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Foreword

ISO (the International Organization for Standardization) and IEC (the

International Electrotechnical Commission) form the specialized system
for worldwide standardization. National bodies that are members of ISO
or IEC participate in the development of International Standards through

the technical committees established by the respective organization to
deal with nnrhm ilar fields of mutual interest. QOther mfprnahnnal

UTQ vviu IVUIQRT 1TSS Wi el TS

© ISO/IEC

organization gove
and IEC, alsp take part in the work

In the field of information technology, 1SO and |EC have established a

HI UIC 11ITiv Vi v -mu-. i VIV Yy ' Ly - QVET TIWGw v &

joint technical committee ISO/IEC JTC 1. Draft International Standards
adopted by the joint technical committee are circulated to national bodies

Atinm aa an lntarnatinnal Qiandard raniiiraa annraval hy

for VOtiﬁg. Piiblication as an International Standard fequires approvai oy

at least 75%|of the national bodies casting a vote.

International| Standard ISO/IEC 9314-5 was prepared by Joint Technical
Committee IBO/IEC JTC 1, Information technology, Subcommittee SC
25, Interconpection of information technology equipment.

ISO/IEC 9314 consists of the following parts, under the generalftitle
Information fechnology — Fibre Distributed Data Interface (FDPI):

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

Part 5
Hybri

1 Scop

This part
operation
frame stru
(MAC), ph

The HRC
MAC) pro
and recei
transmiss
synchroni
part of 1S(
protocol.

The HRC
6,144 Mbj
transmiss

Stations ¢

d Ring Control (HRC)

o
pf ISO/IEC 9314 specifies a hybrid ring control (HRC) protocol which provides a nf

cture, called a cycle. HRC is designed to operate With the existing media access
ysical layer (PHY), and physical medium dependent (PMD) layers of the FDDI pr

is composed of the hybrid multiplexer (H-MWX) and the isochronous media acces
jocols. The H-MUX integrates packet and,isochronous data into cycles which it tra
es from the medium using the services of the physical layer. The I-MAC provides|
on channels for the transfer of user.isochronous data streams. The format, clocki
zation of cycles, and the operation‘and interfaces of the H-MUX and I-MAC are de

is designed to support yarious transmission rates, from 100 Mbps upwards, in inc
ps. All transmission rate dependent parameters defined in this part of ISO/IEC 931
on rate of 100 Mbps:

(P-MAC)
Multiplex

r
conﬁgura{on

FDDI-II ne

pomposed of FDDI'and HRC entities are referred to as FDDI-II stations. The FDDI
nd the HRC.components, and their architectural relationship to LLC and a circuit
(CS-MUX)-are illustrated in figure 1. This figure does not imply an implementatig

ode of

in which both packet switched and isochronous dataare transmitted within the same special

control
btocol.

s control (l-
nsmits onto
separate

ng and
fined by this

D/IEC 9314. These interfaces include the interface to the FDDI station management (SMT)

rements of
4 assume a

packet MAC
switching
n

same net

tworks consist of FDDI-II stations. Interoperability between FDDI and FDDI-II sta

ons on the

The set of FDDI standards, ISO/IEC 9314, specifies the interfaces, functions, and operations necessary
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

2 Norm

that does not violate interoperability.

ative 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,).

AN AN fom £ i ekl mnm b ~ Nigtrilg d

ISO/IEC 9314-7:----1, Information technology — Fibre Distribu
Physical LaVET‘Pruwcw-z (PHYS=2):

ISO/IEC 9;14—8 ----1» Information technology — Fibre Distributed Data Interface (FDDI)— Part 8:

Media Accgss Control-2 (MAC-2).

ntn Intarfana /NN Dnart 7

»)

ISO 8802-2{1994, Information technology — Telecommunications and informationexchange petween
systems —|Local and metropolitan area networks — Specific requirements — Rart 2: Logical|link
control.

basic mdde: An FDDI-II network operating in basic mode supports FDDI token ring operatjon only,
that id, only the packet switching service is provided<The data unit transmitted on the mjedium
in bagic mode is the FDDI frame.

channel:|The term ‘channel’ is a synonym for ‘transmission channel’.

circuit: A circuit is a bidirectional communications capability provided over a continuous
isochfonous channel(s) between two or piore CS-MUX level entities.

circuit syitching: Circuit switching is the service that provides and manages a set of circyits.

circuit switching multiplexer (CS-MUX): A CS-MUX multiplexes and demultiplexes circuits onto
transinission channels for transmission.

connectipn: A connection is.a’ concatenation of circuits and other functional units set up tq provide
for th¢ transfer of signalStbetween two or more points in a telecommunications network

cycle: THe cycle is the HRC frame. It has a duration of 125 ps and nominally carries 3 120
symbpls at 100, Mbps.

cycle control figld: The cycle control field is a two symbol field in the cycle header. One symbol is
for sypchronization control while the other is for sequence control. These are used to indicate
whethef.or not cycle synchronization and sequence, respectively, are being maintained. Each

f th £ialal [l | N 4+l ] otor
(o) C HTIUS Thiady Uy VT oTL Uy T LyLIT TTAotTl.

cycle header: The cycle header begins with the preamble, which establishes the boundary of the
125 us cycle. The remainder of the cycle header provides synchronization 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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Logical |

Switching Link
Multiplexer(s) Control
(CS-MUX) (LLC)
T T l t
FDDI Isoch Media A * >
sochronous edia Access
Components MAC (I-MAC) | te] Control (MAC) ® —

Hybrid Ring Control
(HRC) (optional)

Data Hybrid Multiplexer (H-MUX) -]

Link

Laygr A Station
—_—r —— o — e ——— — Management
Phygical (SMT) @
Laygr

Physical Layer Protocol (PHY) @ <

1

Physical Layer-MediumDependent |
(PMD) ®

v

® 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 cydle sequence: Cycle sequence is a scheme for indicating whether or not the corrgct order 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

sequence values 1-63 are used to indicate monitor ranking, and values 64-255 afe used for

PV TRPaNaYallaYal
\JVHM\JI LA~ R} lv-

3.12 cycle structure: The cycle structure defines the format of the cycle. The cycle is comprised 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 SW|tch|ng service. The bandwidth is

dynaniically allocated for packet data or lsochronous use.

3.20 hybrid muiltiplexer (H-MUX): The hybrid multiplexer is the component that directs the datalflow
between the packet and isochronous media access control sublayer and the physical Lgyer.

3.21 hybrid packet-MAC service access point (HP-SAP): The HP-SAP is the access point of the H-
MUX. |t is used by the P-MAC to access the packet data channel. One HR-SAP exists ajnd
makeq available a variable data rate between 0,768 Mbps and 99,072 Mbps, dependen{ on the
partitigning of WBCs between circuit switching and packet switching.

3.22 hybrid ring control: Hybrid ring control is the protocol that exists in-an FDDI-II station to prpvide
integrgted packet and isochronous switching. It consists of the hybrid multiplexer and th¢
isochrpnous media access control.

