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Forewor

ISO (the Interndtional Organization for Standardization) is a worldwide federation of
national standards bodies (ISO member bodies). The work of preparing International
Standards is noymally carried out through I1SO technical committees. Each member
body interested jn a subject for which a technical committee has been established has
the right to be fepresented on that committee. International organizations, govern-
mental and non-governmental, in liaison with 1SO, also take part in the work. 1SO
collaborates clopely with the International Electrotechnical Commission (IEC) on all
matters of electfotechnical standardization.

Draft Internatiopal Standards adopted by the technical committees are circulated to
the member bodies for approval before their acceptance as International Standards by,
the 1SO Counci|. They are approved in accordance with ISO procedures requiring at
least 75 % approval by the member bodies voting.

International Standard ISO 9314-1 was prepared by Technical Committee ISO/TC 97,
Information progessing systems.

1SO 9314 consigts of the following parts, under the general title /aformation processing
systems — Fibne Distributed Data Interface (FDDI):

—  Part 1:|Token Ring Physical Layer Protocol (PHY)
— Part 2:|Token Ring Media Access Contrel (MAC)

— Part 3:|Token Ring Physical Layer, Medium Dependent (PMD)
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Information processing systems — Fibre Distributed Data
Interface (FDDI) —

Part 1:
Token_Ring Physical Layer Protocol (PHY)

1 Sco

This par
Physical

FDDI prqg
and per

configureld to support a sustained transfer rate of approximately 80 Mbit/s (10 Mk

may not
establish
extent.

total fiby
fibre cal

FDDI corn

(a)

pe

of ISO 9314 specifies the Physical Layer Protocol (PHY), the upper sublq
Layer, for Fibre Distributed Data Interface (FDDI).

vides a high-bandwidth (100 Mbit/s), general-purpose interconnection among
ipheral equipment using fibre optics as the transmission medium. FD[

meet the response time requirements of all.;unbuffered high-speed devi
bs connections among many stations distributed over distances of several k
Default values for FDDI were calculated on’,the basis of 1 000 physical |
e path length of 200 km (typically corresponding to 500 stations and 100
le).

sists of:
A Physical Layer (PL), which issdivided into two sublayers:
(1) A Physical Medium. ‘Dependent (PMD), which provides the digital

point-to-point communiCation between stations in the FDDI network.
provides all services  necessary to transport a suitably coded digital bit s

yer of the

computers
DI can be
yte/s). It
ces. FDDI
lometers in
nks and a
km of dual

baseband
The PMD
fream from

station to station~ .The PMD defines and characterizes the fibre-optic
receivers,
optical bypass-provisions, and physical-hardware-related characteristics.
the point of<interconnectability for conforming FDDI attachments.

(2) A<Physical Layer Protocol (PHY), which provides connection betwee
and _the Data Link Layer. PHY establishes clock synchronization with th
code-bit data stream and decodes this incoming code-bit stream into an

symbol stream for use by the higher layers. PHY provides encoding an

(b)

rivers and

medium=~dependent code requirements, cables, connectors, powgr budgets,

t specifies

the PMD
upstream
equivalent
decoding

between data and confrol indicator symbols and code bits, medium conditioning and

initializing, the synchronization of

incoming and outgoing code-bit clocks,

and the

delineation of octet boundaries as required for the transmission of information to or

from higher layers.
by the PHY into a grouped transmission code.
this part of ISO 9314.

The definition of PHY is ¢

A Data Link Layer (DLL),

Information to be transmitted on the interface medium is encoded

ontained in

which controls the accessing of the medium and the

generation and verification of frame check sequences to ensure the proper delivery of

valid data to the higher

reco

network.

layers. DLL also concerns
gnition of device addresses and the peer-to-peer

itself with the gene
associations within
For the purpose of the PHY definition contained in this part of

ration and
the FDDI
ISO 9314,
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references to DLL are made in terms of the Media Access Control (MAC) entity, which is
the lowest sublayer of DLL.

(c)

A Station Management (SMT)", which provides the control necessary at the station

level to manage the processes under way in the various FDDI layers such that a station

may work cooperatively on

a ring. SMT provides services such as con

configuration management, fault isolation and recovery, and scheduling procedures.

trol of

The definition of PHY as contained in this part of ISO 9314 is designed to be as independent

as possible

from the actual physical medium.

ecifies the interfaces, functions, and operations necessary to ensure interoerability

ISO 9314 sp

between copforming FDDI implementations. This part of 1SO 9314 is a functional desgription.
Conforming |implementations may employ any design technique that does . not violate
interoperability.

2 Normaltive references

The following standards contain provisions which, through referenCe in this text, ¢ nstitute
provisions oﬂ this part of ISO 9314. At the time of publication, the editions indicated were
valid. Al standards are subject to revision, and parties to agréements based on this jpart of
ISO 9314 afe encouraged to investigate the possibility of applying the most recent editions of
the standards listed below. Members of IEC and ISO«maintain registers of currently valid
International |Standards.

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

ISO 9314-3:| =---2  Information processing -systems - Fibre Distributed Data Interface (FDDI) -
Part 3: Token Ring Physical Layer, Medium ' Dependent (PMD).

3 Definitions

For the pury

3.1 code bit: The smallestsignalling element used by the Physical Layer for transmis

the medium.

8.2 code g

3.3 concentrator: A node on the FDDI ring, which in turn provides connections for af

conforming
ring.

boses of this part of 1SO 9314, the following definitions apply:

oup: The)specific sequence of five code bits representing a DLL symbol.

sion on

dditional

DDI stations so that they may communicate with other attachments to the FDDI

Data Link Layer entities.

A concentrator has two Physical Layer entities and may or may not have one or more

3.4 Connection Management (CMT): That portion of the Station Management (SMT) function
that controls network insertion, removal, and connection of PHY and MAC entities within a

station.

1) SMT will form the subject of a future part of ISO 9314.

2) To be published.
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3.5 entity: An active element within an Open System Interconnection (OSI) layer, or sublayer;
or SMT, in a specific station.

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

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

3.8 nonreturn to zero (NRZ): A technique in which a polarity level high, or low, represents a
logical "{—one)—or—0"{zoro)

Toro—oT \ LA —4m-s O

3.9 nonfeturn to zero Invert on ones (NRZI): A technique in which a paoldrity transition
represents a logical "1" (one). The absence of a polarity transition denotes a logical [0" (zero).

3.10 physical connection: The full-duplex physical layer association between adjacent PHY
entities {in concentrators, repeaters, or stations) in an FDDI ring, i.e., acpair of Physigal Links.

3.11 physical link: The simplex path (via PMD and attached medium)-from the transmit function
of one [PHY entity to the receive function of an adjacent «<PHY entity (in concentrators,
repeaterp, or stations) in an FDDI ring.

3.12 primitive: An element of the services provided by one’ éntity to another.

3.13 Prdtocol Data Unit {PDU): Information delivered as” a unit between peer entities that may
contain pontrol information, address information and“data (e.g., an Service Data Unit from a
higher lajyer).

3.14 recpelve: The action of a station of accepting a frame, token, or control sequence from
the medjum.

3.15 reppat: The act of a station in-réeceiving a code-bit stream (e.g., frame or token) from an
upstream station and placing it on.thé medium to the next station. The station repeating the
code-bit| stream examines it and\\may copy it into a buffer and modify control indicators as
appropriate.

3.18 ring: Two or more stations in which information is passed sequentially between active
stations,| each station in"turn examining or copying the information, finally returning it to the
originatinig station.

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

3.18 seryices: The services provided by one entity to a higher entity or to SMT.

