Quiet Line State during Signal_Detect(off), and to
enable detection of other line states during Signal_Detect(on).

6.3 PHY-to-SMT services

This suibclause specifies the services provided at the interface between the PHY and the Station
Management (SMT) entities. The services supplied by the PHY allow the local SMT entity ta_mehitor
and cqgntrol the operation of PHY. The PHY-to-SMT services shall have precedence over.the PHY-to-
DLL sgrvices. Additional detail is provided in SMT concerning conditions that generateithese primitives
and SIMT actions upon receipt of PHY-generated primitives.

The following primitives are defined:

SM_PH_LINE_STATE.request
$M_PH_STATUS.indication
$M_PH_CONTROL.request

All prirpitives defined in this subclause are mandatory.

The description of each primitive includes a description of the information that is passed betweer] the
PHY and SMT entities.

6.3.1| SM_PH_LINE_STATE.request

This pfimitive is generated by SMT to control the output data stream sent by PHY.

6.3.1|1 Semantics of the primitive

$M_PH_LINE_STATE.request (
Line_State_action

)

The Lipe_State_action parametersshall be one of the following:

Transiit_Quiet. When this action is requested, PHY shall send a continuous stream of Quiet symbols
to PMD. In this condition'the Transmit function generates no transitions. Transmit_Quiet shall aJso be
the default condition of the PHY Transmit function initially, or after a PHY_Reset.

WARNING=The constant PM_Request(NRZI code) polarity is not specified in this part
of ISO/IEE 9314, although it may optionally be controlled in an implementation. To
ensure.the proper effect on the signal transmitted by PMD, SMT should also issue an
appropriate SM_PM_CONTROL.request to PMD ( e.g.
SM_PM_CONTROL.request(Transmit_Disable) for fibre optic media).

Transmit_Halt. When this action is requested, PHY shall send a continuous stream of Halt symbols to
PMD.

Transmit_Master. When this action is requested, PHY shall send a continuous stream of alternating
Halt and Quiet symbol pairs to PMD.

Transmit_Idle. When this action is requested, PHY shall send a continuous stream of Idle symbols to
PMD.

Transmit_PDR. When this action is requested, PHY shall transfer the PH_Request(symbol) stream to
PMD.

NOTE 4 - The operation of the Smoothing and Repeat Filter functions can alter the PH_Request(symbol) stream
within PHY.
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6.3.1.2 When Generated

This primitive is generated by SMT as part of Connection Management (CMT) signalling sequences.

6.3.1.3 Effect of receipt

PHY shall send a continuous stream of the commanded symbol(s) to PMD. These primitives shall
take precedence over the PHY-to-DLL primitives.

6.3.2 SM_PH_STATUS.indication

This pfimitive is generated by PHY to inform SMT of the status of the data stream being received from
PMD. | The specific items reported are defined in the following subclause.

6.3.2|1 Semantics of the primitive

$M_PH_STATUS.indication (
status_report

)

The sthtus_report parameter shall be one of the following (see 7.3 for the\definition of the line stgtes):

Quiet_|Line_State_received. This parameter shall be asserted by PHY-when Quiet Line State (QLS) is
enteref.

Halt_Lliine_State_received. This parameter shall be asserted by PHY when Halt Line State (HLS
enteref.

S

Mastef_Line_State_received. This parameter shall be asserted by PHY when Master Line State [(MLS)
is entdred.

o

Idle_Line_State_received. This parameter shall be @sserted by PHY when Idle Line State (ILS) i
enteref.

Active] Line_State_received. This parameter;shall be asserted by PHY when Active Line State (ALS)
is entdred.

Cycle |Line_State_received. This parameter shall be asserted by PHY when Cycle Line State (CLS) is
entered. This line state is optional unless support for Hybrid mode is implemented.

Noise |Line_State received. This)parameter shall be asserted by PHY when Noise Line State (NLS) is
enteref.

Line_$tate_Unknown. This\parameter shall be asserted by PHY when any of the defined line stdtes
are ex|ted and the entry conditions for a new line state have not yet been satisfied. This status_rgport
paramieter shall include an indication of the most recently known line state.

Link_Hrror_detected. This parameter shall be asserted by PHY when:

a) The cutrent’known line state is Active Line State or Cycle Line State and a V symbol is dec¢ded.
This includes receipt of any invalid code point (see table 1) or a J or K which is not decoded as
gactof a Starting Delimiter (see 8.5).

b)  The current known line state is Idle Line State and any symbol except Q, H, I, J or K is decoded.
This includes receipt of any invalid code point (see table 1) or a J or K which is not decoded as
part of a Starting Delimiter (see 8.5).

NOTE 5 — ISO/IEC 9314-6 on SMT defines a set of LEM error events that is similar but not identical to the set of
Link_Error_detected events defined here. The set of events defined here is intended to provide comparable error
sensitivity, while avoiding spurious error indications during line state signalling and mode switching.

EB_Error_detected. This parameter shall be asserted by PHY when an Elasticity Buffer error is
detected, i.e. whenever it is detected that the EB has not accurately propagated a DLL PDU. The
actual EB errors than can be detected are implementer defined.

6.3.2.2 When Generated

This primitive shall be generated by PHY when the indicated condition occurs.
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6.3.2.3 Effect of receipt

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

6.3.3 SM_PH_CONTROL.request

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

6.3.3.1 Semantics of the primitive

SM_PH_CONTROL.request (
Control_Action,
Requested_Status

)

The Cpntrol_Action parameter shall include the following: PHY_Reset, Enable_Hybrid” ‘mode,
Disable_Hybrid_mode, Begin_Loopback mode, Cancel_Loopback_mode and Presenf_Status.

The Requested_Status parameter shall indicate the status_report parameter(s)to_be returned to|SMT
in resgonse to a Present_Status control action.

6.3.3{2 When generated

This pfimitive is generated by SMT to cause PHY to take the action specified by the Control_Actipn
paramieter.

6.3.3{3 Effect of receipt

The value of the Control_Action parameter shall determine the effect upon PHY as follows:
a) It the Control_Action is PHY_Reset, then PHY shall at a minimum:
1) reset the Receive function to Clock-Detect(off) (if implemented),

[L\S]
~

reset the Elasticity Buffer functien;

)
~

reset the Line State Detection-function to Line State Unknown. If Signal_Detect(off) ig
asserted, then the Line. State Detection function may optionally be reset to Quiet Line [State,

reset the Line State Detection counters,

reset the Smoothing‘function,

reset the Repeat Filter function,

reset the Fransmit function to Transmit_Quiet,
8

g

reset. Hybrid mode,

|
— — — ~— ~— —

report’PH_Invalid to the DLL interface;

b) If the'‘€ontrol_Action is Enable_Hybrid_mode, then PHY shall enable the recognition and
processing of cycles (HRC PDUs). This Control Action is optional unless support for Hybrigd
mode is implemented;

c) If the Control_Action is Disable Hybrid_mode, then PHY shall disable the recognition and
processing of cycles (HRC PDUSs). This Control_Action is optional unless support for Hybrid
mode is implemented;

d) If the Control_Action is Begin_Loopback_mode, then PHY shall enter Loopback mode. The
intent of this mode is to loop back the output of the Transmit function to the input of the Receive
function within the PHY entity, at a point as close as possible to the interface with PMD, to permit
local node testing. In this mode, PHY shall return symbols presented at the
PH_UNITDATA.request interface on the PH_UNITDATA.indication interface. These symbols
may be altered by the actions of the Elasticity Buffer and the Repeat Filter. PHY shall present
continuous NRZI code-bit zeros to the PM_UNITDATA.request interface while in Loopback mode;
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WARNING - The constant PM_Request(NRZI code) polarity is not specified in this part
of ISO/IEC 9314, although it may optionally be controlled in an implementation. To
ensure the proper effect on the signal transmitted by PMD, SMT should also issue an
appropriate SM_PM_CONTROL.request to PMD (e.g. SM_PM_CONTROL.request
(Transmit_Disable) for fibre optic media).

If the Control_Action is Cancel_Loopback _mode, then PHY shall leave Loopback mode;

If the Control_Action is Present_Status, then PHY shall generate a SM_PH_STATUS.indication

to SMT that includes the status indicated by the Requested_Status parameter.

7 Facilities

7.1 Coding

7.1.1| Code bit

Peer RHY entities communicate via fixed-length code bits. A code bit is the’smallest signalling e
used Ry PHY. In the NRZI code, a code bit is represented as a transition(one), or absence of a
transitjon (zero), in the polarity of the signal on the medium.

7.1.2| Code group

A code group is a consecutive sequence of five code bits.{Jt iS used to represent a symbol on thg
medium. Implicit in the definition of code group is the establishment of code group boundaries.
procegs of establishing a code group boundary is known'as ‘framing’, and the established bound
known as the ‘framing boundary’.