3.23 hybrid sefvice access point (H-SAP): H-SAPs are the sewvice access points of the H-MUX. They
are diyided into one HP-SAP and up to 16 HI-SAPs;

3.24 isochrongqus: The term ‘isochronous’ indicates the.essential characteristic of a time-scale gr a
signal such that the time intervals between consecutive significant instants either have the
same gduration or durations that are integralmultiples of the shortest duration.

3.25 isochrongus MAC service access point-(I-SAP): |-SAPs are the access points of the I-MAC.
They gre used by the CS-MUX to ae€ess isochronous transmission channels. One and ¢nly
one ispchronous MAC service access point is associated with a transmission channel. Bach |-
SAP may be open or closed by SMT.

3.26 isochrongus 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 LAPD: LAPD is the link aecess procedure for the ISDN D-channel as defined by CCITT.

3.28 latency adjustment. buffer (LAB): The LAB is a component that is required at the cycle mgster to
insure[that the.ring isochronous channel latency is a multiple of 125 ps.

3.29 media ac¢ess.control (MAC): The MAC is the data link sublayer responsible for scheduling and
routeirigdata transmissions on a shared medium local area network (e.q. 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 non-monitor station: A non-monitor station is a station which does not satisfy the criteria for a

onitor station. In aeneral a non-monitar station does not-hava tha canabilibcaof b coming the
g RHostatoR-Goes-HotHhave-the-capabhity-o+eeC g

Lycle master.

3.36 octet: An octet is a data unit composed of eight ordered bits and is transmittediia-FDDI-II as a pair
pf data symbols.

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

3.38 packet switching: The service that transfers packetized data. It\is provided in FDDI gnd FDDI-II
y the FDDI packet media access control entity (P-MAC):

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

3.40 protocol data unit (PDU): The unit of data transfetbétween communicating peer layér entities. It
an contain control information, address information, and/or data (e.g., an SDU frgm a higher
lpyer entity). The FDDI MAC PDUs are tokens and frames.

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

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

3.43 receive: This is the. action of a station which accepts a token, frame or other symbol sequence
om the incoming medium.

U

3.44 ringf A closedloop consisting of one or more stations connected by a physical mediufn wherein
ipformation is passed sequentially between active stations, each station in turn examining or
opying 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 layer or
sublayer entity; management services are provided to a management entity.

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
maximum bandwidth and-guaranteed a maximum access time.

3.53 token: Ar
token
zero g

e
by

explicit indication of the right to transmit on a shared medium. On a token ring, tf
circulates sequentially through the stations in the ring. At any time, it may be held
r one station. MAC uses two classes of tokens: restricted and nonrestricted:

3.54 transmission channel: A transmission channel is a portion of a wideband channel-It is usged to

transfer isochronous data. Transmission channels may be of different sizes:~The ISDN basic
rate channel, of 64 kbps, is one of the transmission channels supportedby this part of IBO/IEC
9314.

This is the action of a station which generates a token, frame, Cycle, or other symbol

nce and places it on the outgoing medium.

1 channel (WBC): The WBC is a single unit of bandwidth in the HRC that is assig
isochronous or packet data use. WBCs may be subidivided into transmission char

3.55 transmit;
seque

3.56 widebanq
either

ned to
nels.

4 Conventions and abbreviations

4.1 Conventions

fer
bf MAC

The terms SMT
specifically to t
data services, ¢

[, PHY, HRC, I-MAC, P-MAC,"CS-MUX, and LLC, when used without modifiers, rg
ne local entities. The term LLC unless otherwise qualified refers to any local user
pther than SMT. This includes ISO 8802-2.

Low lines (e.g.
functions, etc.,
appear in text.

The use of peri
is used as an

The following

-

I
&

requested_service_‘class) are used as a convenience to mark the name of signalg
that might otherwise be misinterpreted as independent individual words if they we

od (e.g. MACUNITDATA.request) is equivalent to the use of low lines except that

}d to distinguish modifier words appended to an antecedent expression.

logice

mbols are used in state diagrams and associated notes with the meanings indicg
not function

re to

h period

ted

logical or function
logical and function.

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

FDDI 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 aceess control

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

LLC logicaltinK control sublayer

IMC isoehronous 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 public switched networks. This cycle is
partitioned into four parts: the preamble, the cycle header, the dedicated packet group, and the
wideband channel cyclic groups, its structure is illustrated in figure 2.

order of transmission e
rPreambIe Cycle Header (12 bytes)
rowO [peaf | 1L Cylic Group 0, | L1 . L L]
ow 1 L Cyclic Group 1 | ... [ RO o B
ow2 | Ll U O Cyelic Growp2 . |....L....L..] L. L |
w8 fbrel s | s |s|s|sls|s(s|=s|s|2|3|5¢2|2 |2
. alaladlalalalalalala|g|[s(3 |58 |F
. o) @ o) @ @ @ o) @ @ @ o | oo oclo | &
° (o o o o o o O o (o o o o ® [0 Q Q
9 Q Q Q Y Q Y Q Y Y 3 3 3 3 3> =]
alalaldl|alaldalald|al|afe|e]a|a|2]| 9%
owtsfppg] o [ o || el el |l 9|2 |RYR2 |92 |8 |rows
> > > > > = > = > | T D ® o o o o
L Y Y L o ) Y ) [ [ =] =1 = =] =] =
. 3131313331333 [2V31lz 13133 |3
: a|la|alalaflalal|lala|&[2|(® | |2([& (%
ol=|nvlol|lsrs]laolo|~v|lofo |32 IR ]lalr]a
..... | ll;lll R
Do g esic gropes
|< 16 octets >I
Figure 2— HRC cycle structure
The data octets|of the cycle are divided into a dedicated packet group (DPG) and 16 wideband channels
(WBCs). The DIPG dedicates 0,768'Mbps of the bandwidth to the FDDI P-MAC. The FDDI MAC ig

referred to gengrically 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 can pe dynamically allocated to either isochronous or packet data use. When assigned to
packet data use, WBCs are combined with the DPG to create the Packet Data Channel. Isochronpus
WBCs can be spibdivided into individual transmission channels. Each data octet of a transmission
channel provid . i

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

= QLANCVCLC Y oAl LR NUL QAL QU T ITT.

Each WBC allocated for isochronous use can be subdivided into lower speed transmission channels by
the isochronous media access control (I-MAC) component of the HRC. FDDI-Il has been designed to
allow separate allocator stations for isochronous WBCs, with different allocation policies permitted to
coexist ol the same ring.

The hybrigd mode of operation is initiated and controlled by the cycle master. The cyclemaster is
responsible for generating cycles onto the ring. Stations capable of assuming the cycle master role are
known as monitor stations. All other stations on the hybrid ring are referred to asion-monitor stations.
The cycle|master is chosen from a set of ranked monitor stations before hybrid mode initialization, or
during recpvery after the 125 ps cycle synchronization has been lost or after-0ut of sequence cycles
have beer} detected. monitor station rankings are used to dynamically select a new cycle master during
the monitqr contention procedure.