3.19 station: An addressable logical and physical node on a ring capable of transmitting,
repeating, and receiving information.

3.20 Station Management (SMT): The entity within a station on the ring that monitors station
activity and exercises overall appropriate control of station activity.

3.21 symbol: The smallest signalling element used by the Data Link Layer (DLL). The symbol
set consists of 16 data symbols and 8 control symbols. Each symbol corresponds to a
specific sequence of code bits (code group) to be transmitted by the Physical Layer.
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3.22 transmit: The action of a station that consists of generating a frame, token, or control
sequence, and placing it on the medium to the next station.

4 Conventions and abbreviations

4.1 Conventions

The terms SMT, MAC, PMD and PHY, when used without modifiers, refer specifically to the
local entities.

Low lines ({e.g., control_action) are used as a convenience to mark the name of)|signals,
functions, or| the like, which might otherwise be misinterpreted as independent individual words
if they wergq to appear in text.

The use off a period (e.g, PH_UNITDATA.request) is equivalent to the use' of a Ilpw line
except thaf a period is used as an aid to distinguish modifier words’ appended| to an
antecedent pxpression.

4.2 Abbreviations

ALS ctive_Line-state

HLS alt__Line-state

ILS Idle__Line-state

MLS aster__Line-state

NLS oise__Line-state

QLS uiet__Line-state

NRZ on Return to Zero

NRZI on Return to Zero, Invert on Ones

Pl rimary Input

PO rimary Output

RCRCLK eceiver Recovery Clock

Sl econdary Input

SO econdary Output

Hi__Ct urrent Smoother extension (in symbols) at 14-symbol threshold

Lo_Ct urrent Smoother extension (in symbols) at 12-symbol threshold

Out__Ct umber of symbols output in current Smoother state

T_Flag Indicates current frame can not be stripped

D_Max aximum ring{latency

Hi__Max aximum smoothing capacity (in symbols) at 14-symbol threshold

Lo_Max aximum-smoothing capacity (in symbols) at 12-symbol threshold

P_Max aximum>number of Physical Layer entities

SD__Max aximim starting delimiter delay contribution

SD__Min inimum starting delimiter delay

& General description

A ring network consists of a set of stations logically connected as a serial string of stations
and transmission media to form a closed loop. Information is transmitted sequentially, as a
stream of suitably encoded symbols, from one active station to the next. Each station
generally regenerates and repeats each symbol and serves as the means for attaching one or
more devices to the network for the purpose of communicating with other devices on the
network.
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The basic building block of an FDDI network is a Physical Connection as shown in figure 1. A
Physical Connection in the FDDI ring consists of the Physical Layers of two stations that are
connected over the transmission medium by a Primary Link and a Secondary Link. A Primary
link consists of an output, called Primary Out (PO), of a Physical layer, communicating over a
Primary medium to the input, called Primary In (Pl), of a second Physical Layer. The
Secondary link consists of the output, called Secondary Out (SO), of the second Physical
Layer communicating over a Secondary medium to the input, called Secondary In (Sl), of the
first Physical Layer. Physical Connections may be subsequently logically connected within
nodes, via attached MACs or other means, to create the network.

An FDD' A O CORSISTS O - TS0 C8 ARt EeC RURDe O 213 >td .ns. SMT
establishgs the physical connections between stations, and the correct intérmal station
configuration, to create an FDDI network of logical rings. The method of @ctual physical
application
bd by the

nts. The function of each station is implementer defined and is determin
application or site requirements.

requirem
specific

~<Physical Connection>
S L N
I 1
PH_UNITDATA.request PO} Primary Link | 1 PH_UNITDATA.indlcatlon
PHY | 1 | “PPHY
PH_UleDATA.indication §I: Secondary Link SO !PH__UNITDATA.request
Station #M 1 | Station #N
PO = Primary Out Pl = Primary In
S| = Secondary In SO = Secondary Out

Figure -1~ FDDI physical connection example

6 Seryvices

This clause specifies the services provided by PHY. The services as defined in this clause
do not imply any_ particular implementation or any interface. Services described are:

(a) |PHY services provided to the local MAC entity (indicated by PH__ prefix)

(b) Services required from the local PMD entity by PHY (indicated by PM__ prefix)
(c) PHY services provided to the local SMT entity (indicated by SM_PH__ prefix)

Figure 2 shows the block diagram organization of the FDDI Physical layer including the
separate functions, related signals and interfaces that it contains. The interfaces and signals
between the Physical Layer, the data link layer and Station Management are intended to be
logical rather than physical. Any other set of signals that causes the same physical behaviour
of the protocol is equally valid.
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6.1 PHY-to-MAC services

This subclause specifies the services supplied by PHY to allow the local MAC entity to
exchange PDUs with peer entities. Additional detail is provided in 1ISO 9314-2 on FDDI MAC
concerning conditions that generate these primitives and MAC actions upon receipt of
PHY-generated primitives. The following primitives are defined:

PH_UNITDATA.request

PH__UNITDATA.indication

PH_UNITDATA_STATUS.indication

PH__INVALID.indication

All primitived described in this clause are mandatory.

The description of each primitive includes a description of the information that shall be [passed
between MAC and PHY.

These servites shall be "synchronous®, e.g., each PH_UNITDATA.indication)causes exa ly one
PH_UNITDATA.request. Depending upon the current internal configuration of the station, the
PH_UNITDATArequest may be returned to the same PHY, or to a‘different PHY. Ithough
these servites are primarily intended as a PHY-to-MAC interfaCe, they also servg as a
PHY-to-PHY interface when repeating on a logical ring with no/ntervening MAC. In thfs case
the function|of the Repeat Filter (see 8.4) is required somewhére" in the repeat path within the
physical layer.

6.1.1 PH_UNITDATA.request
This primitive defines the transfer of data from MAGC\to PHY.
6.1.1.1 Semapntics of the primitive
PH__UNITDATA.request (
;’H_Request (symbol)
The symbol |specified by PH_Request (symbol) shall be one of the following:

J K, T, R|S, I, n, H andcoptionally Q or V, where n is any of the sixteen data jsymbols
specified in| Table 1.

6.1.1.2 When| generated

MAC sends| PHY<one PH_UNITDATArequest for each PH_UNITDATA.indication received from
PHY.

8.1.1.3 Effect of receipt

Upon receipt of this primitive the PHY entity shall encode and transmit the symbol. When the
PHY entity is ready to accept another PH_UNITDATA.request, it shall retun to MAC a
PH_UNITDATA__STATUS.indication.

NOTE - The transmission of Q, H, or V does not occur on a PH_UNITDATA.request from MAC.
However, when repeating in the physical layer, a PH_UNITDATA.request of H is possible {and Q
or V in implementations in which the Repeat Filter function is located after the
PH_UNITDATA.request interface).
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Table 1 - Symbol coding

Decimal Code Symbol Assignment
Group
Line State Symbols
00 00000 Q QUIET
31 11111 I IDLE
04 00100 H HALT
Starting Delimiter
24 11000 J 1st. of Sequential SD Pair
17 10001 K 2nd. of Sequential SD Pair,
Data Symbols
Hex Binary.
30 11110 0 0 0000
09 01001 1 1 000)
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 1 0111
18 10010 8 8 1000
19 10011 9 9 1001
22 10110 A A 1010
23 10111 B B 1011
26 11010 C C 1100
27 11011 D D 1101
28 11100 E E 1110
29 11101 F F 1111
Ending Delimiter
13 01101 T Used to Terminate the Data Stream
Control Indicators
07 00111 R Denoting Logical ZERO (Reset)
25 11001 S Denoting Logical ONE (Set)
Invalid Code Assignments
01 00001 VorH These code patterns shall not be
07 00010 VorH transmitted because they violate
03 00011 ' consecutive code-bit zeros or duty
05 00101 v cycle requirements. Codes 01, 02, 08
06 00110 v and 16 shall however be interpreted
08 01000 VorH as Halt when received.
12 01100 ')
16 10000 VordH
(12345) = sequential order of code-bit transmission.
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6.1.2 PH__UNITDATA.indication

This primitive defines the transfer of data from PHY to MAC.