Table [L defines the mapping of symbols to code groups.

ement

1)

The
ary is



https://iecnorm.com/api/?name=687245d1ad14a73ca1498997db67e168

9314-7 © ISO/IEC:1998(E)

—-17 —

Table 1 — Symbol coding

Code Group Symbol
Decimal Binary Name Assignment
Line State Symbols
00 00000 Q Quiet
04 00100 H Halt
31 11111 I Idle
tarting Dalimiter
tarting t
24 11000 J First symbol of JK pair
17 10001 K Second symbol of JK pair
Hmbedded Delimiter
05 00101 L Second symbol of IL pair
Data Quartets Hexadecimal Binary
30 11110 0 0 0000
09 01001 1 1 0001
20 10100 2 2 0010
21 10101 3 3 0011
10 01010 4 4 0100
11 01011 5 5 0101
14 01110 6 6 0110
15 01111 7 7 0111
18 10010 8 8 1000
19 10011 9 9 1001
22 10110 A A 1010
23 10111 B B 1011
26 11010 (0 C 1100
27 11011 D D 1101
28 11100 E E 1110
29 11101 F F 1111
Bnding Delimiter
13 01101 T Terminate
CGontrol Indicatars
07 00111 R Reset (logical Zero or Off)
25 11001 S Set (logical One or On)
Invalid Code Points
Cl CCCCl ‘VI Ul : : Thcoc bUdC |JUII Itb oha“ IIUt bc tl al IQIII;ttCL
02 00010 VorH because they can generate patterns that
03 00011 \% violate run length or duty cycle
06 00110 \% requirements. Streams of code points 01,
08 01000 VorH 02, 08 and 16 shall be interpreted as Halt
12 01100 \Y% by the Line State Detection function.
16 10000 VorH

(12345)

sequential order of code bit transmission.
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7.2 Symbol set

A symbol is the smallest signalling element provided by PHY for use by the Data Link Layer. Symbols
are used to convey three types of information:

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

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

c) Data quartets, each representing a group of four ordered data bits.
Peer DLL entities communicate via PHY using a set of fixed-length symbols. These symbols are

passef-acrassthe PHY 1o-BlLL interfaceviathe PH UNITDATA reguestand

PH_UNITDATA.indication primitives. The DLL entities shall generate PDUs as matched pairs‘of
symbdls, according to the rules specified in the remainder of this subclause. These symbahpair
definitions allow decoding only relative to the framing boundary established by a Starting Delimite
symbd| pair.

=

Peer SMT entities also communicate via PHY using a set of variable-length line states. These lipe
states|are encoded as repeating symbol streams for transmission across the Physical Link; however,
they cain be detected without establishment of a framing boundary.

7.2.1| Line state symbols

These|three symbols are used on the medium between DLL PDUs,

7.2.1|1 Quiet (Q)

The Qliet symbol indicates the absence of any transitions in the code group. This symbol shall not be
transnjitted or repeated by DLL entities (MAC or HRC).“Detection of this symbol within a DLL PQ)U
constifutes an error in the PDU.

7.2.1|2 Halt (H)

The Halt symbol indicates CMT signalling’ sequences (in the form of line states). Itis also used fpr
filtering line state or code violation symbols from the repeated symbol stream while minimizing thie d.c.
compgnent of the NRZI signal on'the’transmission medium. This symbol shall not be transmitted or
repeated by DLL entities (MAC or/HRC). Detection of this symbol within a DLL PDU constitutes an
error in the PDU.

7.2.1|3 Idle (1)

The Idle symbol indiCates the normal condition of the medium between MAC or HRC PDUs (frames or
cycles). It provides a continuous fill pattern to establish and maintain clock synchronism. The Idje
symbdl may-also occur in CMT signalling sequences and as a fill pattern within a channel in Hybrid
mode.

7.2.2 Control symbols

7.2.2.1 Starting Delimiter (SD)

A Starting Delimiter (SD) is used to delineate the starting boundary of a data transmission sequence
(i.e. a MAC or HRC PDU). This PDU normally begins when the medium is in the idle condition
although it may succeed or preempt a previous PDU. The SD is unique in that it may be recognized
independent of previously established code group (framing) boundaries. Note that the Starting
Delimiter may occur at any point regardless of the previous framing boundary. A boundary shift may
occur in the transmitting PHY or, due to a clock or data recovery error, in the receiving PHY.
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The symbol sequence of J followed by K, from the DLL to PHY, shall be used by the Encode function
to impress the Starting Delimiter on to the transmission medium. The encoding of the JK symbol pair
contains a uniquely recognizable code bit sequence that does not exist in any other legal symbol
sequence regardless of previously established framing boundaries. Using this characteristic, the
Decode function of the receiving PHY uses the incoming JK sequence to establish the correct framing
boundary.

The DLL shall employ proper Starting Delimiter usage and legal symbol stream sequencing. PHY shall
not transmit a J symbol unless it is immediately followed by a K symbol.

NOTE 6 - Legal symbol stream sequencing may be enforced by PHY, since the Repeat Filter function is located
downstream from the PH_UNITDATA .request interface.

7.2.2{1.1 Initial SD symbol (J)

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

7.2.2{1.2 Final SD symbol (K)

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

7.2.2{2 Other delimiter symbols

7.2.2{2.1 Embedded Delimiter symbol (L)

The L symbol is the second and last symbol of a sequentialyStarting Delimiter symbol pair (IL)
embedded within a channel in Hybrid mode. It does not:affect the framing boundary because it does

not contain the uniquely recognizable code bit sequencé of the JK pattern. The L symbol is also [used
for filtgring line state or code violation symbols fromhe repeated symbol stream in Hybrid mode

Since fhe Embedded Delimiter cannot be recognized independent of symbol boundaries, proper
decoding of this symbol depends on the previous establishment of the framing boundary.

The L symbol shall not be transmitted or repeated in Basic mode. It shall be filtered by the Repept
Filter according to the current mode (se€'8.9).

7.2.2{2.2 Ending Delimiter-(ED) symbol (T)

An Engding Delimiter symbol (T) terminates all MAC PDUs. The T symbol is not necessarily the last
symbdl in a transmission’sequence, since the Ending Delimiter may be followed by one or more
Contrgl Indicator symbols.” A sequence of Ending Delimiter and Control Indicator symbols shall Qe
generated by the DLINas a balanced sequence of symbol pairs (i.e. an even number of R, S, and T
symbdls). When¢qo Control Indicators are present, this sequence shall consist of a pair of T symbols.
In Hybfid modég the T symbol is also used for filtering erroneous symbols in the Programming
Templpte.

Note that the Ending Delimiter cannot be recognized independent of symbol boundaries, so propgr
decod ng of this :\/mhnl dnnnndc onthe nrn\/lnll: establishment of the frnmmn hnllndnr\/ The

encodmg of this symbol is deS|gned to minimize the probability that transmission errors will create a
false Ending Delimiter on a stripped frame or token.

7.2.2.3 Control Indicators

Control Indicators specify logical conditions associated with a data transmission sequence. They may
be independently altered by repeating nodes without altering the normal data in the transmission
sequence. A sequence of Ending Delimiter and Control Indicator symbols shall be generated by the
DLL as a balanced sequence of symbol pairs (i.e. an even number of R, S and T symbols). A single
Ending Delimiter symbol followed by an odd number of Control Indicator symbols is a balanced symbol
pair sequence; however, an Ending Delimiter symbol followed by an even number of Control Indicator
symbols shall be balanced by adding a final Ending Delimiter symbol.
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The encoding of the Control Indicator symbols is designed both to ensure balanced symbol pairs and
to minimize the probability that transmission errors will transpose one Ending Delimiter or Control
Indicator symbol into a different Ending Delimiter or Control Indicator symbol.

7.2.2.3.1 Reset symbol (R)

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

7.2.2.3.2 Set symbol (S)

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

7.2.3| Data Quartets (0-F)

A Data Quartet symbol conveys one quartet of binary data within a data transmission séquence. [ The
16 Data Quartet symbols are denoted by the hexadecimal digits (0 — F), and a generic/member qf the
set is glenoted by the character ‘n’. A sequence of Data Quartet symbols shall be-generated by the
DLL as a balanced sequence of symbol pairs (i.e. an even number of n symbols).

7.2.4{ Violation symbol (V)

The Violation symbol denotes a signal on the medium that does not.conform to any legal symbol|in the
symbdl set. The receipt of Violation symbols may result from various'error conditions or during rng
clock g$ynchronization sequences. PHY shall not transmit (i.e..generate or repeat) Violation symbols.

7.3 Uine states

This subclause defines the line states that determine and signal the status of a Physical Link. These
line states are generated by PHY upon request fram-SMT (via SM_PH_LINE_STATE.request), gnd are
detected by PHY and reported to SMT (via SM_PH_STATUS.indication). The line states represg¢nt a
longer|term condition of the Physical Link thanthat represented by a symbol or a symbol pair. Lipe
state detection is provided at all times, but.accuracy need not be guaranteed during the initial ling state
acquigition interval or during line state change intervals (see 8.7). Note that the following line state
definitions are mutually exclusive, but nct exhaustive, i.e. line conditions exist that do not satisfy the
criterig for any of the defined line states. In this case, the current line state is unknown, which is the
defaulf condition.

PHY shall report any changé:inthe received line state to SMT via the SM_PH_STATUS.indicatign
primitiye. PHY shall alsoreport a PH_Invalid to the DLL interface whenever the received line state is
QLS, HLS, MLS, or NLS.

At any[time, SMT shall be able to determine the current line state via the SM_PH_CONTROL.request
primitiye. If the current line state is unknown, then Line State Unknown shall be reported to SMT| along
with thie most recently known line state.

7.3.1| Quiet Line State (QLS)

A continuous stream of Quiet symbols shall be sent by PHY to signal Quiet Line State. This line state
is used as part of the Connection Management process. It may also indicate the absence of a Physical
Link.

Quiet Line State shall be entered upon the receipt of 16 consecutive Q symbols with
Signal_Detect(on); however, entry is not required until eight consecutive QQ symbol pairs are received
with the current framing boundary. Quiet Line State shall also be entered upon receipt of
Signal_Detect(off) from PMD.

Quiet Line State shall be exited upon receipt of any symbol other than Q with Signal_Detect(on).
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7.3.2 Halt Line State (HLS)

A continuous stream of Halt symbols shall be sent by PHY to signal Halt Line State. This line state is
used as part of the Connection Management process.