5.1 Traffic types

There aretwo types of traffic on an FDDI-II network in hybriddmode: Circuit-Switched (isochfonous) and
Packet-Syitched. These types are depicted in figure 3. Gircuit-Switched traffic is switched between the
H-MUX and the I-MAC. Packet-Switched traffic is switched between the H-MUX and the FDDI MAC,
referred tq here as the packet MAC (P-MAC) for generality. Packet-Switched traffic medium|access is
governed py the P-MAC, which permits two types:ef'access: synchronous and asynchronous.
Synchrongus access uses a pre-assigned portion of the packet data bandwidth. Asynchrongus access
uses the remaining packet data bandwidth ofithe reception of an early token. There are twq types of
tokens: restricted and non-restricted. Packet data access is specified in ISO/IEC 9314-2.

Circuit-Switched Packet-Switched

Isochronous 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)
b)
c)
d)

5.2.3 Channel sizes

A channel exists between I-MAC service access points (I-SAPs).

A channel is a part or all of a WBC.

A channel is contiguous within a WBC.

A channel has position within a WBC which is the subject of boundary constraints.
A channel has one of a set of sizes.

There gre-twe-types-of coherenee-class-appheableto-a-chamrel—mMmM—————————————
A channmel has a security label.

A channpel has an owner.

A channel can be de-allocated based upon the allocator's reclamation criteria.

Channel allocaftions are permitted in multiples of 64 kbps up to a maximum.of 6,144 Mbps (one WBC).
The channel is|specified by its position within the WBC, the WBC number;-and the size of the channel
and is byte aligned within the WBC. 8 kbps channels are also supported on bit boundaries, 16 kijps
channels on eVen bit boundaries, and 32 kbps channels on quartet (nibble) boundaries. The follqwing

list gives examples of channel sizes that are supported by the FDDI-Il allocation scheme.

Bits / Cycle Channel rate (kbps)
1 8
2 16
4 32
8 64
48 384
192 1.536
1+192 1544
240 1 920
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)
b)

10

Class 1: coherence is not required across channels.
Class 2: coherence is required across channels relative to the cycle.
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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 connection is a concatenation of circuits, circuit switches and other functional units to transfer symbols

between ftwoormoreend-pointsimatetecommunicationsnetwork:
5.3 Bandwidth management
Bandwidth management is an SMT function. The description in this subclause is.merely informative. A
hierarchy of procedures for Bandwidth Management is envisioned,as shownin figure 4. These
procedures include WBC management and transmission channel management.
e N
\ System :
L WBC Policy Setting | Management
]
e b e _Procedlres |
TTTTTTTTTTT Tttt TINT T T ' F- WBC
\ : Managemeént
' r Template Control | Cycle \
\
' Master :
' Isoch-WBC Assignment | )
: Procedures \
............................ - [ — /
| L AR N
[ Individual WBC Management | Channel :
: Allocator(s) '
\
\
N Transmission Channel Control | Procedures :
\
Lemmme e m\a/e o | ------------------------ ' 5- Transmissipn
R N ‘ _______________________ Channel
: Transmission : Managemegnt
: I Transmission Channel Call Control I Channel :
: = User(s) \
— .
: Transmission Channel Use I 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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5.3.1.1 System management procedure
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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 upper li

mit 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 two cycle master procedures concerned with WBC Management:

a) Templat
the cyclg

discussi

Isochror
releases
assignm
interacti

b)

5.3.2 Transmi

The procedures
transmission ch

5.3.2.1 Channel allocator procedures

There are two C

a) Individus
bandwid
b) Transmi
supervis|
5.3.2.2 Transr
a) Transmi
supervis|
b) Transmi
across a

ient is made to the Channel Allocator for its use and control. This procedure requi

ission channel management

th rates that are available to requesting user stations.

B Control: This IS the cycle master SMT procedure that instructs the H-MUXTo ¢ch
> header programming template, based on the WBC policy in force. See 5.4 fapa
pbn of the cycle master and the programming template.

a WBC to or from a specific WBC management entity (called a Channel Allocato

pn between a Channel Allocator SMT and the cycle master SMT.

for transmission channel management include Channél Allocator procedures ang
annel User procedures.

hannel Allocator procedures:
il WBC management: This is the procedure used to control the transmission chan

ssion channel control: This issthe procedure used for requesting, releasing and
ng the use of a transmission-channel.

hission channel user procedures

5sion channel gall.control: This is the procedure used for establishing, releasing a
ng a call on an-allocated transmission channel.

transmission channel connection.

5.4 Station sti

ucture

ous WBC Assignment: This is the FDDI-Il management procedure that assigns of

a

hnge

). The
es

nel

hd

5sion channel use: This is the procedure used for transferring isochronous information

An FDDI-II ring has two types of stations: monitor and non-monitor. Monitor 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 hybrid mode initialization or during the hybrid mode
monitor contention procedure. While in basic mode;,two methods are available for selection| of the cycle
master. In the first, the system management can.directly instruct a monitor station to initialiZe the ring in
hybrid mode. In the second, a monitor station-¢an set a timer and wait for the ring to switch o 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 ¢f each cycle
and inserting the LAB into the ring to insure that the delay around the ring is an integer mulhlple 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 latency‘adjustment buffer is inserted at the cycle master station to insure that the delay afound
the ringfor Isochronous data is an integer multiple of 125 ps. It is desirable however, in certaip
applieations, for the H-MUX to present isochronous WBCs to the I-MAC before inserting the data in
the.I"AB. 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
on-Monitor

Station

LLC

CS-MUX

SMT

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

I-MAC
P-MAC WY
NIT_PROT.req £
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STATUS.ind ooy o ol g
SAP.req H-MUX Z 2 ; % § % é 3 g
WBCreq o | alel FEOlY o 3
WBC.con i V
CLE_SYNC.reqy
Cycle
L Control
Control Generate ontro Cvel
Header | (CGEN) |Header ycie
. Exchange
Cycle Contro (CXC)
Acquisition
(CACQ)
Data
PH_REQ

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
input to the WBC template filter state machines. The programming template identifies the contents of
each WB

Hybrid s¢rvice access points (H-SAPs) are the H-MUX access points for use by the I-MAG and P-MAC.
There is jone HI-SAP per Isochronous WBC for the I-MAC and a single HP-SAP for the P-MAC.

Each packet data symbol received from the P-MAC in an HP_REQ service primitive’is ins¢rted by cycle
exchangg into a position within the current cycle which corresponds to either a packet WB[C or the
dedicated packet group (DPG). Similarly each symbol received from either-a packet WBC for the DPG is
delivered by cycle exchange to the P-MAC using the HP_IND service primitive.

Each isochronous data symbol received from an I-MAC in an HI_REQ-service primitive is [nserted by
cycle ex¢hange into a position within the current cycle which corresponds to the appropriate
Isochronpus WBC. Similarly each data symbol received from an isochronous WBC is deliered to the I-
MAC usipg the HI_IND service primitive, providing the HI-SAP_corresponding to that WBClis open. If an
HI-SAP is closed the Isochronous data for that WBC is repeated.