6.1.2.1 Semantics of the primitive

PH__UNITDATA.indication

(
PH__Indication (symbol)

)

The symbol — —J——F—R, S, |,
n, H and odtionally Q or V, where n is any of the sixteen data symbols specified in Table 1.
The indicatign of Q or V is not required in implementations where the Repeat FilteDfungtion is
located priof to the PH_UNITDATA.indication interface.

6.1.2.2 When| generated

PHY shall séend MAC a PH_UNITDATA.indication every time it decodes @)symbol received from
PMD. This |ndication is sent once every symbol period.

6.1.2.3 Effegt of receipt

Upon the 1
generates a
symbol.

6..3 PH_U

This primitive has

ITDATA_STATUS.indication?

local significance and shall

PH__UNITDATA.request and willingness to acGept another symbol.

6.1.3.1 Semantics of the primitive

PH__UNIT]

DATA_STATUS.indication (

transmission__status

)

provide an appropriate
PH_UNITDATA.request primitive signifying the~ acceptance of a symbol specified

eceipt of this primitive, MAC accepts a symbel from PHY, processes |it,
corresponding PH_UNITDATA.request to PHY;-also conveying the resulting

response

and
output

to the
by the

The transmigsion__status<parameter shall be used to signify the transmission completion gtatus.

8.1.3.2 Wher

generated

PHY

PH__UNITDATA:request received.

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

) This primitive is not used by ISO 9314-2 on FDDI MAC.

response

to every

shal send MAC PH_UNITDATA__STATUS.indication in
The purpose of the PH_UNITDATA_STATUS.indicatign is to
synchronize i ' i

6.1.3.3 Effect of receipt
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This primitive is generated by PHY and asserted to MAC to indicate that the symbol stream
has been detected as invalid.

6.1.4.1 Semantics of the primitive

PH__INVALID.indication (

The PHJInvaIid parameter shall indicate that the symbol stream is invalid.

6.1.4.2 When generated

PHY sh
Noise__Li
detected
as Violat
6.1.4.3 E
The effe

6.2 PHY

This subglause specifies the services provided at:‘the interface between the PHY an

PH__Invalid
)

e-State. In addition, PHY shall generate this primitive for)input error
on symbols in the PH__UNITDATA.indication symbol stream:

ffect of receipt

bt of receipt of this primitive by MAC is not specified.

-to-PMD services

Il generate this primitive whenever it detects a Quiet,” Halt, Master, or

conditions

by PHY (such as Elasticity Buffer errors) if the implementation does not rgport them

d the PMD

entities ¢f the Physical layer, to allow PHY to’ exchange an NRZI code-bit stream| with peer
PHY ent}ies. Additional detail is provided-in PMD concerning conditions that genefrate these
primitived and PMD actions upon receipt.of “PHY-generated primitives.
The following primitives are defined:

PM_lUNITDATA.request

PM_lUNITDATA.indication

PM_ISIGNAL.indication
The despription of each primitive includes a description of the information that |is passed
between |the PHY and PMD entities.
The implpmentation " 0f the PHY to PMD interface is not specified. However, an|exemplary
implementation of“this interface is provided as an annex to ISO 9314-3.
6.2.1 PM__UNITDATA.request
This primitive defines the transfer of NRZIdata from PHY 1o 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 code (i.e., each polarity
change in PM__Request signifies a NRZ! code "one").
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6.2.1.2 When generated

PHY continuously 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 primitivg dotines the transter of NRZtdata—from PMD—to—PHY-
6.2.2.1 Semagntics of the primitive

PM_UNITDATA.indication (
PM__Indication (NRZI code)
)

The data donveyed by PM_lndication shall be a continuous NRZI ‘code (i.e., each [polarity
change in PM__Indication signifies a NRZI code “one®).

6.2.2.2 When generated
PMD continupusly sends PHY the current NRZI code polarity.
6.2.2.3 Effept of receipt

In normal npn-Loopback mode, PM__ndication is:.Continuously sampled by the clock recovery
and Receivd Function of PHY.

6.2.3 PM_SIGNAL.indication

This primitive is generated by PMD and asserted to PHY to indicate a change in 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 inbound optical signal |level is
above (stafus .=~on) or below (status = off) the optical signal detection threshold| of the
optical rece|iver in PMD.

6.2.3.2 When generated
PMD generates this primitive whenever it detects a change in the status of Signal__Detect.
6.2.3.3 Effect of receipt

The effect of receipt of this primitive is, when status = off, to enter Quiet__Line-State, and
when status = on, to enable detection of other line states.

10
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8.3 PHY-to-SMT services

The services supplied by the PHY allow the local SMT entity to control the operation of PHY.
The PHY shall perform the requested SMT services preemptively over any requested MAC
services. Additional detail is provided in SMT concerning conditions that generate these
primitives and SMT actions upon receipt of PHY-generated primitives. The following primitives
are defined:

SM__PH__LINE-STATE.request

SM__PH__STATUS.indication

SM__PH__CONTROL.request

All primitives described in this subclause are mandatory. The description of Cea¢h primitive
includes |a description of the information that is passed between PHY and SMT,

8.3.1 SM_PH__LINE-STATE.request
This primitive is generated by SMT to request PHY to send a stream “of symbols.
6.3.1.1 Semantics of the primitive

SM__PH__Line-State.request (
Line-State__action
)

L

The linetstate__action parameter shali be one of theCfoliowing:

TRANSMIT__QUIET. When this action is requested, PHY shall send a continuous stregm of Quiet
symbols| to PMD. In this condition the~"Transmit Function generates no | transitions.
TRANSMIT_QUIET shall also be the defaulty condition of the PHY Transmit Function| initially, or
after a PHY__Reset.

NOTE - To ensure the proper_leffect on the optical signal, SMT should alsp issue an
appropriate SM_PM__CONTROLwxequest to PMD.

TRANSMIT_HALT. When thiscaction is requested, PHY shall send a continuous strgam of Halt
symbols|to PMD.

TRANSMIT__IDLE. When~this action is requested, PHY shall send a continuous strgam of Idle
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__PDR. When this action is requested, PHY shall send the stream pf symbols
presented to the PH__UNITDATA.request interface by MAC to PMD.

NOTE - The symbol stream may be modified if the Repeat Filter function is located downstream
from the PH_UNITDATA.request interface.

6.3.1.2 When Generated

These primitives are generated by SMT as part of station insertion or removal sequences.

1
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6.3.1.3 Effect of receipt

PHY shall send a continuous stream of the commanded symbol(s) to PMD.

shall take precedence over the MAC-to-PHY primitives.

6.3.2 SM_P

H_STATUS.indication

These primitives

This primitive is generated by PHY to inform SMT of line state activity and status changes.
The specific items reported are defined in the following subclause.