Halt Line State shall be entered upon the receipt of 16 consecutive H symbols with Signal_Detect(on);
however, entry is not required until eight consecutive HH symbol pairs are received with the current
framing boundary.

Halt Line State shall be exited upon receipt of any symbol other than H, or upon receipt of
Signal_Detect(off).

7.3.3_Master Line State (MLS)

A contjnuous stream of alternating Halt and Quiet symbols shall be sent by PHY to signal Master Line
State. [ This line state is used as part of the Connection Management process.

Mastef Line State shall be entered upon the receipt of eight consecutive HQ (or QH),symbol pairs with
Signal| Detect(on); however, entry is not required until eight consecutive HQ (or QH) 'Symbol pairs are
received with the current framing boundary.

Mastef Line State shall be exited upon receipt of any symbol pair other than HQ (or QH), or upon
receipi of Signal_Detect(off).

7.3.4{ Idle Line State (ILS)

A confjnuous stream of Idle symbols shall be sent by PHY to signal the Idle Line State. This line[state
is intemded to establish and maintain clock synchronization gnythe outbound Physical Link. This [ine

state i$ used both as part of the Connection Management‘pracess and between DLL PDU sequences
during|normal operation.

Idle Linpe State shall be entered upon the receipt of four consecutive | symbols with Signal_Detecjt(on)
and Clock_Detect(on) (if implemented); however,@ntry is not required until two consecutive Il symbol
pairs gre received with the current framing boundary. Note that this may be increased by up to 1{1 bits
if the Elasticity Buffer function is implemented pefore the Line State Detection function, and the
Elastigity Buffer removes the maximum number of bits permitted (i.e. 20 bits maximum to nine bits
minimyum equals 11 bits). In Hybrid mede, the detection of ILS shall not occur during a cycle (i.e] until
a complete cycle of symbol pairs hasbeen received since entry to ALS, except after the HRC Abort
sequence (JKTT) is received).

NOTE 7 — ISO/IEC 9314-6 requires the receipt of 16 consecutive | symbols before accepting ILS during the QMT
signalling process. This_requirement does not apply to ILS received between DLL PDUs.

Idle Line State shall be-exited upon receipt of any symbol other than I, receipt of Signal_Detect(off), or
detect|on of Clock_Detect(off) (if implemented).

7.3.5| Active(Line State (ALS)

When|PHY\transmits a DLL PDU sequence on the outbound Physical Link (i.e. whenever a DLL PDU
sequencens sent or repeated by this node with Transmit PDR enabled), this indicates that the Physical
Link endpoint in this node is enabled, and that a DLL entity is active somewhere upstream of this
Physical Link (i.e. in this node or in an upstream node). When detected, Active Line State indicates
that the inbound symbol stream on the Physical Link is a DLL PDU sequence, and that the
neighbouring PHY has enabled the associated Physical Link.

Active Line State shall be entered upon the receipt and acceptance of a JK symbol pair on any arbitrary
code bit boundary in the input NRZ stream, with Signal_Detect(on) and Clock_Detect(on) (if
implemented). Additional requirements on decoding JK and entry to ALS are specified in the clause on
the Decode function (see 8.5).

Active Line State shall be exited upon receipt of any symbol other than I, n, R, S or T, receipt of
Signal_Detect(off), or detection of Clock_Detect(off) (if implemented), and upon entry into Cycle Line
State or Idle Line State. ALS may optionally be exited upon receipt of a mixed (data and non-data)
symbol pair on the current framing boundary, receipt of an n symbol after at leastone R, S, or T
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symbol has been received or receipt of any symbol other than | after at least one | symbol has been
received. A JK received and accepted while in ALS (on any arbitrary bit boundary) may cause both an
exit from ALS and a subsequent re-entry to ALS but this is not required.

7.3.6

Cycle Line State (CLS)

When PHY transmits a cycle on the outbound Physical Link (i.e. whenever a cycle is sent or repeated
by this node with Transmit_PDR enabled), this indicates that the Physical Link is enabled in this node,
and that an HRC entity is active somewhere upstream of this Physical Link (i.e. in this node or in an
upstream node). When detected, Cycle Line State indicates that the inbound symbol stream on the
Physical Link is a cycle, and that the neighbouring PHY has enabled the associated Physical Link.
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Figure 3 — PHY functional block diagram example
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8 Operation

This clause specifies the operation of each of the functional components of PHY.

The functional organization of the FDDI PHY is shown in figure 3. The functional organization
described in this clause is of an exemplary nature, and is not intended to specify an implementation of
the PHY interfaces. Any implementation technique that causes the same external behaviour of the
protocol is equally valid.

8.1 General

This subclause describes common aspects of the operation of the functional components of PHY.

8.1.1| Coding

Succepsful operation of a serial baseband transmission system, such as FDDI, requires the use pf
coding to combine the functions of data and clock transmission. Data recovery from the serial data
stream requires the recovery of synchronizing clock information which is embedded in the data sfream.
Informfation is conveyed on the transmission medium by impressing transitions, or lack of transitipns,
on thelmedium. The minimum time interval between possible transitiohs)on the interface medium is
definefl as the ‘code cell.” Ideally, each transition, or lack of a transition, represents a useful piege of
data. However, in practice, this is not feasible because an extendéed series of bits represented by no
transitjon would not contain sufficient information to recover the, synchronizing clock. Furthermore, for
high-speed serial transmission, it is desirable that d.c. balance be maintained to the degree feasible in
order fo facilitate interface component and circuit designs:

The FDDI PHY employs a dual embedded coding structure so as to achieve these characteristics. The
resultgnt serial code bit stream, as seen on the transmission medium, contains at least two transjtions
for eag¢h transmitted data symbol and is thus self:clocking, has a maximum of three consecutive pode
cell zefos for each transmitted data symbol and\is'thus run-bounded, and yields a £10 % maximym
cumulative d.c. component variation from nominal centre for all valid symbol sequences.

In FDDI, information is signalled as a stream of fixed-length code groups, each containing five cqde
bits. Bach valid code group representsia’symbol. The first level of coding performed by PHY is the
conversion of symbols from the Data Link Layer (MAC or HRC) to code groups. Each symbol is
mapped to its corresponding code\group, consisting of a sequence of five NRZ code bits. The s¢cond
level of coding performed by PHY is the conversion of NRZ code bits to NRZI code bits. Each NRZ
code hit ‘one’ generates a transition in the polarity of the NRZI signal, while an NRZ code bit ‘zer¢’
maintains the previous NRZI signal polarity. For the incoming pulse stream, NRZI code bits are first
decoded to NRZ code pits'and then decoded to symbols for delivery to the DLL.

The inferface between the DLL and PHY uses symbols to convey logical meaning. PHY presents a
symbdl to the DLI and accepts a symbol from the DLL once every symbol time. Since one symhol
maps 1o one five-bit code group, a symbol time is five times the code cell time. The transmitted
sequence of these symbols is determined by the DLL. The DLL shall ensure that the sequence ¢f
symbdls{presented to PHY for coding and transmission onto the medium, is valid and in conformance
with thie_iuiles of symbol sequencing as further defined in clause 7

The mapping between symbols and code groups is defined in table 1. The rules for usage of symbols,
and the meanings assigned to these symbols, are defined in clause 7.

Table 1 defines invalid code groups that shall not be transmitted on to the medium because they cause
an unacceptable d.c. component in the a.c. signal or they cause an unacceptable number of
consecutive zeros on the transmission medium. PHY shall indicate the receipt of an invalid code group
to the DLL as a Violation (V) or (optionally) a Halt (H) symbol.
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8.1.2 Clocking

A local clock is used to synchronize both the internal operation of PHY and its interface to the Data
Link Layer. This clock shall be derived from a fixed frequency reference. This reference may be
created internally within the PHY implementation or supplied to PHY. (A crystal oscillator may be used
for this purpose.)

Characteristics of the local clock shall be:
a) Nominal symbol time (Ul) = 40 ns (1/Ul = 25 MHz)
b)  Nominal code bit cell time (Ul) = 8 ns (1/Ul = 125 MHz)

C) Frequeney-acedracy-<=+0;005-36{+50-ppH)

d) Harmonic content (above 125,02 MHz) < -20 dB

e) Rhase jitter (above 20 kHz) < £8° (0,044 Ul pp)

f) Rhase jitter (below 20 kHz in Hybrid mode) < +270° (1,5 Ul pp)

The Rgceive function derives a clock by recovering the timing information from the_incoming seripal bit
stream. This clock is locked in frequency and phase to the transmit clock of théypstream node.| The
maximum difference between the received bit frequency and the local bit frequency is 0,01% of the

nomingl frequency. The received frequency can be either slower or faster‘than the local frequentgy,

resulting in an excess or a deficiency of bits unless some compensationis included. The Elastic|ty
Buffer|function provides this compensation by adding or dropping Idle-bits in the preamble betwegen
DLL PPUs.

The operation of the Elasticity Buffer function produces variations-in the lengths of the preambles
between DLL PDUs as they circulate around the logical ring{ The cumulative effect on preamble|size
of PDU propagation through many Elasticity Buffers can result in excessive preamble erosion and, in
Hybrid mode, excessive cycle clock jitter. The Smoothing function serves to filter out these
undesi|rable effects (see 8.8).

Figure| 7 shows the relationship between the FDDLjitter tolerances in Hybrid mode and the standard
jitter tglerances specified by the public network,

8.1.3| Latency

This spibclause specifies the latency-requirements for an FDDI node. Node delay is specified as|the
(MIC tp MIC) propagation delayof:a Starting Delimiter through a node. This includes the total delay of
the repeat path from the optical input interface of the MIC where the Starting Delimiter enters an active
node, o the optical output interface of the MIC where the Starting Delimiter next leaves that node.
This mjay be the same MIC,or a different MIC, depending upon the internal configuration of the npde,
(e.g. a| Dual Attachment Station may be in either a Wrap or a Thru configuration, as defined in thg part
of ISOJIEC 9314 on SMT). The node delay may be different for different MICs and different interpal
configbrations of¢he'same node.