See clauise 6 for further information on Interface Services.

5.4.3.2 Monitor station H-MUX

In order {o provide cycle master capability, the'H-MUX in a monitor station shall include thé cycle
generation (CGEN) and latency adjustment buffer (LAB) functions in addition to the functignal blocks
required py a non-monitor station. Clause 8 describes the internal composition of these blgcks.

The LAB|provides the buffering required by a cycle master to ensure that the ring contains|an integral
number o¢f cycles. Received data is written into the LAB by the cycle acquisition process and read out by
the cycle exchange process:

The cycl¢ generator provides the extra control functionality required by a monitor for it to have the

ocal SMT entity
of ring error condltlons The cycle master also operates in the same way as other stations for data
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.

15
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Figure 8 — Architectural block diagram of the I-MAC

The Isochronoys service access pdint (I-SAP) is the I-MAC access point for the CS-MUX. There |is one
I-SAP per channel allocated at this'|-MAC.

The steering map provided by-SMT to I-MAC identifies the current open channels (open I-SAPs)|within
the open isochfonous WBCs (open HI-SAPs). The I-MAC receives all symbols in an open HI-SAP from
the H-MUX, anf separates the channels based on the steering map. Using the cycle sequence signal,

the I-MAC deliyers 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 |-
6.7 |-

6.1 PHY

MAC to CS-MUX Services
MAC to SMT Services

to H-MUX services

ISO/IEC 9314-5 : 1995 (E)

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.

et

ing primitives are defined:

P
P

1-

All primiti

Ao~

I IIC UcoSuI

the PHY 3

_UNITDATA.request
_UNITDATA.indication
i_INVALID.indication

es defined in this subclause are mandatory.

HPEP PN 4 [EPHPVY -~

|puuu of each pliuliu Ve i

nd H-MUX entities.

(PR T P PRI T
inciuaes a uescripuor

These setvices shall be ‘synchronous’, so that each PH_UNITDATA.indication causes exac

PH_UNIT
PH_UNIT

6.1.1 PH,

This primi

DATA .request. Depending upon the current internal configuration of the node, the
DATA.request may be returned to the same PHY or to a-different PHY.

| UNITDATA.request

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

6.1.1.1 Spmantics of the primitive

PH_L

The symb

H,
stg

PH_Requ
to the PH]

UNITDATA.request (

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

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

est(Q or V) is not required in implementations where the Repeat Filter function is |
[UNITDAT A.indication interface.

6.1.1.2 When generated

H-MUX sh

hali be passed between

tly one

-DDI

pcated prior

all‘generate one PH_UNITDATA.request for each PH_UNITDATA.indication recejved from

PHY.

6.1.1.3 Effect of receipt

The effect

6.1.2 PH

of receipt of this primitive by PHY is not specified.

_UNITDATA.indication

This primitive transfers the symbol data stream from PHY to H-MUX.
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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_Indication(Q or V) is not required in implementations where the Repeat Filter function is located
prior to the PH_ UN!TDATA indication interface

6.1.2.2 When|generated

PHY shall gendrate a PH_UNITDATA.indication for each decoded symbol received from PMD. This
indication shall pe 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 primitive indicates to H-MUX that continuity of the receijved symbol stream has been comprg mised.

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 gengrate this primitivé whenever it detects that continuity of the received symbol stream has
been compromjsed.

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 to 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

g-hybrid mode
states, and
$ in the

6.2.1.2 When generated

H-MUX ¢ontinuously sends an indication of its mode to the local MAC entities.

6.2.1.3 Effect of receipt

The effe¢t of receipt of this primitive by the local MAC entities‘is unspecified.

6.3 H-MUX to P-MAC services

This subflause specifies the services provided at the interface between the P-MAC and H{MUX entities
to allow P-MAC to exchange P-MAC protocol data units with peer P-MAC entities. Additional detail is
provided in the FDDI standard on MAC concerning conditions that generate these primitivgs and P-MAC
actions ypon receipt of H-MUX generated primitives.

The following primitives are defined:

HP_UNITDATA.request
HP_UNITDATA.indicatién
HP_INVALID.indication
HP_MODE.request

All primitives defined in‘this subclause are mandatory.

The desgription ofé€ach primitive includes a description of the information that is passed bgtween the P-
MAC and H-MUX entities.

These s¢rvices shall be ‘synchronous’, so that each HP_UNITDATA.indication causes exgctly one
HP_UNITDATA.request.

6.3.1 HP_UNITDATA.request
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
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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 primitive trg
6.3.2.1 Seman

HP_UNITD

The symbol spe
H,I,J, K

6.3.2.2 When generated

H-MUX shall ge
and for each pa
symbol period in
hybrid mode, P-
6.3.2.3 Effect

Upon receipt of
corresponding H

6.3.3 HP_INVA

This primitive ing

6.3.3.1 Semantics of.the primitive

Insfers the symbol data stream to P-MAC from H-MUX.
tics of the primitive

ATA.indication (

HP_Indication(symbol)
)

cified by HP_Indication (symbol) shall be one of the following:
L, n, R, S, T and optionally Q or V, from the set of symbols defined in ISO/IEC 9

nerate a HP_UNITDATA.indication for each symbol received from PHY in basic m
tket data channel symbol in hybrid mode.. This indication shall be generated once
basic mode. Since the packet data channel is byte interleaved with other informg
MAC shall be capable of processingintermittent pairs of indications in hybrid mod
pf receipt

his primitive, MAC shall-accept a symbol from H-MUX, process it, and generate 4
P_UNITDATA.requestto H-MUX, conveying the resulting output symbol.

\LID.indication

licates to P<MAC that continuity of the received symbol stream has been compror

B14-1.

ode,
every
tion in
c.

nised.

HP_INVAL

D.indication

(
HP_Invalid
)

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

6.3.3.2 When generated

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

MAC.

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_rpede-parameter-shallbe-setto-anyto-allownormal-hybrid-eperatienandto-‘basig’ to force
transmissjon of frames in basic mode.

6.3.4.2 When generated

P-MAC cgntinuously sends an indication of its mode to the local H-MUX entitiy, P-MAC shall allow
normal H{MUX operation except during transmission of MAC frames during'ring recovery.

6.3.4.3 Efffect of receipt

When HP|_mode(any) is asserted the H-MUX is free to transmit cycles in the normal mannefr. When the
HP_modg(basic) is asserted the H-MUX shall transmit MAC SDUs in basic mode.

Only the ¢
and contir

6.4 H-MLU

This subc
to allow I-

There are
available

hannel exchange process is affected by this primitive. All other parts of H-MUX a
ue to operate normally.

JX to I-MAC services

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

16 HI-SAPs defined at the H«MUX to I-MAC interface, corresponding to the total
or isochronous applications: When the ring operates in basic mode, all the HI-SA

closed.
response

imply any

en the ring is in hybrid mode, the SMT opens and closes the appropriate HI-SAR
o the WBC Assignment process. The definition of 16 separate HI-SAPs is not intg
particular physicalimplementation.

e unaffected

ause specifies the services provided at the interface between the I-MAC and H-MUX entities

pf 16 WBCs
Ps are

sin

ended to

The following primitives are defined:
HI_UNITDATAxrequest
HI_UNITDATA.indication
HI_INVALID.indication
HI_CYCEE=SY¥NEindication

Each primitive includes the information that is passed between the I-MAC and H-MUX entities. All H-

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.