6.3.2.1 Semapntics—of theprimitive

SM__PH__BTATUS.indication (

status__report

)
The status_|report parameter shall be one of the following (see 7.3 far, description |of line
states):
QUIET_LINE-STATE_RECEIVED. This parameter shall be assefted by PHY when the
Quiet__Line-$tate (QLS) is entered.
HALT_LINE4STATE_RECEIVED. This parameter shall be“(asserted by PHY whén the
Halt__Line-State (HLS) is entered.
MASTER_LINE-STATE_RECEIVED. This parameter shail be asserted by PHY whpn the
Master__Line-State (MLS) is entered.
IDLE__LINE-STATE__RECEIVED. This parameter~ shall be asserted by PHY when the
Idle__Line-Stiate (ILS) is entered.
ACTIVE_LINE-STATE_RECEIVED. This parameter shall be asserted by PHY when the
Active__LinetState (ALS) is entered.
NOISE__LINE-STATE__RECEIVED. .(This parameter shall be asserted by PHY when  the
Noise__Line-State (NLS) is entered.
LINE-STATE_UNKNOWN. This’ parameter shall be asserted by PHY when any of the [defined
line states |are exited «cand the entry conditions to a new line state have not ygt been
satisfied. Also included~shall be an indication of the most recently known line state.
6.3.2.2 When Generated
These primitives" shall be generated by PHY to signal the occurrence of the indicated copndition.

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.
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8.3.3.1 Semantics of the primitive

SM__PH__CONTROL.request (
Control__Action,
Requested__Status

)

The Control__Action parameter shall include the

Begin__Loopback, or Cancel__Loopback.

following: Reset,

Present__Status,

The Reqiiested_Status parameter shall include the current line state. If the current line state
is unknown, then LINE-STATE_UNKNOWN shall be reported along with the mostcregent known
line state.
6.3.3.2 When generated
This primitive is generated by SMT to cause PHY to take the agction specified by the
Control__Action parameter.
6.3.3.3 Effect of receipt
The statls of the control__action parameter shall determine-the effect upon PHY as follows:
(a) | If the Control__Action is Reset, then PHY shall’at a minimum:
(1) Reset the transmit mode to TRANSMIT._QUIET.
(2) Reset the Elasticity Buffer function.
(8) Reset the line state to LINE=STATE_UNKNOWN.
(4) Reset the line state counters.
(5) Reset the Smoothifg: function.
(6) Reset the Repeat Filter function.
(b) | If the Control_Action is Present_Status, then PHY shall present the statys to SMT
as ipdicated by.the Requested__Status parameter.
(c) | If the< Control_Action is Request__Loopback, then PHY shall enter the|l Loopback
mode. The“intent of this mode is to loop back within the PHY entity at a point as close
as possible to the interface with PMD to permit local station testing. In this mode, PHY
shall Creturn symbols presented at the PH_UNITDATA.request interfac on the
PH__UNITDATA.Indication interfaCe. [Thesé sSymboIS may Dbé aitered by (he ion of the

Repeat Filter (see 8.4 for description of Repeat Filter).
code-bit zeros to the PM_UNITDATA.request interface while
required that the NRZI code used be that which results in no light output.

(d) If the Control__Action is Cancel_Loopback, then PHY shall leave Loopback

PHY shall present continuous NRZI
in Loopback mode.

It is

mode.
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7 Facllities

7.1 Coding

7.1.1 Code bit

Peer Physical Layer entities on the ring communicate via fixed-length code bits. A code bit is

the smallest primitive signalling entity used by the Physical Layer wherein a code bit is
represented as a transition, or absence of a transition, on the medium.

7.1.2 Code dgroup
A code groyp is a consecutive sequence of five code bits and is used to represgnt a symbol
on the medjum. Implicit in the definition of code group is an establishment ,0f “code-group
boundaries by the Physical Layer.
7.2 Symbol [set

Peer DLL eptities on the ring communicate via a set of fixed-length“symbols. These $ymbols
are passeqd across the MAC-to-PHY interface via the PH_UNITDATA.request and
PH_UNITDATA.indication primitives.
7.2.1 Line sfate symbols

These three|symbols are reserved for use on the medium between transmissions. Dete¢tion of
any of thelse symbols within a frame shall preempt and abnormally terminate any data
transmission |sequence in process.

7.2.1.1 Quiet| (Q)

The Quiet symbol indicates the absence ofCany transitions on the medium.
7.2.1.2 Halt |(H)

The Halt symbol indicates control-—sequences (in the form of line states) or the rempval of
code violation symbols from ,the” symbol path while minimizing any dc component of [the ac
signal being|placed on the transmission medium.

7.2.1.3 lIdle [l)

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

7.2.2 ControlCsymbols

7.2.2.1 Starting Delimiter (SD)

A Starting Delimiter (SD) is used to delineate the starting boundary of a data transmission
sequence. This data transmission may begin when the medium is in the idle condition or it
may succeed or preempt a previous transmission. The SD is unique in that it may be
recognized independent of previously established symbol boundaries. Note that the Starting
Delimiter may occur at any point regardless of previously established code-group boundaries,
such as in the case in which a new transmission preempts a previous transmission, thereby
abnormally terminating it.
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The DLL is responsible for maintaining proper Starting Delimiter usage and code-group
sequencing. A sequential symbol sequence of J and then K, from the DLL to PHY, shall be
used to impress the Starting Delimiter on to the transmission medium. As described in Clause
5, the Physical Layer shall represent the JK sequence as a uniquely recognizable code-bit
sequence that does not exist in any other legal symbol sequence regardless of previously
established symbol boundaries. Using this characteristic, the receiving logic of the Physical
Layer uses the incoming JK sequence to establish code-group boundaries.

7.2.2.1.1 Initial SD symbol (J)

The J symbol is

7.2.2.1.2 |[Final SD symbol (K)
The K symbol is the second and last symbol of a sequential Starting Delimiter symbpl pair.

7.2.2.2 BEnding Delimiter (ED)

An Endihg Delimiter (T) terminates all normal data transmissions. The T symbol is not
necessarjly the last symbol in a transmission sequence, since-\the Ending Delimit¢r may be
followed| by one or mcre Control Indicator symbols. However, Ending Delimiters gnd Control
shall always form a sequence of balanced, i.e. -8ven number of symbol ppirs. When
no Contlol Indicators are present, this sequence consists “of a pair of T symbols. | Note that

of this code group depends on the previous establishment of code-groyp clocking
boundarigs.
7.2.2.3 Control indicators
Control l|indicators specify logical conditions associated with a data transmission| sequence.
They mgy be independently altered by repeating stations without altering the normal data in
the trangmission sequence. A sequénce of Ending Delimiter and control indicators [symbols is
always balanced, i.e., it consists.of even pairs of symbols. An Ending Delimiter fpllowed by
an odd | number of Control Indicators is a balanced symbol sequence; however, | an Ending
Delimiter| followed by an even’ number of control indicators is balanced by adding a final
Ending Delimiter. The DLL-is responsible for maintaining Control Indicator Balance.| Note that
the proper decode ofC-these control indicators depends on the previously |established
code-grqup clocking baoundaries, and thus is transparent to the Physical Layer.

7.2.2.3.1|Reset (R)
The Respt symbol indicates a logical zero (reset) condition.

7.2.2.3.2| Set (S)

The Set symbol indicates a logical one (set) condition.

7.2.3 Data symbols (0-F)

A Data Symbol conveys one quartet of arbitrary data within a transmission sequence. The
elements of the sixteen Data Symbols are denoted by the hexadecimal digits (0-F) and a
nonspecific member of the set is denoted by the character n.

The use of Data symbols is arbitrary, where any Data symbol can be followed by any other
Data symbol. Data symbols are not interpreted by PHY. Successful decoding of these
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code-groups by PHY depends on proper receipt of the Starting Delimiter sequence as
previously defined.

