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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
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connection of information technology equipment.
9314 consists of the following parts, under the generalditle

Informatfon technology — Fibre Distributed Data Interface (FPDI):
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— A
—A
—H
Annexes

bart 1: Token Ring Physical Layer Protocol (PHY)
bart 2: Token Ring Media Access Control (MAC)
Part 3: Physical Layer, Medium Dependent {PMD)
Part 5: Hybrid Ring Control (HRC)
A to F of this part of ISO/IEC 9314 are for information only.
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Information technology — Fibre Distributed Data
Interface (FDDI) —

Part 5:
Hybrid Ring Control (HRC)

1 Sgope

This gart of ISO/IEC 9314 specifies a hybrid ring control (HRC) protécol which provides a modd of
operation in which both packet switched and isochronous data’are transmitted within the same ppecial
frame] structure, called a cycle. HRC is designed to operate With the existing media access confrol
(MAQ), physical layer (PHY), and physical medium dependent (PMD) layers of the FDDI protocpl.

The HRC is composed of the hybrid multiplexer (H-MUX) and the isochronous media access cdntrol (1-
MAC)| protocols. The H-MUX integrates packet and isochronous data into cycles which it transmits onto
and rgceives from the medium using the services of the physical layer. The I-MAC provides separate
transmission channels for the transfer of user isochronous data streams. The format, clocking and
synchronization of cycles, and the operation'and interfaces of the H-MUX and I-MAC are defined by this
part of ISO/IEC 9314. These interfaces include the interface to the FDDI station management ($MT)
protogol.

The HRC is designed to support various transmission rates, from 100 Mbps upwards, in increments of
6,144|Mbps. All transmission rate dependent parameters defined in this part of ISO/IEC 9314 agsume a
transrpission rate of 100 Mbps:

Statiohs composed of FBDVand HRC entities are referred to as FDDI-II stations. The FDDI packet MAC
(P-MAC) and the HRC-¢components, and their architectural relationship to LLC and a circuit switching
Multiglexer (CS-MUX) are illustrated in figure 1. This figure does not imply an implementation
configuration

FDDIHII networks consist of FDDI-II stations. Interoperability between FDDI and FDDI-II stations on the
same [network is provided in HRC basic mode, which only supports packet transmission.

The sptof FDDI standards, ISO/IEC 9314, specifies the interfaces, functions, and operations ngcessary
to ensure interoperability between conforming FDDI implementations. This part of ISO/IEC 9314
specifies a hybrid ring control protocol: HRC. Conforming implementations may employ any design
technique that does not violate interoperability.

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
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investigate the possibility of applying the most recent editions of the standards listed below. Members of

ST L B o, Y S |

IEC and iSO maintain registers of currently valid international Standards.

3 Definitions

For the purpose of this part of ISO/IEC 9314, the following definitions.apply:

3.1

3.2

3.3

3.4
3.5

3.6

3.7

3.8

3.9

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

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

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

A ne ANn4 A =2, [ P SRS SR PRy AU P bnen M) nl-mln. .Jad

1I9V/IEY 9o 14-/7----*, irormatori tecririoiogy — Fibre Distribu

Physical Layer Protocol 2 (PHYS-2).
ISO/IE 9314—8 ----1» Information technology — Fibre Distributed Data Interface (FDDI).— Part 8:

Media Access Con ’01-2 (MAC-2).

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

basid mode: An FDDI-II network operating in basic mode supports FDDI token ring operation ¢nly,
that is, only the packet switching service is provided: The data unit transmitted on the medigm
basic mode is the FDDI frame.

chanhpel: The term ‘channel’ is a synonym for ‘transmission channel’.
circuiit: A circuit is a bidirectional communications capability provided over a continuous

it switching multiplexer (CS-MUX): A CS-MUX multiplexes and demultiplexes circuits opto
transmission channels for transmission.

connection: A connection is-a ¢oncatenation of circuits and other functional units set up to proyide
fqr the transfer of signals-between two or more points in a telecommunications network.

cyclg: The cycle is the HRC frame. It has a duration of 125 ps and nominally carries 3 120
symbols at 100 Mbps.

cycle control figld: The cycle control field is a two symbol field in the cycle header. One symbpl is
fqr synchronization control while the other is for sequence control. These are used to indicate
whetheror not cycle synchronization and sequence, respectively, are being maintained. Each
of thése fields may only be set by the cycle master.

cycle-header:
125 us cycle The remalnder of the cycle header provudes synchronlzatlon control, sequence
control, a cycle sequence field and the cycle programming template.

3.10 cycle master: One ranked monitor in an FDDI-II ring assumes the role of the cycle master. The

ring has only one cycle master at a time. The cycle master is responsible for generating and
maintaining the cycle structure and the timing of the ring. The cycle master inserts a latency
adjustment buffer to adjust the ring size to be an integer multiple of 125 us. The cycle master is
selected by bidding among ranked monitor stations — the monitor with the highest rank
becomes the cycle master.

1 To be published.

2
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I Circuit | | Logical |
Switching Link
Multiplexer(s) Control
(CS-MUX) (LLC)
1 T l k t
FDDI Isoch Media A * >
sochronous edia Access
Components MAC (1-MAC) | kel Control (MAC) @ ——»-
Hybrid Ring Control
(HRC) (optional)
Data Hybrid Multiplexer (H-MUX) <—>]
| ink
| ayer A ‘ Station
e —— e — — o — o — o — — e ——— Managemeht
Physical (SMT) ®
| ayer
Physical Layer Protocol (PHY) @ < >
Physical Layer-MediumDependent | .
(PMD) ® o

® MAC-2 with HRC; MAC or MAC-2 otherwise.
® PHY=2 with HRC; PHY or PHY-2 otherwise.
®'PMD, SMF_PMD, TP-PMD or LCF-PMD.

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

Figure 1 — Structure of FDDI standards

3.11| cycle sequence? Cycle sequence is a scheme for indicating whether or not the correct ofder of
cycle transmission is being maintained during normal hybrid mode operation. The sequence
number of each cycle is indicated in the cycle sequence field of the cycle header. Cycle
sequénce values 1-63 are used to indicate monitor ranking, and values 64-255 are uged for
sequencing.

3.12 : i le. The cycle is compriged of the
preamble, cycle header, dedicated packet group and cyclic groups.

3.13 cyclic groups: The cycle structure contains 16 wideband channels (WBCs), which are byte
interleaved with each other. The interleaving scheme physically organizes the WBCs into 96
cyclic groups per cycle, at 100 Mbps. Each cyclic group contains one byte from each WBC.
The bytes from each WBC occur in the same position in each cyclic group.

3.14 dedicated packet group (DPG): The dedicated packet group is the part of the cycle structure
which provides a minimum packet channel bandwidth of 0,768 Mbps (at 100 Mbps).

3.15 entity: An entity is an active functional agent within an (OSI) layer or sublayer, including both
operational and management functions.
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3.16 FDDI-II: FDDI-Il is a term used to describe a network consisting of stations composed of FDDI and
HRC entiities.

3.17 fibreoptics: The technology whereby optical signals from light-generating transmitters are
propagated through optical fibre waveguides to light-detecting receivers.

3.18 hybrid isochronous-MAC service access point (HI-SAP): HI-SAPs are the isochronous access
points of the H-MUX. They are used by the I-MAC to access the WBCs.

3.19 hybrid mode: An FDDI-II network operating in hybrid mode imposes a cycle structure with a
length of 125 us. The cycle supports a variable rate packet switching service using the FDDI
token ring protocol plus a time-division multiplexed circuit switching service. The bandwidth |s
partitioned as a dedicated packet data channel plus 16 wideband channels which are
dyjnamically allocated for packet data or isochronous use.

3.20 hybri

3.21 hybrid packet-MAC service access point (HP-SAP): The HP-SAP is the aceess point of the H

makes available a variable data rate between 0,768 Mbps and 99,072-Mbps, dependent on the

3.22 hybri
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3.23 hybrid service access point (H-SAP): H-SAPs are the setvice access points of the H-MUX. They
are divided into one HP-SAP and up to 16 HI-SAPs:

3.24 isochfonous: The term ‘isochronous’ indicates the essential characteristic of a time-scale or a
signal such that the time intervals between ceonsecutive significant instants either have the
e duration or durations that are integral-multiples of the shortest duration.

3.25 isochfonous MAC service access point (I<SAP): |-SAPs are the access points of the I-MAC.
THey are used by the CS-MUX to ac¢ess isochronous transmission channels. One and only
one isochronous MAC service aceess point is associated with a transmission channel. Each
SAP may be open or closed by SMT.

3.26 isochfonous media access.control (I-MAC): The I-MAC is the data link sublayer entity which
provides isochronous data-access to a shared medium local area network.

3.27 LAP
3.28 latengy adjustment buffer (LAB): The LAB is a component that is required at the cycle master to

3.29 medi
routeing-data transmissions on a shared medium local area network (e.g. an FDDI ring).

3.30 mode} There are two modes of operation in FDDI: basic and hybrid. Basic mode is the mode of
operation based on the FDDI frame structure where only Packet switching is supported. Hybrid
mode is the mode of operation based on the 125 us cycle where both packet and circuit
switching are supported.

3.31 monitor contention procedure: This is one method by which one monitor station is selected to
become the cycle master. Only monitor stations that have a rank may bid, and the station with
the highest rank wins the right to become cycle master.

3.32 monitor rank: Rank is a priority scheme for the selection of a cycle master from monitor stations.
Rank values range from 0 to 63, with 63 being the highest. monitor stations with a rank of 0 do
not participate in the monitor contention procedure. A monitor indicates its rank by loading it
into the cycle sequence field of the cycle header during the monitor contention procedure.
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3.33 monitor station: Monitor stations in an FDDI-II network are those stations capable of becoming
the cycle master. A monitor station is defined as a station containing a hybrid ring control entity
with the Class parameter set to MONITOR. All monitor stations contain an LAB and a cycle
generate block. A monitor station is permitted to participate in the monitor contention
procedure, however it is only permitted to become the cycle master if it has a rank that is
greater than zero.

3.34 multi-point circuit: A multi-point circuit is a circuit which exists between more than two CS-MUX
entities for multi-point communications.

3.35 pon-monitor station: A non-monitor station is a station which does not satisfy the criterig for a
monitor station. In general a non-monitor station does not have the capability of béeoning the
cycle master.

3.36 pctet: An octet is a data unit composed of eight ordered bits and is transmittedyin FDDI-Il jas a pair
of data symbols.

3.37 packet media access control (P-MAC): The data link sublayer entity responsible for scheduling
and routeing data transmissions via a packet data channel on a shared medium local area
network.

3.38 packet switching: The service that transfers packetized data., It.js’provided in FDDI and FDDI-II
by the FDDI packet media access control entity (P-MAC).

3.39 physical layer protocol (PHY): The physical layer protacol is responsible for transmitting and
receiving a symbol stream on the physical transmission medium.

3.40 protocol data unit (PDU): The unit of data transfer:between communicating peer layer entities. It
can contain control information, address information, and/or data (e.g., an SDU from af higher
layer entity). The FDDI MAC PDUs are tokens and frames.

3.41 programming template: The programmingtemplate is a part of the cycle header. The
programming template is used by the hybrid multiplexer in each station to determine whether
each of the wideband channels.is currently assigned to packet or isochronous traffic. The
programming template is read.by all FDDI-II stations, but its contents may only be modified by
the cycle master.

3.42 Q.931: Q.931 is the call control signalling protocol for use on the ISDN D-channel as defined by
CCITT.

3.43 feceive: This is the @ction of a station which accepts a token, frame or other symbol sequence
from the incomibg medium.

3.44 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 examirfing or
copying and repeating the information, finally returning it to the originating station.

3.45 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 Igyer or

bloavs 414 kY H HA PO 'Y % FH Y
SUVIAy Tl Ty, THATNIAYCITICTIU oTITVILCOo AlT PJTUVIUTU TU A TTTariaycliclit Oty .

3.46 service primitive: A service primitive is an access procedure for a service. It is presented at the
service interface.

3.47 service data unit (SDU): The unit of data passed between a service user and a service provider
by a service primitive. The MAC SDU is the data content of a frame. The PHY SDU is a
symbol.

3.48 slave station: A slave station in an FDDI-II network is any station which is not the cycle master. A
slave station can be either a monitor station or a non-monitor station.
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3.49 station: An addressable logical and physical node in an FDDI network, capable of transmitting,
repeating and receiving information. An FDDI station has one or more PHY and PMD entities,
zero or more HRC entities, one or more MAC entities, and one SMT entity.

3.50 station management (SMT): The supervisory entity within an FDDI node that monitors and
controls the other FDDI entities in the node.

3.51 symbol: The smallest signalling element used by the data link layer (DLL). The symbol set
consists of 16 data symbols and 8 control symbols.

3.52 synchronous: A class of data transmission service whereby each requester is preallocated a
miaximum bandwidth and-guaranteed a maximum access time.

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

3.54 transmission channel: A transmission channel is a portion of a wideband channél. It is used tp
transfer isochronous data. Transmission channels may be of different sizes, The ISDN basi¢

rdte channel, of 64 kbps, is one of the transmission channels supported-by this part of ISO/IEC

se¢quence and places it on the outgoing medium.

3.56 wideband channel (WBC): The WBC is a single unit of bandwidth in the HRC that is assigned|to
either isochronous or packet data use. WBCs may be subdivided into transmission channel

U7

4 Conventions and abbreviations

4.1 Conventions

The terms BMT, PHY, HRC, I-MAC, P-MAC;:.CS-MUX, and LLC, when used without modifiers, refer
specifically|to the local entities. The term.LLC unless otherwise qualified refers to any local user of MAC
data services, other than SMT. This includes ISO 8802-2.

Low lines (.g. requested_service(class) are used as a convenience to mark the name of signals,
functions, etc., that might otherwise be misinterpreted as independent individual words if they were td
appear in text.

The use of|period (e.g. MA " UNITDATA.request) is equivalent to the use of low lines except that a pefiod
is used as an aid to distinguish modifier words appended to an antecedent expression.

The following symbols are used in state diagrams and associated notes with the meanings indicated

— logicaltnot function
| logical or function
& logieatandtuncton:

4.1.1 Timing values and timers

For the purpose of the description contained in this HRC standard, all timers are assumed to be
initialized with the unsigned twos complement of the target time, in either octets or cycles as applicable.
Timers are further assumed to count upward if enabled, expiring when an overflow occurs. All timer
comparisons are expressed on the basis of elapsed time. Timers run normally in all states if enabled.
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4.2 Abbreviations

CACQ cycle acquisition

CDG cyclic data group

CGEN cycle generation

CS-MUX circuit switch multiplexer

CXC cycle exchange

DPG dedicated packet group

FDD Fibre Distributed Data Interface

H-MUX hybrid multiplexer

H-SAP hybrid service access point

HI_IND HI_UNITDATA.indication interface data unit
HI_INV HI_INVALID.indication

HI_REQ HI_UNITDATA.request interface data unit
HI-SAP H-MUX Isochronous service access point
HP_IND HP_UNITDATA.indication interface data unit
HP_INV HP_INVALID.indication

HP_REQ HP_UNITDATA.request interface data unit
HP-SAP H-MUX packet service access point

HRC hybrid ring control

I_IND IM_UNITDATA.indication. interface data unit
I-MAC isochronous media access control

I_REQ IM_UNITDATA.requést interface data unit
I-SAP isochronous MAC service access point
LAB latency adjustment buffer

LLC logical-link control sublayer

IMC isochronous maintenance channel

PDC packet data channel

PDU protocol data unit

P-MAC packet media access control

PH_IND PH_UNITDATA.indication interface data unit
PH_INV PH_INVALID.indication

PH_REQ PH_UNITDATA.request interface data unit
PHY physical layer

SDU service data unit

SMT station management

TNS new sequence timer

TVS valid sequence timer

WBC wideband channel
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5 General description

HRC is a protocol which integrates isochronous and packet data on the same FDDI medium. It is
designed to operate at 6,144 Mbps increments above and below the base rate of 100 Mbps. This
specification describes operation at 100 Mbps.

The HRC protocol is based on special HRC frames called cycles that carry packet and isochronous
data. A new cycle, consisting of control and data octets, is generated by the cycle master every 125 pus.
The 125 us cycle was chosen to facilitate interconnection with publrc switched networks. This cycle is

partitioned ipte-feurparis—the-preamblethe-cycle-headerthe-ded
wideband channel cyclic groups |ts structure is |Ilustrated in figure 2.
order of transmission |
Preamble Cycle Header (12 bytes)
Y/
w0 [opal 1L L L Cyelic Group0 | 1.1 ... [ Lol
ot L L Cyclic Group 1. | ... NS I |
row 2 | | |
.3 I USRS U U FUUI DU IS A CyelicGroup 2, 1. L. L LSy L.
ro:/\ 8
bPel s s |s|s|s|s|s|s|2|s|2|5|302|3|3
alalalalalalalalalal|lg|g4&E| 318 |g
: oslelealealalealala]l el |S SIS SIS
. (o o jon o o o O o o o o) o o) o) o o
o | ® o | ® o | o || o ol |5 |55 515 5
alaldl|dlaladalalalalaf|efe|2e|a|(2|2| %
rowfteopal ol o lolaololaolalalalal8VR [2]2|2 |9 |rows
s|alala|la|a|a|a|l2|24{B|B (8|88 |8
. 3313133313333 VZ1z2 13133 |3
: el fjajal|la|laljalaja|la]=|= (===
ol|l=|nvlowl|lsrs]laolo|~v~|lopPols|2 IR lalr]la
..... | ll;l R
P ey graipiss
|4 16 octets >I

Figure.2— HRC cycle structure

The data ogtets of the cycle are divided into a dedicated packet group (DPG) and 16 wideband channels
(WBCs). The DPG dedicates 0,768 Mbps of the bandwidth to the FDDI P-MAC. The FDDI MAC is
referred to generically in this specification as the packet MAC.

Each WBC provides 6,144 Mbps of bandwidth, and consists of 96 octets interleaved across the cycle
Each WBC fan be dynamically allocated to either isochronous or packet data use. When assigned to
packet dataluse, WBESs are combined with the DPG to create the Packet Data Channel. Isochronous
WBCs can be subdivided into individual transmission channels. Each data octet of a transmission
channel provides®4 kbps of isochronous bandwidth.

The 'dual ring-of trees' network topology _specified for use with FDDI is applicable to FDDI-II. Similarly,
the other major parameters defined for FDDI, including the media type, total media path length, bit rate
and number of stations supported on a network, also apply to FDDI-II.

There are two modes of operation in an FDDI-II station: basic and hybrid. Basic mode is operation of the
ring as an FDDI token ring. This document concentrates on the hybrid mode of operation.

The hybrid mode is the FDDI-Il mode of operation where both FDDI token ring operation and
isochronous data transfer are integrated onto the same medium. The hybrid mode of operation requires
the existence of a hybrid ring control (HRC) entity between the FDDI MAC and the FDDI PHY, as shown

in figure 1.
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The HRC integrates packet and isochronous data into FDDI-II Cycles, which are transmitted onto the
ring isochronously every 125 ps. Based on the cycie header, the hybrid muitipiexer (H-MUX) component
of the HRC interprets each WBC as either a portion of the packet data channel or as an isochronous

channel of 6,144 Mbps.

The packet data channel (PDC) has a minimum rate of 0,768 Mbps, which is provided by the DPG. The

PDC can be extended to higher rates, in increments of 6,144 Mbps, by allocating WBCs to it. Its
maximum rate of 99,072 Mbps is achieved by allocating all WBCs to the Packet Data Channel

= abd el eal LR NUL QAL QU T ITT.

Each WBC aIIocated for isochronous use can be subdivided |nto lower speed transmission channels by
8 ned to

allow peparate allocator stations for lsochronous WBCs, with different allocatlon pollcnes permitted to

coexigt on the same ring.

The hybrid mode of operation is initiated and controlled by the cycle master. The cycle master ig
respopsible for generating cycles onto the ring. Stations capable of assuming the cyclé master role are
knowrn as monitor stations. All other stations on the hybrid ring are referred to as-hon-monitor stations.
The cycle master is chosen from a set of ranked monitor stations before hybrid mode initializatign, or
during recovery after the 125 ps cycle synchronization has been lost or aftefout of sequence cycles
have peen detected. monitor station rankings are used to dynamically select a new cycle mastef during
the monitor contention procedure.

5.1 Traffic types

There|are two types of traffic on an FDDI-II network in hybrid mode: Circuit-Switched (isochronous) and
Packet-Switched. These types are depicted in figure 3. Gircuit-Switched traffic is switched betwegen the
H-MUK and the I-MAC. Packet-Switched traffic is switched between the H-MUX and the FDDI MAC,
referrgd to here as the packet MAC (P-MAC) for generality. Packet-Switched traffic medium access is
governed by the P-MAC, which permits two types:of access: synchronous and asynchronous.
Synchronous access uses a pre-assigned portian of the packet data bandwidth. Asynchronous access
uses the remaining packet data bandwidth efithe reception of an early token. There are two typgs of
tokeng: restricted and non-restricted. Packet data access is specified in ISO/IEC 9314-2.

Circuit-Switched Packet-Switched

Isoehronous Synchronous Asynchronous:

Restricted mode

Non-Restricted mode

Figure 3 — Hybrid mode traffic types

5.2 Transmission facilities

5.2.1 Transmission channel

WBCs may be subdivided into separate transmission channels to permit simultaneous, independent
isochronous dialogues to occur between I-MAC SAPs within the same WBC. FDDI-II transmission
channels may be of different data rates, but are never greater than the 6,144 Mbps rate of the WBC.
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5.2.2 Channel properties

The properties of an FDDI-II transmission channel are summarized as follows.
a) A channel exists between I-MAC service access points (I-SAPs).
b) A channel is a part or all of a WBC.
c) A channel is contiguous within a WBC.
d) A channel has position within a WBC which is the subject of boundary constraints.

e) A channetthasone of a setof sizes:

f)  Thare are two types of coherence class applicable to a channel.

g) A channel has a security label.

h) A channel has an owner.

i) A channel can be de-allocated based upon the allocator's reclamation criteriac

5.2.3 Channel sizes

Channel allocations are permitted in multiples of 64 kbps up to a maximum.cf'6,144 Mbps (one WBQ).
The channfl is specified by its position within the WBC, the WBC number;and the size of the channe|

and is bytd aligned within the WBC. 8 kbps channels are also supported on bit boundaries, 16 kbps
channels dn even bit boundaries, and 32 kbps channels on quartet)(nibble) boundaries. The following
list gives ekamples of channel sizes that are supported by the FDDI-Il allocation scheme.
Blts / Cycle Channel rate (kbps)
1 8
2 16
4 32
8 64
48 384
192 1.536
14192 1 544
240 1920
256 2048
768 6 144

5.2.4 Channel coherence classes

Channel coherence refers to the preservation of sequence integrity for data carried in a channel.
Coherence is always maintained within a channel. Coherence is optionally maintained across channels.
There are two channel coherence classes:

a) Class 1: coherence is not required across channels.
b) Class 2: coherence is required across channels relative to the cycle.

10
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5.2.5 Circuit

A circuit is defined as the use of a transmission channel between two or more CS-MUX level entities for
bi-directional communications. Circuits exist between CS-MUX SAPs.

A multi-point circuit is defined as the use of a transmission channel among more than two CS-MUX level
entities for multi-point communications.

5.2.6 Connection

A copnection is a concatenation of circuits, circuit switches and other functional units to transfgr symbols
betwgen two or more end points in a telecommunications network.
5.3 Bandwidth management
Bandwidth management is an SMT function. The description in this subclause is,merely informative. A
hierdrchy of procedures for Bandwidth Management is envisioned,as shown(in figure 4. These
procedures include WBC management and transmission channel management.
j==memmmmemceceeemesemneemmmemanaaank N
\ System :
L WBC Policy Setting | Managenfent
]
e b e _Procedires |
. 2 ' ? WBC
\ : Management
' Template Control | Cycle \
\
' Master :
' Isoch-WBC Assignment | )
: Procedures \
............................ - [ — /
| L ARPS N
[ Individual WBC Management | Channel :
: Allocator(s) \
\
\
v[__ Transmission Channel Control _| Procedures :
\
L S TV LS | ------------------------ ' 5- Transmission
I \C S ‘ _______________________ Channel
: Transmission : Management
: I Transmission Channel Call Control I Channel :
: = I User(s) \
\ Transmission Channel Use '
F o o e e mmmmmmmmmmeemeoaeoa- Procedures _ _ /

Figure 4 — Bandwidth management hierarchy
5.3.1 Wideband channel management

The procedures for wideband channel Management include the System Management procedure and
cycle master procedures.

11
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WBC Policy Setting is the System Management procedure used for defining and conveying to the FDDI-
Il cycle master SMT the maximum number of WBCs that may be allocated for isochronous use. This

sets the up

per limit on the maximum number of isochronous WBCs that can be administered by a

particular individual WBC management entity.

5.3.1.2 Cycle master procedures

There are tyo cycle master procedures concerned with WBC Management:

=)

e

a) Template Control: This is the cycle master SMT procedure that instructs the H-MUX to change
the ¢ycle header programming template, based on the WBC policy in force. See 5.4 for a
discussion of the cycle master and the programming template.

b) Isochronous WBC Assignment: This is the FDDI-Il management procedure that‘assigns or
releases a WBC to or from a specific WBC management entity (called a Channel Allocator). T
assignment is made to the Channel Allocator for its use and control. This procedure requires
intenaction between a Channel Allocator SMT and the cycle master SMT,

5.3.2 Transmission channel management

The procedyres for transmission channel management include Charinel Allocator procedures and
transmission channel User procedures.

5.3.2.1 Channel allocator procedures

There are two Channel Allocator procedures:

a) Indiyidual WBC management: This is the procedure used to control the transmission channel
bangwidth rates that are available to requesting user stations.

b) Transmission channel control: This is:theé procedure used for requesting, releasing and
supervising the use of a transmission’/channel.

5.3.2.2 Trgnsmission channel user procedures

a) Trarnsmission channel call control: This is the procedure used for establishing, releasing and
supervising a call on-an-allocated transmission channel.

b) Trarismission channel use: This is the procedure used for transferring isochronous information
across a transmission channel connection.