21


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

ISO/IEC 9314-5 : 1995 (E)

©

6.4.1.1 Semantics of the primitive

HI_UNITDATA.request

(
HI_Request (HI-SAP,symbol)

)

ISO/IEC

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

data symbols s
6.4.1.2 When

I-MAC shall se
primitive for tha
HI_UNITDATA
HI_UNITDATA
primitives, corrg
cycle) are issue
primitive.

6.4.1.3 Effect

pecified in PHY.

generated

t HI-SAP. The time delay between corresponding HI_UNITDAT;\.indication and
request primitives is implementation dependent and may be null. The timing‘of th

bsponding to the received indication primitives, (comprising the data for,one WBC
d for each open HI-SAP between each assertion of the HI_CYCLEoSYNC.indica

of receipt

Upon receipt of
stream at the

6.4.1.4 Addi
During normal
define the start
affected by the
6.4.2 HI_UNI
This primitive q
6.4.2.1 Sema

HI_UNITO

The symbol sp
optionally Q, H

this primitive the H-MUX shall accept the symbol andimultiplex it into the transmi
propriate point in time.

I)nal comments

of cycle, however the precise timing ofthe HI_UNITDATA.request primitives can
preamble and cycle header.

'DATA.indication
efines the transfer of data‘from the H-MUX entity to I-MAC.

ntics of the primitive

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

ecified by HI_Indication (HI-SAP,symbol) shall be one of the following: I, L, n, T, R
ar'V-

request primitive shall be such that during normal operation 192 HI_UNITDATA.r¢

pquest
for one
ion

t data

bperation the timing of the HI_CYCLE_SYNC.indication primitive will be regular, gnd

be

, S, and

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 I-MAC.

6.4.3.1 $emantics of the primitive

HI_INVALID.indication (
HI_Invalid(HI-SAP)

)

The HI_lpvalid parameter shall indicate that H-MUX is unable to present-a valid data stream to I-MAC.

6.4.3.2 When generated

The H-MUX generates this primitive whenever the receiver doés not have a valid I-MAC data symbol (as
defined ih 6.3.2.1) to output for this HI-SAP. This may be duge to the associated HI-SAP bejing closed,
the receipt of an illegal symbol at the PHY interface, or the receipt of a PH_INVALID.indication at the
PHY intefface.

6.4.3.3 Effect of receipt

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

6.4.4 HI| CYCLE_SYNC.indication

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

6.4.4.1 $emantics of the primitive

HI_CYCLE>SYNC.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 Effect of receipt
I-MAC shall use this primitive to generate the 8 kHz timing for isochronous data.

6.4.4.4 Additional 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
SM_HM_CYCLE_SYNC.request primitive input to H-MUX. However no predetermined phase between
the two can be assumed.

6.5 H-MUX to [SMT services

This subclause ppecifies the services provided at the interface between the station management {SMT)
entity and H-MUX. This interface is used by the local SMT entity to monitor and control the operation of
H-MUX. Additiopal detail is provided in SMT concerning conditions that generate these primitives|and

SMT actions uppn receipt of H-MUX-generated primitives.

The following prfimitives are defined:
SM_HM_INITIALIZE_PROTOCOL.request
SM_HM_GONTROL.request
SM_HM_STATUS.indication
SM_HM_SAP.request
SM_HM_WBC.request
SM_HM_WBC.confirm
SM_HM_QYCLE_SYNC.request
Each primitive includes the information that is passed between H-MUX and SMT.

All primitives desscribed in this subclause are mandatory in stations that support the optional monifor
functions. Primifives and parameters pertaining solely to the optional monitor functions need not he
supported by ngn-monitor stations.

6.5.1 SM_HM INITIALIZE_PROTOCOL.request

This primitive has local significance and is used by SMT to change operational parameters of H-MUX.
SMT may change any oral-of these parameters at any time regardless of whether H-MUX is opefational
in the ring; howgver a ehange in some of the parameters may not be within the domain of normal|FDDI-
Il operation.

6.5.1.1 Semantics o primitive

SM_HM_INITIALIZE_PROTOCOL.request (
Rank_value,
Initialize_flag,
Sustain_flag,
Maintain_flag
Contend_flag,
T_Hold_value,
T_Valid_value,
T_Err_value,
T_Recov_value,
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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 wishes to allow the HRC entity to try to maintain hybrid mode synchronization when it detects a cycle
error by continuing to source cycles

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

The Contgnd_flag parameter sets the value of the Contend flag. This flag is set trué-by SMT when it
requires cycle control to go to the STANDBY state, from BASIC or SLAVE statés; on receip{ of
JKRR[<rapK] (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 a ways
become cycle master.

The T_Ho|d_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_Re¢ov_value parameter sets the T_Recov timeoutivalue.

The PA_max parameter specifies 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 subseéquent cycle
header wefre not received. After PA_max symbol periods without receiving a cycle, a monitof with the
sustain flag set will begin to source a new cycle.

The value pf PA_max depends on the degree of internal smoothing available in H-MUX. The default
correspondis to the length of the maximum allowed preamble (6), plus two symbols allowande for an
Elasticity Buffer quantum if the requitfed PHY SDU Filter smoothing capacity at the maximuny preamble
threshold is implemented after H-MUX in the station repeat path.

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

6.5.1.2 When generated

This primitjve’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

The Control_A

(

Control_Action,
Class_value
Requested_Status,
Requested_Start_Mode,

)
ction parameter shall include the following: Set_Class, HRC_Reset, HRC_Start,

HRC_Stop, Present_Status, Begin_Loopback_Mode, or Cancel_Loopback_Mode.

ISO/IEC

The Class_val

The Requeste
status to be pr

The Requeste
of either "mast

6.5.2.2 When

This primitive i
parameter.

6.5.2.3 Effect

If the control_4d
If the Control_/

le parameter specifies the value of the Class variable in HRC (default SLAVE).

i_Status parameter is associated with the Present_Status action and shall indicat
psented.

i_Start_Mode parameter is associated with the HRC_Start action and shall take g
er' or "contend”. The significance of these parameters is defined in‘cycle control.

generated

5 generated by SMT to cause H-MUX to take the action specified by the Control_4

of receipt

ction is Set_Class then the Class variable shall be set to Class_value (default SL

state machines,

Action is Reset then H-MUX shall generate the HRC_Reset signal. This shall caug
timers and counters to be reset to their initial values.

If the Control_Action is HRC_start then if H-MUXs in basic mode it shall make a transition to hy
mode and attempt to effect hybrid synchronization. If H-MUX is in hybrid mode it shall ignore this
primitive.
If the Control_Action is HRC_stop then it H-MUX is in hybrid mode it shall make a transition to b
mode. If H-MUX is in basic mode it shall ignore this primitive.