7.2.4 Violation symbol (V)

The Violation symbol denotes a condition on the medium that does not conform to any other
symbol in the symbol set. Violation symbols shall not be transmitted on to the medium. The
receipt of Violation symbols may result from various error conditions or during ring clock
synchronization sequences.

7.3 Line stgtes

This clause | defines the line states that determine and control the status of a Physical Link.
These ling states are generated by PHY upon request from SM (via
SM_PH_CONTROL.request), and are detected by PHY and reported, -to SM (via
SM__PH__STIATUS.indication). The line states represent a longer term condition of the Physical
Link than thiat represented by a symbol or a symbol pair. Line state detection is provjded at
all times byt accuracy need not be guaranteed during the clock acquisition interval of during
line state drop out intervals (see 8.2.3). Note that the following.line state definitigns are
mutually exdlusive, but not exhaustive, i.e., line conditions exist thatido not satisfy the|criteria
for any of [the defined line states. In this case, the current line~state is unknown, hich is
the default [condition.

PHY shall| report any <change in the received . line state to SMT via the
SM__PH__STIATUS.indication primitive.

PHY shall feport a PH_INVALID.indication to MAC _.whenever the received line state |s QLS,
MLS, HLS, ¢or NLS.

At any tjme, SMT shall be able to* determine the current line state Wia the
SM_PH_CQONTROL.request primitive. If-""the current line state is unknown[ then
Line-State_|Unknown shall be reported to SMT along with the most recently known line |state.

7.3.1 Quiet_LLine-State (QLS)
A continuous stream of Quiet.symbols shall be sent by PHY to signal the Quiet_Ling-State.
This line state is used as part’ of the Physical Connection establishment process. It y also
indicate the| absence of a~physical connection.

Quiet__Line-{State shalf/be entered upon loss of Signal_Detect(on) from PMD, or upon the
receipt of dixteen or 'seventeen consecutive Q symbols with Signal__Detect(on).

Quiet__Line-{State~ shall be exited upon receipt of any symbol other than  with
Signal__Detdction).

7.83.2 Mastor__Line-State (MLS)

A continuous stream of alternating Halt and Quiet symbols shall be sent by PHY to signal the
Master__Line-State. This line state is used as part of the Physical Connection establishment
process.

Master__Line-State shall be entered upon the receipt of eight or nine consecutive HQ (or QH)
symbol pairs with Signal__Detect(on).
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Master__Line-State shall be exited upon receipt of any symbol pair other than HQ (or QH), or
loss of Signal__Detect(on).

7.3.3 Halt_Line-State (HLS)

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

Halt__Line-State shall be entered upon the receipt of sixteen or seventeen consecutive H
symbols with Signal__Detect(on).

Halt__Ling-State shall be exited upon receipt of any symbol other than Hpor loss of
Signal__Dptect(on).

7.3.4 Idlg_Line-State (ILS)

A contindous stream of Idle symbols shall be sent by PHY to signal the ldle_Line-State. This
line stateé is used to establish and maintain clock synchronization'on the outbound Physical
Link. THis line state is used both as part of the Physical Connection establishment process
and between MAC frame sequences during normal operation.

Idle__Linel-State shall be entered upon the receipt of fouryor five consecutive | symbols with
Signal__Dptect(on) (and Clock__Detect asserted, if implemented). Note that thi§ may be
increased by up to eleven bits if the Elasticity Buffer.Eunction is implemented before the Line
State Detection Function, and it removes the maximum number of bits permitted (ile., twenty
bits maximum to nine bits minimum equals eleven bits).

Idle__Lind-State shall be exited upon receipt of any symbol other than |, of loss of
Signal__Detect(on) (or Clock__Detect deasserted, if implemented).

7.3.6 Active__Line-State (ALS)

When PHY transmits a MAC frame ‘sequence on the outbound Physical Link, this signals that
the assqciated Physical Connection is enabled in this station (i.e., whenever a AC frame
sequencd is sent or repeated” by this station with the TRANSMIT_PDR (see 6.3.1) mode
enabled).| When detected, Active__Line-State indicates that the inbound symbol strgam on the
Physical | Link is a MAC~-frame sequence, and that the neighbouring PHY has epabled the
associated physical copnection.

Active__lline-Statewshall be entered upon the receipt of a JK symbol pair on any arbitrary
code-bit| boundary in the input NRZ stream, with Signal__Detect(on) (and Cldck__Detect
asserted| if implemented).

Active__lline-State shall be exited upon receipt of any symboi other than |, n, R, $, or T, or
loss of Signal_Detect(on) (or Clock__Detect deasserted, if implemented), or entry into the
Idle__Line-State. A JK received while in ALS (on any arbitrary bit boundary) may cause an
exit from ALS (and a subsequent re-entry to ALS) but this is not required.

7.3.6 Noise__Line-State (NLS)
PHY shall not transmit a symbol stream that can cause Noise_Line-State to be detected by

the neighbouring PHY. When detected, Noise__Line-State indicates that the inbound Physical
Link is noisy and that, if NLS persists, the associated Physical Connection is faulty.
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Noise__Line-State shall be entered upon the occurrence of sixteen or seventeen potential noise
events without satisfying the criteria for entry to another line state. Potential noise events
shall include decoding a Q, H, J, K, or V symbol (or a symbol pair containing at least one Q,
H, J, K, or V symbol) with Signal_Detect(on). An implementation may also optionally count as
potential noise events:

(a) An Elasticity Buffer error with Signal__Detect(on).
(b) Decoding a mixed (control and data) symbol pair with Signal__Detect{on).

(c) Ddcoding an n, R, S, or T symbol {or a symbol pair contammg_al_l'é?ﬂ_owen\, R, S,
or T symbol) with Signal__Detect(on) (and Clock_Detect asserted, if implemented) when the

current [(or last known) line state is not ILS or ALS.

(d) If | Clock__Detect is implemented, decoding an I, n, R, S, or T (or” a symbol pair
containing JK or at least one I, n, R, S, or T) with Signal_Detect(on) but Clock]Detect
not asgerted.

For a descfiption of Signal__Detect and Clock__Detect, see 6.2.3 and.8.2.3, respectively

The count of potential noise events shall be reset to zero whénever the criteria for |entering
or continuing another line state are satisfied.

Noise__Line1State shall be exited upon satisfying the criteria- for entry to another line state. If
the criteria |[for NLS and another line state occur simultaneously, the other line state shall take
precedence.

8 Operation
8.1 Coding pverview

Successful pperation of a serial baseband transmission system, such as FDDI, requires [the use
of coding to combine the functions>of data and clock transmission. Data recovery of this
serial codetbit stream requires the-recovery of synchronizing clock information which is |inherent
in the code-bit stream. All information is conveyed on the interface by positioning trgnsitions,
or lack of |transitions, on the-interface medium. The minimum time interval between possible
transitions on the interface medium is defined as the "code-bit cell.® Ideally, each tfansition,
or lack of |a transition<represents a useful piece of data. However, in practice, thi§ is not
feasible beCause an.extended series of bits represented by no transition would not| contain
sufficient information\‘to recover the synchronizing clock. Furthermore, for high-speed serial
transmission| it is—désirable that dc balance be maintained to the degree feasible in ¢rder to
facilitate interfacé component and circuit designs.

The FDDI P
characteristics. The resultant serial code-bit stream, as seen on the transmission medium,
contains at least two transitions for each transmitted symbol and is thus self clocking, has a
maximum of three consecutive code-cell zeros and is thus run-bounded, and yields a *=10%
maximum cumulative dc component variation from nominal center.