5.4 Station structure
An FDDI-lI ing has twao types of stations: monitor and non-monitor. Maonitor stations are those stations

capable of becoming the cycle master, and are the only stations permitted to generate cycles. There

may be more than one monitor station in a ring, however only one monitor may be the cycle master at
any given time. The monitor station with the highest rank becomes the cycle master during the monitor
contention procedure. The cycle master is required to establish and maintain the hybrid mode of
operation. Non-monitor stations are all other stations that are not capable of becoming the cycle master.

5.4.1 Monitor station

A monitor station, illustrated in figure 5, incorporates the Physical layer protocol (PHY), Packet media
access control (P-MAC) and Logical Link Control (LLC) required by FDDI. Additionally, the hybrid
multiplexer (H-MUX), isochronous media access control (I-MAC), and latency adjustment buffer (LAB)

12
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are required by monitor stations. The LAB is operational in the cycle master and may optionally be
operational in the other monitor stations.

LLC CS-MUX

FDDI-II
Monitor

S

Figure 5 — Data flow through an FDDI-Il monitor station

One monitor station becomes the cycle master for hybtid mode initialization or during the hybrid mode
monitpr contention procedure. While in basic mode; two methods are available for selection of the cycle
mastagr. In the first, the system management caniirectly instruct a monitor station to initialize the ring in
hybrig mode. In the second, a monitor station can set a timer and wait for the ring to switch to hybrid
mode} In this case, if the timer expires, the monitor station begins the contention process to select the
cycle master.

The cycle master is responsible for generating the programming template at the beginning of egch cycle
and inserting the LAB into the ring to insure that the delay around the ring is an integer muiltiple |of
125 ps. The programming template carries information which associates each WBC with either the
packet data channel or with isochronous applications.

NOTE 1  The latenecy-adjustment buffer is inserted at the cycle master station to insure that the delay around
the ring fob Isochronous data is an integer multiple of 125 ps. It is desirable however, in certain
applications, for the H-MUX to present isochronous WBCs to the I-MAC before inserting the data ir
the-LAB. In any case, data at the cycle master for transmission onto the medium is inserted after the
LAB.

5.4.2|Non-monitor station

A non-monitor station, illustrated in figure 6, also incorporates the PHY, P-MAC and LLC required by
FDDI, and the HRC H-MUX and I-MAC. Non-monitor stations, however, do not have the LAB, nor do
they have the capability to initiate cycles.

5.4.3 H-MUX

The H-MUX is the HRC entity responsible for the management of transitions between basic and hybrid
modes, and for the control and maintenance of hybrid mode cycle synchronization. The H-MUX also
controls the flow of data between the P-MAC, I-MAC and PHY entities in both modes. In basic mode
data is passed directly between the P-MAC and the physical layer. In hybrid mode, the H-MUX
multiplexes and demultiplexes the I-MAC's isochronous data and the P-MAC's packet data onto or out of

13
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the physical layer. The functional architecture of H-MUX is illustrated in figure 7. The shaded blocks
(CGEN and LAB) are only required in a monitor station.

14

FDDI-II

LLC

CS-MUX

on-Monitor

Station

SMT|

Figure 6 — Data flow through an FDDI-Il nen-monitor station

I-MAC
P-MAC A A
INIT_PROT.req £
CONTROL.req b % D g g
STATUS.ind ;[ oofw o <
SAP.req H-MUX Z 2 ; % g % é g 3
WBC.req | %I %‘ ] 5 5 % % % EI
WBC.con i V
CYCLE_SYNC.reqy
Cycle
L Control
Control Generate ontro Cvel
Header (CGEN) |Header ycie
- Exchange
Cycle Control (CXC)
Acquisition
(CACQ)
PH_REQ
i

PH_INV PH_IND

PHY

Figure 7 — Architectural block diagram of the H-MUX
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The H-MUX in a non-monitor station includes only the cycle acquisition and cycle exchange functional
blocks. Clause 8 describes their internal composition.

The H-MUX indicates the current mode of operation to the local MAC entities via the CYCLE_MODE.ind
primitive. During hybrid mode operation H-MUX sends the CYCLE_SYNC.ind signal for each cycle
received so as to announce the beginning of the cyclic groups to the I-MAC. The I-MAC uses the
CYCLE_SYNC.ind signal to locate WBCs for reading and writing data symbol pairs. The Cycle-
Sequence value is also passed to the I-MAC as a parameter of CYCLE_SYNC.ind signal.

The programming template, from each received cycle, is copied by the cycle acquisition block for use as

inp

eachl WBC to be either packet or isochronous d

u :
ata.
Hybrid service access points (H-SAPs) are the H-MUX access points for use by the I-MAC anc

e is one HI-SAP per Isochronous WBC for the I-MAC and a single HP-SAP for the’P-MAQ.

Then

Each
exch
dedi
deliv]

Each
cyclg

Isochronous WBC. Similarly each data symbol received from an/lsochronous WBC is deliverec

MAQ
HI-S

See
5.4.]

In or
gene
requ

The
num
the g

packet data symbol received from the P-MAC in an HP_REQ service primitive is inserteq
ange into a position within the current cycle which corresponds to either.a‘packet WBC o
cated packet group (DPG). Similarly each symbol received from eitherapacket WBC or tf
ered by cycle exchange to the P-MAC using the HP_IND service primitive.

isochronous data symbol received from an I-MAC in an HI_REQ service primitive is inse
exchange into a position within the current cycle which corresponds to the appropriate

using the HI_IND service primitive, providing the HI-SAR.corresponding to that WBC is o
AP is closed the Isochronous data for that WBC is repeated.

clause 6 for further information on Interface Services.

3.2 Monitor station H-MUX

ration (CGEN) and latency adjustment-buffer (LAB) functions in addition to the functional
red by a non-monitor station. Clause 8 describes the internal composition of these blocks

der to provide cycle master capability, the'H-MUX in a monitor station shall include the cy¢

ents of
1 P-MAC.

| by cycle
the
e DPG is

ted by

i to the |-
pen. If an

e
blocks

| AB provides the buffering required by a cycle master to ensure that the ring contains an integral

per of cycles. Received data.is written into the LAB by the cycle acquisition process and rg
ycle exchange process.

The
cap

include: deciding when to source and when to repeat cycles, controlling the LAB, providing the
SMT|to assign WBES, and synchronization of transmit 8 kHz timing to an external reference.

In a ¢ycle master, SMT maintains the programming template and provides it to the cycle mastg
necgssary.“The cycle master transmits the programming template in the Cycle-Header with a g

seq

of ringerror conditions. The cycle master also operates in the same way as other stations for d

cycle generator provides the extra control functionality required by a monitor for it to have
bility to source cycles. The tasks which need to be performed by the cycle generator therg

nce number. The cycle master reads returning cycle header fields and informs its local S

pad out by

the
fore
facility for

ras
ycle
MT entity

ata

transfer functions.

5.4.4 1-MAC

The I-MAC is responsible for routeing the isochronous channels in use at this station to and from the
CS-MUX. Isochronous channels (within open HI-SAPSs) not in use at this station are looped back by I-
MAC to H-MUX, so that they may be repeated. Figure 8 illustrates the architecture of the I-MAC.
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Figure 8 — Architectural block diagram of the I-MAC

The Isochrpnous service access point (I-SAP) is the I-MAC access point for the CS-MUX. There is one
I-SAP per ¢hannel allocated at this |-MAC.

The steerirlg map provided-by-SMT to I-MAC identifies the current open channels (open I-SAPs) within
the open isochronous WBCSs (open HI-SAPs). The I-MAC receives all symbols in an open HI-SAP frgm
the H-MUX], and separates the channels based on the steering map. Using the cycle sequence signgl
the I-MAC felivers these channels to the CS-MUX via the I_IND service primitive . In the opposite
direction, I{MAC _feceives data for the channels from the CS-MUX with |_REQ service primitives.

6 HRC services

This clause describes the services of the HRC. The following subclauses specify the services as follows:
6.1 PHY to H-MUX Services
6.2 H-MUX to MAC Services
6.3 H-MUX to P-MAC Services
6.4 H-MUX to I-MAC Services
6.5 H-MUX to SMT Services

16
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6.6 I-MAC to CS-MUX Services
6.7 I-MAC to SMT Services

6.1 PHY to H-MUX services

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

-—1h

The fgliowing primitives are defined:

PH_UNITDATA.request
PH_UNITDATA.indication
PH_INVALID.indication

All primitives defined in this subclause are mandatory.

P A N ] Ve . H 2 -~

The description of each primitive includes a descnphOn (0]

the PHY and H-MUX entities.

Thesg services shall be ‘synchronous’, so that each PH_UNITDATA.iridication causes exactly dne
PH_UNITDATA.request. Depending upon the current internal configiration of the node, the
PH_UNITDATA.request may be returned to the same PHY or toa different PHY.

ormation that-shali be passed hetween

6.1.1([PH_UNITDATA.request
This grimitive transfers the symbol data stream to PHYdfrom H-MUX.
6.1.1{1 Semantics of the primitive

ARH_UNITDATA. request (
PH_Request(symbol)
)

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

H, I,J,K, L n, R, S, T and optionally Q or V, from the set of symbols defined in the FDD
standard on PHY.

PH_Request(Q or V) is net fequired in implementations where the Repeat Filter function is localed prior
to the|PH_UNITDAT A.indication interface.

6.1.1;2 When generated

H-MUK shall:generate one PH_UNITDATA.request for each PH_UNITDATA.indication received from
PHY.

6.1.1.3 Effect of receipt
The effect of receipt of this primitive by PHY is not specified.
6.1.2 PH_UNITDATA.indication

This primitive transfers the symbol data stream from PHY to H-MUX.

17
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6.1.2.1 Semantics of the primitive

PH_UNITDATA.indication (
PH_lIndication(symbol)

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

H, 1, J, K, L, n,R,S, Tand optionally Q or V, from the set of symbols defined in the FDDI
standard on PHY.

PH_Indicat{on(Q or V) is not required in implementations where the Hepea
prior to the |PH_UNITDATA.indication interface.

6.1.2.2 When generated

PHY shall generate a PH_UNITDATA.indication for each decoded symbol received fromyPMD. This
indication shall be generated once every symbol period.

6.1.2.3 Effect of receipt

Upon receipt of this primitive, H-MUX 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 primitije indicates to H-MUX that continuity of the received symbol stream has been compromisged.

6.1.3.1 Semantics of the primitive

PH_INVALID.indication (
PH_Invalid

)
The PH_InValid parameter shall indicate that the PH_UNITDATA.indication symbol stream is invalid.

6.1.3.2 When generated

PHY shall generate this primitive whenever it detects that continuity of the received symbol stream has
been comgromised.

6.1.3.3 Effect of receipt

Receipt of this primitive by H-MUX while it is in basic mode shall cause the H-MUX to pass an
HP_INVALID:primitive to the P-MAC.

Receipt of this primitive by H-MUX while it is in hybrid mode shall cause the H-MUX 10 output
HP_INVALID and HI_INVALID primitives to the P-MAC and I-MAC. The Receive function of H-MUX
shall return to basic mode until another cycle is received.

6.2 H-MUX to MAC services

This subclause specifies the services provided at the interface between the H-MUX and both the I-MAC
and P-MAC entities to allow H-MUX to convey its mode of operation to the local MAC entities.
The following primitive is defined:

HM_MODE.indication

18
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6.2.1 HM_MODE.indication

The function of this primitive is to provide information on the current mode of operation of H-MUX to the
local MAC entities.

6.2.1.1 Semantics of the primitive

HM_MODE.indication (
HM_mode

)
The HM_mode parameter shall set to ‘basic’ during basic mode operation, ‘hybrid’ during-hybrid mode
operation whenever the H-MUX cycle control state machine is in the SLAVE or STANDBY sta‘les, and
‘madter’ during hybrid mode operation whenever the H-MUX cycle control state machine is in the

RESYNCH or MASTER states.

6.2.1.2 When generated

H-MPX continuously sends an indication of its mode to the local MAC éntities.

6.2.1.3 Effect of receipt

The gffect of receipt of this primitive by the local MAC entities\is unspecified.

6.3 H-MUX to P-MAC services

This|subclause specifies the services provided at the interface between the P-MAC and H-MUKX entities
to allow P-MAC to exchange P-MAC protocol data units with peer P-MAC entities. Additional detail is
provjded in the FDDI standard on MAC concetning conditions that generate these primitives and P-MAC
actigns upon receipt of H-MUX generatedprimitives.

The following primitives are defined:

HP_UNITDATA.request
HP_UNITDATA.indicatien
HP_INVALID.indication
HP_MODE.request

All primitives defined_inthis subclause are mandatory.

The description oféach primitive includes a description of the information that is passed betwgen the P-
MAQ and H-MUX éntities.

These services shall be ‘synchronous’, so that each HP_UNITDATA.indication causes exactly(one
HP_UNITDATA.request.

6.3. +HHP—UNITDATArecqiest

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

6.3.1.1 Semantics of the primitive

HP_UNITDATA.request (
HP_Request(symbol)
)

The symbol specified by HP_Request (symbol) shall be one of the following:
I,J,K, L, n, R, SorT, from the set of symbols defined in the FDDI standard on PHY.
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6.3.1.2 When generated

EC

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

MUX.

6.3.1.3 Effect of receipt

Upon receipt of this primitive the H-MUX shall accept the symbol and multiplex it into the transmit data
stream in the Packet Data Channel.

6.3.2 HP_UNITDATA.indication

This primiti

6.3.2.1 Semantics of the primitive

HP_UN

The symbol
H, I,

6.3.22 W

hr
H-MUX shall generate a HP_UNITDATA.indication for each.symbol received from PHY in basic mode

and for each
symbol perig
hybrid mode

6.3.2.3 Effect of receipt

Upon receiptt of this primitive, MAC shall accept a symbol from H-MUX, process it, and generate a

correspondi
6.3.3 HP_I
This primitiv,
6.3.3.1 Ser|

HP_IN

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

ITDATA.indication (

HP_Indication(symbol)
)

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

J, K, L, n, R, S, T and optionally Q or V, from the set of symbols defined in ISO/IEC 9314{1.

n generated

packet data channel symbol in hybrid mode., This indication shall be generated once eve
pd in basic mode. Since the packet data chahnel is byte interleaved with other information
, P-MAC shall be capable of processing-intermittent pairs of indications in hybrid mode.

ng HP_UNITDATA.requestto H-MUX, conveying the resulting output symbol.

NVALID.indication

hantics of-the primitive

/ALID,indication (
HP_Invalid

e indicates to PEMAC that continuity of the received symbol stream has been compromised.

—

ry

in

)

7

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

6.3.3.2 Wh

H-MUX shal
MAC.

en generated

| generate this primitive whenever it does not have a valid symbol stream to present to P-

6.3.3.3 Effect of receipt

The effect of receipt of this primitive by P-MAC is unspecified.
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6.3.4 HP_MODE.request

The function of this primitive is to allow the P-MAC to force transmission of MAC recovery frames (e.g.

Claim and Beacon) in basic mode.
6.3.4.1 Semantics of the primitive

HP_MODE.request (
HP_mode

)

The HP_mode parameter shall be set to ‘any’ to allow normal hybrid operation and to ‘basie-to force
transmission of frames in basic mode.

6.3.4{2 When generated

P-MAL continuously sends an indication of its mode to the local H-MUX entitiy.,P-MAC shall allpw
normal H-MUX operation except during transmission of MAC frames duringting recovery.

6.3.4{3 Effect of receipt

Whern| HP_mode(any) is asserted the H-MUX is free to transmit ¢ycles in the normal manner. When the

HP_mode(basic) is asserted the H-MUX shall transmit MAC SBUs in basic mode.

Only the channel exchange process is affected by this primitive. All other parts of H-MUX are unaffected

and cpntinue to operate normally.

6.4 H-MUX to I-MAC services

This qubclause specifies the services provided-at the interface between the I-MAC and H-MUX gntities

to allgw I-MAC to exchange I-MAC protocol‘data units with peer I-MAC entities.

There
available for isochronous applications-"When the ring operates in basic mode, all the HI-SAPs are
closed. When the ring is in hybrid'mode, the SMT opens and closes the appropriate HI-SAPs in
respopse to the WBC Assignment process. The definition of 16 separate HI-SAPs is not intended to
imply fany particular physical‘implementation.

llowing primitives @re defined:
I_UNITDATArequest
I_UNITDATA.indication
I_INVALID.indication
|_EYCLE_SYNC.indication

Each brimitive-ncludes-the-information-thatispassed-betweenthe MAG-and-H-MUX-e

MUX data service primitives have the duration of an integral number of symbol periods.

6.4.1 HI_UNITDATA.request

This primitive defines the transfer of data from I-MAC to the local H-MUX entity.

are 16 HI-SAPs defined at the H:MUX to I-MAC interface, corresponding to the total of 16 WBCs
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6.4.1.1 Semantics of the primitive

HI_UNITDATA.request (
HI_Request (HI-SAP,symbol)

)

The symbol specified by HI_Request (HI-SAP,symbol) shall be either | or n, where n is any of the 16
data symbols specified in PHY.

6.4.1.2W enerated

I-MAC shall send H-MUX a HI_UNITDATA.request following receipt of each HI_UNITDATA.indicatiorL
primitive fof that HI-SAP. The time delay between corresponding HI_UNITDATA.indication and
HI_UNITDATA.request primitives is implementation dependent and may be null. The timing 6f the
HI_UNITDATA.request primitive shall be such that during normal operation 192 HI_UNITDATA.requgst
primitives, forresponding to the received indication primitives, (comprising the data far,one WBC for pne
cycle) are issued for each open HI-SAP between each assertion of the HI_CYCLE(SYNC.indication
primitive.

6.4.1.3 Effect of receipt

Upon receipt of this primitive the H-MUX shall accept the symbol and tnultiplex it into the transmit data
stream at the appropriate point in time.

6.4.1.4 Additional comments

During norfnal operation the timing of the HI_CYCLE_SYNC.indication primitive will be regular, and
define the start of cycle, however the precise timing ofthe HI_UNITDATA.request primitives can be
affected by| the preamble and cycle header.

6.4.2 HI_UNITDATA.indication
This primitive defines the transfer of data from the H-MUX entity to I-MAC.
6.4.2.1 Semantics of the primitive

HI_UNITDATA.indication (
HI_Indication (HI-SAP,symbol)
)

The symbaql specified by HI_Indication (HI-SAP,symbol) shall be one of the following: I, L, n, T, R, S,jand
optionally Q, H, or-V:

6.4.2.2 When generated

The H-MUX entity sends I-MAC an HI_UNITDATA.indication whenever H-MUX has a valid I-MAC
symbol (as defined in 6.3.2.1) from the receive data stream available for output and the appropriate HI-
SAP is open. The timing of the HI_UNITDATA.indication primitive shall be such that during normal
operation 192 HI_UNITDATA.indication primitives are issued for each open HI-SAP between each
assertion of the HI_CYCLE_SYNC.indication primitive. This indication is never sent in basic mode.

6.4.2.3 Effect of receipt

Upon receipt of this primitive, I-MAC shall accept a symbol from H-MUX .
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6.4.2.4 Additional comments

During normal operation the timing of the HI_CYCLE_SYNC.indication primitive will be regular, and
define the start of cycle, however the precise timing of the HI_UNITDATA.indication primitives can be
affected by the preamble and cycle header.

6.4.3 HI_INVALID.indication

This primitive is generated by the H-MUX and asserted to I-MAC to indicate that H-MUX is unable to
present a valid data stream to [-MAC.

6.4.3.1 Semantics of the primitive

HI_INVALID.indication (
HI_Invalid(HI-SAP)

)

The HI_Invalid parameter shall indicate that H-MUX is unable to present a.valid data stream td I-MAC.
6.4.3.2 When generated

The H-MUX generates this primitive whenever the receiver does not have a valid I-MAC data gymbol (as
defined in 6.3.2.1) to output for this HI-SAP. This may be dug 1o the associated HI-SAP being ¢losed,
the receipt of an illegal symbol at the PHY interface, or the:receipt of a PH_INVALID.indication|at the
PHY/|interface.

6.4.3.3 Effect of receipt

The gorrect course of action on receipt of invalid data in an isochronous channel is application
depgndent. Therefore upon receipt of this primitive, I-MAC shall pass a IM_INVALID.indication|to CS-
MUX in the appropriate channels.

6.4.4 HI_CYCLE_SYNC.indication

The function of this primitive isto provide 8 kHz timing and cycle sequence information to I-MAC for use
in timing generation for isochronous data.

6.4.4.1 Semantics of the primitive

HI_CYCLEZSYNC.indication (
HI_cycle_sync,
HI_cycle_sequence

)
The HI_cycle_sync parameter shall be used to provide 8 kHz timing to I-MAC.

The HI_cycle_sequence parameter shall be used to provide the cycle sequence number to I-MAC.
6.4.4.2 When generated

During normal synchronized operation in hybrid mode H-MUX shall send HI_CYCLE_SYNC.indication to
I-MAC at 125 pus intervals as defined by the 8 kHz timing used for transmission of hybrid cycles. During
hybrid synchronization the time intervals between the start of cycle transmission can vary due to
resynchronisation to a received cycle: this will be reflected in the periodicity of the
HI_CYCLE_SYNC.indication primitive. Provision of this primitive in basic mode is optional, if it is
provided a local frequency reference may be used.
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6.4.4.3 Effe

I-MAC shall

6.4.4.4 Add
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ct of receipt

use this primitive to generate the 8 kHz timing for isochronous data.

itional comments

Data transfer timing between I-MAC and H-MUX is referenced to the HI_CYCLE_SYNC.indication

primitive. In

a cycle master the timing of this primitive is phase locked to the phase of the
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SM_HM_CYCLE_SYNC.request primitive input to H-MUX. However no predetermined phase between

the two can

6.5 H-MUX to SMT services

This subcla
entity and H
H-MUX. Ad
SMT action

The followin
SM_HI
SM_HI
SM_H
SM_HI
SM_H
SM_H
SM_H

Each primit

All primitive
functions. P
supported b

6.5.1 SM_

This primitiv
SMT may ¢
in the ring;

Il operation

6.5.1.1 Se

be assumed.

Ise specifies the services provided at the interface between the station management (SM
-MUX. This interface is used by the local SMT entity to monitor and control the operation
ditional detail is provided in SMT concerning conditions that generate thesé-primitives and
5 upon receipt of H-MUX-generated primitives.

g primitives are defined:

M_INITIALIZE_PROTOCOL.request

M_ CONTROL.request

M_STATUS.indication

M_SAP.request

VI_WBC.request

M_WBC.confirm

VI_CYCLE_SYNC.request

ve includes the information that is passed between H-MUX and SMT.

5 described in this subclause are mandatory in stations that support the optional monitor
rimitives and parameters pertaining solely to the optional monitor functions need not be
y non-monitor stations.

HM_INITIALIZE_ PROTOCOL.request
e has local significance and is used by SMT to change operational parameters of H-MUX

hange any or.al of these parameters at any time regardless of whether H-MUX is operatig
nowever achange in some of the parameters may not be within the domain of normal FD[

mantics of the primitive

=

nal
D|-

SM_HM_INITIALIZE_PROTOCOL.request
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PA_Max,
)

The Rank_value parameter sets the value of the station monitor rank. The rank specifies the current
negotiated monitor precedence (default 0).

The Initialize_flag parameter sets the value of the Initialize flag. This flag is set true by SMT if it intends
the ring to operate in hybrid mode and it wishes to allow this station to take the ring to hybrid mode on
TVS expiry.

The Sustain_flag parameter sets the value of the Sustain flag. This flag is set true by SMT in a monitor if

it wisfleym‘ammﬁmrt_l_(y O try T0 maintain hybrid mode synchronization when it detects ja cycle
error lpy continuing to source cycles.

The Maintain_flag parameter sets the value of the Maintain flag. This flag is set true by SMT in @ monitor
if it wishes to allow cycle master resolution in hybrid mode when two active rings are merged.

The Gontend_flag parameter sets the value of the Contend flag. This flag is set trGie by SMT when it
requirgs cycle control to go to the STANDBY state, from BASIC or SLAVE states;-on receipt of
JKRR|<rank] (i.e. a contention cycle header with a rank lower than own rank). This parameter is|set true
by SMT in all monitors on the ring if a requirement exists for the highest ranked monitor to always
become cycle master.

The T[ Hold_value parameter sets the T_Hold timeout value.
The T] Valid_value parameter sets the T_Valid timeout value.
The T| Err_value parameter sets the T_Err timeout value.

The T[ Recov_value parameter sets the T_Recov timeoutvalue.

The PA_max parameter specifies the maximum numbier of symbol periods between the start of
preamble and the point at which a cycle error would'be signalled to cycle control if the subsequent cycle
headef were not received. After PA_max symbolperiods without receiving a cycle, a monitor with the
sustain flag set will begin to source a new cycle.

The value of PA_max depends on the degree of internal smoothing available in H-MUX. The default
corresponds to the length of the maximum allowed preamble (6), plus two symbols allowance fot an
Elastidity Buffer quantum if the required PHY SDU Filter smoothing capacity at the maximum prgamble
threshpld is implemented after HMUX in the station repeat path.

All parameters of this primitive are optional. If a parameter is omitted, H-MUX shall use the most|recently
provided value for this paraméter or, if no value has previously been provided, the default value for the
paramegter.

6.5.1.2 When generated

This primitive-is‘generated by SMT whenever it requires H-MUX to reconfigure.

6.5.1.3 Effect of receipt

Receipt of this primitive shall cause H-MUX to establish the values of its address, timers, and other
initialization parameters. Upon completion of this primitive, H-MUX shall generate a
SM_HM_INITIALIZE_PROTOCOL.confirm.

6.5.2 SM_HM_CONTROL.request

This primitive is used by SMT to control the operation of H-MUX.
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6.5.2.1 Semantics of the primitive

SM_HM_CONTROL.request

(

Control_Action,
Class_value
Requested_Status,
Requested_Start_Mode,

)

The Control Action parameter shall include the following: Set _Class, HRC Reset, HRC Start,

© ISO/IEC

HRC_Stop
The Class|

The Requegsted_Status parameter is associated with the Present_Status action and shall indicate th

statusto b

The Requegsted_Start_Mode parameter is associated with the HRC_Start action and‘shall take a val

of either "n

6.5.2.2 When generated

This primit
parameter

6.5.2.3 Effect of receipt

If the control_action is Set_Class then the Class variable shall be set to Class_value (default SLAVE).