If the Control_Action is Present~Status, then H-MUX shall generate a SM_HM_STATUS.indicati
SMT that incluges the status indicated by the Requested_Status parameter.

P the

value

A\ction

AVE).
e all

brid

hSic

on to

If the Control_Action is Begin_Loopback_Mode, then H-MUX shall enter Loopback mode. The irftent of

this mode is to[loop bacK within the H-MUX entity at a point as close as possible to the interface
PHY to permit Jocal station testing. In this mode, H-MUX shall return symbols presented at the
HP_UNITDATA. .request interface on the HP_ UNITDATA |nd|cat|on mterface H-MUX shall prese

with

nt

continuous Idle
If the Control_Action 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 (

status_report

)
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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

template filter states
Template Generate states (for monitors)

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

g) Operflow of a counter (optional).

6.5.3.2 \Vhen generated

These pr
responseg

6.5.3.3 E

The effed

6.5.4 SM_HM_SAP.request

Optionally the current value of

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

Receipt of a cycle header with potential duplicate rank.
e) The current value of a counter when requested, including: Received_ct, Aborted_ct
S

C_Flag

CCrc

CSrc and CSexp
Scrub

Generate

ync_Error_ct, Seq_Error_ct, Header.Error_ct, Generate_ct.
crement of a counter.

mitives shall be génerated by H-MUX to signal the occurrence of a reportable cor
to a SM_HM_CONTROL.request(present_status).

Fffect of receipt

t of receipt of this primitive by SMT is not specified.

4-5 : 1995 (E)

h setting

).

ch states

, Late_ct,

dition, orin

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

© ISO/IEC

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 O

6.5.4.3 Effect

pen[HI-SAP] template is only used when H-MUX is operational in a hybrid ring.

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] template as

specified by the

If the Requeste
local I-MAC.

If the Requeste
MAC.

6.5.5 SM_HM|

This primitive is
each monitor H

6.5.5.1 Semantics of the primitive

SM_HM_V

The Control_Aq
The Requested

6.5.5.2 When
This primitive is

information. SM
can only be effg

6.5.5.3 Effect

) & 1 QA DD '
NEQuUesSICU_oAT pPaldllicicr.

d_SAP parameter is HI-SAP[n], the selected HI-SAP shall be opened or closed)tg

H_SAP parameter is HP-SAP, the local HP-SAP shall be opened or closed to the

| WBC.request

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

VBC.request (

Control~Action,
Requested_WBC

)

tion parameter shall include the following: Assign_Packet, Assign_Isochronous.
| WBC parameter selects the"WBC to be modified by the Control_Action.

generated

generated by SMT.whenever it requires H-MUX to reconfigure its Asg[WBC] tem
T may requestachange in the programming template at any time; however the o
rcted when H-MUX is the cycle master in a hybrid ring.

of receipt

The initial and d

the

ocal P-

sts in

plate
hange

lefault condition of the Asg[WBC] is TK_request.

Receipt of this primitive shall cause H-MUX to modify the Asg[WBC] template in accordance with the
parameters of the primitive. Upon completion of this primitive, H-MUX shall generate a

SM_HM_WBC.

confirm.

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

WBC specified

in the Requested_WBC parameter to ISO_request.

If the Control_Action is Assign_Packet, H-MUX shall set the Asg[WBC] flag corresponding to the WBC

specified in the

6.5.6 SM_HM_

Requested_WBC parameter to TK_request.

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 primitive shall be generated by H-MUX upon completion of a SM_HM_WBC.request. If the H-MUX
is currentl ; ; fsprirmiti
generated when the new template is received from the ring by H-MUX. Otherwise, this primjti

generated when the Asg[WBC] template has been updated.

6.5.6.3 Efffect of receipt
The effeci of receipt of this primitive by SMT is not specified.
6.5.7 SM HM_CYCLE_SYNC.request

The functipn of this primitive is to provide 8 kHz timing information‘to H-MUX for use in hybiid cycle
timing generation. This primitive is only used by H-MUX in a cycle master station. The capability to
support thlis primitive is mandatory, however its provision by\SMT is optional, and may depgnd on the
availability of a frequency reference.

6.5.7.1 Spmantics of the primitive

SM_HM_CYCLE_SYNC.request (
cycle_sync

)

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

Characteristics of the cycle cleck shall be:
a) Nominal symbol time(Ul) = 40 ns (1/Ul = 25 MHz)
) Nominal cycle time.= 125 us (microseconds)

O T

)  Freqliency agedracy < 0,005 % (50 ppm)
) Phasg jitter(above 4 kHz) < +8 ns (0,4 Ul pp)
) Phasgitter (below 4 kHz) < £240 ns (12 Ul pp)

o

D

6.5.7.2 When generated

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 primit
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
resynchronize the ring.

6.6 I-MAC to

ive, and

to

This subclause specifies the services provided at the interface between the I-MAC and CS-MUX|entities

to allow CS-MUX to exchange CS-MUX protocol data units with peer CS-MUX entities. Since ch
vary in size C§-MUX protocol data units may also vary in size.

hnnels

Based on the dteering map provided by SMT, I-MAC selects the currently open channels from the open

WBCs deliver

by H-MUX and delivers these channels to CS-MUX. In the opposite direction I-MAC

receives chanrjels from CS-MUX. The I-SAP (Isochronous service access pointy'is the access pgint, at

the interface bétween CS-MUX and I-MAC, used to access channels. There'is one I-SAP define

1 per

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

the ring is in hybrid mode, the SMT opens and closes the appropriate:.|-SAPs in response to the
Allocation process.

The following grimitives are defined:
IM_UNITIDATA.request
IM_UNITIPATA.indication
IM_INVALID.indication
IM_CYCLE_SYNC.indication
Each primitive [includes the information that i$-passed between the I-MAC and CS-MUX entities.

6.6.1 IM_UNITDATA.request
This primitive defines the transferof 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)
)

Channel

The IM_Request (I-SAP,CS-MUX PDU) shall specity a unit of isochronous data associated with
corresponding channel. The size of this unit of data is a function of channel size.

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

he

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 IM_lIndication (I-SAP,CS-MUX PDU) shall specify a unit of isochronous data associate¢d with the
correspopding channel. The size of this unit of data is a function of channel.size.

6.6.2.2 When generated

The I-MAC entity sends CS-MUX an IM_UNITDATA.indication whenever I-MAC has a CS{MUX PDU
from the freceive data stream available for output and the appropriate I-SAP is open. The period of time
between|subsequent IM_UNITDATA.indication generations'wilt vary according to the data|rate of the
Isochronpus channel. In basic mode this indication is neven sent.

6.6.2.3 Effect of receipt

Upon regeipt of this primitive, CS-MUX shall accept a CS-MUX PDU from I-MAC. Receipt pf this
primitive by CS-MUX shall also signify acceptance by I-MAC of the CS-MUX PDU specifief by the
current IM_UNITDATA.request and willinghess to accept another CS-MUX PDU.