The first level of coding performed by PHY is the conversion of symbols, from MAC, to
encoded NRZ code bits. The second level of coding performed by PHY consists of NRZ
code-bit translation to NRZI code bits. For the incoming pulse stream, NRZI code bits shall be
first decoded to NRZ code-bits and then decoded to hexadecimal symbols for use by MAC.
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All information on the FDDI is sent as a sequence of code-groups, each containing a specific
sequence of five code bits. The transmitted sequence of these code groups is determined by
MAC. The interface between MAC and PHY uses symbols to convey logical meaning. MAC
ensures that the sequence of symbols, sent to PHY for coding and transmission onto the
medium, is valid and in conformance with the rules of symbol sequencing as further defined in
this part of ISO 9314.

8.1.1 Symbol sequencing

MAC conveys information to PHY by a continuous stream, or sequence, of symbols. A symbol
is the snattestprimitive—sigmatting—entity—used—by—MAE:

Symbols |are used to convey three types of information:
(a) |Line States, such as the Quiet__Line-State or Halt__Line-State.

(b) | Control symbols used with Starting Delimiter, Ending Delimiter, or Controf Indicator
sequences.

(c) |Data symbols, which are the smallest primitive data grouping used by MAG, in which
four |data bits comprise a "data quartet".

8.1.2 Symbol/NRZI coding

Each symbol signalled between MAC and PHY describes a specific sequence of five|code bits,
called a|code group, to be transmitted.

The FDD| shall use an embedded group transmission code in which a fixed sequence] or group,
of four data bits, or a control symbol, is coded into a fixed sequence, or group, of| five code
bits. THe group of N code bits is called a "code group." The symbol clock frequency is
one-fifth|the base frequency as defined in 8.2.7. PHY accepts, or presents, a symbpl from, or
to, MAC| once every symbol time. A, symbol time is five times the code-bit cell time. Each
symbol, whether a data quartet, line state, or a control symbol, is encoded by PHY into a
group of| five NRZ code bits, which are in turn encoded into a sequence of five NRZI code
bits for fransmission across the._medium.

The prelse assignment of ‘five code-bit sequences to symbols is defined in table 1.| The rules
for usa of these 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 mediujn because
they cagse an—unaccCeptable dc component in the ac signal or they cause an unacceptable
number of .consecutive zeros on the transmission medium. PHY shall indicate toq MAC the
receipt gfCan invalid code group as a Violation (V) symbol.

8.2 General organization

The functional organization of the FDDI PHY is shown in figure 2. The functional organization
described in this subclause is of an exemplary nature.

8.2.1 Encode Function
The Encode Function of PHY is responsible for encoding symbols, as commanded by SMT or

the PH_UNITDATA.request, into NRZ code bits. Each symbol is encoded into a unique five-bit
code group for delivery to the Transmit Function. The code group is presented serially to the
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Transmit Function as a continuous serial stream of NRZ code bits. A local fixed frequency
oscillator is used to clock the symbols from MAC and the code bits to the Transmit Function.

The Encode Function of PHY is set in different transmit modes by SMT via the
SM__PH_LINE-STATE.request.

When the Encode Function is set in any transmit mode other than TRANSMIT__PDR, the Encode
Function shall ignore the PH_UNITDATArequest and continuously encode the symbols
commanded by the transmit mode.

8.2.2 Trans

n
The Transmit Function shall encode the NRZ code-bit serial stream from the Encode %unction
into an equivalent NRZI pulse stream for presentation to PMD. An annex to ISO 93/14-3 on

Function is responsible for decoding the electrical NRZl-pulse stream from PMD

shall also derive a clock, at the code-bit frequéncy (1256 MHz), from the [incoming

A phase-locked loop may be used for this purpose. This clock, cafled the
Receiver Recovery Clock (RCRCLK), is used to synchronize the incoming code-bit cell
boundaries |during the Idle and Active__Line-States,(and may also be used to synchronize

detection ¢f the Halt and Master__Line-States. «\ Alternatively, some other synchronization
technique may be used to detect the Halt and “aster__Line-States. The RCRCLK recovery
function m also provide an optional Clock__Detect signal that, when asserted, indicates that

RCRCLK is| successfully locked in frequency “and phase to the incoming NRZI code-bit| stream.
When implefnented, the Clock_Detect signal is used by the Line State Detection [function.
RCRCLK adquisition time is constrained By the line state detection times specified in 8.2.6.

8.2.4 Elasticity Buffer Function

The Receier Recovery Clock. {RCRCLK) is used to recover the timing information from the
incoming sdrial bit stream. dt-is locked in frequency and phase to the local fixed frlequency
oscillator df the Transmit_Function of the previous upstream station. The output rial bit
stream is ¢locked by the~local fixed frequency oscillator. The frequency difference petween
the incoming bit frequency and the outgoing bit frequency is, at most, equal to 0,01% of the
nominal frefjuency. ~The incoming frequency can be either slower or faster than the |outgoing
frequency, fesulting>in an excess or a deficiency of bits unless some compensation is |ncluded.

An elastici
To allow
incoming frequency, the MAC entlty, which ongmates a frame, lnserts at least sixteen IDLE
symbols before each frame to be transmitted. The operation of the elasticity buffer in
subsequent repeating stations may change the length of the IDLE pattern as described herein.
An elasticity buffer is similar in function to a first-in first-out memory, which is filled halfway
before bits are removed. The input clock to the Elasticity Buffer function is RCRCLK. The
output clock to the elasticity buffer function is the local fixed frequency oscillator clock
{(LOCAL CLOCK).

The minimum required elasticity shall be =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
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maximum frequency variance between RCRCLK and LOCAL CLOCK is 0,01%. Calculating 0,01%
of 45 000 code bits yields 4,5 code bits.

Although Figure 2 shows the Elasticity Buffer function preceding the Decode function, any
implementation that meets the following rules is permitted:

(a) When entering Active_Line-State from Idle__Line-State and both the RCRCLK and the
LOCAL CLOCK are within tolerance, the initial JK symbol pair and the subsequent
contiguous PH__UNITDATA.indication symbol stream shall be reproduced from the input NRZ
bit stream usnng the symbol framlng reference provuded by the JK code bit pattern,
withet S S i A : S A Surs:

(1) At least 9 000 PH_UNITDATA.indication symbols have been presented| since the
last entry to Active__Line-State (see rule (b))

(2) From nine to twenty (depending on implementation) consecutive code-bit ones
have been received in the input NRZ bit stream, independent; of the symbol framing
reference (see rules (c) and (d))

(3) Zero to nine code bits (depending on the différence between the| new and
previous framing boundaries) prior to encountering the'-start of another JK code-bit
pattern on any arbitrary boundary in the input NRZ(bit stream (see rule (e))

(4) A PH_UNITDATA.indication symbol is  presented that causes an |exit from
Active__Line-State (see rule (f))

NOTE - If the Repeat Filter or Smoother functions are implemented grior to the
PH_UNITDATA.indication, their-_©peration may also modify the PH_UNITDATA.in-
dication from that represented\by the input NRZ stream.

(b) |When in Active__Line-State and\lerror conditions exist in the local or upstrgam station
(i.e., |if either the RCRCLK or the:LOCAL CLOCK are out of tolerance, or after 9 000
con%ecmive PH_UNITDATA.indication symbols have been presented without reaching

condition (a)(2)), an Elasticity "Buffer error may occur, after which PH_UNITDATA.indication
symbols may be inserted; )deleted, or modified from the input NRZ bit stleam. All
Elasticity Buffer errors While in Active_Line-State shall be reported to SMT as well as
being reported to MAC_as one of the following:

(1) A PH__UNITDATA.indication with a violation (V) symbol parameter

(2) A _PH_INVALID.indication

folation=symbol is preferred to a PH_INVALID.indication to allow the TVX timer in MAC
main enabled. Also, by using a violation symbol the PH_ UNITDATA indicaflion symbol
i i 3 : ppeating in
certaln statlon conflguratlons (eg on the secondary Iog|Cal ring W|thout a second MAC in
the station); whereas additional logic would otherwise be needed to combine the
PH_INVALID.indication and the PH_UNITDATA.indication to ensure a violation symbol is
presented on the corresponding PH_UNITDATA.request.