If the Cont
state mach

If the Cont
mode and
primitive.

If the Cont
mode. If H

If the Cont
SMT that i

If the Cont
this mode
PHY to pe
HP_UNITL
continuousg

, Present_Status, Begin_Loopback_Mode, or Cancel_Loopback_Mode.
| value parameter specifies the value of the Class variable in HRC (default SLAVE).

e presented.

haster” or "contend". The significance of these parameters is defined in ‘cycle control.

ve is generated by SMT to cause H-MUX to take the action specified by the Control_Actia

ines, timers and counters to be reset to their initial values.

rol_Action is HRC_start then if H-MUX(is in basic mode it shall make a transition to hybrid
attempt to effect hybrid synchronization. If H-MUX is in hybrid mode it shall ignore this

rol_Action is HRC_stop then.if H-MUX is in hybrid mode it shall make a transition to basic
tMUX is in basic mode itshall ignore this primitive.

rol_Action is Present_Status, then H-MUX shall generate a SM_HM_STATUS.indication t
ncludes the statusdndicated by the Requested_Status parameter.

rol_Action is Begin_Loopback_Mode, then H-MUX shall enter Loopback mode. The intent
s to loop back'within the H-MUX entity at a point as close as possible to the interface with
rmit local-station testing. In this mode, H-MUX shall return symbols presented at the
DATA.request interface on the HP_UNITDATA.indication interface. H-MUX shall present
Idle 'symbols to the PH_UNITDATA.request interface while in Loopback mode.

If the Cont|

rol_Action is Reset then H-MUX shall generate the HRC_Reset signal. This shall cause al|

A\ %

n

~

of

rolDAction is Cancel _Loopback Mode, then H-MUX shall leave Loopback mode.

6.5.3 SM_|

HM_STATUS.indication

This primitive is generated by H-MUX to inform SMT of requested current status, or errors and

significant

status changes detected by H-MUX.

6.5.3.1 Semantics of the primitives

SM_HM_STATUS.indication

26
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The status_report parameter shall convey the appropriate status including the following:

a)

Current state of H-MUX including the current value of

Class variable
cycle control state
CCopr

CSopr

Valid

tpmplqtp filter states

6.5.3

Thes
respq

6.5.3
The ¢

6.5.4

.2 When generated

e primitives shall be generated by H-MUX to signal the occurrence of a reportable conditic
pnse to a SM_HM_ CONTROL.request(present_status).

pffect of feceipt of this primitive by SMT is not specified.

Template Generate states (for monitors)

Optionally the current value of

C_Flag

CCrc

CSrc and CSexp
Scrub

Generate

Any change in the values of: Class, cycle control state, CCopr, or CSopr (other than se
CSopr = next(CSopr), template filter state or Template.Generate state (for monitors).

Failure to establish or maintain successful operation in the slave, Standby or Resynch s
(return to basic mode due to TNS expiration).

Receipt of a cycle header with potential duplicate rank.

The current value of a counter when requested, including: Received_ct, Aborted_ct, La
Sync_Error_ct, Seq_Error_ct, Header~Error_ct, Generate_ct.

Increment of a counter.
Overflow of a counter (optional):

3 Effect of receipt

SM ‘HM_SAP.request

11995 (E)

ting

states

e_ct,

DN, Or in

This primitive is used by SMT to change the Open template for the HI-SAPs and the HP-SAP within H-

MUX.

6.5.4.1 Semantics of the primitive

SM_HM_SAP.request (

Control_Action,
Requested_SAP

)

The Control_Action parameter shall include the following: Open_SAP, Close_SAP.
The Requested_SAP parameter selects the HI-SAP or HP-SAP to be modified by the Control_Action.
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6.5.4.2 When generated

This primitive is generated by SMT whenever it requires H-MUX to reconfigure its Open[HI-SAP] or
Open[HP-SAP] template information. SMT may request a change in the Open template at any time;

however, the Open[HI-SAP] template is only used when H-MUX is operational in a hybrid ring.

6.5.4.3 Effect of receipt

The initial and default condition is all SAPs closed.

Receipt of this primitive shall cause H-MUX to modify the Open[HI-SAP] or Open[HP-SAP] template3
specified by

If the Requ

local I-MA(Q.
bsted_SAP parameter is HP-SAP, the local HP-SAP shall be opened or clesed to the locall P-

If the Requ
MAC.

6.5.5 SM_|

This primiti
each monit

6.5.5.1 Se

SM_H

The Contro

The Reque

the Requested_SAP parameter.
bsted_SAP parameter is HI-SAP[n], the selected HI-SAP shall be opened or closed.to the

HM_WBC.request

e is used by SMT to change the Asg[WBC] template within H-MUX. This template exists
br H-MUX; however, only the template in the cycle master affects cycle programming.

mantics of the primitive

M_WBC.request (

Control: Action,
Requested_WBC

)

_Action parameter shall include the following: Assign_Packet, Assign_lsochronous.
sted_WBC parameter selects the WBC to be modified by the Control_Action.

6.5.5.2 When generated

This primiti
information
can only be

SMT may request-a-change in the programming template at any time; however the chan
effected when H-MUX is the cycle master in a hybrid ring.

6.5.5.3 Effect of receipt

The initial g

nd default condition of the Asg[WBC] is TK_request.

Receipt of
parameter

his.primitive shall cause H-MUX to modify the Asg

[WBC] t

O J Ve OpPU O D O O

il

SM_HM_WRBC.confirm.
If the Control_Action is Assign_Isochronous, H-MUX shall set the Asg[WBC] flag corresponding to the

WBC speci

fied in the Requested_WBC parameter to ISO_request.

e is generated by SMT-whenever it requires H-MUX to reconfigure its Asg[WBC] templatg

S

\U

je

If the Control_Action is Assign_Packet, H-MUX shall set the Asg[WBC] flag corresponding to the WBC
specified in the Requested_WBC parameter to TK_request.

6.5.6 SM_

HM_WBC.confirm

This primitive is used by the H-MUX to inform SMT that the SM_HM_WBC.request is complete.
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6.5.6.1 Semantics of the primitive

SM_HM_WBC.confirm (
status

)

The status parameter indicates the success or failure of the SM_HM_WBC.request.

6.5.6.2 When generated

This grimitive shall be generated by H-MUX upon completion of a SM_HM_WBC.request. If the|H-MUX
is curfently the cycle master (cycle control state is Resynch or master), then this primitive shall be
generated when the new template is received from the ring by H-MUX. Otherwise, this primitive| shall be
genenated when the Asg[WBC] template has been updated.

6.5.6{3 Effect of receipt
The effect of receipt of this primitive by SMT is not specified.
6.5.7|SM_HM_CYCLE_SYNC.request

The fiinction of this primitive is to provide 8 kHz timing information to H-MUX for use in hybrid cycle
timing generation. This primitive is only used by H-MUX in a eycle master station. The capability to
suppqrt this primitive is mandatory, however its provision by SMT is optional, and may depend ¢n the
availapility of a frequency reference.

6.5.7{1 Semantics of the primitive

$M_HM_CYCLE_SYNC.request (
cycle_sync
)

The cycle_sync parameter shall be used to provide an 8 kHz cycle clock to H-MUX. This clock may be
creatgd internally within the H-MUX implementation or supplied to H-MUX.

Chargcteristics of the cycle clock shall be:
a) ominal symbol time (Y1) = 40 ns (1/Ul = 25 MHz)
b) ominal cycle time = 125 us (microseconds)
) requency aecuracy < 0,005 % (x50 ppm)
d) hase jitter (above 4 kHz) < +8 ns (0,4 Ul pp)
) hasejitter (below 4 kHz) < +240 ns (12 Ul pp)

SMT sends SM_HM_CYCLE_SYNC.request to H-MUX at 125 us intervals as defined by the master 8
kHz reference used for isochronous data within the station. This 8 kHz reference may be local or it may
have been derived from some external reference such as the public digital network. If an external
reference is used the signal can on occasion be lost, in which case this primitive may not be sent for a
period of time until recovery of the external reference has been effected.

6.5.7.3 Effect of receipt

In a cycle master the receipt of this primitive shall cause H-MUX to lock the phase of its local 8 kHz
timing to the external reference. The actual (locked) phase between the input reference, specified by the
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SM_HM_CYCLE_SYNC.request primitive, and the phase of transmitted cycles is not specified. The
phase may also depend on implementation requirements. In a slave station this primitive is ignored.

6.5.7.4 Additional comments

In the cycle master mode, H-MUX should be designed to tolerate both the absence of this primitive, and
the receipt of this primitive following a period of absence, without any phase jumps in the cycles
transmitted on the ring. If a phase jump occurs, cycle control should return to the Resynch state to
resynchronize the ring.

6.6 I-MAQ to CS-MUX services

This subclause specifies the services provided at the interface between the I-MAC and CS-MUX entities
to allow C$-MUX to exchange CS-MUX protocol data units with peer CS-MUX entities. Since channgls
vary in siz¢ CS-MUX protocol data units may also vary in size.

Based on the steering map provided by SMT, I-MAC selects the currently open channels from the ogen
WBCs deliVered by H-MUX and delivers these channels to CS-MUX. In the oppgsite direction I-MAGC
receives channels from CS-MUX. The I-SAP (Isochronous service access point) is the access point, jat
the interfage between CS-MUX and I-MAC, used to access channels. Therelis one |-SAP defined pe.L

channel allocated at the I-MAC. When the ring operates in basic mode, ailthe I-SAPs are closed. When

the ring is {n hybrid mode, the SMT opens and closes the appropriate’l-SAPs in response to the Channel

Allocation process.
The following primitives are defined:
IM_UNITDATA.request
IM_UNITDATA.indication
IM_INVALID.indication
IM_C)YCLE_SYNC.indication
Each primitive includes the information thatis-passed between the I-MAC and CS-MUX entities.

6.6.1 IM_UNITDATA.request

This primitjve defines the transfer\of data from CS-MUX to the local I-MAC entity.

6.6.1.1 Semantics of the primitive

IM_UNITDATA.request (
IM_Request (I-SAP,CS-MUX PDU)

)

The IM_Request (I-SAP,CS-MUX PDU) shall specify a unit of isochronous data associated with the
corresponiwﬁwmwummmmm' i i i i i i

6.6.1.2 When generated

CS-MUX shall send I-MAC an IM_UNITDATA.request following receipt of each
IM_UNITDATA.indication primitive for that I-SAP. The time delay between corresponding
IM_UNITDATA.indication and IM_UNITDATA.request primitives is implementation dependent and may
be null.
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6.6.1.3 Effect of receipt

Upon receipt of this primitive the I-MAC shall accept the CS-MUX PDU and multiplex it into the
appropriate WBC for transmission to H-MUX.

6.6.2 IM_UNITDATA.indication

This primitive defines the transfer of data from the I-MAC entity to CS-MUX.

6.6.2.1 Semantics of the primitive

IM_UNITDATA.indication (
IM_Indication (I-SAP,CS-MUX PDU)

)

The |M_lIndication (I-SAP,CS-MUX PDU) shall specify a unit of isochronous data associated wjith the
corrgsponding channel. The size of this unit of data is a function of channel size.

6.6.2.2 When generated

The |-MAC entity sends CS-MUX an IM_UNITDATA.indication whenever I-MAC has a CS-MUK PDU
from|the receive data stream available for output and the appropriate I-SAP is open. The periofd of time
betwgen subsequent IM_UNITDATA.indication generationscwill vary according to the data rate| of the
Isochronous channel. In basic mode this indication is never.sent.

6.6.2.3 Effect of receipt

Upon receipt of this primitive, CS-MUX shall accept a CS-MUX PDU from I-MAC. Receipt of this
primitive by CS-MUX shall also signify acceptance by I-MAC of the CS-MUX PDU specified by|the
currgnt IM_UNITDATA.request and willinghess to accept another CS-MUX PDU.

6.6.3 IM_INVALID.indication

This [primitive is generated by,the' I-MAC and asserted to CS-MUX to indicate that I-MAC is ungble to
present a valid CS-MUX PDU to CS-MUX.

6.6.3.1 Semantics ofthe primitive

IM_INVALIR’indication (
IM_Invalid(I-SAP)
)

The [Mnvalid parameter shall indicate that I-MAC is unable to present a valid CS-MUX PDU stream to

CS-MUX.

6.6.3.2 When generated

The I-MAC generates this primitive whenever it does not have a valid CS-MUX PDU to output to CS-
MUX for this I-SAP. This may be due to the associated I-SAP being closed or to the receipt of a
HI_INVALID.indication at the H-MUX interface.

6.6.3.3 Effect of receipt

The effect of receipt of this primitive on CS-MUX is not specified.
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6.6.4 IM_CYCLE_SYNC.indication

IEC

The function of this primitive is to provide 8 kHz and cycle sequence information to CS-MUX for use in
timing generation for isochronous data.

6.6.4.1 Semantics of the primitive

IM_CYCLE_SYNC.indication

The IM_cyqg
The IM_cyqg

6.6.4.2 Wh

During norn
CS-MUX at
primitive reg
HI_CYCLE]
periodicity g
optional.

6.6.4.3 Eff
CS-MUX sh
6.6.4.4 Ad
Data transfg
primitive. In

HI_CYCLE]

6.7 I-MAC

(

IM_cycle_sync

IM_cycle_sequence
)
le_sync parameter shall be used to provide 8 kHz timing to CS-MUX.

le_sequence parameter shall be used to provide the cycle sequence number t6.CS-MUX.
en generated

nal synchronized operation in hybrid mode, I-MAC shall send IM_CY.CLE_SYNC.indicatio
125 us intervals as defined by the 8 kHz timing defined by the HI_GYCLE_SYNC.indicati
ceived from H-MUX. During hybrid synchronization, the time intetvals between

| SYNC.indication primitives can vary due to resynchronisation:'this will be reflected in the
f the IM_CYCLE_SYNC.indication primitive. Provision of this primitive in basic mode is

ect of receipt

all use this primitive to generate the 8 kHz timing for isochronous data.

ditional comments

br timing between CS-MUX and I<MAC is referenced to the IM_CYCLE_SYNC.indication
a cycle master the timing of this-primitive is phase locked to the phase of the
| SYNC.indication primitive output from H-MUX.

to SMT services

This subclal

se specifies the sefvices provided at the interface between the station management (SM

entity and I{MAC. This interface is used by the local SMT entity to monitor and control the operation g
MAC. Additjonal detail is_provided in SMT concerning conditions that generate these primitives and SMT
actions upaon receipt of I-MAC-generated primitives.

The following primitives are defined:
SM_IM_‘CONTROL.request

h to

)
fl-

SM_IM_SAP.request

All primitive

s described in this clause are mandatory. Each primitive includes the information that is

passed between I-MAC and SMT.

6.7.1 SM_IM_CONTROL.request

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

32


https://standardsiso.com/api/?name=a852ef2db5739a9716640acbfa7c8561

© ISO/IEC ISO/IEC 9314-5 : 1995 (E)

6.7.1.1 Semantics of the primitive

SM_IM_CONTROL.request (
Control_Action,
Requested_Status

)

The Control_Action parameter shall include the following: Reset, and Present_Status.

The Requested_Status parameter shall include the following: current value of the status of any channel,
I-MAG-statistics:

6.7.1{2 When generated

This grimitive is generated by SMT to cause I-MAC to take the action specified by the.Control_Action
parameter.

6.7.1|3 Effect of receipt

If the Control_Action is Reset then I-MAC shall be reset to its initial state with all channels closed.

If the Control_Action is Present_Status, then I-MAC shall present thé.status to SMT as indicated by the
Requésted_Status parameter.

6.7.2|SM_IM_SAP.request

This grimitive is used by SMT to change the channel stéering map within I-MAC. SMT may reqyest a
change in the channel steering map at any time regardless of whether or not I-MAC is operatiorjal in the
ring.

6.7.2]1 Semantics of the primitive

$M_IM_SAP.request (
Control_Action,
Requested_Channel,

)

The Gontrol_Action paranieter shall include the following: Open Channel, Close Channel.

The Requested_Channel parameter shall specify the size of the channel, the WBC in which the|channel
is assjgned, and itsdlocation within the WBC (see 5 for the size of allowed channels). Additional
assodiated channgl descriptors, such as the optional channel security label, are also specified Qy this
paranpeter.

6.7.2}2 When generated

This primitive is generated by SMT whenever it requires I-MAC to reconfigure its channel steering map.

6.7.2.3 Effect of receipt

The initial and default condition is that all I-SAPs are closed.

Receipt of this primitive shall cause I-MAC to modify the channel steering map in accordance with the
parameters of the primitive.

If the Control_Action is Open Channel the channel specified in the Requested_Channel parameter shall
be opened by I-MAC. Overlapping channels may not be opened, the effect of attempting to open
overlapping channels is not defined.
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If the Control_Action is Close Channel the channel specified in the Requested_Channel parameter shall
be closed by I-MAC.

7 Facilities

7.1 H-MUX symbol set

The H-MU)
the: I, J, K,
Indication s

7.2 Cycle

The Cycle
cycle mast
cycle mast
in this clau
plus the pr
than one c

This Cycle
the WBC ¢

-

K- Uses the same symbol set as defined for the FDDIPHY-2-and MAC-2" ThiS IS COmpose
L, n (0-F), R, S and T symbols, and optionally Q, H and V. In basic mode, all Physical
ymbols are delivered to the P-MAC as HP_IND.

s the HRC frame that carries packet and isochronous data. A new cycle-is'generated by t
or every 125 s, and cycles which have been repeated around the ring.are stripped by the
br. The length of the cycle is dependent on the transmission rate of-the ring. All descriptio
5e assume a transmission rate of 100 Mbps. At 100 Mbps, the cycle’is 1 560 symbol pairs
bamble. Each cycle is recognized by a hybrid multiplexer at every station. There can be m
Ucle circulating around the ring at any one point in time, depending on the ring size.

is partitioned into four parts: the preamble, the cycle header, the dedicated packet group,
yclic groups as shown in figure 9.

125 microseconds.

~

Y / /.

/ L //
4 77/ v/

-~

/
cG
88

CG

CcG
95

48

CG
65

PA CH |DPG | CG CG CG_ |DPG CG DPG DPG
0 0 7 8 6

/
7

N

Cycle:

PA:

CH:

DPGO -11:

CGO0-95:

// /L
77 77

7/
Figure 9 — H-MUX'cycle structure at 100 Mbps

125 ps (nominally 8-125 symbols)
preamble (nominally 5 symbols)
cycle header«(24 symbols)

dedicatédpacket group (24 data symbols). The DPG is byte interleaved among th
cyclic groups

eyclic group 0 to 95 (32 symbols, 2 symbols per WBC). The nth symbol pair in eaq
cyclic group belongs to the nth WBC, where n ranges from 0O to 15.

7.2.1 Preamble (PA)

of

4

S

ore

and

e

h

The preamble is nominally 5 symbols long. The cycle clocking algorithm will normally produce preamble
lengths between 4 and 6 symbols.

7.2.2 Cyc

le header (CH)

The cycle header establishes the 125 us boundary and conveys the cycle control information and the
programming template. The programming template identifies each of the sixteen 6,144 Mbps WBCs for
either isochronous or packet data transmission. Isochronous WBCs are individually usable by the |-
MAC. The packet data WBCs are combined with the DPG to form the packet data channel (PDC). The
PDC is used by the P-MAC. Figure 10 illustrates the format of the cycle header.
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SD EE cS PO [ P1 | T P15 IMC

- synch | seq cycle . isochronous
|
start delimiter control | control | sequence progzrammlng templae maint chan
] 1

Figure 10 — H-MUX cycle header

Sp: ing-dolirmiter (oymbolsJ and K.

C1: synchronization control (1 symbol). R and S are the permitted values.

C2: sequence control (1 symbol). R and S are the permitted values.
CS: cycle sequence (2 symbols).

P(®-P15: programming template (16 symbols). R and S are the symbols used to indicate waether
each WBC is carrying packet data (R symbol) or isochronous data (S symbol). The symbol
T is substituted for a corrupted R or S by the station detecting the error.

IMC: isochronous maintenance channel (2 symbols).
7.2.2.1 Starting delimiter (SD)

The Itarting delimiter indicates the beginning of a cycle. SDfs represented by the JK symbol pair which
formg a unique ten bit sequence.

7.2.2.2 Synchronization control (C1)
The gynchronization control symbol, C1, is useddo establish the synchronization state of the ring: it may

take the value R or S.

A value of R indicates that synchronization has not been established and any cycle may be legjtimately
internupted by a new cycle.

A valpe of S indicates that synchronization has been established and cycle hold mode may be gntered
meaning that the current cycle-may not be legitimately interrupted by a new cycle. In normal operation,
C1 igexpected to be set to S.

C1 may be set to S only-by'the cycle master, slave stations may either repeat the received valye of C1
or reset it to R. If any station, other than the cycle master, receives C1 with a value not equal tq S, it will
ations

=R.

ing might
N process

S Ttte A to the
cycle master, thls indicates that aII statlons on the ring are recelvmg and repeating cycles successfuily
The cycle master then transmits cycles with C1 set to S.

During normal operation, if a monitor station does not receive a cycle within 125 ps of the previous
cycle, it may start generating cycles with C1 set to R. In the same situation, a non-monitor station will
change C1 to R in the next repeated cycle. On receipt of a cycle, it resets its 125 us timer to wait for the
next cycle. The C1 value of R indicates that synchronization has been lost. Since slave stations never
set C1 any synchronization errors on the ring are always indicated to the cycle master by the receipt of
C1=R.
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7.2.2.3 Sequence control (C2)

The sequence control symbol is used for loading and latching the cycle sequence (CS): it may take the
value R or S.

A value of R in the C2 field indicates that either the cycle sequence has not yet been established or that
a cycle sequence error has been detected.

A value of S in the C2 field indicates that valid cycle sequence is established and stations can latch each
CS value to compare with the CS value of the next cycle. During normal operation, the C2 field will be
setto S.

C2 may be|set to S only by the cycle master, slave stations may either repeat the received value;of G
or reset it t¢ R. If any station, other than the cycle master, receives C2 with a value not equal t0°S, it will
reset C2 to|R. During normal hybrid mode operation the cycle master transmits cycles continuously with

incrementa| CS values and sets the C2 field to S to indicate that the CS field contains a valid cycle

sequence rjumber. When the cycle master receives cycles with C2 values set to S, it knows that all
stations arg receiving cycles with sequential CS values. If a slave station does not feceive cycles

sequentially, it will change C2 to R in the cycle with the detected sequence error:.Since slave stations
never set J2 any sequence errors on the ring are always indicated to the cycle master by the receipt of

C2=R.

—

7.2.2.4 Cycle sequence (CS)

The CS field takes the form (NN) where N is a data symbol. Depending on its value it either represents
the cycle quuence or a monitor rank.

cycle sequgnce values from 0 to 63 are reserved for use ifn‘the monitor contention procedure. Duringthe
Contention|process, monitors transmit their rank in the €S field, the monitor with the highest rank
becoming the next cycle master.

A CS value of 0 indicates a NULL monitor rank. A'station with this rank can not win the monitor
contention procedure, however it may initiate jt:

A CS valug between 1 and 63 indicates a tation's monitor rank. The rank is only valid if C1=C2=R,
otherwise if must be treated as an error.and ignored.

A CS valug between 64 and 255 indicates the cyclic sequence in the form: 64 + (n mod 192). Each cycle
generated by the cycle master has-its CS value incremented by one. The value 255, when incremented,
wraps around to 64.

7.2.2.5 Programming template (P0-P15)

The programming témplate is comprised of 16 symbols which represent the 16 WBCs. Based on the
programming terdplate symbol value, the corresponding WBC is used as an isochronous WBC or as
part of the PDC.,

7.2.2.6 Isochronous maintenance channel (IMC)

The isochronous maintenance channel is dedicated to carry isochronous traffic for maintenance
purposes. The recommended use for this channel is to carry voice traffic encoded to the applicable
national standard.

7.2.3 Dedicated packet group (DPG)

The dedicated packet group provides a guaranteed minimum bandwidth of 0,768 Mbps (12 bytes of the
cycle) for the Packet Data Channel. The octets of the DPG are interleaved with the cyclic groups; the
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first octet preceding the first cyclic group and succeeding octets occurring after every subsequent eighth
cyclic group (see figure 2).

7.2.4 Cyclic groups

The HI_CYCLE_SYNC.indication primitive is asserted by the H-MUX to indicate the beginning of the
cyclic groups.

The 16 WBCs within a cycle are byte-interleaved across 96 cyclic groups of 32 symbols each. Each row

in fig

Figu
or isq
WBG

chronous data. Figure 12 illustrates the relationship between the programming template 3
s assignment to packet or isochronous mode.

CYCLIC GROUP 0 CYCLIC GROUP 1 CYCLIC GROUP 2 CYCLIC'GROUP 95

numbered
lic group.

e 11 illustrates the interleaving of WBC 3 across the cyclic groups. Each WBC carrigs either packet

nd the

~ ——

WBC 3

Figure 11 — Example of wideband channel interleaving

Cycle Programming Template

A

0 1 2 3 4 .5 6 7 8 9 10 11 12 13 14 1

Rl Rf S| SJ(S$] R]| R} S| S| R|] S] S| R| R| R| R

The Cycle Pfogramming Template defines how to interpret the use of the WBCs:

R = Packet Data WBC
S = Isochronous WBC

CH| CH| CH CH| CH CH| CH Isochronous
2 3 4 7 8 10 11 WBCs
Packet Data
PL Fl_ PL WBCs
Cycle WBCs

Figure 12 — Example of wideband channel sorting
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7.3 HRC protocol parameters

The following parameters control various aspects of the operation of HRC. The values of these
parameters would normally be defined by the station management function during station initialization
and would only change infrequently during operation.

7.3.1 Parameters required by all stations

All the parameters documented in this clause are mandatory for all stations. It is not generally required
that all impJementations support the full range of values for each parameter.

Class: This variable is programmed by SMT and the cycle control state machine to contrg
the class of operation of cycle control at this node.

The Class variable may have three values corresponding to three classes of
operation:

BASIC
SLAVE
MONITOR
The ability to support the BASIC and SLAVE classes iSmandatory.

An H-MUX with the Class variable set to BASIC ray only operate in basic mode. The
cycle control state machine is forced to remain in the BASIC state.