Ring latency is.the cumulative effect of alternating node delays and cable plant delays around the
logical|rings(as configured). Annex A provides information for calculating maximum ring latency.

In the pé&cial case of a two-node ring composed of two PHYs (one in each node) and one MAC,|a
minimUm fing latency of 1ive Dytes (symbol pairs) 1S required 10 guaraniee adequate preamble on a
circulating token when the MAC is in repeat mode. This preamble is needed to ensure the proper
operation of certain permitted implementations of the Elasticity Buffer function in each PHY, while
maintaining the integrity of the circulating token. To ensure interoperability in this case, an
implementation shall guarantee a minimum latency of three bytes when a MAC is configured in a
repeat path through a node, and a minimum of two bytes when a MAC is not configured in a repeat
path through a node.

ISO/IEC 9314-2, ISO/IEC 9314-5 and ISO/IEC 9314-6 contain timers whose values are dependent on
a deterministic upper bound on ring latency. To provide an orderly method for sizing FDDI networks
and setting timers, an implementation shall not exceed the following node delays:

a) Node delay shall not exceed 1,000 ps per port when the optional HRC function is not present in
Basic mode, and the Starting Delimiter is preceded by an even number of symbols (since the
previous Starting Delimiter) and by sufficient preamble to recentre the Elasticity Buffer and empty
the smoothers.
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b) Node delay shall not exceed 1,480 us per port when the optional HRC function is present in Basic
mode, and the Starting Delimiter is preceded by an even number of symbols (since the previous
Starting Delimiter) and by sufficient preamble to recentre the Elasticity Buffer and empty the
smoothers.

c) Node delay shall not exceed 1,720 us per port when the optional HRC function is present in
Hybrid mode, no Latency Adjustment Buffer is configured in the repeat path, and the Starting
Delimiter is preceded by an integral number of symbols (since the previous Starting Delimiter)
and by an appropriate sequence of cycles and preambles to recentre both the Elasticity Buffer
and the Limit Smoother.

These node delay requirements are determined based upon the total number of ports that can be
configured in a given repeat path through the station, rather than the subset of those ports that are

curren I conficnnad-in-tha ranaat nath (o o ntarnallv hvnaccad narte 1n o ctatinn or concantratar ma
thy-configured-in-the-repeat-path{e-g—internaliy-bypassed-perisin-a-station-or-concentratormay

still coptribute to repeat path delay).

NOTE 8 — To ensure compliance with these node delay requirements, an implementation should beydesigned with a
minimum node delay that is less than the specified delay for each category by a sufficient amountito allow for{internal
quantizing errors within PHY. Quantizing errors occur both in synchronization of the incoming 'signal stream tp the
receive bit clock, and in synchronizing decoded symbols to the local symbol or byte clock~A safe margin for
quantizing errors would be about +84 ns for a byte-wide implementation, yielding a designa’delay budget of 0,916 us
for rule (a), 1,396 ps for rule (b) and 1,636 ps for rule (c). For rule (c) the Target Smoother introduces an addjtional
potential quantizing error of £1 symbol; the design budget of 1,636 pus must coverthe case where the Target
Smoother is full.

Annex| A provides information for calculating maximum ring latency.

8.2 HEncode function

PH_UNITDATA.request, into an equivalent NRZ codébit stream for presentation to the Transmi
functign. The Encode function is controlled by SMTovia the SM_PH_LINE_STATE.request. Wh
current Line_State_action is other than Transmit<RDR, the Encode function shall ignore the

PH_UNITDATA.request and continuously encode the symbols generated by the Line_State_acti¢n.

The Epcode function encodes the symbol stream derived.from the current Line_State_action or iwe

n the

The Encode function shall encode each symbol into a unique five-bit code group as defined in taple 1.
Each ¢ode group shall be presented to_the Transmit function as a serial stream of NRZ code bits.

The Encode function shall use the Igeal clock to encode the symbol stream into code groups and to
present the code bits to the Transmit function.

8.3 Transmit function

The Transmit function isresponsible for encoding the NRZ serial code bit stream from the Encode
functign into an equivalent NRZI pulse stream for presentation to PMD. An annex to the part of
ISO/IHC 9314 on"PMD provides an exemplary interface specification.

The Transmit-furiction shall use the local clock to generate the NRZI pulse stream.

8.4 Receive function

The Receive function is responsible for decoding the NRZI pulse stream received from PMD into an
equivalent NRZ pulse stream for presentation to other functions within PHY. An annex to the part of
ISO/IEC 9314 on PMD provides an exemplary interface specification.

The Receive function shall derive a clock, at the code bit frequency (125 MHz), from the incoming
NRZI pulse stream. (A phase-locked loop may be used for this purpose.) This clock shall be used to
decode the NRZI pulse stream during the Idle, Active and Cycle Line States, and may also be used to
synchronize detection of the Halt and Master Line States. Alternatively, some other synchronization
technique may be used to detect the Halt and Master Line States.

The Receive function may provide an optional Clock_Detect signal that, when asserted, indicates that
the derived clock is successfully locked in frequency and phase to the incoming NRZI pulse stream.
When implemented, the Clock_Detect signal is used by the Line State Detection function.

Receiver clock acquisition time is constrained by the line state detection times specified in 8.7.
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8.5 Decode function

The Decode function decodes the serial NRZ code bit stream, synchronized to the receive clock, into
an equivalent symbol stream. The Decode function establishes code group framing boundaries and
maintains symbol (or byte) synchronization as appropriate to the implementation and the mode of
operation.

The Decode function shall decode the incoming NRZ code bit stream into a corresponding symbol
stream as defined in table 1.

The Decode function shall recognize a Starting Delimiter when:
a) Signal_Detect(on) is asserted; and

b) fock_Detectis not mpiemented or Ctock_Detect(on) 15 asserted; and

—

c) 1) an error-free JK code bit pattern is received on any bit boundary, and the current.ohlap
known line state is ILS; or

24) an error-free JK code bit pattern is received in Basic mode on a current symbol (5-bit)
boundary, the current or last known line state is ALS, at least four symbels*have been
received since ALS was last entered, and at least one |l symbol pair has been receivegd on
the current byte (10-bit) boundary since ALS was last entered; or

3) an error-free JK code bit pattern is received in Hybrid mode on &-current symbol (5-bit

boundary, the current or last known line state is ALS or CLS-and at least four symbol$ have
been received since ALS was last entered.

The Dgcode function may optionally recognize a Starting Delimitef«when:

d) Signal_Detect(on) is asserted; and

e) (lock Detect is not implemented or Clock Detect(on) is’asserted; and
1

) an error-free JK code bit pattern is received ofnrany bit boundary, and either the current or
last known line state is not CLS or CLS was.not entered via an error-free JKS symbol
sequence or the last known line state.was CLS and a previous error-free JK code bit
pattern was received after entering CLS; or

an error-free JK code bit pattern is’received on a current symbol (5-bit) boundary; or

Q)N
~

) aJK code bit pattern is received on a current symbol (5-bit) boundary with a pair of inferior
error bits (i.e. a pair of NRZ code errors within the JK pattern that could be caused byja
single error in the NRZI waveform) or one edge error bit (i.e. an NRZ code error at the
beginning or end of the;JK pattern that could be caused by a single error in the NRZI
waveform), and the cufrent or last known line state is ILS; or

4) a JK code bit pattern is received on a current symbol (5-bit) boundary with one error symbol,
and the currentknown line state is ILS (i.e. either the symbol sequence (I, I, I, I, 3, ~(Ifor K))
or the symbolsequence |, I, I, I, ~(1 or J), K) is received).

The Dgcode funection shall present any Starting Delimiter pattern recognized according to these rules
as a JK symbol pair, and the framing boundary shall be adjusted if necessary. Any other received J
symbdl or JKssymbol pair shall be presented as one or more violation (V or H) symbols and the ffaming
boundpry shall not be adjusted.

In prad tice,the Decode function may be rnmllrnrl toinsert a variable 0 to 4 code bit r‘lnl:\\/ (nr a0to9

code bit delay for byte-wide |mplementat|0ns) into the data stream to allow the symbol (or byte) clock to
maintain a constant phase when the code group framing boundary changes (due to the recognition of a
new Starting Delimiter sequence). If the Decode function adds or deletes code bits from the data
stream when adjusting code group boundaries, then the combined effect of the Elasticity Buffer
function and the Decode function shall follow the rules for adding and deleting bits specified for the
Elasticity Buffer function (see 8.6).

8.6 Elasticity Buffer function

An Elasticity Buffer shall be provided in each node to compensate for the difference in frequencies
between the receive clock and the local clock. An elasticity buffer is similar in function to a first-in first-
out memory, which is filled halfway before bits are removed. Data is written into the Elasticity Buffer
function using the receive clock. Data is read from the elasticity buffer function using the local clock.
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The minimum required elasticity shall be greater than 4,5 code bits. The required elasticity is
calculated as follows: 9 000 symbols equals 45 000 code bits. With a clock tolerance of 0,005 % the
maximum frequency variance between the receive clock and the local clock is 0,01 %. Calculating
0,01 % of 45 000 code hits yields 4,5 code bits.