(c) After the receipt of nine consecutive code-bit ones in the input NRZ bit stream, an
implementation may insert or delete code-bit ones in the received NRZ bit stream without
causing an Elasticity Buffer error, provided that the resulting bit stream contains at least
nine code-bit ones. This guarantees at least one Idle symbol in the resulting symbol
stream independent of symbol boundary.

21


https://standardsiso.com/api/?name=f01acabfa68a47a135ee393f01372d49

1SO 9314-1 : 1989 (E)

(d) After the receipt of twenty consecutive code-bit ones in the input NRZ bit stream,
an implementation shall be capable of ldle bit insertion/deletion without Elasticity Buffer
errors as long as code-bit ones continue to be received. The resulting bit stream shall
contain at least nine code-bit ones.

(e) While in Active__Line-State, if another JK code-bit pattern on any arbitrary boundary
is received in the input NRZ bit stream, up to four code bits may be inserted or deleted
(nine code bits for a byte-wide implementation) prior to the PH_UNITDATA. indication (JK)
symbol pair. It is not required that Active_Line-State be exited, therefore the
requirement of at Ieast 9 000 PH UNITDATA |nd|catlon occurrences before an elasticity
buffer ¢ altowe ' cuts ging 5 Sts

If additional symbols are inserted, the extra bits for these symbols shalb -either be
code-bjt ones or shall represent a duplication of the received code-bit stream possibly

including from one to nine leading bits of the JK symbol pair. If an  implementation is
capabl% of duplicating more than four leading bits of a JK symbel" pair (apd thus
duplicaling the J), then either the Decode function or the Repeat Filter function of that

implemgntation shall interpret a J not followed by a K as either Idleyor a code violation.

Deloted data shall only be those code bits between the “néew and previous | framing
boundaties except as otherwise permitted by rule (a).

(f) WHen not in the Active__ or Idle_Line-States, the PH_UNITDATA.indication | symbol
stream| can be altered from the input NRZ bit “stream; however, upon exjt from
Active_| Line-State, at least the first four consecutive invalid symbols (i.e., neither Idle
symbol$ nor JK symbol pairs) shall be propagated-as invalid symbols. Subsequently, ldie
symbol§ may be generated, but spurious JK “symbol pairs shall not be ge erated.
Elasticity Buffer errors may occur, but onlycneed to be recognized to the extént that
they contribute to Noise__Line-State detection.

8.2.6 Decode Function

The Decodé function accepts the serial“NRZ code-bit stream, synchronized to LOCAL |CLOCK,
from the Elasticity Buffer function. The decode function shall establish symbol boundaries (or
byte boundaries for byte-wide implémentations), maintain synchronization to the symbol ¢lock as
appropriate|to the implementation,’ and decode the incoming NRZ pulse stream into a cqntinuous
stream of symbols for presentation to MAC.

Although not specifically required, it is envisioned that most MAC implementations will require a
clock signal from PHY{orice every symbol (or byte) time for the purposes of strobing |symbols
to or from| PHY and for running the MAC logic. Proper operation of MAC may reqyire that
this clock |be continuous and uninterrupted. Note that reestablishment of new code-group
boundaries |may\~be necessary owing to the recognition of a new JK Starting Pelimiter
sequence. |In practlce the decode functlon of PHY has the ab|I|ty te msert a O 1, 2,|3, or 4
code-bit d 5 e serial
pulse stream so as to aIIow the clock to malntaln a constant phase.

If the Decode function adds or deletes code bits from the code-bit stream when reestablishing
code-group boundaries, then the combined effect of the Elasticity Buffer function and the
Decode function shall follow the rules for the Elasticity Buffer function in 8.2.4.

8.2.6 Line State Detection Function
The Line 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 than that represented
by a symbol or a symbol pair (see 7.3 for the definitions of the line states). The Line State
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Detection function also uses the PM__SIGNAL.indication, as well as the optional signals from the
Receive Function (Clock__Detect) and the Elasticity Buffer errors, to determine the current line
state. This function signals the local MAC entity (via PH_INVALID.indication) when the symbol
stream has been detected as invalid and the local SMT entity (via SM_PH__STATUS.indication)
of any changes to the detected line state.

The initial 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, Master, Idle, or Active_Line-State are received from PMD, and continues until the line
state reported to SMT correctly indicates the state of the serial data stream being received
from PMD ts—i j isiti i ax). The
default nown or
Noise__Lin ition Time

value of AT_Max is 100 pus. During this interval Line-State__Un
o-State shall be reported to SMT (see 7.3). The Maximum Signal Acquis

(A_Max)
Acquisitio

used by the MAC and SMT entities is the sum of AT_Max plus the“Max
v Time (AS__Max).
After initlal line state detection, the correct line state may change -or be tempo
Loss of the correct line state results from internal conditions within~the receiving F

mum PMD

rarily lost.
HY entity

line state
state or
or loss of

(e.g., loss| of RCRCLK synchronization or Elasticity Buffer errors), whereas changes in
result from changes outside the receiving PHY entity (e.g., change “in transmitted ling
in the state of PMD). After initial line state detection, upon any’subsequent change
the line dtate being received from PMD, the time to reestablish the correct line stater shall not
exceed the Maximum Line State Change Time (LS_Max). <The default value of LS_Max is 15
ps. During this time, Line-State__Unknown or Noise_Line=State shall be reported to [SMT (see
7.3).

Halt and
sition time
bth. If an
acquisition
subsequent
RCRCLK

Note thalt the detection of the Idle and Active_-Line-States (and optionally the
Master__Lline-States) requires RCRCLK synchronization. Consequently, RCRCLK acqui
in an implementation is constrained by the AT-_Max or the LS_Max criteria, or by b
implementation requires RCRCLK to detect *Halt or Master__Line-State, then RCRCLK
time on fthese patterns (HLS or MLS) must be less than AT_Max. Otherwise, a

switch ffom Halt or Master_Line-State to Idle or Active_Line-State requires
acquisitiop on these patterns (ILS or ALS) in less than LS__Max.
8.2.7 Logal Clock
A Local
various f
is create
the Loca

Clock is used fér) the purposes of establishing the base frequency used by the
inctions in PHY: ZThis clock shall be derived from a fixed frequency oscillator, which
d locally within®PHY implementation or externally within the Station. Characfteristics of
Clock shall-be:

(a) |Fixed frequency oscillator base frequency = 125 MHz *0,005% (50 ppm)

(b) |Phase jitter (above 20 kHz) < %8° (+0,14 rad)

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

(e)

Nominal code-bit cell time = 8,0 ns

Nominal symbol time 40,0 ns
8.3 Smoothing Function

Each PHY shall process the symbol stream using a Smoothing function. This function
compensates for the possibility that multiple PHY Elasticity Buffer functions delete symbols
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FDDI design constraints include:

(a)

The

Elasticity Buffer is not required to recenter

symbols

(b)
(c)

The Smoothi

into shorte
bursts of f

The Smoot
preambles
deleting ex
at the four

In stations

the Smoothing function shall also be capable of inserting additional preamble symb

preambles
deleting ex

capacity (b
two symbols for such stations, or zero symbols otherwise:

The total
Lo__Max.