An H-MUX with the Class variable set to SEAVE may only operate in basic mode ¢r
as a slave in hybrid mode.

An H-MUX with the Class variable set'to MONITOR may take part in the monitor
contention procedure and can beceme a cycle master. The precise mode of operation
is determined by the Initialize, Contend and Sustain flags.

PA_max: The maximum number of symbol periods between the start of a preamble and the
point at which a cycle error would be signalled to cycle control if the subsequent cycle
header were not received. After PA_max symbol periods without receiving a cyclef a

monitor with the sustain flag set will begin to source a new cycle.

The value of this variable depends on the degree of internal smoothing available in H-
MUX. The default corresponds to the length of the maximum allowed preamble (6},
plus two-symbols allowance for an Elasticity Buffer quantum if the required PHY SDU
Filter smoothing capacity at the maximum preamble threshold is implemented after H-
MUXin the station repeat path.

Open[ISART: This is a set of 16 flags which contain a map of which HI-SAPs are open to
isochronous traffic at this station. These flags may be set or cleared by SMT using the
SM_HM_WBC.request primitive.

Open[PSAPT. —This ffag indicates whether a P-MAC 15 currentty configuredand-avaitabfe at threHP -

SAP.

The following parameters are used for the purpose of timer calculation. The values chosen for these
parameters have a significant effect on ring operation. If the values chosen are larger than required then
ring recovery time will be extended unnecessarily. If the values chosen are too small then, in the worst
case, ring synchronization may not be possible. The default values given allow for a wide variety of
topologies, and operating conditions.

C_max: Maximum number of cycles which may be contained in a ring (default 23).

C_err: Minimum number of consecutive cycles for which cycle sequence errors are tolerated
before some form of recovery is attempted (default 3).
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The above parameters are used in the derivation of four time-out values used by the HRC protocol.

T_Hold: This time-out is used during recovery and initialization procedures to ensure
cycles and frames are removed from the ring. It is defined as the maximum time a
cycle can take to go all round the ring and return to the sending station. It consists of
the total ring cable delay plus the maximum total station latency of all stations. The
value of this parameter shall be a length of time greater than (C_max) cycle times.

T_Valid: This parameter sets the minimum length of time a station will tolerate cycle s
errors (allowing for a rotation round the ring) before some form of recovery is

T_Exr: This parameter sets the minimum length of time a station will tolerate cycle §
errors (not allowing for a rotation round the ring) before some form-of recovery is

T_Rq

7.3.7

All th
para

Ran}

attempted. The value of this parameter shall be a length of time greater tham
+ C_err +2) cycle times.

attempted. The value of this parameter shall be a length of time ‘greater than
+2) cycle times.

sequence synchronization to be established before it may assume that ring
synchronization is not currently possible and returns;to the BASIC state. Th¢
this parameter shall be a length of time greater than max(the largest value df
or (T_Hold + T_Err) on the ring) + C_err + 2.

) Parameters required by monitor stations

indicating that the monitor has no rank and therefore can not win the monitoy

entity on the ring!

(: Current negotiated monitor precedence. The default value of this variable is|0

that stale

equence

(C_max

equence

(C_err

BCOV: This parameter is the minimum length of time a station hasto spend waiting for cycle

value of
T_Valid

e parameters documented in this clause are mandatory for monitor stations. The values df the
meters described are only significant when Class = monitor, and are assumed to be void atherwise.

contention procedure. Any management procedure used to assign other, non-zero,
values of this variable;must ensure that the values assigned are unique to each HRC

Initialize: This flag is setitrue by SMT if it intends the ring to operate in hybrid mode and it
wishes to dllow this station to take the ring to hybrid mode on TNS expiry.

Sustain: This flag is set true by SMT in a monitor if it wishes to allow the HRC entity fo try to
maintain hybrid mode synchronization when it detects a missing or aborted ¢ycle by
continuing to source cycles.

Maintain This flag is set true by SMT in a monitor if it wishes to allow cycle master regolution in
hybrid mode when two active rings are merged.

Contend: This flag is set true by SMT in all monitors on the ring if a requirement existg for the

cycle

highest ranked monitor to always become cycle master. When this flag is s
control always goes to the STANDRY state from BASIC or S.LA)LBI&B,_Z[] receipt

of JKRR[<rank] (i.e. a contention cycle header with a rank lower than own rank).

Asg[ISAP]: This is a set of 16 flags which contain a map of the current WBC template as
requests. These flags may be set or cleared by SMT using the SM_HM_WBC.request

primitive.

7.4 Variables

signment

The following variables, flags, signals, and timers are used within the H-MUX for the purposes of
maintaining status information, providing interfaces between the process, and supporting the operation
of the state machines.
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A flag is a variable that can take one of two values: set or cleared.

7.4.1 Variables required by all stations

CCrc:

© ISO/IEC

Received CC value:- this is the filtered value of the CC field in the last cycle header

received. The individual components of this field are C1rc and C2rc.
The C1rc variable can take the values:
R -> Resynchronize

CSrc:

CSexp:

CCopr:

CSopr:

S -> Synchronized
T -> neither R nor S
The C2rc variable can take the values:
R -> Resequence
S -> Sequenced
T -> neither R nor S

Received CS value:- this variable is an octet containing the\value of the cycle
sequence number in the CS field in the last cycle headerreceived. If the received
field does not contain a valid data symbol pair then the CSrc value is set to zero.

IF (received CS field = nn)
THEN CSrc = (received CS value)
ELSE CSrc=0

Expected CS value:- this is the value of\CS the station expects to receive in the ne
cycle header.

Operative CC value:- this is the.internal operational value of the cycle control field
used by the cycle control process. The individual components of this field are C1o
and C2opr

The C1opr variable cantake the values:
R -> Resynchropize
S -> Synchronized

The C2oprivariable can take the values:
R -> Resequence
S->.Sequenced

Operative CS value:- this is the internal operational value of the cycle sequence
number used by the cycle control process. It is used to ensure that cycles are bein
received in the correct sequence. In a cycle master CSopr is incremented (mod 19

xt

g
2)

PTrc[WBC]

40

foreverycycte teceivedtmStAVE mode-€Soprisoverwrittenby-the-cycte-seque
number from a received cycle providing the Latch_Sequence condition is satisfied

A set of 16 variables used to convey the filtered, received WBC template informati

1ce

on

from the Receive section of the cycle acquisition process. The variables can take the

values:
R -> packet WBC
S -> isochronous WBC
T -> neither R nor S
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TF[WBC]

C_flag:

ISO/IEC 9314-5

A set of 16 variables used to convey the state of the WBC Receive state ma
from the Receive section of the cycle acquisition process. The variables can
values:

TK_Initialize
TK_Operate
ISO_Operate

- 1995 (E)

chine
take the

This flag is used to define the current modes of operation of the Receive.and cycle

aanaratao ctato machinoaa A conarato comveafthic flaa aviacta foraach-of theoa

H_flag
M_flag

CC_valid:

CS_yalid:

Cyclg_Error:

Hold:

Valid

=4

Scrul

oot oo TR T IO U T oo Pt OUP y UT o 1Ty CTATSTO TUT CAUuiT UT e o

e state

machines. When its C_flag is clear, the state machine is operating in basi¢-mode,
when it is set the state machine is operating in hybrid mode. Each staté-machine is

initialized to basic mode. The C_flag is set by the Receive state machine on
a valid cycle header, and by the cycle generate state machine on'transmissi
cycle header. Each state machine stays in hybrid mode until its-C:_flag is cle

This flag indicates that a header error was detected on the current cycle.

This flag is used to facilitate cycle master resolution in fiybrid mode when tw
rings are merged. M_flag being set in the RESYNCHstate is used as an ind
that the state was entered via the MASTER state, When M_flag is set in con
with the Maintain flag, the station is allowed to enter monitor contention if it
synchronize the ring in the RESYNCH state:

This flag is set by the Receive process oneceipt of a valid cycle control fielg
(containing R and S symbols only), and)cleared on receipt of an invalid cycle
field.

This flag is set by the Receive process on receipt of a cycle sequence field v
considered valid in the current,context. It is cleared on receipt of an invalid ¢
sequence field.

This flag is set by the-Receive process on detection of a cycle synchronizatic
condition.

The Hold flag is used in conjunction with the Valid flag and the TNS timer as
the error recovery process. The Hold flag is normally set by the cycle control
machine whenever TNS is reset to T_Hold or on entry to all states except th
MASTER state. It is always reset on TNS expiry. It provides an indication tha
has. recently been entered or, in a slave, that a new sequence has recently b
started.

The Valid flag is used in conjunction with the Hold flag and the TNS timer as
the error recovery process. The Valid flag is normally set by the cycle contro

receipt of
bn of a
ared.

b active
cation
unction
hils to

1
control

hich is
ycle

bn error

part of
state

Y
&

it a state
een

part of
state

machine when a slave station has received a valid sequence of sequence nyimbers

for longer than T_Hold. It is reset when a new sequence is started.

The Scrub flng is usedin nnnjl inction with the TS timer as part of the ring S

rubbing

Repeat:

process. It is set whenever SMT initiates a transition to hybrid mode to allow HRC to
scrub the ring of spurious claim frame headers. Similarly it is set on certain transitions
to the BASIC state to allow HRC to scrub the ring of cycle headers. The Scrub flag is
always reset on TVS expiry. The Scrub flag is also used to assist in the scrubbing of
stale monitor ranks and sequence numbers.

The Repeat flag is used by the cycle control state machine to inform the cycle
generate state machine when the cycle sequence number passed to it is valid and
may be repeated. If it is invalid a null value is substituted.
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7.4.2 Variables required only by monitor stations

These variables are required when Class = monitor. When Class = slave CCtx, CStx and PTtx are
always equal to CCopr, CSrc and PTrc, respectively.

CCix: Transmitted CC value:- this is the value of the CC field in the next cycle header to be
transmitted. The individual components of this field are C1tx and C2tx and each of
these variables can take the value R or S as determined by the cycle generation state
machine.

CStx: —Tranmsmitted-CSvatue—thisisthevatueof the €Sfietdinthenextcycteheadertope

transmitted.

CSreq: Requested sequence value:- This variable is used to generate the transmitted cycle
sequence number in master mode. CSreq is produced in the Timing Control part g
cycle generation and is incremented every time the Cycle_request signal is asserted.

—n

Generate: This flag is set by the cycle generate process when it is generating-cycles and not
repeating data from the LAB

PTtx(WBC A set of 16 variables used to convey the operative template-for each WBC. The
variables can take the values:

R -> packet WBC
S -> isochronous WBC
T -> neither R nor S

TG[WBC] A set of 16 variables used to convey the state of WBC Transmit State Machine in the
Cycle Merge section of the channel exchange process. The variables can take thg
values:

TK Initialize
TK_Operate
1ISO_Initialize
ISO_Operate

7.5 Timers

Each statign shall maintain two timers to regulate operation of the hybrid ring. These timers are used in
conjunction with the Hold, ¥alid, and Scrub flags. The significance of timer expiry in any given cycle

control staje depends on‘the values of these flags.

For the pufpose of this description all timers are assumed to be Reset with the unsigned twos
complemept of thetarget time, in either octets or cycles as applicable. Timers are further assumed tq
count upward4f enabled, expiring when an overflow occurs. All timer comparisons are expressed on fthe
basis of elapsed time. These conventions are for reference purposes only and do not prescribe the
implementation. Timers run normally in all states if enabled.

TVS: Valid Sequence Timer: This timer is used in conjunction with the Scrub flag as part of
the ring scrubbing process. It is reset whenever SMT initiates a transition to hybrid
mode to provide a time-out which allows HRC to scrub the ring of spurious claim
frame headers. Similarly it is reset on transition to the BASIC state to allow HRC to
scrub the ring of cycle headers and also to provide a time-out for return to hybrid
mode. The Scrub flag is always reset on TVS expiry. TVS is also used to assist in the
scrubbing of stale monitor ranks and sequence numbers and as a time-out for error
recovery.
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New Sequence Timer: This timer is used in conjunction with the Hold and Valid flags
to control the latching of sequence numbers. It is reset to T_Hold whenever a new
sequence number is latched which is not equal to the current CSopr. CSopr latching
is then inhibited until expiry. In addition to this use of TNS it is also used as a time-out

7.6 Counters

in ring recovery procedures. TNS is reset on entry to all states except MASTER to

provide a time-out from entry to that state.

To 4did in problem determination and fault location the HRC entity in each station shall maintaip the

following counts of events in received cycles.

Syn¢_Error_ct:  The number of cycles received with C1rc=S resulting in C1opr being set to R. This is
the number of synchronization errors detected at this station.

Seq| Error_ct: The number of cycles received with C2rc=S resulting in C20pr being set to R. This is
the number of sequence errors detected by this station.

Heagder_Error_ct: The number of cycle headers received in error, i.e. received with C1rcz R | S or C2rc
# R | S or received CS field # nn or a programming.template error (symbol # R | S |
T).

Abofted_ct: The number of received cycles aborted preemptively before the natural end of the
cycle.

Late] ct: The number of times a cycle was not réceived when expected.

Gengrate_ct:

The number of new cycles transmitted while the Generate flag is set. (moni
only)

or stations

 and does

to hybrid
s that the

d to basic

this signal
te

limiter.

Received_ct: The number of complete cycles received.

7.7 Signals

A sixnal is used to initiate a state change within HRC. A signal causes a state change to occu

not have to be cleared following its usage.

HR(_Start: This signalisiused by the SMT to initiate an immediate transition from basiqg
mode. A(parameter, which may take the values: Contend or master, specifig
transition is to the STANDBY or RESYNCH states respectively.

HR({_Stop: This:signal is used by the SMT to initiate an immediate transition from hybri
mode.

HRG_Reset: This signal is used by the SMT to reset hybrid ring control. SMT may assert
at any time. The effect of this signal on cycle control is to cause an immedig
transition to the BASIC state. For monitor stations the Class variable is set {o SLAVE.

RX_[Start: This signal is asserted by the Receive Process on detection of a JK start de

RX_CC: This signal is asserted by the Receive Process on detection of the cycle control field.
During normal hybrid mode operation this consists of the two symbols immediately
following the JK start delimiter. The cycle control field symbols are also passed to
cycle control as parameters of this signal.

RX_CS: This signal is asserted by the Receive Process on detection of the cycle sequence

field. During normal hybrid mode operation this consists of the two symbols

immediately following the cycle control field. The cycle sequence field symbols are
also passed to cycle control as parameters of this signal. The effect of this signal is to

cause cycle control to complete processing of the received cycle header.
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RX_MAC: This signal is sent to cycle control by the Receive Process on detection of the start of
an FDDI MAC frame as constituted by a JK start delimiter and a frame control field of
the form MN, where M= (8 or C) and N = (0 through F). The effect of this signal is to
cause cycle control to enter the basic mode of operation providing the Scrub flag is
clear.

RX_Beacon: This signal is sent to cycle control by the Receive Process on detection of the start of
an FDDI Beacon frame as constituted by a JK start delimiter and a frame control field
indicating a Beacon frame. The effect of this signal is to cause cycle control to enter

the-basic-mode-of operationregardless-of the setting-of the-Scrub-flag

RX_Abort: This signal is sent by the receive process on any abnormal termination of a cycle:
Examples of this include the receipt of a PH_INVALID.indication primitive froerm’PHYY,
and the situation where the starting delimiter was not in fact part of a cycle:

CC_Backoff: This signal indicates that this station has yielded in the monitor contention proceddyre.
It is asserted by the cycle control state machine on a transition fromnthe Standby to
the slave state, and is used by the cycle generate state machine_as an indication that
it should abort the current cycle and commence transmission:of-a new one.

TX_Abort: This signal, from the cycle generation process to the channel exchange process, has
the effect of causing the channel exchange process to‘@bort transmission of a cycle. .

TX_Start: This signal, from the cycle generation process to the channel exchange process, has
the effect of causing the channel exchange progess to commence transmission of|a
cycle. The values of CCtx, CStx and CTitx[WBC] are passed to channel exchange [as
parameters along with this signal.

Cycle_Request: This signal is sent from the Timing control part of cycle generation to the cycle
generate state machine to request the.start of a new cycle. The nominal frequency of
this signal is 8 kHz.

7.8 Functjons

A function pperates on the specified input'parameters and returns a value
next(CS): This function returns.the next value for the cycle sequence field. If CS is less than |64
then it is assumed_to be a rank and returned unchanged. If CS is greater than or
equal to 64 than-the return value is CS incremented mod 192.
next(CS):
IF.CS < 64
THEN return(CS)
ELSE return((((CS - 64) + 1) mod(192)) + 64)

8 Operation

8.1 Ring operation overview

This subclause provides a descriptive overview of HRC operation. The formal specifications are
contained in subsequent subclauses.

During normal hybrid mode ring operation the cycle master transmits cycles consisting of preamble,
cycle header, dedicated packet group, and cyclic data groups every 125 ps. The cycle timing used may
be derived from the cycle master's local timing or alternatively it may be derived from some external
frequency reference such as ISDN. See annex B for timing considerations. In the absence of errors,
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slave stations, that is, all stations except the cycle master, monitor and repeat the cycle header
unchanged.

The programming template within the cycle header is used by stations on the ring to identify the data
within each WBC as being either packet or isochronous. In the absence of errors only the cycle master

] @ L W MW Ao RNy Tl NN AT . LA = e A A A v ] TViw Vi lly e \Jy\JIG rniaowwl

may change the programming template . For open WBCs, packet data is delivered to the P-MAC, and
isochronous data to the I-MAC. The I-MAC divides each isochronous WBC into individual transmission

channels using the steering map. It delivers the data from the transmission channels it has open to the

CS-MUX.

Both
corregt ring synchronization is being maintained.

re that

8.1.1|Ring initialization

In general the hybrid ring is initialized in basic mode via the MAC Claim process. ©Once the Claim
process has been completed, bandwidth must be reserved for hybrid mode.

The station management (SMT) in a monitor station operating in basic mode, which wishes to take the
ring into hybrid mode, shall ensure that the sum of the bandwidth allocated to synchronous packet traffic
and the extra bandwidth required for hybrid operation does not exceedthe allocatable synchrorfous

idth of the ring. The synchronous bandwidth which must be reserved by a monitor for hyhrid

ion is equal to the sum of the bandwidth for the cycle header, the bandwidth which is to be
allocgted to the isochronous WBCs, and any synchronous bafdwidth required by the monitor station for
mode| switching or programming changes.

Mechgnisms are provided within HRC for the monitor station taking the ring to hybrid mode to ejther
assure the role of the cycle master, or to allow the mhitor contention procedure to select the gycle
mastgr. The actual route taken in any particular instance will depend on prevailing policy on the|ring.

The following subclauses describe ring initialization in general terms, a more detailed description of the
ring synchronization process is given later.

8.1.1{1 Ring initialization by a pre-assigned cycle master station

This qubclause will consider the.case of a station wishing to become cycle master without going through
the mpnitor contention procedlre. The monitor contention procedure is described in a later clauge.

Once [synchronous bandwidth has been reserved for hybrid operation the monitor station wishing to
become the cycle mastérmay switch from basic to hybrid mode if the following conditions have [been
satisfied:

a) | No basic mode only station on the ring.
b) | No othier cycle master on the ring.
c) | The/monitor station captures the token, or wins the Claim process.

While|the token is captured, the monitor transmits a cycle onto the ring with the C1 (Synchronization
Control) field set to R, the C2 (Sequence Control) fields set to S, CS set to a valid cycle sequence
number, and the programming template as assigned by the local SMT entity. The monitor issues a new
token and replaces the remaining Packet Data channel with fill symbols. If the ring is longer than 125 ps,
the monitor continues to transmit new cycles until the first transmitted cycles return.

Upon receiving the starting delimiter symbol pair JK followed by 2 Control Indicator symbols (RR, SS,
RS or SR) indicating the cycle control fields C1 and C2, other stations on the ring enter hybrid mode and
propagate the hybrid cycle headers. Also since the cycles transmitted by the cycle master contain a
sequence number, CS greater than 64, these stations are initialized to the slave mode of operation.

The monitor waits until it is sure that it is correctly receiving cycles it initiated, before it assumes the role
of cycle master. The ring is now operational in hybrid mode. Transmit and receive data are connected
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through to the P-MAC and I-MAC according to the programming template. Cycles are transmitted with
the C1 and C2 fields set to SS.

8.1.1.2 Ring initialization through monitor contention

The monitor contention procedure selects the highest ranking monitor on the ring to become cycle
master. monitor stations may have pre-assigned ranks, or they may use a station management (SMT)
protocol which makes use of the logical ranking scheme outlined in Annex F to establish their rank.
Rank assignment may occur in either basic or hybrid mode. During the monitor contention procedure, all
participating monitor stations generate cycles with C1 and C2 fields set to R and the cycle sequence
field set to[the station's monitor ranking. The station with the highest monitor ranking becomes thie,cycle
master. If any station is only capable of basic FDDI operation, the ring returns to basic mode.

8.1.2 The cycle synchronization process

This clausg provides an overview of Cycle Synchronization. In order to minimize complexity, the
description within this clause concentrates on the flow of control during cycle synehronization and dqges
not deal specifically with the flow of data through the H-MUX, which is described elsewhere.

Cycle syn¢hronization is effected by use of the elements of the cycle header:'the start delimiter (SD), the
synchronization control symbol (C1), the sequence control symbol (C2),:and the cycle sequence fielg
(CS). The [composition of these fields and their position in the cycle header is described in 7.2.

The precige synchronization process differs depending on the initial state and configuration of the rirjg.
Two partiqular instances will be described: the first is synchronization of the ring by a pre-defined cy¢le
master, the second is synchronization through the monitor ¢ontention procedure.

8.1.2.1 Ring synchronization by a pre-assigned:cycle master

Once all the criteria for ring initialization describedhin 8.1.1.1 have been satisfied the SMT in this monitor
may signal HRC_Start(master) to HRC. A transition to hybrid mode is then effected by HRC going
directly intp the RESYNCH state. It now adepts the role of a cycle master station.

The mastgr transmits JK RS [CS], where 64 < CS <255 ...

Any statioh, not of BASIC class, receiving JKCC (where C= R or S) in basic mode enters hybrid mode
as a slave| Moreover a station receiving the first of these cycles knows, since CS >= 64, that CS is g
sequence [number and thereforelinfers that a cycle master is trying to synchronize the ring. It
consequently resynchronizes-to the received cycle, stays in slave mode, and sets CSexp equal to
next(CSrc). However since-CSrc is unlikely to be equal to the station’s old CSexp value, the
Latch_Sequence condition is false, so the slave sets C2ix = R.

Slave statfons transmit JK RR [CS] ...

This first dycle propagates round the ring in this form initializing all the stations on the ring to slave
mode.

On the next cycle a slave station receiving JK RS [CS] ... compares CSrc with CSexp and since, barring
transmission errors, they are equal, the Latch_Sequence condition becomes true. The station now
latches CSrc into CSopr and sets C2tx = S.

Slave stations transmit JK RS [CS] ...

This second cycle propagates round the ring in this form, synchronizing all the stations on the ring and
confirming their operation in slave mode.

The master continues to transmit cycles of the form JK RS [CS] ... for a time T_Hold, which is the
maximum time for a cycle to travel round the ring (default 13 cycles). It then checks received cycles for
CCrc = RS, and for CSrc between the first transmitted CS (CSopr) and the last transmitted CS (CSreq).
The master can not know the exact value of CS to expect since there is a variable delay of up to C_max

46


https://standardsiso.com/api/?name=a852ef2db5739a9716640acbfa7c8561

© ISO/IEC ISO/IEC 9314-5 : 1995 (E)

cycles round the ring. Once two sequential cycles with correct headers have been received cycle control
enters the MASTER state. While in this state the station sets C1tx=C2tx=S, to indicate that full
synchronization has been achieved, and continues transmitting the cycle sequence in the CS field.

The master transmits JK SS [CS], where 64 < CS <255 ...

If the master fails to receive cycles correctly and failures persist for a further T_Recov (following T_Hold)
the station may assume that it is unable to synchronize the ring (perhaps due to multiple stations in the
RESYNCH state) and returns to basic mode.

Onr =
opefational steady state.

ully

8.1.2.2 The monitor contention procedure

In the event of SMT issuing an HRC_start command with the contend parameter, set or of a fault
occyirring in the cycle master, synchronization begins with the monitors conteriding to become] cycle

confention procedure will not function properly. However even-With duplicate rank assignment|the
probability of multiple master stations emerging is remote.

The|monitor contention procedure involves all contending-monitors going into the STANDBY state. In the
STANDBY state cycles with C1=C2=R and CS = rank-are sourced using local 8 kHz cycle timing.

Monfitors source JK RR [rank] ...

All SLAVE class stations on the ring resynchrontize to the incoming cycles and simply repeat the cycle
headglers unchanged.

If the ring contains a monitor in the RESYNCH or MASTER states this monitor discards the cgntention
cycles and continues to transmit itscown cycles of the form JKRS[seq]. All stations receiving valid

sequence numbers go into the SLAVE state and repeat this cycle header: this effectively endg monitor
contention. If there is no such_-monitor on the ring, monitor contention continues as follows.

A monitor receiving cycles ofithe form JK RR [CS] ... (where 0<CS<64) checks its contend flag and
compares the received CS value with its own rank.

monitor is in the-SLAVE state then

Iflthe contend flag is set and CS < monitor's own rank and, the transition would not cause data
dlsruption dueto LAB switching or the normal Latch_Rank conditions are satisfied or CSopr < 64
indicating.that the previously latched CS value was a rank, then the monitor goes into the STANDBY
state.and commences transmitting its own contention cycles. Otherwise it remains in the SLAVE
state,

If the monitor is in the STANDBY state then

If CSrc > monitor's own rank and; the station has been in this state for at least T_hold and so has had
a chance to fill the ring with its own rank or, the currently latched rank is null and the station is not
currently scrubbing or, the normal Latch_Rank criteria are satisfied and the received rank is not equal
to the currently latched rank; then the monitor backs off into the SLAVE state and starts repeating
cycles.

If CS = monitor's own (non zero) rank, and the same CS value has been received twice sequentially,
and the station has been in the STANDBY state for at least T_Hold, then the monitor assumes that
this is one of its own cycles which has gone round the ring. This implies that it is the highest ranking
monitor and may therefore attempt to become the cycle master by going into the RESYNCH state.
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Once a monitor is in RESYNCH state it sets C2=S and starts transmitting the cycle sequence in CS (a
value between 64 and 255).