To allow for bits that are to be dropped when the local frequency is less than the receive frequency, the
Data Link Layer entity (MAC or PHY) inserts a preamble of Idle symbols between DLL PDUs. In Basic
mode, MAC shall insert at least 16 Idle symbols between each MAC PDU (frame or token) to be
transmitted. In Hybrid mode, HRC shall insert at least four Idle symbols between each HRC PDU
(cycle) to be transmitted. The operation of the Elasticity Buffer in subsequent repeating nodes may
change the length of the preamble as described herein.

Although figure 3 shows the Elasticity Buffer function after the Decode function, any implementation

that meets tha followina rnlec-ic narmittad:
S tHETEHEYW e SHSpeH e a:

a) When entering Active Line State from Idle Line State and both the receive clock and thejlegal
dlock are within tolerance, the initial JK symbol pair and the subsequent contiguous input symbol
dtream shall be reproduced from the input NRZ bit stream using the symbol framing reference
grovided by the Starting Delimiter pattern, without inserting, deleting or modifying.any symbpls,
J
1

ntil one of the following occurs:

) Atleast 9 000 PH_UNITDATA.indication symbols have been presented-since the last fentry
to Active Line State (see rule (b)); or

D)
~

At least one Idle symbol has been presented in Basic mode, ora‘complete cycle of symbols
has been presented in Hybrid mode, or an HRC Abort sequence (JKTT) has been
presented; or

[g%]
~

Zero to nine code bits (depending on the difference between the new and previous frgming
boundaries) prior to presentation of another JK symbol pair recognized as a Starting
Delimiter pattern (see rule (e) and 8.5); or

4) A symbol is presented that causes an exit from Active Line State in Basic mode (see fule

().

NOTE 9 - If the Repeat Filter or Smoothing functions are implemented prior to the PH_UNITDATA.indication, their
operation may also modify the PH_UNITDATA.indication from that represented by the input NRZ stream.

Vhen in Active Line State or Hybrid mode and error conditions exist in the local or upstream
ode (e.qg. if either the receive clock,or the local clock are out of tolerance, or after 9 000
onsecutive symbols have been presented without reaching condition (a)(2)), an Elasticity Buffer
rror may occur, after which.symbols may be inserted, deleted or modified from the input NRZ bit
tream. All Elasticity Buffer efrors while in Active Line State or Hybrid mode shall be reported to
MT, and shall also be reported to the DLL as one or both of the following:

) A PH_UNITDATA:ndication with a PH_Indication(V or H) symbol parameter; or

) A PH_INVALIDindication. This indication is required in Hybrid mode and is recommended
in Basic.mode.

b)

=N o0 S5 <

N

17

c) After satisfying rule (a)(2), an implementation may insert or delete Idle symbols or bits in thé
received\NRZ bit stream without causing an Elasticity Buffer error.

After 'entering Quiet, Halt, Master or Noise Line State, an implementation may insert or delgte
Quiet; Halt, Idle or Violation symbols or bits in the received NRZ bit stream without causingfan
Elasticity Buifer error.

d) While in Idle Line State, an implementation shall be capable of inserting or deleting Idle symbols
or bits in the received NRZ bit stream without causing an Elasticity Buffer error.
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e) When the current or last known line state is Active or Cycle Line State, if another Starting
Delimiter pattern is recognized (see 8.5) on any arbitrary boundary in the input NRZ bit stream, up
to four code bits may be inserted or deleted (nine code bits for a byte-wide implementation) in the
NRZ code bit stream prior to presenting the JK symbol pair. In this case, the requirement of at
least 9 000 PH_UNITDATA.indication symbols before an Elasticity Buffer error is allowed is
calculated from the last point of entry to Active Line State from Idle Line State.

If additional symbols are presented, either they shall be Idle symbols or they shall be the decoded
symbols representing the duplicated bits of the received code bit stream, possibly including from
one to nine leading bits of the JK symbol pair.

Deleted data shall only be those code bits between the new and previous framing boundaries
except as otherwise permitted by rule (a).

n implementation shall not present a J not followed by a K, nor shall it present a JK symbal pair
hat is not recognized as a Starting Delimiter by the Decode function (see 8.5).

Vhen not in the Active or Idle Line State or in Hybrid mode, the presented symbol stream gan be
Itered from the input NRZ bit stream; however, upon exit from Active Line State; at least the first
bur consecutive invalid symbols (i.e. neither Idle symbols nor JK symbol pairs) shall be
ropagated as invalid symbols. Subsequently, Idle symbols may be generated; but spurioufs J

ymbols or JK symbol pairs shall not be generated. Elasticity Buffer errors/itay occur, but pnly
eed to be recognized to the extent that they contribute to Noise Line State detection.

f)

S N ShQ) < ot

8.7 Uine State Detection function

The Lipe State Detection function is used to determine the line state of the inbound Physical Link. The
line states represent a longer term condition of the Physical Link than that represented by a symlbol or

a symbol pair (see 7.3 for the definitions of the line states). <Thé Line State Detection function algo
uses the PM_SIGNAL.indication, the optional Clock _Detect signal from the Receive function, and the
Elastigity Buffer error signal, to determine the current line state.

The Lipe State Detection function shall notify the logal SMT entity (via SM_PH_STATUS.indicatign) of
any chlanges to the detected line state (see 6.3.2){ This function shall also notify the local DLL entity
(via PH_INVALID.indication) when a PH_Invalid,condition is detected (see 6.1.3).

The injtial line state detection interval begins.when both a Signal_Detect(on) and a
PM_Indication(NRZI code) serial data stream meeting the criteria for entering or maintaining the [Halt,
Mastef or Idle Line State are received from PMD, and continues until the line state reported to SMT

correcfly indicates the state of the.serial data stream being received from PMD. This interval shall not
exceedl the maximum PHY acquisition time (AT_Max). During this interval Line State Unknown ¢r
Noise Line State, as appropriate;Shall be reported to SMT (see 7.3). The default value of AT_Mpax
shall be 100 ps. AT_Max shall not exceed 100 ps.

After initial line state detection, the correct line state may change or be temporarily lost. Loss of the
correct line state results-from internal conditions within the receiving PHY entity (e.g. loss of recejve
clock g$ynchronization or Elasticity Buffer errors), whereas changes in line state result from changes
outside the receiving PHY entity (e.g. change in transmitted line state or in the state of PMD). The line
state ghange_detection interval begins when the current or last known line state is not Quiet Line [State
and either Signal_Detect(off) or both Signal_Detect(on) and a PM_Indication(NRZI code) serial data
stream meefting the criteria for entering or maintaining the Quiet, Halt, Master or Idle Line State dre
receivedfrom-PMBand-continrves-untiHthe line-statereportedto-SMIcorrecth-indicatesthe-stale of
the serial data stream being received from PMD. This interval shall not exceed the maximum line state
change interval (LS_Max). During this interval Line State Unknown or Noise Line State, as
appropriate, shall be reported to SMT (see 7.3). The default value of LS _Max shall be 25 ps. LS_Max
shall not exceed 25 ps.

Entry to Active or Cycle Line State, and return to Idle Line State when the current or last known line
state is Idle, Active or Cycle Line State, shall be detected immediately and reported to SMT (see 7.3).

Note that the detection of the Idle, Active and Cycle Line States (and optionally the Halt and Master
Line States) requires receive clock synchronization. Consequently, receive clock acquisition time in an
implementation is constrained by the AT _Max or the LS_Max criteria, or by both. If an implementation
requires receive clock synchronization to detect Halt or Master Line State, then receive clock
acquisition time on these patterns (HLS or MLS) must be less than AT_Max. Otherwise, a subsequent
switch from Halt or Master Line State to Idle or Active Line State requires receive clock acquisition on
these patterns (ILS or ALS) in less than LS_Max.
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The Line State Detection function shall optionally detect entry to Hybrid mode and return to Basic
mode. Basic mode shall be entered upon detection of any of the following conditions:

a) PHY_Resetis requested; or
b) Disable_Hybrid_mode is asserted; or

c) PH_Invalid is detected (return to Basic mode is not required if PH_Invalid was caused solely by
an Elasticity Buffer error or other internal error); or

d) The current line state is Active Line State, the first symbol received after the JK symbol pair is an
8 or C data quartet, and the second symbol received after the JK symbol pair is any data quartet.
(This is the start of frame sequence for a MAC recovery frame or token.)

Hybrid mode shall be entered when the optional Cycle Line State is entered.

8.8 $moothing function

Each PHY shall process the symbol stream using a Smoothing function. This function”éompensates
for thel cumulative effect of multiple PHY Elasticity Buffer functions deleting or adding;symbols to|the
same preamble. Unconstrained preamble erosion can result in loss of frames. In.Hybrid mode, the
preample length must be carefully controlled to limit jitter in the cycle clocking fanction. The Smqgothing
functign absorbs surplus symbols from longer preambles and redistributes them into shorter
preamples. This significantly reduces the variance of preamble sizes durifig long bursts of framgs or
cycles

The Basic mode design considerations include:

a) The Elasticity Buffer is not required to recentre on preambles)shorter than four symbols;
b) NAC is not required to repeat frames with preambles shorter than two symbols;

c) NAC is not required to copy frames with preambles shorter than 12 symbols.

In Basjc mode, the Smoothing function shall be capable’of inserting at least two preamble symbqls into
repeated preambles shorter than 14 symbols. In stations whose MACs require from nine to
12 prepmble symbols to copy frames properly, thexSmoothing function shall be capable of inserting at
least tvo preamble symbols into received preambles shorter than 14 symbols. This smoothing
capabllity shall be reclaimed by deleting exceSs symbols from preambles longer than 14 symbolg. In
stationjs whose MACs require 11 or 12 preamble symbols to copy frames properly, the Smoothing
functidn shall also be capable of inserting at least two additional preamble symbols into received
preamples shorter than 12 symbols~"This additional smoothing capability shall be reclaimed by
deleting excess symbols from preambles longer than 12 symbols.