6.6.3 IM_INVALID.indication

This primjitive is generated by the’I-MAC and asserted to CS-MUX to indicate that I-MAC i$ unable to
present g valid CS-MUX PRU.to CS-MUX.

6.6.3.1 $emantics of-the primitive

IM_|NVALID:indication (
IM_Invalid(I-SAP)
)
The IM_Invatid-parameter shattndicate that =MAC s umabte topresent a vatid-€S=-MdX+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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6.6.4IM_CYC

©1

LE_SYNC.indication

SO/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

(

IM_cycle_sync
IM_cycle_sequence
)

The IM_cycle_S
The IM_cycle_§

6.6.4.2 When

During normal g
CS-MUX at 125

primitive received from H-MUX. During hybrid synchronization, the time intervals between

HI_CYCLE_SY
periodicity of the
optional.

6.6.4.3 Effect
CS-MUX shall {
6.6.4.4 Additis
Data transfer tin
primitive. Ina c
HI_CYCLE_SY
6.7 I-MAC to ¢

This subclause
entity and I-MA

MAC. Additiona|l detail.is provided in SMT concerning conditions that generate these primitives af

actions upon re

ync parameter shall be used to provide 8 kHz timing to CS-MUX.
equence parameter shall be used to provide the cycle sequence number,to'CS-M

generated

ynchronized operation in hybrid mode, I-MAC shall send IM_CYGLE_SYNC.indic
us intervals as defined by the 8 kHz timing defined by the HIXCYCLE_SYNC.ind

NC.indication primitives can vary due to resynchronisation: this will be reflected in
2 IM_CYCLE_SYNC.indication primitive. Provision of this primitive in basic mode
of receipt

se this primitive to generate the 8 kHz.titning for isochronous data.

pbhal comments

hing between CS-MUX and I*MAC is referenced to the IM_CYCLE_SYNC.indicat
cle master the timing of thisprimitive is phase locked to the phase of the
NC.indication primitive output from H-MUX.

BMT services

specifies thetservices provided at the interface between the station management
C. This intérface is used by the local SMT entity to monitor and control the operati

ceipt-of -MAC-generated primitives.

The following p

uXx.

ation to
cation

the
s

on

SMT)
on of |-
hd SMT

imitives are defined:

SM_IM_CONTROL.request
SM_IM_SAP.request

All primitives 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.
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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-MAC statistics.

6.7.1.2 When generated

This primifive is generated by SMT to cause I-MAC to take the action specified by the*Conttol_Action
parametef.

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 the-status to SMT as indigated by the
Requestefl_Status parameter.

6.7.2 SM| IM_SAP.request

This primitive is used by SMT to change the channel steering map within I-MAC. SMT may fequest a
change in|the channel steering map at any time regardless of whether or not I-MAC is operational in the
ring.

6.7.2.1 Semantics of the primitive

SM_[M_SAP.request (
Control_Action,
Requested_Channel,

)

The Control_Action paramieter 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 assigned, and itsdoeation within the WBC (see 5 for the size of allowed channels). Additipnal
associatefl channel/descriptors, such as the optional channel security label, are also specified by this
parametef.

6.7.2.2

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-MUX uses the same symbol set as defined for the FDDI PHY-2 and MAC-2. This is composed of
the: I, J, K, L, - i V.In icm all Physica
Indication symbols are delivered to the P-MAC as HP_IND.

7.2 Cycle

The Cycle is the HRC frame that carries packet and isochronous data. A new cycle is generated|by the
cycle master eyery 125 ps, and cycles which have been repeated around the ringare stripped by the
cycle master. The length of the cycle is dependent on the transmission rate of the ring. All descriptions
in this clause aEsume a transmission rate of 100 Mbps. At 100 Mbps, the cycle’is 1 560 symbol pairs,
plus the preample. Each cycle is recognized by a hybrid multiplexer at every station. There can e more
than one cycle|circulating around the ring at any one point in time, depending on the ring size.

This Cycle is partitioned into four parts: the preamble, the cycle header, the dedicated packet group, and
the WBC cyclig groups as shown in figure 9.

= 125 microseconds P
/ L / A / L / /. /
Vi /7 &4 V/ v/ /
PA CH |DPG | CG CG CG_ |DPG CG DPG CG CG DPG CG CG
of o 1 7 1 8 6 48 65 11 88 95
// 'y /A vy 4
144 7/ 7/ 1/ 7

Figure 9 — H-MUX cycle structure at 100 Mbps

Cycle: 125 ps (nominally 3.125 symbols)

PA: preamble (nominally 5 symbols)

CH: cycle header,;(24 symbols)

DPGO -11: dedicated packet group (24 data symbols). The DPG is byte interleaved amorlg the

cyclie-groups

CGO0-95: eyclic group 0 to 95 (32 symbols, 2 symbols per WBC). The nth symbol pair il each
gyclic group belongs to the nth WBC, where n ranges from 0O to 15.

7.2.1 Preamble (PA)

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

7.2.2 Cycle 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 C1 . Cc2 CSI PO P1 P15 | Irl:llc
- sync seq cycle . isochronous
start delimiter control | control | sequence | progzrammlng templale maint chan

Figure 10 — H-MUX cycle header

SD: starting delimiter (symbols J and K).
C1: o

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

each WBC is carrying packet data (R symbol) or isochronous data*(S symbol)
T is substituted for a corrupted R or S by the station detecting the error.

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

The start{ng delimiter indicates the beginning of a cycle. SD(is represented by the JK symb
forms a Unique ten bit sequence.

7.2.2.2 Synchronization control (C1)

The synchronization control symbol, C1, is used.to establish the synchronization state of th
take the yalue R or S.

A value df R indicates that synchronization'has not been established and any cycle may bg
interruptgd by a new cycle.

A value df S indicates that synchronization has been established and cycle hold mode may
meaning fthat the current cycle. may not be legitimately interrupted by a new cycle. In norma
C1 is expected to be set to S\

C1 may he set to S only'by-the cycle master, slave stations may either repeat the received
or reset if to R. If any station, other than the cycle master, receives C1 with a value not equ
set C1 to[R. A cycle’master sets C1 to S once full synchronization has been achieved. Slay
detecting|a cycle\synchronization error reset C1 to R. As slave stations may never set C1,

synchronjzation-errors on the ring are always indicated to the cycle master by the receipt o

programming template (16 symbols). R and S are the symbols used.t0 indicate whether

. The symbol

ol pair which

e ring: it may
legitimately

be entered
| operation,

value of C1
al to S, it will
e stations
50

C1=R.

ly-after switching to hybrid mode or after an Error Recovery period, stations on tf

e ring might

not receive cycles periodically (i.e. every 125 us). The cycle master initiates the synchroniz

ation process

by transmitting cycles continuously with C1 values set to R. When the transmitted cycles return to the

cycle master, this indicates that all stations on the ring are receiving and repeating cycles s
The cycle master then transmits cycles with C1 set to S.

uccessfuily.