This is in effect the end of the monitor contention procedure. Ring synchronization now proceeds as
described for the a pre-assianed cycle master.

[=AVT RIS A o MY TSSOy T Uy QST

8.1.2.3 The steady state

In the fully synchronized steady state the cycle master transmits cycles with the header JK SS [Seq].
The cycle tjming used may either be derived from the station’s local timing or from some external

[P ey AfAavarman arinaklh Ao IQGNANL 1~ h
frequency fleference such as ISDN. In the absence of errors slave stations repeat the cycle header

unchanged. Data transfer takes place normally and the cycle master may change the programming
template a$ required.

A~ .......LA— AnA

Both the cycle master and the slave stations continually
synchronization is being maintained.

A master sfation receiving a cycle header resets TVS if CCrc = SS and the value of CSrc is equal to the
expected value next(CSopr). A master continues transmitting cycles normally until consecutive errorg
have continued to occur for long enough for TVS to expire. Once this threshold of errors has been
exceeded the cycle master assumes a serious error and goes back into the'BESYNCH state to attempt
resynchronjsation. If this fails to recover synchronization the cycle mastermay go back to basic modg¢ to
allow anotHer station to attempt to recover the ring.

Error recoviery in a slave depends to a large extent on the use of the TVS and TNS timers along with
their assoclated flags. These are used to ensure that cycles are'received sequentially, and to facilitat
recovery from error conditions when they are not received sequentially.

()

A slave stalion receiving correctly a cycle header with C2rc.= S checks the value of CSrc against the
expected value next(CSopr). If CSrc is equal to the expé&cted value the cycle header is repeated as

received, TVS and TNS are reset, and CSopr is loaded with the value of CSrc. However if CSrc is ng
equal to the expected value, the timers are not reset, CSopr is simply incremented (mod 192), and the
cycle headgr is repeated with the C2 value changed to R to indicate an error in CS.

—

A slave staltion receiving correctly a cycle header with CCrc = SR repeats the cycle header as received.
The action$ taken are the same as those for an out of sequence CSrc value: CSopr is incremented (mod
192), and the TVS and TNS timers are:not reset.

TNS expiry with the Hold flag resét,Jor TVS expiry with the Scrub flag reset, are, in general, indications
that persistent cycle sequence 'or synchronization errors have been detected and that ring recovery i
required. Elxactly which onge of-these conditions triggers recovery depends on the detail of the error

condition, the ring topology and the setting of ring parameters. monitor slaves detecting one of these
conditions enter the STANDBY state and commence sourcing cycles with CCtx set to RR and CStx get
to the statipn's monitor rank.

U7

A monitor ¢lass station operating in slave mode which receives a cycle header with CCrc = RR checks
its contend| flagand checks the CSrc field for a rank value If the conditions for entering monitor
contention lare-he edthenthe-frame-headeris-simplyrepeated-as-above. Othennise the monitor
discards the recelved cycle header, enters the STANDBY state and transmits |ts own cycle with
CCtx=RR and CStx=0wn rank.

A slave station receiving an early cycle header resynchronizes to the early cycle, and sets C1tx=R. The
rest of the operation is the same as for receipt of a normal cycle.

If a cycle is late arriving at a slave station two actions are possible. If the station is a monitor and the
sustain flag is set then it sets CCtx=RR and CStx=0 and generates a new cycle. If the station does not
have the sustain flag set it sends idle symbols following the end of the transmitted cycle, until a new
cycle header is received. If no cycles are received over a period of time, eventually TVS will expire at
which point a monitor station goes into the STANDBY state and initiates monitor contention to try to
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recover ring synchronization If no monitors are present timer expiry eventually forces the ring back to

basic mode.

8.1.3 Normal hybrid mode operation

8.1.3.1 Cycle master station

Cycles are transmitted in response to Cycle_Request signals generated from an 8 kHz external or

intern

Norm
LAB
to the
to the
the p

ally, cycles return between the 8 kHz Cycle_Request signals. Each returning cycle is kept
Lintil the next Cycle_Request signal is asserted. The Isochronous WBCs are delivered-fror]
I-MAC after the next HI_CYCLE_SYNC.indication. The Packet WBCs are delivéred from
P-MAC as soon as possibie, without waiting for the next HI_CYCLE_SYNC.indication, to
erformance of the Timed token protocol.

8.1.3.2 Slave station
The glave station uses each cycle's programming template as input tg’the WBC template filter s
machines. The state of each WBC state machine identifies the contents of the corresponding W
either packet or isochronous data. Based on the states of the WBC-state machines, the receive
are dfstributed to either the P-MAC or the I-MAC. Data receivéd)from the P-MAC and the I-MAQ
merged and transmitted according to the states of the WBC state machines.

8.1.4 Changing the programming template

8.1.4.1 Cycle master station

The gycle master is responsible for changing the programming template based on the Assign W
requgst from SMT. To modify the programming template, the cycle master SMT function shall ¢
the tgken via the P-MAC, or employ Some alternative method to ensure that data in the packet
is nofflost due to the programming change.

Befo
enab
transmitted. This bandwidth' may be synchronous or asynchronous: for synchronous bandwidth
used
token
with t

the token is captured the) cycle master shall ensure that it has enough bandwidth availat

must be at least125us early. After capturing the token, the cycle master then transmits a
ne new programming template. A new token is then issued immediately by the P-MAC.

WARNING: If the programming template is changed when the token is not being held, the cycle
master may be capable of buffering the effect of the change in bandwidth in the packet data

in the

n the LAB

the LAB
optimize

btate

/BC to be
d WBCs
) are

/BC
apture
channel

le to

it to hold the token until the next cycle header, containing the new programming templatg, is

to be

at least 125us pertoken rotation must be available; for asynchronous bandwidth to be used the

cycle

channel in such a way as to ensure that no packet data is lost. The required buffering capacity is|

programming change; however, packet data could be lost due to packet channel underflow or
overflow in the slave.

8.1.4.2 Slave station

a

Slave stations switch to the new programming template upon receiving the new cycle header from the
cycle master. A slave station that has its latency adjustment buffer engaged shall not repeat any new
SDU received in the packet channel after the latest programming change until the corresponding

programming template has been repeated, to ensure that data in the packet channel is not disc
the cycle master due to the programming change.

arded by
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8.1.5 Returning to basic mode

An HRC entity shall always return to basic mode whenever its associated P-MAC entity enters the Claim
or Beacon states, in order to allow these MAC frames to be transmitted in BASIC mode. Entry by the
local P-MAC entity into one of these states shall have the effect of producing an HRC_Stop indication to
the local HRC.

In addition, in order to allow ring recovery by MAC frames (Claim and Beacon) in basic mode, an HRC
wed
S a

MAC frame

In general
controlled

Once in b3
mode. All gymbols are delivered to the P-MAC. The hybrid mode signal is reset.

8.1.5.1C

SMT in a station wishing to return the ring to basic mode would normally firsticapture the token (to

or token.

SMT in any station may return the ring to basic mode at any time, normally however.a
Feturn to basic mode is most efficiently carried out by the cycle master station.

sic mode H-MUX asserts HI_INV to indicate to the I-MAC that the ring is no lenger in hyb

cle master station

prevent data loss in the packet channel). SMT may then take a station into basic mode in a number ¢f

ways depgnding on the desired overall effect. A temporary return to basic mode can best be effected by
SMT issuimg an HRC_Stop primitive to the HRC and then transmitting basic mode MAC Claim frames.
When the P-MAC in the (former) cycle master receives its own (er higher) Claim frames, the ring hag
been purged of cycles. The winning P-MAC issues a token in‘basic mode. This process takes the ring to
basic modg but does not prevent subsequent return to hybrid mode. If a permanent return to basic mode
is required SMT may effect this by setting its Class to Basic. This prevents subsequent return to hybrid
mode.
8.1.5.2 Slave station
slave statipns returns to basic mode uponreceipt of a MAC frame header of the form JKMN, where M =
(8 or C) arid N = (0 through F).
8.2 Error|recovery
8.2.1 Error conditions
This clausk considersthe following error conditions and the associated recovery procedures:

a) Corrupted-cycle header

b) LaLe token in Packet Data Channel

c) Lossef Synchronization

d) Failure to Synchronize

8.2.2 Corrupted cycle header

8.2.2.1 Starting delimiter
Transmission errors can cause the physical layer to lose the JK symbol sequence at the beginning of a

cycle or to create a JK symbol pair within a cycle. To avoid loss of synchronization due to false JKs,
cycle holding mode is introduced to the PHY.
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In the cycle holding mode, a new starting delimiter is not accepted during the cycle. If a new starting
delimiter is recognized, it is reported to H-MUX as Violation symbol(s), and the symbol boundary is not
changed; however, cycle holding mode is cleared. A second starting delimiter received within the same
cycle is reported as a starting delimiter, since the probability gives the frequency of occurrence of a
second false JK in the same cycle as less than one in 100 000 years.

When not in the cycle holding mode, any starting delimiter is indicated to H-MUX as a starting delimiter,
rather than as Violation symbol(s).

8.2.. G Bt a-G\V/-G1e-E06-R = mbe
Corryipted values of C1 and C2 are translated to R symbols and are then treated as such’

8.2.2.3 Corrupted cycle sequence values

Cyclgs are numbered by the cycle master from 64 to 255. When a cycle is received, all H-MUX entities
compare the current received cycle sequence value with an expected cycle sequence value. During
normal operation the expected value is set equal to the last received value plus 1 (mod 192). If the
received and expected values are not equal, as for the receipt of a corrupted CS value, the received CS
valug is flagged as being in error. Slaves repeat these CS values as teceived however the C2 yalue in
the cprresponding cycle is changed from S to R to indicate that cy€le sequence Error has been
detegted.

Persistent cycle sequence errors are checked by using the. TVS and TNS timers. On a timer exXpiry
indicating persistent cycle sequence errors a monitor normally infers that the cycle master is not
functjoning correctly and so begins to source cycles with the C1 and C2 fields set to R and the|cycle
sequence value set equal to the station's monitor ranking. This initiates the monitor contention procedure
wherg the participating monitor with the highest rank becomes cycle master. All WBCs remain fctive,
but np re-programming is possible until a cycle.master takes control.

8.2.2.4 Programming template

If the] programming template symbol is not decoded as R or S, the H-MUX replaces the corrupted value
with gither an S or a T symbol, depending on the state of the corresponding WBC state machine. If the
WBQ was previously assigned.as isochronous the corrupted value is replaced with an S symbagl to
mainfain continuity of isochronous service. If the WBC was previously assigned as packet, or ifino
previpus assignment iscknown, the corrupted value is replaced with a T symbol to avoid undetected data
corruption in the packetchannel.

slave stations repgat the altered programming template and use it to sort the WBC. If an altere¢d symbol
correponds te.an Isochronous WBC, H-MUX continues to provide isochronous service on the WBC. If
an altered symbol corresponds to a Packet WBC, H-MUX repeats the WBC while transmitting HP_INV
to P-MAC.

The gycle master restores the corre alues by transmitting the correct programming templatelin every
cycle. Consequently, the altered programming information should be corrected on the next cycle.

The physical encoding of R, S and T requires multiple errors on the same link to change one of these
three symbols into another one.

NOTE 2 The probability gives the frequency of occurrence of this error in a programming template as less
than once in 10 years on a very noisy link, and as less than once in millions of years under normal
circumstances. Depending upon the frequency of programming changes, the template filtering
function in a slave station could cause a corrupted R to become an S less than once in a few weeks
to a few years on a very noisy link, and less than once in thousands of years under normal
circumstances. This error would result in corruption of the packet channel for one cycle that is
undetected by H-MUX and unreported to P-MAC. Given a 32 bit P-MAC frame Check Sequence, the
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probability of undetected packet corruption due to such errors is less than 1020 under extremely
pessimistic assumptions, and much better in normal operation.

8.2.3 Late token in the packet data channel

There are two steps in recovering the late token in an FDDI-II ring: Purge and Claim processes.

The Purge frames are generated by the cycle master to quickly re-establish the P- MACs. If the Purge
frames do not solve the problem aII stations return to basic mode and enter the Claim Process.

0ONND 4 Dijwran mvAanaane

Q.L.9:.1 I' IBU PI VLCovo

TVX expirdtion generally indicates that the token has been lost. TRT expiration generally indicates that
one or morg stations do not have consistent P-MAC scheduling parameters (e.g. Target tokeén Rotatipn
Time (TTR[N)). In order to quickly re-establish the ring, all stations must use the same token' Rotation
Timer that has been agreed upon during the Initialization process.

™~ aa

The P-MAC in the cycle master generates Purge frames that contain the TTRT value, without leaving
hybrid mode. Upon receiving the Purge frame, P-MACs copy the TTRT value and'fepeat the frame. No

frames can| be transmitted by the P-MACs until the P-MAC in the cycle master-receives its Purge frames
and issues|a new token.

The Isochrpnous WBCs are not affected by the Purge process.
8.2.3.2 Claim process

After the Plirge process, all stations are supposed to operate with the newly recorded TTRT value. Ifithe
token continues to arrive late, stations return to basic mode to enter the Claim process.

When the Claim process has completed successfully,ca hew token is generated. The cycle master
captures the token and transmits a new cycle. The ring re-enters hybrid mode.

The Isochrbnous WBCs are disabled while stationis return to basic mode.

8.2.4 Loss of synchronization

A cycle is gxpected every 125 ps, and'its arrival is indicated by H-MUX with the
HI_CYCLH_SYNC.indication signal!

The cycle is transmitted by thecycle master based on an external clock if available. If the external
source is ot available or fails to provide the HM_CYCLE_SYNC.request primitive, the cycle master
generates tycles with jts‘own clock.

If the start pf a new-eycle is recognized by H-MUX before the previous cycle completes, the Early_Cycle
Counter is|incremented and C1 set to R.

If the start pf-a'new cycle is not received within a specified time after the end of the previous cycle, the
cycle mastermay not be functioning properly. monitors which fail to receive a cycle within the permitjed
window may generate a new cycle with CCtx=RR, providing the sustain parameter is set. If no cycles are
received for a period of time, a time-out indicated by TVS expiry with the Scrub flag clear will occur. At
this point the station goes into the STANDBY state where it initiates the monitor contention procedure by
sourcing cycles with C1 and C2 fields set to R and the cycle sequence field set to the station’s monitor
ranking. If there is no cycle master on the ring the participating monitor with the highest rank becomes
cycle master.

8.2.5 Failure to synchronize

On transition to hybrid mode HRC maintains a time-out on each stage of the synchronization process.
Failure to complete that stage of synchronization within this time-out results in stations returning to basic
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mode. At this point management procedures can be used to ascertain why hybrid synchronization was
not possible. In addition to this, SMT may maintain a time-out on the initial synchronization process and
all subsequent resynchronisation processes. Failure to achieve full synchronization, with CC = SS,
within this time-out can result in SMT taking the ring back to basic mode and initiating recovery via the
Claim process. Once the Claim process has been completed initialization to hybrid mode may be re-
attempted.

8.3 Structure
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ibed in this document is maintained.

1 dividing up the process the following points were taken into consideration:
srouping of similar functions, including logically related interface elements

Definition of process states which should be“independent from the states of other processe
possible

An external event (except perhaps reset) should affect only one subprocess.

here should be a minimum number of additional interface elements for internal process
ommunication.

ribution of functions whichitakes most of these requirements into consideration is shown
-MUX is described in.terms of four cooperating asynchronous processes: cycle acquisitio
ration, Latency Adjustment, and cycle exchange. These processes operate independently
ition being synchronized by signals (e.g. RX_Start, TX_Start ) and exported variables .

1-MUX processes are defined as cooperating state machines. It is assumed that time elap

ler to reduce the complexity of the description of the hybrid multiplexer (H-MUX) process it is
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1 discrete states, and that state transitions are logically instantaneous. It follows that actio
Fing more.than one symbol/byte time to complete shall be performed within states; howev
actions are associated with a specific transition, they may be described as part of that tr.
such cases the actions occur prior to the associated transition. Actions described as part
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achine,

the state machine shall perform the following event processing sequence as a logically atomic operation:

a)
b)

i)

Evaluate all conditions within the current state.

If the conditions for a state transition are satisfied, then
perform the transition actions in the current state;

i) enter the new state;

ii) perform the entry actions (if any) for the new state;

iv) if an immediate transition from the new state is possible, then repeat the sequence beginning

with step 1.
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c) If the conditions for in-state actions are satisfied, then the specified actions shall be performed.

Event propagation (signals) between processes may incur some conceptual propagation delay. A signal
and its parameters shall always experience the same identical delays between processes so they arrive
at the same conceptual time and in the order they were generated. The actual values of these delays
are, to a large extent, implementation dependent and are not specified in this document unless they

affect interoperability.

The H-MUX state machines are specified both with text and with state diagrams. In the state diagrams,
states are shown as vertical bars and state transitions as horizontal arrows, with the triggering event or
condition above the arrow and any action below the arrow. In the event of any discrepancy, the stat¢

diagrams and attached notes take precedence over the text.
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Figure 13 — H-MUX structure

8.3.1 The hybrid multiplexer processes

8.3.1.1 Cycle acquisition (CACQ)

The cycle acquisition process consists of two sub-processes: Receive Control and cycle control.

The Receive sub-process continually monitors data received at the PHY interface through
PH_UNITDATA.indication primitives. It is responsible for identifying the start of received cycles, the
termination of cycles, and the receipt of MAC frames. The occurrence of these events is communicated
to other processes within H-MUX via the RX_Start, RX_Abort, and RX_MAC primitives respectively.
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In addition, the Receive sub-process breaks the incoming cycles down into cycle header and data fields.
The cycle header field is used by the cycle control sub-process, while the data field is sent to the LAB (or
CXC in slave only stations). Since the packet and isochronous WBCs may be treated separately by the
LAB, the Receive sub-process may be required to separate the data according to the template. The

operation of the Receive sub-process on receipt of a cycle is described by figure 14, the HRC
State Machine and figure 15, the WBC template filter State Machine.

The cycle control sub-process works in conjunction with the Receive sub-process to continuall

Receive

y monitor

recelved data for valid cycles and MAC frames. The C1, 02 and CS fields foIIowmg received start

8.3.11.2 Cycle generation (CGEN)

Thecycle generate process maintains control over the cycle transmission proces$\to ensure t
trangmitted onto the ring is consistent with the synchronization state of the hybrid-ring. The cyq
gengration process is only required in monitor stations, where it maintains control over the cyg
trangmission process to ensure that data transmitted onto the ring is consistént with the synch
state of the hybrid ring. To this end, the cycle generation process generates the C1, C2, CS al
programming template (PT) fields of the transmitted cycles based on.its current state and the

headler information from cycle acquisition. Cycle acquisition passesthe required CC, CS and |
ycle generation process. The transmitted PT field is constrdcted by following figure 18, th

template generation State Machine.

jonitor stations, the control and header information from cycle acquisition is used to load tt

The |header fields from the cycle generation process are passed to the cycle exchange proces
Cycle generation signals TX_Start whenever agiew cycle is to be initiated.

Thelcycle generation process also generates the 8 kHz timing used for transmitting cycles. In

into and out of the LAB and will have to be kept in step with this data while it is in the LAB.

le control

hat data

Cle

le
ronization
nd

control and
PT fields to
e HRC

e cycle
)

s (CXC).

master

mode this timing may be based on a local frequency reference or it may be synchronized to anf external

8 kH
timin

z timing reference provided by thetlSM_HM_CYCLE_SYNC.request primitive. In slave mo
g information is derived from thereceived cycles via the RX_Start primitive.

8.3.1.3 Latency adjustment buffer (LAB)

The
as th
optid

latency adjustment buffer is required in monitor stations but need only be engaged while (
e cycle master. The LAB is permitted to be engaged while operating as a slave; however
n should be exercised carefully, since it can produce excessive ring delays.

primary useof the LAB is to ensure that isochronous data takes an integral multiple of 12
¢l around the ring.

de this

pperating
this

b s to

ingle

gsuming

a slave

station with the LAB engaged, the transmltted template may be dlfferent from the received template
Thus, data must be loaded into the LAB under the control of the cycle acquisition process, and taken out

of the LAB under the control of the cycle generator process.

A slave station that has its latency adjustment buffer engaged shall not repeat any new SDU received

after the latest programming change until the corresponding programming template has been
During both master and (optional) slave modes of LAB operation, if a programming change oc

repeated.
curs within

a SDU received in the packet channel, that SDU should be repeated unless it causes the packet channel
to underflow or overflow. If a SDU received in the packet channel is partially repeated, that SDU shall be

explicitly aborted by generating a LL or LI symbol pair.
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WARNING: During both master and (optional) slave modes of operation, the latency adjustment buffer
should be designed to avoid losing the token in the packet channel during programming changes or any
other events that may cause buffer overflow or underflow.

The LAB and its associated control logic (which may reside in the CACQ and CGEN processes) should
be able to deal with or avoid the following possibilities:

Overflow: The LAB should have sufficient capacity for 1 cycle plus any expected jitter plus any
expected ring length fluctuations. The cycle is, of course, a defined length; the jitter
should be down to two symbols and the effective physical length of the ring should not

fluctuata hyv mara than 4 faw cumhbhale Auin 0 taminaratiiva ate anthorit imnbhsing A fald or a
TG Y Ot e WOy o oo Gu CtotCrpCratar S et wWrtnoutmrHpry g rautt

ring configuration change. Although the required LAB capacity can vary, a capacity-of
greater than one (1) cycle is required.

Underflow: If a ring becomes operational with a length of slightly less than an integral number of
cycles, the LAB in the master station will be nearly empty. If the effective length of the
ring then increases to slightly more than this integral number of cyclesCGEN should pe
able to generate a cycle to maintain the ring while the expected cycle arrives and is
loaded into the LAB. This avoids an underflow of the LAB and resglts in the LAB
containing almost a full cycle. If then the effective physical length, of the ring decreases$
the LAB will be required to expand further. The LAB will then‘contain slightly more tha
one (1) cycle but will be immune to further underflow.

—

The definition of CGEN specifies the initial contents of-supplied cycles.

=

If the control signals required to drive CGEN are passed to it as they are generated but
with the same time displacement as the data through the LAB, then it is possible that the
CGEN process may be triggered by the RX_Start signal which came from the incoming
starting delimiter only to be halted by a retutnto basic mode as a result of the following
bytes. In this case, CGEN will generate acycle fragment of an implementation dependent
length which may upset downstream KHRCs.

Pre-emptiop:

It is suggedted that the CC-State information be established before the RX_Start signal is passed on
from the Receive process.

Further, the LAB is reset by certain cycle control state transitions and on certain error conditions. Theg
LAB shall He reset by the HRC_Reset Signal on entering basic mode. Other causes for LAB reset are
left to the implementor.

In the absence of the LAB in a stave station, data passes directly from cycle acquisition to cycle
exchange.

8.3.1.4 Cycle exchange’/(CXC)

The primary function of the cycle exchange process (CXC) is to route any WBCs open at this station put
of the stream of gycle data to the P-MAC and I-MAC entities, insert data from the P-MAC and I-MAC
back into these'WBCs and combine the new cycle data with the header information from the cycle

1 t revela aanaration nrocace toform tha cvela to bha trancemittad to PHY
acquisition 'ereyere-gehreratoRprocessto+ortRe-6yereto-pBetHahshiHute a0+
J 9 Lig p

The HM_MODE.indication and HI_CYCLE_SYNC.indication primitives are generated by the cycle
exchange process. The HM_CYCLE_MODE.indication primitive provides an indication of the current
mode of operation to both I-MAC and P-MAC, while the HI_CYCLE_SYNC.indication provides an 8 kHz
phase reference to I-MAC so that data transfer to and from the I-MAC is correctly synchronized with the
current cycle.

The cycle distribute sub-process of cycle exchange accomplishes the transfer of data from the outgoing
cycle to the P-MAC and the I-MAC.

The cycle merge sub-process combines the unchanged, repeated data with the new data from the P-
MAC and the I-MAC and the cycle headers from the cycle generation process ( or the cycle control
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process in the case of a slave-only station ) into complete cycles which are transmitted to PHY with the
PH_UNITDATA.request primitive.

Depending on the implementation, it may be necessary to insert a small delay between the cycle
distribute and cycle merge sub-processes as shown in figure 13 to match the internal repeat delay with
the delays between data indication and data request in the P-MAC and I-MAC. This delay should be
kept to a minimum as it adds to the total ring latency.

8.3.1.5 Wideband channel control

The wideband channel control process is the part of H-MUX responsible for controlling access fo and
from {he wide band channels within the cyclic groups. This function may be seen as consisting pf two
elemgnts: WBC template control and HI-SAP template control. The first of these is concerned with
determining the assignment of each WBC to either packet or isochronous data. The second idehtifies
which HI-SAPS, corresponding to WBCs allocated to isochronous data, are open atthis station] it is
perfofmed by SMT directly programming the template of open HI-SAPs (as Opeh{ISAP]) using the
SM_HM_WBC.request primitive. SMT can also specify whether a P-MAC is dvailable at the HP}SAP as
Open|[PSAP].

Due tp the nature of the pipeline through H-MUX with different actionsmeeding to be performed|on the
data gnd template at different points in the pipe, it is necessary to distribute the WBC template ¢ontrol
functipn between the parts of H-MUX described previously. In genéral WBC template control consists of
three separate components: the WBC template filter state machine in cycle acquisition, the WBC
template generation state machine in cycle generation, and the WBC processing function in cydle

exchgnge. The WBC template generation state machine, is\only required in a monitor.

WBC template control is described in terms of state machines. For each WBC state machine, each
WBC has an associated state variable which determines how data in that WBC is treated. Thergfore, for
of the WBC state machines described, there;are conceptually 16 identical but independent state

The cycle acquisition process is described in terms of its sub-processes: receive control, WBC template

receipt of MAC frames, and cycle synchronization errors. The occurrence of these events is
nicated to'other processes via the RX_Start, RX_CS and RX_MAC signals and the Cycle¢_error
addition the receive process contains the WBC template filter functions associated with
processing the received programming template.