Buffer fund

preamble

preambles
ames.

ing function shall be capable of inserting additional preamble symbols into r
shorter than fourteen symbols. This smoothing capability shall ‘be reclai
sess symbols from preambles longer than fourteen symbols. TheDsmoothing
een-symbol threshold, called Hi__Max, shall be at least two symbols.

whose MACs require eleven or twelve preamble symbols“to copy frames

shorter than twelve symbols. This smoothing capability shall be reclai
bess symbols from preambles longer than twelve <symbols. The additional s
eyond Hi_Max) at the twelve-symbol threshold,. called Lo_Max, shall be

smoothing capacity of a station at these thresholds is defined as Hi_M
The Hi__Max smoothing capacity shall’;be located somewhere after the B
tion in each repeat path through -a station. If a MAC requiring nine
ymbols to copy frames properly<'is configured in a repeat path, then t

Unconstrained preamble shrinkage can result in loss of frames.

This sngmflcantly reduces the varlance of preamble sizes _duri

The

on preambles shorter than four

MAC is not required to repeat frames with preambles shorter than two symbols

MAC is not required to copy frames with preambles shorter than twelve symbols

opeated
med by
Capacity

broperly,
ols into
med by
moothing
lat least

ax plus
Flasticity
br more
he total

required smoothing capacity shall be located between the Elasticity Buffer function [and the

MAC Receiver in that path.

The Smoothing function shall be capable of reclaiming additional space from stripped partial
frames. This space may be reclaimed by deleting frame symbols or by replacing them with
Idles. In pddition, the Smoothing function may optionally reclaim space from othef partial
frames, prqvided that format._errors are not lost. A format error is not lost if, either it is
counted in| PHY and reported to SMT, or it is correctly propagated to the next [MAC or
Repeat Filtler function. ~After a token or partial frame, the Smoothing function may dptionally
delete excess symbols/from preambles longer than four symbols.

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

(a) pt in ILS

or ALS

(b) Prevent proper detection of QLS, HLS, MLS, NLS, or LSU as a result of deleting
symbols that are potential noise events

use improper detection of ILS as a result of inserting Idle symbols when ng

Given that a preamble consists of Idle symbols in the absence of noise, it is possible to relax
some constraints on preamble processing with minimal impact on reliability. Specifically, during
preamble processing the Smoothing function is not required to:

(a) Insert Idle symbols into a preamble except after four consecutive Idle symbols are
received
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(b) Delete non-ldle symbols from a preamble
8.3.1 Smoother State Machine

Figure 3 shows the 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
before the PH_UNITDATA |nd|cat|on lnterface Any |mplementatlon that is interoperable with
this state untess : s—part—c D QC

The state| machine uses the following variables and parameters:

Hi_Max: | The maximum smoothing capacity (in symbols) at the fourteen-symbol | preamble
threshold.

__Ct: The current smoother extension (in symbols) at the fourteen-symbol preamble threshold.
Byte-wide stations are permitted to count symbol pairs, rather than-symbols (ie., odd symbols
can be ignored).

Lo_Max:| The maximum smoothing capacity (in symbols)at the twelve-symbol | preamble
threshold.

Lo_Ct: The current smoother extension (in symbols) at the twelve-symbol preamble threshold.
Byte-wid¢ stations are 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 stations are|permitted
to count [symbol pairs, rather than symbols ‘{i.e, odd symbols can be ignored).

T__Flag: Indicates that the current frame can not be stripped.

An implementation shall be permitted to maintain its counters and to adjust smoother| extension
and preamble length in quantum'.units of bits, symbols, or bytes (symbol pairs). This| implies a
corresponding restriction on _the’ elasticity buffer, i.e., the elasticity buffer quantum shall not be
larger than the maximum permitted smoother quantum (one byte).

8.3.1.1 State SMO:Preamble (PA)

In this sfate the~Smoother function is processing preamble symbols. The smoother| contracts
when extess preamble symbols beyond the thresholds are processed. Out_Ct gounts the
number of output preamble symbols for threshold comparison. For interoperability, thgd smoother
is not required to delete symbols in the exact sequence descrlbed by the PA_Actlons nor to

y v : : i PA state.
If the smoother contracts at the twelve symbol threshold |t is permltted but not reqmred to
also contract at the fourteen-symbol threshold during the same preamble.

SM(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 SM1 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
is received, but not when a J is internally duplicated (see 8.2.4, rule (e)). An implementation is
permitted to use any threshold value between four and fourteen symbols when Start__Action is
invoked after a Token or partial SDU (stripped SDU or format error).
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8.3.1.2 SM1:Service__Data__Unit (SDU)

In this state the Smoother function is processing SDU (frame or Token) symbols. The smoother
outputs all input symbols in this state. The T_Flag shall be set by the first occurrence of a
non-data symbol. Out__Ct shall count the number of output SDU symbols, to ensure that
End__Actions does not delete symbois prior to the start of the SDU.

SM(10):End of SDU: A transition to State SMO shall occur when an Idle () symbol is detected
as input. If the T_Flag is not set, indicating a stripped SDU, then End__Actions shall be
performed to reclaim space by deletlng prevrous SDU output symbols and contracting the
smoother, gr—by—Tep . e W dies d ontrac o—smoothe A—byte-wide
implementation shall trigger thls transition when an Idle is detected as the flrst symb
symbol pair, and is optionally permitted to trigger this transition after an Idle is procef
the second| symbol of a symbol pair. An implementation is permitted to trigger. this transition
for other iEput conditions that terminate the SDU (e.g., format errors or end of F8 field),
provided that End__Actions does not lose completed SDUs or format errors.

8.4 Repeat| Filter

Certain stafion configurations require that PHY be able to repeat ‘the PH_UNITDATA.indication
symbol stream received on an inbound Physical Link directly ‘as a PH_UNITDATA.request
symbol stréam on an outbound Physical Link without an intervening MAC entity (e.g.| on the
secondary |ogical ring without a second MAC in the station)/ 'In this situation, a Repejat Filter
function is | required somewhere after line state detection: in the repeat path betwpen the
inbound Physical Link and the outbound Physical Link.

The repeat| filter function prevents propagation of gode violations and invalid line stajes from
the inbound link to the outbound link, while permitting propagation of lost frames so they can
be correctly counted by the next MAC entity in ‘the logical ring. Although this functiop is not
required when the station configuration includés a MAC entity in a logical ring, it may| still be
implemented in-line with the MAC entity without affecting correct ring operation.

Figure 4 sHows the Repeat Filter expressed as a state diagram. In the state diagranm, states
are shown| as vertical staffs and. state transitions as horizontal arrows, with the {riggering
event or condition above the shaft)and any action beneath the shaft.

The Repeaf Filter shall change the symbol stream under the following rules:

(a) Fpllowing an A~ symbol, all subsequent symbols are changed into | symbgls, until
another | or a J €ymbol is encountered.

(b) If| the _‘symbol immediately after a J symbol is not a K symbol, then an
implementation whose Elasticity Buffer and Decode functions can create dupjicate J
(see 824) shaII mterpret the J symbol (not followed by a K symbol) as a Vv
] 03 state).
Other |mplementat|ons are permltted to repeat the J symbol, or to mterpret the J symbol
or the next {non K) symbol as a V symbol.”

(c) Following a JK symbol sequence, if another K symbol, any one of the possible H or
V symbols, or a Q symbol is encountered, that symbol is changed into an H symbol. The

1 This subclause is the intended subject of a future amendment to require that PHY interpret a
received J symbol not followed by a K symbol as a Violation symbol.
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