The Smoothing function shall be capable of reclaiming additional space from stripped partial frames in
Basic mode. This space may'be reclaimed by deleting frame symbols or by replacing them with [dles.
In addition, the Smoothing_function may optionally reclaim space from other partial frames, proviged

that fofmat errors are not lost. A format error is not lost if, either it is counted in PHY and reportegd to

SMT, or it is correctly.propagated to the next MAC or Repeat Filter function. After a token, partial SDU
(stripppd SDU orformat error) or HRC abort sequence (JKTT), the Smoothing function may optignally
delete[excess symbols from preambles longer than four symbols.

The Hybrid. mode design considerations include:

d) The Elasticity Buffer is not required to recentre on preambles shorter than four symbols:

e) HRC is not required to synchronize cycles with preambles longer than six symbols;
f) 8 kHz cycle clock jitter must be minimized.

In Hybrid mode, the Smoothing function shall be capable of inserting and deleting at least two
preamble symbols into or from received preambles shorter than four symbols and longer than six
symbols, respectively. This smoothing capability shall be reclaimed by deleting or inserting excess
symbols from or into preambles longer than or shorter than five symbols, respectively. The Smoothing
function shall also be capable of inserting and deleting two or four preamble symbols into or from
repeated preambles shorter or longer than five symbols, respectively. In a byte-wide implementation,
this additional smoothing capability shall operate on transmitted preambles. This additional smoothing
capability shall be reclaimed by deleting or inserting excess symbols from or into preambles longer
than or shorter than five symbols, respectively.
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The required smoothing capabilities shall be located somewhere after the Elasticity Buffer function in
each repeat path through a node. In Basic mode, if a MAC requiring nine or more preamble symbols
to copy frames properly is configured in a repeat path, then the total required smoothing capacity shall
be located between the Elasticity Buffer function and the MAC Receiver in that path. For a byte-wide
implementation in Hybrid mode, the required smoothing capability at the five-symbol threshold shall be
located after the PH_UNITDATA.request interface in each repeat path.

If the Smoothing function is implemented before line state detection, then it shall not:

)

h)

cause improper detection of Idle Line State as a result of inserting Idle symbols when not in Idle
or Active Line State or Hybrid mode;

prevent proper detection of Quiet, Halt, Master or Noise Line State, or Line State Unknown as a
result of deleting symbols that are potential noise events.

Given [that a preamble consists of Idle symbols in the absence of noise, it is possible to relax soniue
constraints on preamble processing with minimal impact on reliability. Specifically, during preample

procegsing in Basic mode the Smoothing function is not required to:

An implementation is permitted to maintain its counters and to adjust smoother eéxtension and
preample length in quantum units of bits, symbols, or bytes (symbol pairs).” Fhis implies a

insert Idle symbols into a preamble except after four consecutive Idle symbols are received
delete non-ldle symbols from a preamble.

corresponding restriction on the elasticity buffer, i.e. the elasticity buffer guantum shall not be larger

than the maximum permitted Limit Smoother quantum (one byte).

8.8.1| Limit Smoother

The Limit Smoother is required in Basic mode if a MAC reguiring nine or more preamble symbols to

copy frames properly is configured in the repeat path, onif the optional Target Smoother is not
configbired. Otherwise, the Limit Smoother is optional.in;Basic mode.

The Limit Smoother is required in Hybrid mode.
Figure|4 shows the Limit Smoother function expressed as a state diagram. In the state diagram,

states[are shown as vertical staffs and state transitions as horizontal arrows, with the triggering gvent

or congition above the shaft and any action\beneath the shaft.

This sfate machine defines the operation-of the Smoothing function implemented immediately bgfore

the PH_UNITDATA.indication interface. Any implementation that is interoperable with this state
machipe is permitted unless otherwiSe prohibited by this part of ISO/IEC 9314.

The state machine uses the following parameters:

a)

b)

Limit_max: The maximum Limit Smoother capacity (in symbols). In stations whose MACs
require 11 or 12 preamble symbols to copy frames properly, or in Hybrid mode, Limit_max shall
Re at least fourtsymbols (two bytes); otherwise, Limit_max shall be at least two symbols (orje
fyte). In Hybrid mode Limit_max shall be an even number of symbols;
U
9
U
d

imit_cntri_/ The Limit Smoother centre point (in symbols). Limit_cntr shall be at least two
ymbols: In stations whose MACs require 11 or 12 preamble symbols to copy frames propegrly,
imit:_chtr shall not exceed Limit_max minus two symbols. In Hybrid mode Limit_cntr shall[be

ne-half of | imit _max

The state machine uses the following variables:

a)

b)

c)

d)

Limit_ct: The current Limit Smoother extension (in symbols). Byte-wide implementations are
optionally permitted to count symbol pairs, rather than symbols (i.e. odd symbols can be
ignored);

Out_ct: The number of symbols output in the current state. Byte-wide nodes are optionally
permitted to count symbol pairs, rather than symbols (i.e. odd symbols can be ignored);

PA_max: The maximum number of preamble symbols that can be received in Hybrid mode
before the next cycle is considered unsynchronized. At the input to the Limit Smoother, PA_max
may be implemented as any value within the range:

(6 symbols + Elasticity Buffer quantum) < PA_max < 10 symbols:

C_Flag: Indicates that the current SDU is being processed as a cycle in Hybrid mode;
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S _Flag: Indicates that the current or next preamble should be smoothed in Hybrid mode.
T_Flag: Indicates that the current SDU should not be stripped in Basic mode.

8.8.1.1 State LSO: Preamble (PA)

In this state the Smoother function is processing preamble symbols. The smoother contracts when
excess preamble symbols beyond the thresholds are processed. Out_Ct counts the number of output
preamble symbols for threshold comparison. For interoperability, the smoother is not required to
delete symbols in the exact sequence described by the PA_Actions, nor to delete non-ldle symbols in
Basic mode, provided that the counters are accurate upon exit from the PA state. If the smoother
contracts at the 12-symbol threshold in Basic mode, it is permitted, but not required, to also contract at

the 14rsymbotthreshotaduringtiesamepreambie:

a)

b)

8.8.1{2 State LS1: Service Data_Unit (SDU)

In this[state the Smoother function is processing SDU (frame, token or cycle) symbols. The smg
outputk all input symbols in this state. The C_Flag-shall be set on entry to Hybrid mode and cleal
return fto Basic mode. The T_Flag shall be set by'the first occurrence of a non-data symbol in B3
mode,|and may optionally be set when the HRE abort sequence (JKTT) is detected. Out_Ct shall
count the number of output SDU symbols,.to-ensure that End_Actions does not delete symbols f

the stdrt of a Basic mode SDU, or the end of a Hybrid mode SDU (cycle).

a)

b)

c)

US(00): Reset: When a PHY_Reset signal is received or optionally when PH_Invalid.is'de
s input, Reset_Actions shall be performed. Reset Actions initializes the smoother;

3
LUS(01): Start of SDU: When a Starting Delimiter (JK) symbol pair is detected as\input,
Start_Actions shall be performed and a transition to State LS1 shall occur. Start: Actions
dttempts to extend short preambles by inserting Idle symbols, with a correspending expans
the smoother. A symbol-wide implementation is permitted to trigger this.transition when a J
qymbol is detected as input; however, the J symbol shall not be transmittéd unless it is
immediately followed by a K symbol. In Basic mode, an implementation is permitted to use
threshold value between four and 14 symbols when Start_Actions 1$'invoked after a token d
dartial SDU (stripped SDU or format error). On entry to Hybrid ‘rtode, the Limit Smoother s
recentred (and the S_Flag set) either before or after the first ‘Cycle (the state machine show
gction occurring after the first Cycle).

US(10a): End of SDU: A transition to State LSO shall occur when an Idle (I) symbol is dets

either the C_Flag nor the¥ Flag is set, indicating a stripped Basic mode SDU, then
nd_Actions shall be_performed to reclaim space by deleting previous SDU output symbols
ontracting the smaother, or by replacing them with Idles without contracting the smoother.

ne first symbolof. a symbol pair, and is optionally permitted to trigger this transition after an
rocessed as.the second symbol of a symbol pair. This transition may optionally occur for
input conditions that terminate the SDU (e.g. in Basic mode, format errors or end of FS fiel
nd of HRC abort sequence (JKTT) in either Basic or Hybrid mode), provided that End_Act
oes 'not lose completed SDUs or format errors.

s input in Basic mode or while'the T_Flag is set, or at the end of a cycle in Hybrid mode. If

3
N
H
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hyte-wide implementation shall trigger this transition in Basic mode when an Idle is detected as
t
¢
i
6
g

tected

on of

any
r
hall be
s this

other
red on
sic

rior to

pcted

and
A

Idle is
pther
d; or
ons

LUS{E0h) Reset- A transition to State | SO shall occur when a PHY Reset signal is receive

dor

optionally when PH_Invalid is detected as input, and Reset_Actions_shaII be performed.
Reset_Actions initializes the smoother.