The re v, i ooclause spe B s ales 3 iti i [ UDProcess.
8.4.1.1 State RX0: SCAN

When the Receive Control process is initialized by the HRC_Reset signal it enters the SCAN state. This
is the normal quiescent state of the Receive Control process. In this state the Receiver looks for a valid
start of frame or start of cycle delimiter (JK) in the PH_UNITDATA.indication stream. On detection of a
JK start delimiter the receive process issues an RX_Start signal.

RX(00a) The HRC reset and PH_Invalid signals or a change of Class to Basic while operating in hybrid
mode, causes the state machine to be re-initialized.
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RX(00b) If the start of a new cycle has not been received PA_Max symbols after the end of the last
cycle (as indicated by entry into the RXO state) a cycle error is flagged and counted.

RX(01) On receipt of a valid start delimiter (JK) a transition to state RX(1) CHECK_CC occurs and

RX_Start is signalled indicating the possible start of a new cycle.

RX0: SCAN

PH_Ind(JK)

RX1: CHECK_CC
CC_Actions(2)

4’

RX(01) SIGNAL RX_Start

(Else after two symbols & Class = Basic)

PH_Invalid | HRC_Reset | PH_Ind(TT) | (PH_Ind(~(R | S) & ~NN) & ~C_Flag) |

RX(104){

Reset_Actions(1); SIGNAL RX_Abort
PH_Ind(MN) | (PH_Ind(NN) & ~C_Flag)

IF C_Flag & ~PH_Ind(TT) THEN INC Aborted_ct

-g—
IF FC = Beacon THEN SIGNAL RX_Beacon

Class = Basic | PH_Invalid | HRC_Reset §‘)((20)

g

Reset_Actions(1); SIGNAL RX_FC; IF FC = MN THEN SIGNAL RX_MAG;

RX2: CHECK_CS
CS_Actions(3)

RX(10b)|

Else after CC &
Class # Basic

Reset_Actions(1); SIGNAL RX_Abort; INC Aborted_c S5

RX3: CHECK_PT
PT_Actions(4)

Class = Basic | PH_Invalid |

HRC_Reset
I Reset_Actions(1); RX(30)

SIGNAL RX_Abort;

Else after CS

SIGNAL RX_CS RX(23)

RX(21)

PH_Ind(JK)

SET C_Flag; RX(12)

SIGNAL RX_CC

PH_Ind(JK)
SET Cycle_Error;
CLEAR CSexp;
SIGNAL RX_Start;
INC Aborted_ct

INC Aborted_ct RX(31)

(C_Flag & Class = Basic) |
PH_Invalid | HRC_Resét
RX(00a) ——————

-t

Reset_Actions(1);
SIGNAL RX~Abort

AfterPA_max &
~Cycle_Error

RX(00b)
- I

SET Cycle_Error;
IF'C_Flag THEN INC Late_ct

Else after PT

IFH Flag THEN INGT |
Header_Error_ct

RX(34)

SET Cycle_Error; SIGNAL RX_Start; INC Aborted_c!

RX4: CYCLE_BODY

RX(41)

PH_ind(JK)
SET Cycle_Error;
SIGNAL RX_Start;

INC Aborted_ct

PH_Ind(JK)
————RX(11)

7 Class=Basic+PH-Invalid+HHRE—Reset
SIGNAL RX_Abort; Reset_Actions(1); INC Aborted_

X(40a)

Else after Cycle

CLEAR Cycle_Error; INC Received_ct

RX(40b)

L
SET Cycle_Error;
CLEAR CSexp;
SIGNAL RX_Start;
INC Aborted_ct

Figure 14 — HRC receive state diagram (Part 1 of 2)
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HRC Receive Actions:

(1) Reset_Actions:

SET Cycle_Error;
CLEAR C_Flag, CSexp

(2) CC_Actions:

IFCirc2(R1S)
THEN SET C1rc=T
IFC2rc# (RIS)
THEN SETC2rc=T
IFClrcT &C2rc= T
THEN SET CCuvalid; CLEAR H_Flag
ELSE CLEAR CCuvalid; SET H_Flag

(3) |CS_Actions:

IF (CCrc = RR & CSrc = (nn)) | CSrc > 64
THEN IF CSrc = CSexp &
((CCrc=RR &0 < CSrc <64) | fvalid rank}
(CCrc = (RS | SS) & CSrc > 64)). {valid sequence}
THEN SET CSvalid
ELSE CLEAR CSvalid
SET CSexp = next(CSrc)
ELSE CLEAR CSrc, CSexp;CSvalid; SET H_Flag  {CSrcis illegal}

(4) |PT_Actions:

FOR EACH PT[WBC]:éymbol DO
SET PTrc[WBC}-< Output(TF(PH_Ind)[WBC]);
IF =PH_IndR 'S I T)
THEN)SET H_Flag

Figure 14 — HRC receive state diagram (Part 2 of 2)

8.4.1.2 State RX1: CHECK_CC

In this state:the Receiver scans the next symbol pair received on the PH_UNITDATA.indicatiop stream,
folloying the initial JK, for either a valid frame control field indicating a MAC frame or a valid cycle
contfolfield consisting of R and S symbols. The appropriate exit is taken according to the valug of this
symbol pair and the current mode of operation (frame or Cycle) as defined by the C_flag. The CC_valid
flag is set if CCrc is a combination of R and S symbols.

RX(10a) The HRC reset or PH_Invalid signals, a current Class of Basic, receipt of an Abort sequence
(JKTT) or receipt of two symbols which cannot be accepted either as a frame or a cycle control field, all
cause the state machine to return to the SCAN state. RX_Abort is signalled to indicate the absence of a
cycle and cycle error is flagged. Furthermore in frame Mode (C_flag reset) a control field that is neither a
valid MAC frame control field nor a valid cycle control field is not processed any further so the state
machine may be re-initialized back to SCAN. In hybrid mode, the Aborted_ct is incremented unless an
Abort sequence was received.

RX(10b) On receipt of a frame control field indicating a basic mode frame or MAC frame the occurrence
of the frame control field is signalled to cycle control via the RX_FC signal. If the frame control field
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MAC frame, then RX_MAC is signalled; if the FC field was that of a beacon frame then

RX_Beacon is signalled also. Then the Receive state machine returns to SCAN.
RX(11) On receipt of a valid start delimiter (JK) a transition back to state RX1 CHECK_CC occurs.

Cycle error

is flagged to indicate the pre-emptive termination of a cycle, and the Aborted_ct is

incremented.

IEC

RX(12) On receipt of a valid cycle control field indicating the arrival of a cycle, a transition to state RX2
CHECK_CS occurs. Furthermore in hybrid mode (C_flag set) a control field that is neither a MAC frame
control field nor a valid cycle control field is interpreted as a corrupted cycle control field which is passed

on to cycle
transition ta
may now p

8.4.1.3 State RX2: CHECK_CS

In this state
on the PH_|
CSvalue is
value of CS
RX(20) T
causes the
end of a cy
RX(21) O
error is flag
RX(23) If
byte CS. Th
the receive

template filfer state machine acts on the received.programming template.

control for further processing, therefore the possible error is ignored at this stage and a
state RX2 CHECK_CS is made. The RX_CC signal is sent to cycle control to indicatétha
ocess the received cycle control field.

the Receiver, in the absence of a JK start delimiter, interprets the next symbol pair receiv
UNITDATA.indication stream as the cycle sequence byte CS. The CSlvalid flag is set if th

received, CSexp, is derived from the received CC and CS fields.

he HRC reset signal or a change of Class to Basic or receipt of PH_INVALID.indication,
state machine to be re-initialized to the SCAN state, RX_Abort is signalled to indicate the
cle and cycle error is flagged, and the Aborted_ct is incremented.

n receipt of a start delimiter (JK) a transition back to state RX1 CHECK_CC occurs. Cyclg
ged to indicate the pre-emptive termination of a cycle, and the Aborted_ct is incremented.

the next received symbol pair is not a start delimiter it is interpreted as the cycle sequenc
e Receive process now signals RX_CS togycle control to indicate that it may now proceg
i cycle sequence field, and makes a transition to state RX3:CHECK_PT where the WBC

8.4.1.4 St

This is the pormal state of the Receivé:control process during the reception of the programming

template.

programmi
RX(30) T
causes the
end of a ¢y
RX(31)
transition is
emptive ter

Receipt of.a valid start delimiter (JK) is interpreted as a possible start of the next cycle. A

te RX3: CHECK_PT

uring this state, the WBC-template filter state machine is run for each WBC in the
g template.

he HRC reset signal'or a change of Class to Basic, or receipt of PH_INVALID.indication,
state machineto-be re-initialized to the SCAN state, RX_Abort is signalled to indicate the
cle and cyclé‘error is flagged, and the Aborted_ct is incremented.

therefore made back to state RX1 CHECK_CC. Cycle error is flagged to indicate the pre-
mination of a cycle, and the Aborted_ct is incremented.

1t it

ed
e

equal to the expected value and is consistent with the received CC-ield. The next expected

A%

RX(34) A

the ena or the F 1, providing the next recelved Symbol palr IS not a start aelimiter, a

transition is made to state RX4 CYCLE_BODY where the Receive state machine stays during the body

of the cycle

. If a header error has been detected (H_Flag set) the Header_Error_ct is incremented.

8.4.1.5 State RX4: CYCLE_BODY

This is the normal state of the Receive control process during the reception of the body of a cycle. The
incoming data is scanned for JK start delimiters which might indicate the start of the next cycle or frame.

RX(40a) T
causes the

he HRC reset signal or a change of Class to Basic, or receipt of PH_INVALID.indication,
state machine to be re-initialized to the SCAN state, RX_Abort is signalled to indicate the

end of a cycle and cycle error is flagged., and the Aborted_ct is incremented.

60


https://standardsiso.com/api/?name=a852ef2db5739a9716640acbfa7c8561

© ISO/IEC ISO/IEC 9314-5 : 1995 (E)

RX(40b) At the end of a cycle (96 CDGs) the cycle error flag is reset and the Receive state machine
goes to the RX0 SCAN state to wait for the start of the next cycle. The Received_ct is incremented for
the completed cycle.

RX(41) Receipt of a valid start delimiter (JK) is interpreted as a possible start of the next cycle, a
transition is therefore made back to state RX1 CHECK_CC. Cycle error is flagged to indicate the pre-
emptive termination of a cycle, and the Aborted_ct is incremented.

8.4.2 WBC template filter process state descriptions

This gubclause specifies the states and state transitions of the WBC template filter subprocess|as shown
in figure 15.

The major triggering event to each of the WBC template filter state machines is the receipt of the
corregponding element (symbol) of the programming template within a hybrid cycle-héader. Th
elemégnts of the received programming template identify the contents of the corresponding recejved
WBC to be either packet or isochronous data. Each cycle's programming template is copied into the
WBC|template filter, for use as input to the state machines. All symbols not‘recognized as R or (S are
translated to a T. In a non-monitor station the states of the WBC templatéfilter state machines are used
to gemerate the transmitted programming template in such a way that a’slave station always repeats the
receiyed programming template with any symbols not recognized as\R or S being translated to gither an
S or g T symbol. All stations monitor the received programming template and inform SMT of any error
condifions.

8.4.2|1 State TFO: TK_INITIALIZE

Wher] the WBC template filter process is initialized by the HRC_Reset signal it enters the
TK_INITIALIZE state. During normal hybrid operation this state is entered only as a result of an|error in
the relceived programming template.

TF(0Q) PT symbol error: receipt of an illegal symbol for this WBC in the programming template
indicdtes that the element corresponding to this WBC in the programming template has been corrupted.
Since| no positive indication about thé contents of this WBC has been received for this cycle the| state

machjne stays in the TK_INITIALIZE state, a T symbol being substituted in this field of the output
templpate.

TF(01) Enable Packet Mode: receipt of an R symbol for this WBC in the programming templdte
enablps it for operation jn‘Packet Mode. The R symbol is repeated in this field of the output template.

TF(02) Enable Isochronous Mode: receipt of an S symbol for this WBC in the programming template
enables it for operation in Isochronous Mode. The S symbol is repeated in this field of the outpyt
templpate.

8.4.2{2 State TF1: TK_OPERATE

Th. o3 fhn nr\rmo' oberatinactatn for A \WRE tnraniata filinr ctntn machina aarenanAnAin~ $~ A \A BC
IS l.a T opPTTatTg ottt C o vV v Dot rhpratC e ottt O G e CoOr o ponaimgto———v

operating on packet mode while R symbols are being received in the corresponding symbol of the
programming template.

TF(10a) PT symbol error: receipt of an illegal symbol for this WBC in the programming template
indicates that the element corresponding to this WBC in the programming template has been corrupted.
Since no positive indication about the contents of this WBC has been received for this cycle the state
machine enters the TK_INITIALIZE state, a T symbol being substituted in this field of the output
template.

TF(10b) HRC_Reset: receipt of a Reset signal causes the state machine to enter the TK_INITIALIZE
state.
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TF(11) Packet Mode: receipt of an R symbol for this WBC in the programming template maintains its
operation in Packet Mode. The R symbol is repeated in this field of the output template.

TF(12) Enable Isochronous Mode: receipt of an S symbol for this WBC in the programming template
enables it for operation in Isochronous Mode. The S symbol is repeated in this field of the output
template.

8.4.2.3 State TF2: ISO_OPERATE

This is the prormmat-operatmy-sta W emptate-filtter-state-machine€
operating if isochronous mode. In this state received data in the corresponding WBC is treated as
isochronous until either an R symbol is received in the corresponding symbol of the programming
template of HRC_Reset is issued.

TF(20) RC_Reset: receipt of a Reset signal causes the state machine to enter the TKVINITIALIZE
state.

TF(21) Hnable Packet Mode: receipt of an R symbol for this WBC in the programming template
enables it for operation in Packet Mode. The R symbol is repeated in this field of\the output template

TF(22) Isochronous Mode: receipt of any symbol except R, for this WBCinthe programming
template maintains its operation in Isochronous Mode. The S symbol is placed in this field of the outgut
template.

TFO:TK|INITIALIZE TF2:1SO_OPERATE
Input(S)
THO2) Outpui(S) .
- HRC_Reset TF(20
TE{;TK_OPERATE
ron——— R
o Input(R)
< OTii(a) TF(21
Input(—R)
[ OHpUHT) TF(22
3 —P>
< Input(—(R | S)) TF(10a Oulpui(S)
OUutput(T) out(S)
HRC_Reset TF(12) Oufput(S) —>
B = TF(10b
Input(R)
TE(TTE ]
< Output(R)

Figure 15 — WBC template filter state diagram

8.4.3 Cycle control
This subclause specifies the operation of the cycle control process as shown in figure 16. This is the

main controlling process within H-MUX and is responsible for maintaining the synchronization state of
the HRC entity.
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8.4.3.1 State CCO: BASIC (basic mode)

The BASIC state is the initial state of the cycle control state machine, it is also the only state allowed in a
BASIC class station. Cycle control being in this state results in basic FDDI operation, CXC routes frames

directly between P-MAC and PHY: cycles are not processed. In this state rank may be (re)negotiated
using SMT frames: any global reconfiguration may require a renegotiation of rank. Received data is
monitored for hybrid cycle headers.

CC(00a) MAC frame Received: Receipt of a basic mode MAC frame (Beacon, Claim or Purge) causes

are
Initid
CC(
all n

CC(
ring
acy
ent

stat¢ if Recovery_Required conditions are satisfied.

CC(p2)
ring [for valid cycle headers or MAC frames. If the Initialize flag4ds set then, on expiry of TNS (9
has plready expired when the Initialize flag is set), a transition to hybrid mode occurs. Since it

for

where the monitor contention procedure is initiated. A monitor in basic mode may also go into

ST

occy
fram
clain

CC(
state
toke
sinc

the fing into hybrid mode. The Scrub flag is set and TVS reset to T_Hold, on this transition so

clain
initig
8.4.
In th
synd

accq
data

rentryto-the BASICstaterThe maineffect of thisistoreset TNSandthuspreventastatio

llize flag set going into hybrid mode before ring initialization is complete.

DOb) Reset: The HRC_Reset signal causes the state machine to be initialized to the.BAS
onitor stations have their Class reset to slave.

D1) Cycle Received: A cycle header being received in the BASIC state implies that a stg

cle header therefore effects an immediate transition to hybrid mode. Initially both types of
r the SLAVE state to await the CS field. monitor stations can subsequently go to the STAI

Initialization_Required: In basic mode a monitor continues to scrutinize data receive

veral stations to make this transition simultaneously-the transition must be to the STAND

n with the

C state,

tion on the

is attempting to initiate a transition to hybrid mode. Any SLAVE or MONITOR class station receiving

station
NDBY

d from the
rif TNS

is possible
BY state
the

NDBY state by SMT signalling HRC_Start with the contend parameter set. This would nofmally

r on receipt of a token or if the token claim process was won by the station receiving its o
es. The Scrub flag is set and TVS is reset 1o0~T_Hold, on this transition so that old claim fr:
n frame fragments may be scrubbed from\the ring and do not interfere with hybrid initializg

D3) Initialize_master: A monitor in basic mode may be made to go directly into the RESY
p by SMT signalling HRC_Start with the master parameter set. This would normally occur
h claim process was won by the station receiving its own claim frames. This is a safe prog
b all the other stations are repeating claim frames at this time. This is the fastest way of in

h frames, or claim framle fragments may be scrubbed from the ring and do not interfere wi
lization.

B.2 State CC1:-SLAVE (hybrid mode)

e SLAVE-state a station synchronizes its transmit cycle timing to received cycles. The cyc
hronization, C1, and sequence, C2, fields of received cycles may either be reset or repea
rding¢to the synchronization status, however they may not be set. Both packet and isochr

vn claim
hmes, or
tion.

(NCH

f the
edure
tializing
that old
h hybrid

le
ted,
bNOUS

transfer can take place in this state however the quality of service may be degraded durir

g

synchronizafion.

While in this state Slave_Actions are carried out. These are primarily concerned with ensuring that
synchronized cycles are received sequentially, and recovering from error conditions when they are not.
Error recovery is based on the use of the TVS and TNS timers along with their associated flags.

TNS is used in conjunction with the Hold and Valid flags to control the latching of sequence numbers
and ensure that correct sequences are maintained. Whenever a new sequence number is latched which
is not equal to the next CSopr, TNS is reset to T_Hold, the Hold flag is set, and the Valid flag cleared: a
holding state is entered where CSopr latching is inhibited until TNS expires. On TNS expiry the ring
should be clear of stale cycles so the Hold flag is cleared and CSopr latching is re-enabled, TNS is reset
to T_Valid as a time-out for valid cycle reception and a waiting state is entered. If a valid CS value
(CSrc=next(CSopr)) is received the Valid flag is set to indicate that a valid sequence has been
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established and a valid sequence state entered. If a valid cycle is not received TNS expiry initiates
recovery action.

TVS is used in conjunction with the Scrub and Valid flags to assist in the scrubbing of stale monitor
ranks and Sequence numbers. Whenever a correct rank or sequence has been received the Scrub flag
is set and TVS is reset to T_Hold. The Scrub set, Valid reset condition effectively prevents incorrect
ranks and sequences being propagated through the station. Incorrect ranks are filtered by the Repeat
flag being reset, incorrect sequences are scrubbed as CS_actions sets C2opr to R for out of sequence
CS values. TVS expiry, due to perSIstent errors, results in the Scrub flag bemg cleared. At this pomt the
g of

ranks and $equences is enabled to allow the ring to be resynchronlzed by a monitor statlon TVS is
reset to T_prr as a time-out for valid cycle reception. If a cycle with a good rank or sequence number|is
not receiveld within this time-out then TVS expiry initiates recovery action.

CC(12) ecovery Required: A monitor station detecting a ring error condition which requires recovery
action entdrs the STANDBY state in an attempt to recover the ring. This is done through the monitor
contention |procedure. In general the error conditions which would'result in this transition are persistent
sequence ¢rrors, persistent non-arrival of cycles, or monitor contention.

Persistent sequence errors and non-arrival of cycles are gefierally indicated by timer expiry using the
procedureg described earlier in this clause.

The criterig for a recovery due to persistent sequencerrors are

a) TVS expiry with the Scrub flag clear and’a non zero CSopr. This indicates that no usable
ranks or sequence numbers have been received for at least T_err.

OR
b) Tlhe station is a monitor with the Initialize or Sustain flag set.
AND

The Hold flag is reset indicating that CSopr latching is enabled, the station has been in the slave
gtate for at least T.‘Valid, and the CSopr value is still 0 indicating that no latchable CS value
has been receivedin this time.

OR
c) Tlhe station’has a non zero CSopr: indicating that the station had previously latched a valug for
¢Sopr:.
AMD
TNS expires with the Hold flag clear: indicating that this sequence had not been maintained and

that although CSopr latching has been enabled for at least T_Valid the station has not
received any latchable ranks or sequence numbers in that time.

The criteria for a recovery due to monitor contention are
a) The station is a monitor
AND
b) The station receives a cycle with CCrc = RR and CSrc < Own rank
AND
c) The station's contend flag is set or CSrc=0

64


https://standardsiso.com/api/?name=a852ef2db5739a9716640acbfa7c8561

© ISO/IEC ISO/IEC 9314-5 : 1995 (E)

AND

d) The transition would not cause data disruption due to LAB switching or the normal Latch_Rank
conditions are satisfied or CSopr < 64 indicating that the previously latched CS value was a
rank.

The aim here is to allow stations to enter Standby on monitor contention, but to prevent stations from
entering the Standby state and disrupting the ring when receiving unsynchronized cycle headers caused
by bit errors on the ring.

nitors

bf service

Btx =
y cycle

CC(20a) Goto Basic: Receipt of a Beacon frame, or any basic mode MAC frame while the Scrlb flag is
clear| or a change of class to BASIC, or an HRC_Stop signal, all cause a transition to the BASIC state.

CC(20b) Reset: The HRC_Reset signal causes the state mag¢hine to be initialized to the BASIC state,
all variables and timers are also reset. TNS expiry with the Hold flag clear indicates that the ring could
not b initialized in hybrid mode. A transition back to basi¢c:mode is made to allow packet comnpunication
to coptinue.

CC(2]1) Backoff: A transition to the SLAVE state is triggered whenever a higher priority cycle header is
receiyed. These fall into two categories: a contention cycle containing a repeatable rank or a cycle
headgr with a repeatable sequence number,

The griteria for a repeatable rank in STANDBY are

a) a cycle with CCrc=RR and-0<CSrc<64

AND

b) Own Class is slave Qr)CSrc greater than Own rank
AND

¢) The Hold flag.is'reset indicating that the station has had the chance to fill the ring with its own
rank, or the-Scrub flag is reset indicating that the station is not currently scrubbing and the
currently-latched rank is null, or the normal Latch_Rank criteria are satisfied and the teceived
rank-is'not equal to the currently latched rank (this last condition removes large, no ofner,
ranks from the ring).

The griteria for a repeatable sequence in STANDBY are
La)acyclewith CCrcvalid-and-CSrc=64
AND
b) The Hold flag is reset indicating that the station has had the chance to fill the ring with its own
rank, or the Scrub flag is reset indicating that the station is not currently scrubbing and the

currently latched sequence is null, or CSrc is equal to the next expected sequence as
indicated by next(CSopr), or the normal Latch_Sequence criteria are satisfied.

In addition to the above criteria the Backoff transition is taken by a slave or zero rank station following
the scrubbing process. In this case it is not necessary to perform the entry actions for both the Standby
and the Slave states simultaneously.
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CC(23) Prevailed: A transition to the RESYNCH state occurs when a station wins the monitor
contention procedure.

The criteria for winning the monitor contention procedure are
a) the station has Class = monitor
AND

AN

d) The Hold flag is reset indicating that the station has been transmitting its rank forat least
_Hold therefore ensuring that a stations cycles have had a chance to propagate all the way
ound the ring.

A station datisfying these criteria may be sure that it has the highest rank on the.fing and is therefore
entitled to [pecome cycle master.

8.4.3.4 State CC3: RESYNCH (hybrid mode)

A monitor fenters the RESYNCH state if it believes it has the rightto-become cycle master, it follows
therefore that only one monitor should enter this state at any one.time. In this state the monitor attempts
to synchrgnize the rest of the ring and establish correct sequénce number operation. Packet and
isochronolis data transfer can take place in this state however the quality of service may be degraded as
the ring mpy not be fully synchronized.

While in tHis state Resync_Actions are executed: Cyclés are generated, with CCtx = RS and CStx =
next(CSrelq), and transmitted using local cycle timing, CSreq is incremented every 125us. On entry {o
this state CSopr is set equal to next(CSreq), which is the first sequence number transmitted in this state.
This defings a lower bound for the sequence.riumbers which are expected to be received after one
T_Hold time. Also on entry TNS is reset.to-T_Hold and the Hold flag is set, CSopr is left unchanged juntil
TNS expires and resets the Hold flag.'©nce the Hold flag is reset this station’s cycles have had time|to

propagate] all round the ring, at this{point CSopr may be incremented to next(CSopr) on cycle receipt. In
this way QSopr and CSreq form a-rhoving window for expected values of CSrc.

CC(30a) Goto Basic: Receiptof a Beacon frame, or any basic mode MAC frame while the Scrub flag is
clear, or r¢moval of MONITOR class status, or an HRC_Stop signal, all cause a transition to the BASIC
state.

CC(30b) Reset: ThetHRC_Reset signal causes the state machine to be initialized to the BASIC state.
TNS expiry withthe’Hold and M_flag flags clear indicates that this station is unable to synchronize the
ring, poss|bly<dué to multiple stations being in the RESYNCH state. A transition back to basic mode is
made to give other stations the chance to initialize the ring.

CC(32) Resolution: TNS expiry with the Hold flag clear indicates that this station is unable to
synchronize the ring, possibly due to multiple stations being in the RESYNCH state. The M_flag being
set indicates that this station reached the RESYNCH state from the MASTER state and therefore had
previously been able to synchronize the ring correctly. If the Maintain flag is set an attempt is made to
recover the ring in hybrid mode by taking a transition back to the STANDBY state, so as to allow monitor
contention to take place between all ranked monitors. This mechanism allows cycle master resolution
when two active rings are merged.

CC(34) Synchronized: On entering the RESYNCH state a monitor waits for T_Hold so as to ensure
that its cycles have had time to be repeated all round the ring. It then checks for received cycles with
CCrc = RS and a sequence number within the window between that contained in CSopr (initialized to
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the first it transmitted on transition to RESYNCH state) and the last transmitted CS. Receipt of two
consecutive correct cycles (required for CS_valid to be true) indicate that all the slave stations have
synchronized correctly. A transition to the MASTER state therefore occurs on receipt of the second
correct cycle header.

8.4.3.5 State CC4: MASTER (hybrid mode)

The MASTER state is the normal operational state of the cycle control process in a cycle master. Only
one monitor may enter this state at any one time. Both packet and isochronous data transfer can take
in this state. In the MASTER state the cycle master is free to change the programming t¢mplate
according to Isochronous and Packet bandwidth requirements. The programming template-shguld only

CSt{ = Sequence Number, and transmitted using local cycle timing. On entry to this state CSopr is
initialized to CSrc to establish the correct sequence for checking received sequence numbers,|also the
Scrup flag is set and TVS is reset to T_Hold as a time-out for the receipt of fully synchronized gycles
with [CC=SS. During normal operation CSopr is incremented (mod 192) forevery cycle header|received

CC(40a) Goto Basic: Receipt of a basic mode MAC frame, or remaval of MONITOR class status, or an

CC(40b) Reset: The HRC_Reset signal causes the state machine to be initialized to the BASIC state.

CC(43) Resynchronisation Required: Expiry of TVS withithe Scrub flag clear indicates that ring
synchronization has been disrupted in some way. The,cycle master goes back into the RESYNCH state
in orfler to attempt to recover synchronization. As atl.option, useful for large values of T_Err, r¢covery
procedures can also be initiated by detection of aeycle slip in received cycles. The criteria for this are
that fwo correct sequential cycles are received which do not match the expected sequence defined by
CSopr (i.e. CS_valid true but CSrc # next(GSopr)).

8.5 Cycle generation process

The complete cycle generationprocess is only required in monitor stations. It maintains controf over the
cyclé transmission process 1@ ensure that data transmitted onto the ring is consistent with the
syndhronization state of the-hybrid ring. To this end it generates the CC, CS and PT fields of the
trangmitted cycles based-on its current state and the control and header information received from cycle
acqyisition.

The lcycle generation process contains the monitor's WBC template generation state machine The
function of this‘state machine is to generate both the template used for sorting data at the morjitor and
the programming template transmitted onto the ring. The template fields are constructed by prpcessing
programriiing template information received from the WBC template filter in the cycle acquisitipn process
and WBC assignments received from SMT.

The cycle generation process also derives the 8 kHz timing used for transmitting cycles. Tn master mode
this timing may either be based on a local frequency reference or it may be synchronized to an external
8 kHz timing reference provided by the SM_HM_CYCLE_SYNC.request primitive. In slave mode this
timing information is always derived from the received cycles via the RX_Start signal.

The start of a cycle is indicated to the cycle exchange process by the TX_Start signal. Cycle exchange
uses this information to generate the HI_CYCLE_SYNC.indication primitive to the I-MAC at the start of
cycle data. Aborting of a cycle is indicated to the cycle exchange process by the TX_Abort signal. Cycle
exchange uses this information to generate HP_Invalid and HI_Invalid signals.
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A non-monitor station is not required to implement the LAB, 8 kHz timing, and template generation
processes. It is required to implement the cycle generation state machine, except for transitions CG(23b)
and CG(23c).

CCO0: BASIC CC1: SLAVE
Basic_Actions(13) Slave_Actions(14)
cc(o1) RX_CC & Class = Basic & —Scrub -

L Class = Basic | HRC_Stop | RX_MAC | (TNS expired & —Hold & CSopr = 0) cC10
RESETTVS = T_Hold; SET Scrub (10a)
HRC_Reset
Ra Reset_Actions(12) ccoby
dc0oa) X MAC CC2: STANDBY
| e Standby_Actions(15)
nitalization. Requred() Recovery_Required(2) cc(12)
nitialization_Require
qc2) RESET TVS = T_Hold; SET Scrub > ccel) Backoff(3) >
IEPRX_CS THEN

Class = Basic | HRC_Stop | SIGNAL CC_Backoff '
(RX_MAC & —Scrub) | RX_Beacon CC3: RESYNCH

RESET TVS = T _Hold: SET Sorub ~C202)] Resynch_Actions(16
Prevailed(4)
CC(23 -
1HRC_Fteset | (TNS expired & ﬁHoId)CC (20b) ) CLEAR M_flag
Reset_Actions(12) ) L
TNS expired & —Hold & M_flag & Maintain
- CC(32)
Class & Monitor & HRC_Start(Master)
ces) RESET TVS = T_Hold SET Scrub >
Class # Monitor/| HRC_Stop | (RX_MAC & —Scrub) | RX_Beacon
<+ RESET TVS = T_Hold; SET Scrub CC(302)
HRE Reset | (TNS expired & —Hold & —(M_flag & Maintain))
< Reset_Actions(12) CC(30b)
4c(oob) HRC_Reset CC4: MASTER
Master_Actions(17)
f Reset_Actions(12) L
< QYHUTITONIZEU(O) CC(34)
Class # Monitor |
HRC_Stop | RX_MAC
<'FTE§ET'TVS_T_FI_IH—S'ETTF= ~Hold: T CC(40a)
CC(43) Resynch_Required(6) -
HRC_Reset
< Reset_Actions(12) CC(4Ob)|

Figure 16 — HRC cycle control state diagram (Part 1 of 5)
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Conditions:

(1) Initialization_Required:

Class = monitor &
((Initialize & TNS expired) | {no cycles or MAC frames on ring}
(HRC_Start(Contend)) {SMT request for hybrid mode contention}

(2) Recovery_Required:

TVS expired & —Scrub & CSopr > 0) |

—Hold &

(CSopr = 0 & Class = monitor & (Initialize | Sustain)) |

CSopr > 0 & TNS expired))) | {persistent cycle sequence errors}
RX_CS & RX.CCrc = RR & RX.CSrc < Rank & Class = monitor &
Contend | RX.CSrc = 0) & 7

LAB not engaged in Standby | LAB remains engaged on Backoff |
| atch_Rank | CSopr < 64)) {monitor contention}

(3) Backoff:

(-Scrub & (Class = slave | (Rank = 0 & —(Initialize | Sustain}))) |
{backoff after scrubbing if unranked}
{optional — potential immediate return to slave can be deferred|}
(RX_CS & RX.CCrc = RR & RX.CSrc < 64 &
RX.CSrc > Rank | (Class = slave & 0 < RX.CSrc& Rank)) &
—Hold | (=Scrub & CSopr = 0) | (Latch_Rank & RX.CSrc # CSopr))) |
{backoff to repeatable rank]
(RX_CS & RX.CCvalid & RX.CSrc > 64 &
—Hold | (=Scrub & CSopr =0) |
—M_flag & (RX.CSrc = next(CSopr) 1 (RX.C2rc = S & (CSopr < 64 | —Scrub | Valid))))))
{backoff to repeatable sequence number}
{optional — can substitute Latch_Sequence fo
(RX.C2rc =S & (CSopr < 64 | =Scrub | Valid)

-

—

(4) Rrevailed:
lass = monitor & RX_CS & RX.CSvalid & RX.CSrc = Rank & —Hold

(&)

®)

ynchronized:

q
CGlass ==monitor &

RX_CS & RX.CCrc = RS & —RX.Cycle_Error & RX.CSvalid & —Hold &
({CSopr < RX.CSrc < CSreq) |

(CSreq < CSopr < RX.CSrc) |

(RX.CSrc < CSreq < CSopr))

(6) Resynch_Required:

Class = monitor &
((TVS expired & —Scrub) { | {persistent cycle sequence errors}
(Class = monitor & RX_CS & RX.CSvalid & RX.CSrc # next(CSopr)))} {cycle slip}
{optional — can ignore if T_Err is small}

Figure 16 — HRC cycle control state diagram (Part 2 of 5)
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(7) Repeat_Sequence:

RX_CS & RX.CCvalid &
(RX.CSrc =264 |

(RX.
(RX.
(RX.

(8) Latc

RX_(
(RX.(

(9) Latc

RX_(
(RX.(

Actions:

(10)
In all

(11)
In all
V

(12)

RES
CLE/
IF Ci

(13)

V

CCrc=RR &

CSrc > Rank | (0 < RX.CSrc < Rank & —Contend)) &

CSrc > CSopr | —=Scrub | Valid { | =RX.CSvalid | —Repeat } )))
{ =RX.CSvalid | =Repeat is optional }

© ISO/IEC

h_Sequence:

0S & RX.CSvalid & RX.CSrc > 64 &
DSrc = next(CSopr) | CSopr < 64 | =Scrub | Valid)

h_Rank:

0S & RX.CSvalid & RX.CSrc < 64 & RX.CSrc # Rank &
CSrc > CSopr | —=Scrub | Valid)

TVS_ Actions:

states,

/HEN TVS expired & Scrub

THEN RESET TVS = T_Err; {T_Err > C_Err +-2-cycles}
CLEAR Scrub

TNS_Actions:

states,
/HEN TNS expired & Hold
THEN IF State = slave & CSopr > 64
THEN RESET'TNS = T_Valid {T_Valid > C_Max + C_Err + 2 cycles}
ELSE RESET TNS = T_Recov
{T_Recov > max(any other T_Valid or (T_Hold + T_Err)) +C_Err + 2 cycles}
CLEAR Hold

Reset_Actions:

T TVS = T-Valid;

AR Scrub;

nss.=./monitor

HEN SET Class = slave

Basic_Actions:

ON entry DO
SET CCopr = RR;
CLEAR CSopr;
RESET TNS = T_Valid;
CLEAR Hold, Valid, M_flag
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Figure 16 — HRC cycle control state diagram (Part 3 of 5)
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(14)

Slave_Actions:

ON entry DO
CLEAR CSopr, Repeat;
RESET TNS = T_Valid;
CLEAR Valid, M_flag;
SET Hold
FOR EACH RX_CC DO {Process each received CC field}

CC_Actions
FOR EACH RX_CS DO {Process each received CS field}

CS_Actions;
IF —Repeat_Sequence
THEN CLEAR Repeat;
SET CSopr = next(CSopr) {advance CSopr}
ELSE SET Repeat;
IF —(CSopr =0 | Latch_Sequence | Latch_Rank)
THEN SET CSopr = next(CSopr) {advance CSopr}
ELSE {may latch this sequence but must not repeat-if it returns}
IF —(Latch_Sequence | Latch_Rank)
THEN SET CSopr = next(CSopr) {advahce CSopr}
ELSE {must latch this CSopr}
IF RX.CSrc # next(CSopr)
THEN {start new sequence}
RESET TNS =1 _Hold; {T_Hold >C_Max}
CLEAR Valid;
SET Hold
ELSE {continue old sequence}
IF wHold
THEN IF CSopr > 64
THEN RESET TNS = T_Valid
SET Valid
SET CSopr = RX.CSrc; {latch CSopr}

RESET TVS = T_Hold;
SET-Scrub {prevent repeating of bad rank or sequence}

(15) Standby_Actions:

ON entry DO
RESET-TNS = T_Hold;

SETHold
FOR'EACH RX_CC DO {Process each received CC field}

CC_Actions

FOR EACH RX_CS DO {Process each received CS field}

CS_Actions;

CLEAR Repeat;
SET CSopr = next(CSopr) {advance CSopr}

Figure 16 — HRC cycle control state diagram (Part 4 of 5)
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(16) Resynch_Actions:

ON entry DO
SET CSopr = next(CSreq);
RESET TNS = T_Hold;
CLEAR Valid;
SET Hold

FOR EACH RX_CC DO {Process each received CC field}
CC_Actions

© ISO/IEC

FOR HEACH RX_CS DO {Process each received CS field}

CS

Actions;

CUEAR Repeat;
IF |-Hold {advance CSopr after C_Max}

THEN SET CSopr = next(CSopr)

17) I’\-fI‘aster_Actions:
ONe

ry DO

SHT next(CSopr) = RX.CSrc;

REBSET TVS = T_Hold;
SHT Scrub;
{ QLEAR Hold, Valid } {already clear at this point}
FOR BACH RX_CC DO {Process each received CC field}
C({_Actions
FOR BACH RX_CS DO {Process each received CS field}
C3Y_Actions;

IF RX.CSrc = next(CSopr)

SH

(18) G

FOR E
IF

THEN SET Repeat;
IF CCopr =SS
THEN RESET TVS = T_Err;
CLEAR Scrub;
SET M_flag
ELSE CLEAR Repeat
T CSopr = next(CSopr).fadvance CSopr}

C_Actions:

ACH RX_CE'DO {Process each received CC field}
Circ = S & ~Cycle_Error
THEN-SET CCopr = SR
ELSE'SET CCopr = RR;
IFC1rc=S

(19)

L THENNC-Sync—Ewoiet
—E ot

CS_Actions:

FOR EACH RX_CS DO {Process each received CS field}

IF

72

Latch_Sequence
THEN SET C20pr=S
ELSE IF C2rc = S & —RX.H_flag
THEN INC Seq_Error_ct

Figure 16 — HRC cycle control state diagram (Part 5 of 5)
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8.5.1 Cycle generation process state descriptions

This subclause specifies the states and state transitions of the cycle generation state machine as shown
in figure 17.

8.5.1.1 State CGO: IDLE

When the cycle generation process is initialized by the HRC_Reset signal it enters the IDLE state. In this
state received data is discarded and replaced by ldle symbols. This state is used to scrub cycles and
fragnents of cycles in basic mode, and to remove any partially concatenated frame on entry{g|basic
modsg.

CG(00) On receipt of either a RX_Abort signal or an HRC_Reset, the cycle generation state machine
resets itself while in the CGO IDLE state.

CG(02) On change of cycle control state from BASIC, the cycle generation state-machine initjates the
transmission of hybrid mode preamble by making a transition to the CG2 PREAMBLE state.

CG(03) Receipt of the RX_Start signal causes the cycle generation staté.machine to process|and
repeat a starting delimiter sequence by making a transition to the CG3.-HEADER state.

8.5.1.2 State CG1: REPEAT

The gycle generation process enters the REPEAT state to repeat MAC PDUs in basic mode. In this state
the cycle exchange process passes HP_UNITDATA.request primitives from P-MAC directly to PHY. |-
MAC]|data is ignored and no cycles are processed.

CG(1l0) On receipt of either a RX_Abort signal or an"HRC_Reset, the cycle generation state rpachine
aborts the repeating of basic mode data by makinga transition to the CGO IDLE state.

CG(12) On change of cycle control state from BASIC, the cycle generation state machine initlates the
transmission of hybrid mode preamble by making a transition to the CG2 PREAMBLE state.

CG(13) On receipt of the RX_Start signal from the Receive state machine the cycle generatign state
mact{ine enters the CG3 HEADER state and commences transmission of a hybrid cycle beginrjing with
the start delimiter JK.

8.5.1.3 State CG2: PREAMBLE

In thig state the cycle-géneration state machine forces cycle exchange to send
PH_UWNITDATA.request(l) primitives to the local PHY entity. Under normal circumstances this rgsults in
prearble being transmitted. During normal hybrid operation the cycle generation state maching would
stay in this state‘for between four and six symbol periods between cycles; however, during errg
conditions shert or long preambles may be transmitted.

CG(20)" “The HRC reset signal causes the state machine to be initialized to the IDLE state; all
aSSOWWW&WLMEUM' i i i i ol state

changes to Basic.

CG(23a) On receipt of the RX_Start signal from the Receive state machine the cycle generation state
machine in a normally operating slave mode station enters the CG3 HEADER state and commences
transmission of a hybrid cycle beginning with the start delimiter JK. The latency adjustment buffer is
normally not engaged when this transition occurs.

—

CG(23b) In master mode, and in slave mode when generating multiple cycles (or with the LAB
engaged) the cycle generation state machine waits in the CG2 PREAMBLE state until a nominal 5 Idle
symbols have been transmitted and the Cycle_Request signal from the Timing Generator has been
received, indicating that a new cycle should be started. It then enters the CG3 HEADER state and
commences transmission of a hybrid cycle beginning with the start delimiter JK. Any phase deviation
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between the symbol clock and the Cycle request signal, due to clock tolerance, is compensated for by
occasional transmission of either 4 or 6 symbols of preamble. In a byte wide implementation the cycle
generate state machine would normally alternate between 4 and 6 idle symbols. The latency adjustment
buffer must be engaged when this transition occurs in master mode, and it may be engaged when this
transition occurs in slave mode.

CG(23c) In slave mode the cycle generation state machine normally waits in the PREAMBLE state until
an RX_Start is detected (CG(23a)). However, in the absence of an RX_Start, if the Sustain flag is set
and the last cycle received was correctly synchronized (C1opr_S) or when it is necessary to generate
an initial cycteimrthe-Standbycyctecontrot-state; then;once Max—tdte-symbotshavebee
transmittef, the monitor attempts to maintain synchronization of downstream stations by entering;th
CG2 HEAD ER state and generating its own cycles.

W

8.5.1.4 State CG3: HEADER

This is the state of the cycle generator during the transmission of the cycle header..On entry to this state
the cycle generation state machine checks that an RX_Start has been received {or-is queued in the
LAB) indidating that a starting delimiter has been received and a receive data-stream is available from
cycle acquisition. The starting delimiter may be followed by a cycle headerca MAC PDU (frame or tgken)
or stale dgta that needs to be scrubbed. If a new cycle is not received then'the Generate flag is set to
indicate that transmitted cycles must be generated locally. Any loss of cycles, due either to non recelipt

or preemptive termination of cycles is indicated in the new cycle header by setting CCtx to RR. In bgsic

mode, thig state prepares for a transition to hybrid mode if the received starting delimiter is followed by a
cycle headler.

In hybrid mhode, the cycle generation state machine initiatesdransmission of a cycle by signalling
TX_Start fo cycle exchange. It then produces the CC and'CS fields as a function of the CC state, the
current CQopr and CSopr values, and the state of the’Generate and Repeat flags. Once these fieldg
have been sent to cycle exchange for transmission-they are followed by the elements of the
programming template field produced by the WBE'template generation state machine.

In basic mode the State machine either repeats the received data or removes it from the ring (scrubing).

CG(30a) |n basic mode, anything other-than a valid frame control byte causes the state machine to
return to tine IDLE state, all associated\variables and timers are also reset. The cycle generator also
returns to the IDLE state if RX_Abort'or RX_CC (indicating a cycle header to be scrubbed) is received
while the ¢ycle control state is BASIC. The transmitted JK is followed by a TT symbol pair to indicatg to
the downstream station that the-transmission is being aborted.

CG(31)

CG(30b) After the CCield has been transmitted, the HRC reset signal causes the state machine to|be
re-initializg¢d to the(IDLE state, all associated variables and timers are also reset. The cycle generatd
also returns to the IDLE state if the cycle control state machine returns to the BASIC state. This can
indicate thiat basic mode frames are being received. The partial cycle header is aborted by transmitting a
JKTT symbol'sequence to indicate to the downstream station that the transmission is being aborted] If
this transition occurs before the cycle sequence field has been transmitted, H-MUX shall insert sufficient
Idle symbols to ensure that at least four symbols have been transmitted following the previous JK,
before transmitting the Abort sequence (JKTT). Returning to the IDLE state ensures that an arriving
frame will not be concatenated with the aborted cycle.

=

CG(32) Receipt of the RX_Abort signal from the Receive state machine in hybrid mode indicates that
the receiver has encountered a cycle abort condition in the received data stream. If a slave mode station
does not engage its LAB it must abort cycle transmission and return to the PREAMBLE state. The partial
cycle header is aborted by transmitting a JKTT symbol sequence to indicate to the downstream station
that the transmission is being aborted. f this transition occurs before the cycle sequence field has been
transmitted, H-MUX shall insert sufficient Idle symbols to ensure that at least four symbols have been
transmitted following the previous JK, before transmitting the Abort sequence (JKTT).
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CG(33) Receipt of the CC_Backoff signal from the cycle control state machine indicates tha
station has yielded in the monitor contention procedure. Since the station is now a slave it mu

resynchronize to the received cycle, which caused the backoff, and restart cycle transmission.

a slave station yields to a received cycle indicated by an RX_Start.
In a Standby station with the LAB engaged, the RX_Start is normally not presented directly to

ISO/IEC 9314-5 : 1995 (E)

t this
st
Similarly

the cycle

generate state machine but is enqueued in the LAB. If cycles are received normally then this RX_Start is
normally taken out of the LAB immediately prior to transmission of a cycle so there is no need
however if short cycles are recelved then the statron may need to yield to an RX_ Start taken f

to yield,
rom the

a slave

Les
CG(34) Once the cycle header has been transmitted the cycle generator goes-torthe CG4 BODY state
to transmit the body of the cycle
8.5.1.4 State CG4: BODY
Thig is the normal state of the cycle generation state machine during.the transmission of the data part of
a cycle. If the LAB is not engaged, then data is simply passed from the received cycle to the gycle
exchange process, with some filtering being performed to prevént propagation of invalid data.|If the LAB
is emgaged, the cycle generation state machine is responsible’for managing the output of the | AB to
enstire that the correct data is always available to the cycle exchange process.
Valifl isochronous data is available in WBCs with a carrent template state of ISO_OPERATE, jand in the
IMClwhen the Generate flag is clear. This data is taken either directly from the received cycle| or from
the LAB when engaged, and passed to cycle exchange. If the current template state is ISO_INITIALIZE
or the Generate flag is set in the IMC, Idle symbol pairs are output.
Valifl packet data is available in WBCs with-a current template state of TK_OPERATE, and in|the DPG
wheln the Generate flag is clear. This-data is taken either directly from the received cycle, or from the
LAH when engaged, and passed td_cycle exchange. If the current template state is TK_INITIALIZE or
the Generate flag is set in the DPG, packet data may be taken from the packet channel in the|LAB (if
available), or LI or LL symbol-pairs are output.
CG(4 , all
ass(@ciated variables and timers are also reset. The cycle generator also returns to the IDLE state if the
cycle e partial
cycle is aborted by transmitting a JKTT symbol sequence to indicate to the downstream statiop that the
tran not be
cong¢atenated with the aborted cycle
CG(4 i¢ates that
the feceiver has encountered a cycle abort condltlon |n the received data stream. If a slave mpde station
does - The partial

transmission is being aborted.

cycle is aborted by transmitting a JKTT symbol sequence to |nd|cate to the downstream station that the

CG(42b) Once the body of the cycle has been transmitted the cycle generator returns to the CG2

PREAMBLE state to transmit the next preambile.

CG(43) Receipt of the CC_Backoff signal from the cycle control state machine indicates that this
station has yielded in the monitor contention procedure. Since the station is now a slave it must

resynchronize to the received cycle, which caused the backoff, and restart cycle transmission.

a slave station yields to a received cycle indicated by an RX_Start.

Similarly
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In a Standby station with the LAB engaged, the RX_Start is normally not presented directly to the cycle
generate state machine but is enqueued in the LAB. If cycles are received normally then this RX_Start is
normally taken out of the LAB immediately prior to transmission of a cycle so there is no need to yield,
however if short cycles are received then the station may need to yield to an RX_Start taken from the
LAB. Similarly when a station is in Standby and its LAB is not engaged it behaves as if it were a slave

and yields to an RX_Start so that data is not lost.
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Idle_A¢tions(T)

Figure 17 — HRC

CGO: IDLE CG2: PREAMBLE
Output(idies)
G(02) CC.State # Basic -
CC.State = Basic | HRC_Reset CG(20]
CG1: REPEAT
Repeat_Actions(2)
RX_Abort | HRC_Reset CG(10)
CG3: HEADER i
Ca(t?) CC.State # Basic >
Header_Actions(3) SIGNAL TX_Abort;
SET C_Flag
RX_Start calin)
RX_Start
G(03) 1 Before COtx & RX-FC &
Before CCtx & CG(31) CC.State =-Basic -
(RX_CC | RX_Abort) &
CC.State = Basic ca(3oa)|
Output(TT) < RX\Start & CC.State = (Slave | Standby) cG(23a)|
After'4 symbols & Cycle_Request & Class = Monitor &
(After CCtx & (CC.State = (Resynch | Master) |
CC.State = Basic) | - (Generate & CC.State = (Slave | Standby))) ~ 23l
HRC_Reset | h
Output(JKTT) CG(30p) _
Else after PA_Max & Class = Monitor & (CC.State = Standby [
< (CC.State = Slave & Sustain & C1opr = S)) CG(230)
RX_Abort & (CC.State = Standby |
(RX<Start & CG(32) (CC.State = Slave & ~Sustain)) >
CC.State=\(Slave | Standby)) Output(JKTT); SIGNAL TX_Abort; SET C_Flag
(AfterCStx & CC_B&\C(I:(%ff%3
| =) CGd: BODY
SIGNAL TX Abori ™| Body_Actions(4)
Else after Header RX_Abort &
HRC_Reset | CGB34) > (CC.State = Standby | _
) RX_Abort (RX_Start & ((;%((;42?;6 = Slave & ~Sustain)
< CC.State = (Slave | Standby)) Output(JKTT);
CC_Backoff SIGNAL TX_Abort
S SIGNAL TX_Abort CC(+)
Else after Cycle
- CC.State = Basic | HRC_Reset CG(40) CG(42b) R
Output(JKTT)

cycle generate state diagram (Part 1 of 4)
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Actions:

(1) Idle_Actions:

ON entry DO
SIGNAL TX_Abort; CLEAR C_Flag

REPEAT
Output(l)

(2) Repeat_Actions:

ON entry DO
IF C_Flag
THEN SIGNAL TX_Abort; CLEAR C_Flag

FOR EACH Input(symbol) DO
Output(Input(symbol))

Figure 17 — HRC cycle generate state diagram (Part 2 of 4)

On yielding the cycle generation state machine re-enters the CG3 Header state and commence
transinission of the new cycle, beginning with the starting delimitér.

8.5.2|Cycle timing control

This gubclause specifies the behaviour of that part ofithé cycle generator responsible for derivir
kHz timing used by monitors for transmitting cycles.in master mode (RESYNCH and MASTER
and in Generate mode (STANDBY, and late cyclés in SLAVE state).

In gemeral there are three possible references which could be used for the generation of local 8
cycle timing: a local oscillator, the SM_HM_CYCLE_SYNC.request primitive from SMT and the
cyclejtiming as supplied by the RX_Start-signal. The reference used depends on the mode of o
and ayvailability.