LS(11): Start of SDU: When a Starting Delimiter (JK) symbol pair is detected as input, the

Abort_Actions shall be performed to recentre the Limit Smoother if in Hybrid mode (by movi

ing

Limit_ct toward Limit_cntr if C_Flag is set) and a transition to State LS1 shall occur. No preamble
adjustment is required on this transition in Basic mode or in implementations that set the T_Flag

when the HRC Abort sequence (JKTT) is detected. A symbol-wide implementation is perm

itted

to trigger this transition when a J symbol is detected as input; however, the J symbol shall not be

transmitted unless it is immediately followed by a K symbol.
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LSO: PA LS1: SbU
PA_Actionsl] SDU_Actionsl]
LS(01) Input(.].K) -

Start_Actionsl[]
I_S(OO)PHY_Reset{ | PH_Invalid } Input(JK) LS(11)
~ Reset_Actions] Abort_Actions[] -
((T_Flag | ~C_flag) & Input(l)) | (C_Flag & Out_ct = cycle)
~ IF ~(C_Flag | T_Flag) THEN End_Actions] LS(102)
- PHY_Reset {| F_’H_Invalld 1 LS(106)
Reset_Actionsl]

Figure 4 — Limit Smoother state diagram (Part 1 of 2)
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1. PA Actions:

ON entry DO
CLEAR Out_ct
FOR EACH Input(symbol) DO
IF { (C_Flag & Limit_ct > Limit_cntr & Out_ct = 4) |
(C_Flag & Limit_ct >0 & Out_ct=6) | }
({~C_Flag &} Limit_ct > Limit_cntr & Out_ct = 12) |
({~C_Flag &} Limit_ct >0 & Out_ct = 14)
THEN DEC Limit_ct
ELSE Output(l); INC Out_ct

2. Start—Actions:

{|IF Out_ct > PA_max

THEN CLEAR S_Flag }

WHILE { (C_Flag & Limit_ct < Limit_cntr & (~S_Flag | Out_ct < 6)) |
(S_Flag & Limit_ct < Limit_max & Out_ct < 4) | }
({~C_Flag &} Limit_ct < Limit_cntr & Out_ct < 14) |
({~C_Flag &} Limit_ct < Limit_max & Out_ct < 12)

DO INC Limit_ct; Output(l); INC Out_ct

{{SET S_Flag = C_Flag }

3. SOU_Actions:

DN entry DO
CLEAR T_Flag, Out_ct
HFOR EACH Input(symbol) DO
{IFOut_ct=3
THEN IF prev = (R | S) & Input(R.}.S)
THEN SET C_Flag
IF prev = (8| C) & Input(h)
THEN CLEAR C.:Flag, S_Flag
{IF prev =T & Input(T)
THEN SETA_Flag; CLEAR S_Flag }
SET prev = Input(symhol);-}
IF Input(~n) { & ~C_Flag & (Out_ct > 3 | ~Input(R or S)) }
THEN SET T(Flag
Output(Input(symbol)); INC Out_ct

4. End_Actions:

WHILE Limit .ct>'0 & Out_ct>0
DO DEC-Limit_ct, Out_ct

5. Abort_Actions:

{CLEAR S_Flag;
{{WHHLE C_Flag & Limit_ct > Limit_cntr & Out_ct >0
DO DECLimit Tt Out Tt
WHILE C_Flag & Limit_ct < Limit_cntr
DO INC Limit_ct; Output(l); INC Out_ct
IF C_Flag
THEN SET S_Flag } }

6. Reset_Actions:
CLEAR { C_Flag, S_Flag, } Limit_ct

o)

Figure 4 — Limit Smoother state diagram (Part 2 of 2)
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8.8.2 Target Smoother

The Target Smoother is required in Basic mode if the optional Limit Smoother is not configured.
Otherwise, the Target Smoother is optional in Basic mode.

The Target Smoother is required in Hybrid mode.

Figure 5 shows the Target Smoother function expressed as a state diagram. In the state diagram,
states are shown as vertical staffs and state transitions as horizontal arrows, with the triggering event
or condition above the shaft and any action beneath the shaft.

This state machine defines the operation of the Smoothing function implemented immediately after the
PH_UNITDATA.request interface. Any implementation that is interoperable with this state machine is

permit ed unless otherwise prnhihitpd hy this part of ISO/IFC 9314

The state machine uses the following parameters:

a)

b)

The state machine uses the following variables:

b)

c)

d)

e)

f)
)

8.8.2{1 State-TS0O: Preamble (PA)

arget_max: The maximum Target Smoother capacity (in symbols). In Basic mode
arget_max shall be at least two symbols (one byte). In Hybrid mode Target_max shall be|either
vo symbols (one byte) or four symbols (two bytes) to avoid excessive dampingnin the filter
ansfer function;

arget_cntr: The Target Smoother centre point (in symbols) in Hybridmode. In Hybrid mode
arget_cntr shall be one half of Target_max .

] = ]

arget_ct: The current Target Smoother extension (in symbols).) Byte-wide implementatigns are
ptionally permitted to count symbol pairs, rather than symbals (i.e. odd symbols can be igrjored);

arget_th: The current Target Smoother threshold (in.symbols). In Basic mode, Target_th shall
e exactly 14 symbols, except that an implementationis permitted to use any value betweeh four
nd 14 symbols after a token, partial SDU (stripped SDU or format error) or HRC abort seguence
JKTT). In Hybrid mode, Target_th shall be five.symbols; except that byte-wide implementations
re optionally permitted to alternate between four-and six symbols;

11

put_ct:  The number of symbols output in the current state. Byte-wide implementations ar
ptionally permitted to count symbol pairs;‘rather than symbols (i.e. odd symbols can be
gnored);

O N Q- —~ O - O -

A_max: The maximum number, 0f preamble symbols that can be received in Hybrid mod
efore the next cycle is considered unsynchronized. At the input to the Target Smoother,
A_max may be implemented.as any value within the range:

6 symbols < PA_max_£10 symbols:

D

b @ il |

O

[ _Flag: Indicates thatithe current SDU is being processed as a cycle in Hybrid mode;
$_Flag: Indicates that the current or next preamble should be smoothed in Hybrid mode;
T_Flag: Indicates that the current SDU should not be stripped in Basic mode.

In this[state the Smoother function is processing preamble symbols. The smoother contracts whien

exces ntaamhla cvumhbhale havand tha thrachalde ara nracaccad  Ouit Cf covintc tha imhar of 4
SpPre \ =3 Totre—trreoTT T tTre-TToT ot OO

|
amble-syrnbels-beyend-t olds-are-processed—Out—Ct-counts-the-Ath utput

preamble symbols for threshold comparison. For interoperability, the smoother is not required to
delete symbols in the exact sequence described by the PA_Actions, nor to delete non-ldle symbols in
Basic mode, provided that the counters are accurate upon exit from the PA state.

a)

b)

TS(00): Reset: When a PHY_Reset signal is received or optionally when PH_Invalid is detected
as input, Reset_Actions shall be performed. Reset_Actions initializes the smoother.

TS(01): Start of SDU: When a Starting Delimiter (JK) symbol pair is detected as input,
Start_Actions shall be performed and a transition to State TS1 shall occur. Start_Actions
attempts to extend short preambles by inserting Idle symbols, with a corresponding expansion of
the smoother. A symbol-wide implementation is permitted to trigger this transition when a J
symbol is detected as input; however, the J symbol shall not be transmitted unless it is
immediately followed by a K symbol. In Basic mode, an implementation is permitted to use any
target threshold value (Target_th) between four and 14 symbols when Start_Actions is invoked
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after a token or partial SDU (stripped SDU or format error). On entry to Hybrid mode, the Limit
Smoother shall be recentred (and the S_Flag set) either before or after the first Cycle (the state
machine shows this action occurring after the first Cycle).

TS0: PA TS1: SDU
PA_Actions[] SDU_Actionsl]
Input(JK)
TS(01
(01) Start_Actions[] -
PHY Reset{|PH Invalid } Input(JK)

TS(0U) FSEDR

~ Reset_Actionsl] Abort_Actions[] >

((T_Flag | ~C_flag) & Input(l)) | (C_Flag & Out_ct = cycle)
< IF ~(C_Flag | T_Flag) THEN End_Actiond] TS(103)
PHY_Reset { | PH_Invalid }
— — TS(10b
- Reset_Actions[] (10)

Figure 5 — Target Smoother state diagram{Rart 1 of 2)
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1. PA_Actions:
ON entry DO
CLEAR Out_ct
FOR EACH Input(symbol) DO
IF { (C_Flag & Target_ct > Target_cntr & Out_ct =4) | }
(Target_ct > 0 & Out_ct = Target_th)
THEN DEC Target_ct
ELSE Output(l); INC Out_ct

2. Start_Actions:
{IF Out_ct > PA max

THEN CLEAR S_Flag }
WHILE { (C_Flag & ~S_Flag & Target_ct < Target_cntr) | }
(Target_ct < Target_max & Out_ct < Target_th)
DO INC Target_ct; Output(l); INC Out_ct
SET S _Flag=C_Flag }

e

THEN IF Out_Ct <5
THEN SET Target_th =6
ELSE SET Target th=4}

3. SDU_Actions:

DN entry DO
CLEAR T_Flag, Out_ct

HFOR EACH Input(symbol) DO
{IFOut_ct=3&~T_Flag
THEN IF ~C_Flag & prev=(R | S))& Input(R | S)
THEN SET C_Flag; SET Target_th =5
IF prev = (8| C) & Input(r)
THEN CLEAR C-Flag, S_Flag; SET Target_th =14
{IF prev=T & Input(T)
THEN SET(J_Flag; CLEAR S_Flag }
SET prev = Input(symbal); }
IF Input(~n) { & ~C-Flag & (Out_ct > 3 | ~Input(R or S)) }
THEN SET T ‘Flag
Output(Input(symbol)); INC Out_ct

4. End_Actions:

WHILE Target. Ct >0 & Out_ct>0
DO DEC Target_ct, Out_ct

5. Abort_Actions:

{{ICLEAR S_Flag;
{{IWHILE C_Flag & Target_ct > Target_cntr & Out_ct >0

O

IF C_Flag & output is byte granular « byte granular Target. Smoother opti

DN »