For sfations operating in slave mede the local 8 kHz timing produced by timing control must be
lockefl to the phase of incoming’cycles. In monitors the phase of the derived timing must be sug

1995 (E)

gthe 8
states),

kHz
received
beration

phase
h that in

the eyent of a cycle error dueto a late cycle the monitor may switch to Generate mode and conpmence

transmission of generatéd Cycles with the minimum possible disruption to ring synchronization i
downptream stations!

In a cjycle master<and in Generate mode timing control locks the phase of its local 8 kHz timing
extermal reference if this is supplied by the SM_HM_CYCLE_SYNC.request primitive, provision

signa| by SMT - being optional. The actual (locked) phase difference between the input reference
specitieddy SM_HM_CYCLE_SYNC. request and the phase of transmitted cycles is not specif

perlod of time until recovery of the external reference has been effected In the absence of the
SM_HM_CYCLE_SYNC.request primitive, or during periods of the signal being lost for some re
timing control uses its own local oscillator to generate 8 kHz timing. Timing control shall have the
capability to tolerate both the absence of the SM_HM_CYCLE_SYNC.request primitive, and the receipt
of this primitive following a period of absence, without any phase jumps in the cycles transmitted on the
ring.

ason,

Notwithstanding the above, certain applications may have a genuine requirement for ensuring a fixed
predetermined phase between the SM_HM_CYCLE_SYNC.request primitive and transmitted cycles. In
such cases provision for ensuring this fixed phase shall be provided. When such stations become cycle

master phase jumps will occur in cycles transmitted on the ring following resynchronisation.
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(3) Header_Actions:

ON entry DO
IF (LAB not engaged & RX_Start) | {Cycle received}
(LAB engaged & RX_Start queued) {Cycle available in LAB}
THEN CLEAR Generate
ELSE SET Generate; INC Generate_ct
SIGNAL Tx_Start; Output(JK)

Before CCtx DO

© ISO/IEC

IfF ~C_Flag
THEN SIGNAL TX_Abort;
SET C_Flag
F Generate | (LAB engaged & previous cycle was aborted or lost in LAB)
THEN SET CCtx = RR  {no cycle received or cycle fragment skipped over.in
the LAB due to it being preempted by a new cycle} .
ELSE CASE CC.State OF
SLAVE:
SET CCtx = CC.CCopr
STANDBY:
SET CCitx = RR
RESYNCH:
SET CCtx = RS
MASTER:
IF CC.Repeat
THEN SET CCtx = SS
ELSE SET CCtx = SR

Befofe CStx DO
JASE CC.State OF
SLAVE:
IF Generate | -CC.Repeat
THEN SET CStx =0
ELSE SET CStx.=RX.CSrc
STANDBY:
IF Class = Monitor
THEN SET-CStx = Rank
ELSESET CStx=0
RESYNCH; MASTER:
SET.CStx = CSreq
IF C2tx =S
THEN SET CSreq = next(CStx)
ELSE SET CSreq = next(CSreq)

FOREACHPTIXIWBCIDO
IF Generate
THEN SET PTtx{WBC] = Output(TG[WBC](T))
ELSE IF TG implemented
THEN SET PTtx[WBC] = Output(TG[WBC](PTrc))
ELSE SET PTtx{WBC] = Output(TF[WBC](PTrc))

FOR EACH RX_Abort(current cycle) DO {current receive cycle aborted}
SET Generate

Figure 17 — HRC cycle generate state diagram (Part 3 of 4)
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(4) Body_Actions:

FOR the IMC symbol pair DO
IF Generate
THEN Output(ll)
ELSE IF LAB engaged
THEN Output(Read(LAB IMC symbols))
ELSE Output(Input(IMCsymbols))

FOR EACH DPG symbol pair DO
[FTAB engaged

THEN IF Generate
THEN Output(Li or LL or Read(LAB Packet Channel symbols))
{ may optionally output filter symbols or packet data if available in LAB }
ELSE Output(Read(LAB Packet Channel symbols))

ELSE IF Generate
THEN Output(L! or LL)
ELSE Output(Input(DPG symbols))

FOR EACH WBC symbol pair DO
CASE (IF TG implemented THEN TG.State[WBC] ELSE TFk.State[WBC]) OF
TK_INITIALIZE:
IF LAB engaged
THEN Output(LI or LL or Read(LAB Packet Channel symbols))
{ may optionally output filter symbols or packet data if available in LAB }
ELSE Output(LI or LL)
TK_OPERATE:
IF LAB engaged
THEN Output(Read(LAB Packet Channel symbols))
ELSE Output(Input(WBC-symbols))
ISO_INITIALIZE:
Output(ll)
ISO_OPERATE:
IF LAB engaged
THEN Output(Read(LAB Isochronous WBC symbols))
ELSE Output(Input(WBC symbols))

FOR EACH RX_Abort (current cycle) DO {current receive cycle aborted}
SET Generate

Figure 17 — HRC cycle generate state diagram (Part 4 of 4)

8.5.3 WBC template generation

This subclause specifies the states of the WBC template generation state machine as shown in figure
18.

The major triggering event to each of the WBC template generation state machines is the receipt (from
the WBC template filter state machine) of the corresponding element (symbol) of the programming
template within a hybrid cycle header. The elements of this programming template identify the contents
of the corresponding transmitted WBCs to be either packet or isochronous data. In a cycle master the
WBC template generation state machines must also accept input from SMT, via the
SM_HM_WBC.request primitive. This allows SMT to assign the programming template for use by the
cycle master. The integrity of WBCs within transmitted cycles must be maintained, so although the
SM_HM_WBC.request primitive may be asynchronous to cycles on the ring, any resulting events, which
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affect transmission of data, may only occur on a cycle boundary. Consequently SMT events may only be
acted on at the start of each cycle as indicated to the state machine by the TX_Start primitive.

The states of the WBC state machines are used both in the generation of the transmitted programming
template and in processing data from the LAB. In both cases the mapping between the WBC state and
the appropriate action also depends on whether a station is operating in cycle master or slave mode. In
general the cycle master transmits the programming template as programmed by SMT, whereas a slave
normally repeats the received template. In order to maintain consistency of behaviour between slave
only stations (which do not have a WBC template generation state machine) and monitor stations
operating in slave mode, the states of the WBC template generation state machines in a slave must
follow exact]y the states of the WBC template filter state machine.

Whenever the Generate flag is set there is no valid data in the LAB. Consequently there is no valid-data
to be output|to CXC. While this condition persists the packet channel is initialized to LI symbol pairs, gnd
the Isochroous WBCs are initialized to |l symbol pairs. The TG state machines perform an.inimediatg
transition to[the appropriate Initialize states when the Generate flag is set.

8.5.3.1 State TGO: TK_INITIALIZE

When the WBC template generation process is initialized by the HRC_Resetsignhal it enters the
TK_INITIALJZE state if Asg[WBC] is reset. During normal hybrid operation this’state is entered when
Asg[WBC] i$ reset at the beginning of a transmitted cycle, as a result of a error in the received
programmirlg template of a repeated cycle, or as a result of loss of the,€ycle causing Generate to
become tru¢. While in this state LI symbol pairs are forced on the KAB output for the corresponding
WBC output to CXC (unless a slave station has data to repeat).

TG(00a) PT symbol error in slave: receipt of a T symbol for this WBC from the WBC template filter
indicates that the symbol corresponding to this WBC in thé-programming template has been corrupted.
Since no positive indication about the contents of this WBC has been received for this cycle the state
machine stdys in the TK_INITIALIZE state. A T symbot is transmitted in this field of the output

programmirjg template. The received contents ofithe WBC are discarded and filter bytes (LI or LL) arg
output to the P-MAC.

TG(00b) Incorrect PT symbol or Generatinig; receipt of a non R symbol for a WBC in this state by a
station operating in master mode, or with its LAB engaged in slave mode, indicates that the value for this
WBC transrhitted by the originating stafion (e.g. as a master) has not been propagated correctly roun
the ring. This can be due to the symbol corresponding to this WBC in the programming template being
corrupted, dr due to the latency ©f the ring with old values being received following a PT change, or it
can be due to monitor contentioh. When the Generate flag is set a valid cycle has not been received. In
either case ho valid data has-been received for this WBC so the state machine stays in the
TK_INITIALIZE state, taindicate that the received contents of the WBC are discarded. Since the statipn
has its LAB|engaged-itican initialize the packet channel, so an R symbol is transmitted for this WBC in
the programiming template. Either the filtered contents of the packet channel are read from the LAB, qr
filter bytes (LI or KL) are output to the P-MAC

TG(01) E R symbol for this WBC in the programming template
enables it for full operation in Packet Mode. The R symbol is repeated in this field of the output
programming template.

TG(02) ISO-Assign: receipt of a Reset signal causes the Template Generate state machines to be re-
initialized according to the WBC ASGI[n] assignment flags programmed by SMT. Also in a master station
the ASG flags are checked immediately prior to transmission of the next cycle and if the current mode of
operation of a TG state machine does not correspond to the state of its associated ASG flag then the
state machine is re-initialized according ASG assignment flag. When the ASG flag corresponding to the
WBC is ISO.request then the WBC is re-initialized to the ISO_INITIALIZE state.

TG(03) Enable Isochronous Mode in slave: receipt of an S symbol for this WBC by a slave station
enables it for operation in Isochronous Mode. The S symbol is repeated in this field of the output

Sl
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programming template. This transition also occurs in the Standby state, to allow arbitration when
multiple different monitors have different templates during monitor contention, i.e. isochronous takes
precedence over packet during monitor contention.

8.5.3.2 State TG1: TK_OPERATE

This is the normal operating state for a WBC template generation state machine corresponding to a
WBC operating on packet mode. While in this state data is read out normally from the corresponding
WBC output of the LAB during the cycle

TG(1pa) HRC_Reset: receipt of a Reset signal causes the template generation state machines to be

re-inifialized according to the WBC ASG[n] assignment flags programmed by SMT. When the ASG flag
corresponding to the WBC is TK.request then the WBC is re-initialized to the TK_INITIALIZE state. The
Generate condition also causes this transition.

TG(10b) PT symbol error in slave: receipt of a T symbol for this WBC from the WBC template filter
indicgtes that the symbol corresponding to this WBC in the programming template has been cofrupted.
Sincg no positive indication about the contents of this WBC has been receivéd for this cycle the state
machjne stays in the TK_INITIALIZE state. A T symbol is transmitted in his field of the output
programming template. The received contents of the WBC are discarded and filter bytes (LI or ILL) are

TG(10c) Incorrect PT symbol: receipt of a non R symbol for aWBC in this state by a station operating

itted by the originating station (e.g. as a master) has:not been propagated correctly round the
ring. This can be due to the symbol corresponding to thissWBC in the programming template being
corrupted, or it can be due to monitor contention. Nowalid data has been received for this WBC|so the
state machine enters the TK_INITIALIZE state, to indicate that the received contents of the WBC are
discafded. Since the station has its LAB engaged’it can initialize the packet channel, so an R symbol is
itted for this WBC in the programming-template. Either the filtered contents of the packet{channel
are rgad from the LAB, or filter bytes (LI or L) are output to the P-MAC

TG(11) Packet Mode: receipt of an-R:symbol for this WBC maintains full operation in Packet Mode.
The R symbol is repeated in this field-of the output programming template.

TG(12) ISO-Assign: receipt of @'Reset signal causes the Template Generate state machines fo be re-
initialized according to the WBC ASG[n] assignment flags programmed by SMT. Also in a master station
the ABG flags are checkedimmediately prior to transmission of the next cycle, if the current mode of
opergtion of a TG state machine does not correspond to the state of its associated ASG flag then the
state machine is re-initialized according ASG assignment flag. When the ASG flag corresponding to the
WBClis ISO.requestthen the WBC is re-initialized to the ISO_INITIALIZE state.

TG(13) Enable Isochronous Mode in slave: receipt of an S symbol for this WBC by a slave station
enables it for-operation in Isochronous Mode. The S symbol is repeated in this field of the outpyt
programming template. This transition also occurs in the Standby state, to allow arbitration when
multigleZdifferent monitors have different templates during monitor contention, i.e. isochronous fakes
precedence over packet during monitor contention.

8.5.3.3 State TG2: ISO_INITIALIZE

When the WBC template generation process is initialized by the HRC_Reset signal it enters the
ISO_INITIALIZE state if Asg[WBC] is set. During normal hybrid operation this state is entered when
Asg[WBC] is set at the beginning of a transmitted cycle, or as a result of an error in the received
programming template in a repeated cycle. While in this state Il symbol pairs are forced on the LAB
output for the corresponding WBC output to CXC.

TG(20a) TK-Assign: receipt of a Reset signal causes the Template Generate state machines to be re-
initialized according to the WBC ASGIn] assignment flags programmed by SMT. Also in a master station

81


https://standardsiso.com/api/?name=a852ef2db5739a9716640acbfa7c8561

ISO/IEC 9314-5 : 1995 (E) © ISO/IEC

the ASG flags are checked immediately prior to transmission of the next cycle, if the current mode of
operation of a TG state machine does not correspond to the state of its associated ASG flag then the
state machine is re-initialized according ASG assignment flag. When the ASG flag corresponding to the
WBC is TK.request then the WBC is re-initialized to the TK_INITIALIZE state.

TG(20b) PT symbol error in slave: receipt of a T symbol for this WBC from the WBC template filter
indicates that the WBC template filter state machine is in the TK_INITIALIZE state. Since in a slave the
WBC Generate state machine must track the WBC template filter state machine, the TK_INITIALIZE
state is entered. A T symbol is transmitted in this field of the output programming template. The contents

TG(21) [Enable Packet Mode in slave: receipt of an R symbol for this WBC by a slave station, enaples
it for operation in Packet Mode. The R symbol is repeated in this field of the output programming
template.

TG(22) |[Incorrect PT symbol or Generating: receipt of a non S symbol for a WBC.in‘this state by a
station oprating in master mode indicates that the value for this WBC transmitted-by the station (ag a
master) h@is not been propagated correctly round the ring. This can be due to-the element corresponding
to this WBC in the programming template being corrupted, or (much more fikely) due to the latency pf
the ring wjth old values being received following a PT change, or it can be due to monitor contentior).
When the|Generate flag is set a valid cycle has not been received. In either case no valid data has lbeen
received for this WBC so the state machine remains in the ISO_INITIALIZE state, to indicate that fil{er
symbols rmust be supplied to the I-MAC. An S symbol must be transmitted for this WBC in the
programming template to initialize or recover the WBC.

TG(23) [Isochronous Mode: receipt of an S symbol for thisSWBC enables full operation in Isochronpus
Mode. The S symbol is repeated in this field of the outputprogramming template.

8.5.3.4 State TG3: ISO_OPERATE

This is the normal operating state for a WBC-template generation state machine corresponding to a
WBC operating on isochronous mode. While'in this state data is read out normally from the
corresporlding WBC output of the LAB during the cycle.

TG(30a) [TK-Assign: receipt of a Reset signal causes the WBC template generation state machineg to
be re-initialized according to the WBC ASG[n] assignment flags programmed by SMT. Also in a magter
station the ASG flags are checked immediately prior to transmission of the next cycle, if the current
mode of gperation of a TG.state machine does not correspond to the state of its associated ASG flajg
then the state machine isyre-initialized according ASG assignment flag. When the ASG flag

correspor|ding to the WBC is TK.request then the WBC is re-initialized to the TK_INITIALIZE state.

TG(30b) |PT symbol error in slave: receipt of a T symbol for this WBC from the WBC template filter
indicates that the\WBC template filter state machine is in the TK_INITIALIZE state. Since in a slave [the
WBC Generate ‘state machlne must track the WBC template filter state machlne the TK_ INITIALIZEE

of the WBC can in fact be |sochronous data that is in use by some other statlon Therefore itis repeated
unmodified.

TG(31) Enable Packet Mode in slave: receipt of an R symbol for this WBC by a slave station, enables
it for operation in Packet Mode. The R symbol is repeated in this field of the output programming
template.

TG(32a) HRC_Reset: receipt of a Reset signal causes the WBC template generation state machines to
be re-initialized according to the WBC ASGIn] assignment flags programmed by SMT. When the ASG
flag corresponding to the WBC is ISO.request then the WBC is re-initialized to the ISO_INITIALIZE
state. The Generate condition also causes this transition.
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TG(32b) Incorrect PT symbol: receipt of a non S symbol for a WBC in this state by a station operating
in master mode indicates that the value for this WBC transmitted by the station (as a master) has not
been propagated correctly round the ring. This can be due to the element corresponding to this WBC in
the programming template being corrupted, or it can be due to monitor contention. No valid data has

been recelved for this WBC so the state machine enters the ISO_INITIALIZE state, to indicate that filter
symbols must be supplied to the I-MAC. An S symbol must be transmitted for this WBC in the

prnnmmmmn h:mnlnh: to initialize or recover the WBC.

Yy &l IKRT W HAT Vi i TVU VU LA R =4

TG(33) Isochronous Mode: receipt of an S symbol for this WBC maintains full operation in

I Aol Tlo. Q | PPN BH dlota fialal £dla 'y s H ry [y
SO(J MUTIUUS WVIVUG. TT1C O oylTivuUlN 1o ToOpTalCU TiT Ullo HTIU UT T UULpuUt proygirarinimnyg toirpialc

TGO:TK_INITIALIZE TG2: ISO_INITIALIZE

(HRC_Reset | (Tx_Start & CC.State = (Resynch | Master))) & Asg = ISO.réquest

TG(02) -

(HRC_Reset | (Tx_Start & CC.State = (Resynch | Master))) & Asg = TK'request

TG(20a)

CC.State = Slave & Input(T) & ~Generate
Output(T)

- TG(20b)
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Input(R) & ~Generate

\
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Output(R) TG(13)

-
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|

Output(R)

TG(33)
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CC.State = (Slave | Standby) & Input(S) & ~Generate> Output(S)

Output(S)

Else Input(~S)
(HRC_Reset | (Tx_Start & CC.State = (Resynch | Master))) & ————T1G(22)
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Input(S) & ~Generate
1
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TG(30a) Output(S)
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- Output(T)
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Figure 18 — WBC template generation state diagram

83


https://standardsiso.com/api/?name=a852ef2db5739a9716640acbfa7c8561

ISO/IEC 9314-5 : 1995 (E)

© ISO/

8.6 Cycle exchange process

The cycle exchange process contains the cycle merge and cycle distribute functions.

The cycle distribute sub-process of cycle exchange distributes the data from the input (repeated or
generated) cycle to the P-MAC and the I-MAC. Data in the cyclic data groups (CDGs) is sent to the P-
MAC and the I-MAC according to the programming template information in the input cycle header. In a

monitor the

input cycle comes from cycle generation, whereas in a non-monitor it comes directly from

cycle acquisition.

The cycle n
WBCs with
the open S
the PH_UN

Depending
distribute a
delay with t

should be Kept to a minimum as it adds to the total ring latency.

In addition
primitive wh
hybrid mod
the 8 kHz ti

synchronized to the TX_Start primitive received from cycle generation, while in a slave

HI_CYCLE
the time int
received cy
Provision o

8.6.1 Cycle distribute processing

This subclause specifies the processing requited on the data in the cycle by the cycle distribute proce

Cycle dist

FOR t
IF

FOR t
IF

FOR

erge sub-process merges the unchanged data fro INpUt cy
the new data from the P-MAC and the I-MAC according to the programming template@nd

\P list. The resulting data stream forms complete cycles, which are transmitted to PHY wi
ITDATA.request primitive.

on the implementation, it can be necessary to insert a small delay between the'cycle
nd cycle merge sub-processes, as shown in figure 13, to match the internabGXC repeat
he delay between data indication and data request in the P-MAC and |-MAC. This delay

o the above functions cycle exchange also generates the HI_CYCLE_SYNC.indication
ich passes 8 kHz timing information to I-MAC. During normal synchronized operation in
5 timing control sends HI_CYCLE_SYNC.indicate to I-MAC at125 s intervals as defined
ming used for transmission of hybrid cycles. In a monitorithe HI_CYCLE_SYNC.indication

| SYNC.indication is synchronized to the RX_Start primitive. During hybrid synchronization

brvals between the start of cycle transmission may,vary due to resynchronisation to a

cle: this will be reflected in the periodicity of the'HI_CYCLE_SYNC.indicate primitive.
this primitive in basic mode is optional.

ribute data actions:

ne IMC DO
Open[IMC]

THEN HI_UNITDATA.indication (input(symbol))
ELSE HI_INVALID.indication

ne DPG DO
Open[PSAP]
THEN-HP_UNITDATA.indication (input(symbol))

FACH'WBC DO

IEC

by
is

$SS.

C/
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SE OF PTix[WBC]
R, T: HI_INVALID.indication;
IF Open[PSAP]
THEN HP_UNITDATA.indication (input(symbol))
IF Open[ISAP[WBC]]
THEN HI_UNITDATA.indication (input(symbol))
ELSE HI_INVALID.indication
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FOR EACH TX_Abort DO

HP_INVALID.indication;
HI_INVALID.indication

8.6.2 Cycle merge processing

This subclause specifies the processing required on the data in the cycle by the cycle merge process.

Cycle merge data actions:

FOR EACH TX_Start DO
PH_UNITDATA.request (input(symbol))

FOR the IMC DO

IF Open[IMC]
THEN PH_UNITDATA.request (HI_UNITDATA.request)
ELSE PH_UNITDATA.request (input(symbol))

~FOR the DPG DO

IF Open[PSAP]
THEN PH_UNITDATA.request (HP_UNITDATA.request)
ELSE PH_UNITDATA.request (input(symbol))

FOR EACH WBC DO
CASE OF PTtx[WBC]
R, T: IF Open[PSAP]
THEN PH_UNITDATA.request (HP_UNITDATA.request)
ELSE PH_UNITDATA.request(input(symbol))
S: IF Open[ISAP[WBC]]
THEN PH_UNITDATA. request (HI_UNITDATA.request)
ELSE PH_UNITDATA request (input(symbol))

FOR EACH end of cycle or TX_Abort DO
PH_UNITDATA.request (input(symbol))

ISO/IEC 9314-5 : 1995 (E)
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nctions

-switch multiplexer (CS-MUX) provides circuits as a service, and depending-on the
N, supports some or all of the following functions:

iitiplex circuits from different external sources.
itch incoming circuits to associated transmission channels within-a WBC.
-multiplex circuits from the associated channels within the WBCs to the external sinks.

pvide circuit synchronization.
FMUX implementations

-switch multiplexer may be embodied within;a station for the purpose of transporting inter
isochronous signals across the FDDI-1I network to another station. Basic rate ISDN voice
nunications originating at the station would be an example. Alternatively, the circuit-switch

32 (@ 2 048 kbps) or the Bell System T1 (1 544 kbps) standards. In this case, the trunk g
brm part of a larger public network for example, or through the use of distributed Drop and
tiplexers and a local Time-Sfot Interchange (TSI), may be a small "isochronous-LAN" in itg

in 5.2.3, the 6,144 Mbps wideband channel rate is a suitable common denominator for
ultiplexing of bath.the 2 048 kbps CCITT and the 1 544 kbps Bell Standards. In the

32 case, exactly-3 x 2 048 kbps lines or sources may be transparently multiplexed into a
ps WBC, with 'no stripping or modification of synchronization or signalling information being
. In the F1'case, exactly 4 x 1 544 kbps lines or sources may be multiplexed into a WBC |
he 1-bit-per TDM-frame that is used for frame synchronization. Once the framing bit is
eArue T1 information rate of 1 536 kbps is suitable for multiplexing into a FDDI-Il WBC.

nally
and

r tie

own

<o

Yy

imary

Rate ISDN channels or 48 x 144 kbps Basic Rate ISDN channels (2B + D) may be multiplexed into a
WBC. In the latter case, the 2B channels would be multiplexed as 128 kbps isochronous channels via
the I-MAC, while the D channel packets would be multiplexed into the common FDDI packet channel via
the P-MAC.

A.1.3 Implementation examples

A.2 to A.4 present three techniques by which circuit-switch multiplexers may interleave information into
the byte-stream defined by a transmission channel. These techniques are provided as examples only
and are not intended to imply any form of standardisation. The three techniques considered are

86


https://standardsiso.com/api/?name=a852ef2db5739a9716640acbfa7c8561

© ISO/IEC ISO/IEC 9314-5 : 1995 (E)

a) Byte interleaved burst mode
b) Bit interleaved burst mode
c) Bitinterleaved continuous mode

A.5 then provides an example implementation of a circuit bridge between a 2 048 kbps G.703/G.732
multiplexed line and a corresponding FDDI-II transmission channel. Again, this example is informative
only, and is not intended to imply a standard implementation.

A.6 briefly describes how an FDDI-Il to 1 544 kbps T1 Bridge would differ from the G.703/G.732 Bridge
outlined in A.5.

A.2 CS-MUX example 1: Byte interleave burst mode

Datq is transmitted and received byte-wide to and from the CS-MUX at the rate it js\bperated gt the H-
MUX, 12,5 Mbps. No Parallel to Serial and Serial to Parallel conversion and clocking adjustment
(buffering) is required. Figure A.1 illustrates this architecture where the average Circuit data rate is 0,768
Mbyte/s (6,144 Mbps).

Circuits

0,768 Mbyte byte 0,768 Mbyte xmit recy xmit recv
parallel tdm data paralleltdm  cycle cycle multi-cycle multi-cycle

data enab data sync sync sync sync

T | multi-cycle
Interleave — syne
Timing g
cycle sync
offset
I-req 12,5 Mhz i-ind cycle sync cycle seq
(byte) byteclock  (byte)
I-MAC Channels

Figure A.1 — Example of a byte interleave burst mode CS-MUX

A.3 CS-MUX example 2: Bit interleave burst mode

Datq is transmitted and received bit-wide to and from the CS-MUX at the instantaneous rate it|is
operatecrat-the H-MH612,5Mbps—Paraltet-to-seriat-and-seria-to-paraliet-conversionis-hreeded,
however no buffering is used. Figure A.2 illustrates this architecture where the average Circuit data rate
is 6,144 Mbps.

A.4 CS-MUX example 3: Bit interleave continuous mode
Data is transmitted and received bit-wide to and from the CS-MUX at the rate of 6,144 Mbps. Parallel to

Serial and Serial to Parallel conversion and Clocking Adjustment are needed. Figure A.3 illustrates this
architecture, where the average Circuit data rate is 6,144 Mbps.
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