DO DEC Target_ct, Out_ct
WHILE C_Flag & Target_ct < Target_cntr

DO INC Target_ct; Output(l); INC Out_ct
IF C_Flag

THEN SET S_Flag; SET Target th=51}}

6. Reset_Actions:
CLEAR { C_Flag, S_Flag, } Target_ct; SET Target_th =14

Figure 5 — Target Smoother state diagram (Part 2 of 2)
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8.8.2.2 State TS1: Service_Data_Unit (SDU)

In this state the Smoother function is processing SDU (frame, token or cycle) symbols. The smoother
outputs all input symbols in this state. The C_Flag shall be set on entry to Hybrid mode and cleared on
return to Basic mode. The T_Flag shall be set by the first occurrence of a non-data symbol in Basic
mode, and may optionally be set when the HRC abort sequence (JKTT) is detected. Out_Ct shall
count the number of output SDU symbols, to ensure that End_Actions does not delete symbols prior to
the start of a Basic mode SDU, or the end of a Hybrid mode SDU (cycle).

a) TS(10a): End of SDU: A transition to State TS0 shall occur when an Idle (I) symbol is detected
as input in Basic mode or while the T_Flag is set, or at the end of a cycle in Hybrid mode. If
neither the C_Flag nor the T_Flag is set, indicating a stripped Basic mode SDU, then

nd_Actions shall he nerformed ta reclaim. space h\J/ r'lnlnhng prn\/lnllc SDU nllfnl 1t Q\/mhnl and

ontractlng the smoother, or by replacing them with Idles without contracting the smoother A

yte-wide implementation shall trigger this transition in Basic mode when an Idle is detected as

ne first symbol of a symbol pair, and is optionally permitted to trigger this transition after an Idle is

rocessed as the second symbol of a symbol pair. This transition may optionally’occur for pther

input conditions that terminate the SDU (e.g. in Basic mode, format errors or,end of FS field; or
nd of HRC abort sequence (JKTT) in either Basic or Hybrid mode), provided that End_Actjons
oes not lose completed SDUs or format errors.

b) S(10b): Reset: A transition to State TS0 shall occur when a PHY _Reset signal is received or
ptionally when PH_Invalid is detected as input, and Reset_Actions\shall be performed.
C) S(11): Start of SDU: When a Starting Delimiter (JK) symbol‘pair is detected as input, the

bort_Actions shall be performed to recentre the Target Smoother if in Hybrid mode (by mgving
arget_ct toward Target_cntr if C_Flag is set) and a transition to State TS1 shall occur. No
reamble adjustment is required on this transition inBasic mode or in implementations that set
ne T_Flag when the HRC Abort sequence (JKTT).s detected. A symbol-wide implementafion is
ermitted to trigger this transition when a J symbabis detected as input; however, the J symbol

Q
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Reset Actions initializes the smoother.
1
A
1
s
t
s
ghall not be transmitted unless it is immediately,followed by a K symbol.

8.9 Repeat Filter function

Certain node configurations require that RHY be able to repeat the PH_UNITDATA.indication symbol
stream received on an inbound Physical-Link directly as a PH_UNITDATA.request symbol stream on
an outpound Physical Link without an‘intervening Data Link Layer entity (e.g. on the secondary Ipgical
ring without a second MAC in the station). Consequently, a Repeat Filter function is required after the
PH_UNITDATA. request interfacéto the outbound Physical Link.

The repeat filter function prevents propagation of code violations and invalid line states from the

inbour)d link to the outbound link, while permitting propagation of lost frames and errors within cycles
so they can be corregtly-Counted by the next MAC or HRC entity, respectively, in the logical ring.

Figure| 6 shows the-Repeat Filter function expressed as a state diagram. In the state diagram, states
are shpwn as Vertical staffs and state transitions as horizontal arrows, with the triggering event o
condition above the shaft and any action beneath the shaft.

This sfate‘machine defines the operation of the Repeat Filter function located immediately beforg the

function- /\n\l |mn|omnnfahnn thatis-interoperable-with-this-state-machine-is-permitted-u
Encod ) B uhless

otherwise prohlblted by th|s part of ISO/IEC 9314.
The state machine uses the following variables:

a) Out_ct: The number of symbols output in the current state. Byte-wide implementations are
optionally permitted to count symbol pairs, rather than symbols (i.e. odd symbols can be
ignored);

b) C_Flag: Indicates that the current SDU is being processed as a cycle in Hybrid mode;

c) T_Flag: Indicates that the current SDU should not be stripped in Basic mode.
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8.9.1 State RFO: IDLE

In this state the Repeat Filter function generates Idle symbols.

a)

b)

8.9.2| State RF1: REPEAT

In this[state the Repeat Filter function repeats SDU symbols. The C_Flag shall be set-on entry tq
Hybrid mode and cleared on return to Basic mode. The (optional) T_Flag shall be Setwhena T
symbd| is detected as the first symbol of a symbol pair in Basic mode, and mayoptionally be set
a T symbol is detected as the second symbol of a symbol pair in Basic mode or when the HRC a
sequepce (JKTT) is detected. Out_Ct shall count the number of output SBY,Ssymbols in Hybrid n
to properly terminate the SDU (cycle).

a)

b)

c)

d)

8.9.3| State RF2: FILTER

RF(00): Reset: When a PHY_Reset signal is received or optionally when PH_Invalid is detected

as input, the optional C_Flag shall be cleared to indicate exit from Hybrid mode. This trans
shall take precedence over any other transition if their respective conditions are satisfied
simultaneously.

RF(01): Start of SDU: When a Starting Delimiter (JK) symbol pair is detected as input, a
transition to State RF1 shall occur. The T_Flag and Out_ct are cleared. A symbol-wide
implementation is permitted to trigger this transition when a J symbol is detected as input;

ition

howevertheJdsymbotshattnot betramsmitteduntessit s mmmediatety-fottowed by a<syn

RF(10a): End of SDU: A transition to State RFO shall occur when an Idle (I) symbol is det
gs input in Basic mode or while the T_Flag is set, or at the end of a cycle in Hybrid mode. 4
wide implementation shall trigger this transition in Basic mode when an Idle is detected as
first symbol of a symbol pair, and is optionally permitted-to trigger this transition after an Idl
grocessed as the second symbol of a symbol pair. This‘transition may optionally occur for
hput conditions that terminate the SDU (e.g. in Basic mode, end of FS field or if the first de
T symbol is the second symbol of a symbol pairi<or'end of HRC abort sequence (JKTT) in g
Basic or Hybrid mode).
F
g
t
F

F(10b): Reset: A transition to State RFQ shall occur when a PHY_Reset signal is receivs
ptionally when PH_Invalid is detected @s'input, and the optional C_Flag shall be cleared tg
pdicate exit from Hybrid mode. This.dransition shall take precedence over any other transit
heir respective conditions are satisfied simultaneously.

F(11): Start of SDU: When-aStarting Delimiter (JK) symbol pair is detected as input, a
transition to State RF1 shalt'eccur. The T_Flag and Out_ct are cleared. A symbol-wide
mplementation is permitted-to trigger this transition when a J symbol is detected as input;
RHowever, the J symbol‘shall not be transmitted unless it is immediately followed by a K sym
This transition shalltake precedence over transition RF(10a) if their respective conditions &
datisfied simultanequsly.
F
F
n

F2 shall ecCur. This transition may optionally occur when an R or S symbol is detected in
node if the/T_Flag is not set.
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F(12): FilterSDU: When a potentially bad symbol is detected as input, a transition to State

Basic

In this state the Repeat Filter function filters SDU symbols. In Basic mode an H symbol shall be
generated unless the T_Flag is set; otherwise a T symbol shall be generated. In Hybrid mode, an L
symbol shall be generated unless it would create a false Embedded Delimiter pair (IL); otherwise an |
symbol shall be generated. Out_Ct shall count the number of output SDU symbols, to properly
terminate the SDU (cycle, frame or fragment).
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b)

d)
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RF(20a): End of SDU: A transition to State RFO shall occur when an Idle (1) symbol is detected
as input in Basic mode or while the T_Flag is set, or after four filter symbols have been generated
in Basic mode, or at the end of a cycle in Hybrid mode. This transition may optionally occur after
one or more filter (T) symbols have been generated if the T_Flag is set. A byte-wide
implementation shall trigger this transition in Basic mode when an Idle is detected as the first
symbol of a symbol pair, or after two pairs of filter symbols have been generated; and is optionally
permitted to trigger this transition in Basic mode after an Idle is processed as the second symbol
of a symbol pair, or after four filter symbols have been generated. This transition shall take
precedence over transition RF(21b) if their respective conditions are satisfied simultaneously.

RF(20b): Reset: A transition to State RFO shall occur when a PHY_Reset signal is received or
optionally when PH_Invalid is detected as input, and the optional C_Flag shall be cleared to

indicate exit from Hybrid mode. This transition shall take precedence over any other transition if
their respective conditions are satisfied simultaneously.

F(21a): Start of SDU: When a Starting Delimiter (JK) symbol pair is detected as inp0t, g
ansition to State RF1 shall occur. The T_Flag and Out_ct are cleared. A symbol-wide

mplementation is permitted to trigger this transition when a J symbol is detected as input;
owever, the J symbol shall not be transmitted unless it is immediately followed’by a K sympbol.
his transition shall take precedence over transition RF(20a) if their respective ‘conditions afe
atisfied simultaneously.

= =

F(21b): Resume SDU: When a good symbol is detected as input{a transition to State RF1
hall occur in Hybrid mode, and may optionally occur in Basic mode\if the T_Flag is set.

W 1 0 - 5
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