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 {o of C1

or reset it to R. |f any station, other than the cycle master receives 02 with a value not equaltg-§, it will
reset C2 to R. During normal hybrid mode operation the cycle master transmits cycles contlnuouslv with
incremental CS|values and sets the C2 field to S to indicate that the CS field contains a ¥alid cycle
sequence number. When the cycle master receives cycles with C2 values set to S, it knows that all
stations are receiving cycles with sequential CS values. If a slave station does not receive cycles
sequentially, it will change C2 to R in the cycle with the detected sequence error. Since slave stafions

never set C2 arny sequence errors on the ring are always indicated to the cycle master by the recgipt 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 reprgsents
the cycle sequgnce or a monitor rank.

values from 0 to 63 are reserved for use in:the monitor contention procedure. Duying the
ess, monitors transmit their rank in the CS field, the monitor with the highest rank
ext cycle master.

cycle sequenc
Contention pro
becoming the

A CS value betveen 1 and 63 indicates a station's monitor rank. The rank is only valid if C1=C25R,
otherwise it mupt be treated as an error'and ignored.

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

7.2.2.5 Programming template (P0-P15)

The programming teémplate is comprised of 16 symbols which represent the 16 WBCs. Based on|the
programming template symbol value, the corresponding WBC is used as an isochronous WBC of 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 figure 2 represents a cyclic group, and contains one byte from each WBC. Since WBCs are numbered
from 0 to 15, the byte belonging to WBC nis composed of the 2n and 2n+1 symbol in each cyclic group.
Figure 1T lustrates the interfeaving of WBC 3 across the cyclic groups. Each WBC carrieg] either packet
or isochronous data. Figure 12 illustrates the relationship between the programming tefriplate and the
WBCs agsignment to packet or isochronous mode.

CYCLC GROUP 0 CYCLIC GROUP 1 CYCLIC GROUP 95

WBC 3

CYCLIC GROUP 2

Figure 11 — Example of wideband channel interleaving

Cycle Programming Template

N

0 1 2 3 4.(5 6 7

8

9

10

11

12

13

14

1

R R S| S| ‘S| R| R

S

S

R

S

S

R

R

R

R

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

R = Packet Data WBC
S = Isochronous WBC

Isochronous
WBCs

o 2
o 2
s @

CH| CH
7 8

>

_

—~

Cycle WBCs

Packet Data
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 implementations support the full range of values for each parameter.

Class: This variable is programmed by SMT and the cycle control state machine to,control
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‘is mandatory.

An H-MUX with the Class variable set to BASIC may only operate in basic moge. The
cycle control state machine is forced to remainiin the BASIC state.

An H-MUX with the Class variable set to SLAVE may only operate in basic mqde or
as a slave in hybrid mode.

An H-MUX with the Class variable setto MONITOR may take part in the monitor
contention procedure and can become 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 errorwould be signalled to cycle control if the subsequent cycle
header were not received. After PA_max symbol periods without receiving a cycle, 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 défault corresponds to the length of the maximum allowed preamblg (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-
MUX in the station repeat path.

Open[ISAP]: 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 ysing the
SM_HM_WBC.request primitive.

Open[PSAP]: This flag indicates whether a P-MAC is currently configured and available at the HP-
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:

T_Valid:

This time-out is used during recovery and initialization procedures to ensure that stale
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.

This parameter sets the minimum length of time a station will tolerate cycle sequence
errors (allowing for a rotation round the ring) before some form of recovery is
attempted. The value of this parameter shall be a length of time greater than (C_max

+C e +2) cycle times

T_Err:

T_RecoV:

7.3.2 Pgrameters required by monitor stations

This parameter sets the minimum length of time a station will tolerate\cycle sequence
errors (not allowing for a rotation round the ring) before some form of regovery is
attempted. The value of this parameter shall be a length of timé-greater|than (C_err
+2) cycle times.

This parameter is the minimum length of time a station has‘to spend waljting for cycle
sequence synchronization to be established before it may assume that fing

synchronization is not currently possible and returns‘to the BASIC state| The value of
this parameter shall be a length of time greater.than max(the largest value of T_Valid
or (T_Hold + T_Err) on the ring) + C_err + 2,

All the parameters documented in this clause are mandatory for monitor stations. The values of the
parameters described are only significant when Class'= monitor, and are assumed to be vpid otherwise.

Rank:

Initialize:

Sustain:

Maintain

Contend

Current negotiated monitor precedence. The default value of this variab
indicating that the monitor.hias no rank and therefore can not win the ma
contention procedure. Aiy management procedure used to assign othe
values of this variableymust ensure that the values assigned are unique

eisO0

nitor

[, NoN-zero,
to each HRC

entity on the ring:

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 TNS expiry.

This flagyis set true by SMT in a monitor if it wishes to allow the HRC entity to try to
maintain hybrid mode synchronization when it detects a missing or aborted cycle by
continuing to source cycles.

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

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

Asg[ISAP]:

7.4 Variables

highest ranked monitor to always become cycle master. When this flag is set cycle
control always goes 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 is a set of 16 flags which contain a map of the current WBC template assignment
requests. These flags may be set or cleared by SMT using the SM_HM_WBC.request
primitive.

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:

CSrc:

CSexp:

CCopr:

CSopr:

PTrc[WBC]

40

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
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 headeryréceived. If the receiyed CS
field does not contain a valid data symbol pair then the)CSrc value is set to zefo.

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 next
cycle header.

Operative CC value:- this is the ifiternal operational value of the cycle control field
used by the cycle control process. The individual components of this field are C1opr
and C2opr

The C1opr variable cam take the values:
R -> Resynchronize
S -> Synchronized

The C2oprvariable can take the values:
R -> Resequence
S ->-8equenced

Operative CS value:- this is the internal operational value of the cycle sequen¢e
number used by the cycle control process. It is used to ensure that cycles are |pbeing

received in the correct sequence. In a cycle master CSopr is incremented (mod 192)
for every cycle received. In SLAVE mode CSopr is overwritten by the cycle sequence
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 information
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 931

4-5: 1995 (E)

A set of 16 variables used to convey the state of the WBC Receive state machine

from the Receive section of the cycle acquisition process. The variables
values:

TK_Initialize
TK_Operate
ISO_Operate

can take the

This flag is used to define the current modes of operation of the Receive.and cycle
generate state machines. A separate copy of this flag exists for each of these state
machines. When its C_flag is clear, the state machine is operating in basic mode,

H_flag

M_flag

CC_valid

CS_valid

Cycle_Er

Hold:

Valid:

Scrub:

Repeat:

for:

——— for-longerthanT—HoldtHsresetwhenranew sequence-is-started——

when it is set the state machine is operating in hybrid mode. Each state
initialized to basic mode. The C_flag is set by the Receive state machine
a valid cycle header, and by the cycle generate state machine on transni
cycle header. Each state machine stays in hybrid mode until its'C_flag ig

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

This flag is used to facilitate cycle master resolution in-hybrid mode whe
rings are merged. M_flag being set in the RESYNCH state is used as an
that the state was entered via the MASTER state-When M_flag is set in

machine is
on receipt of
ission of a
cleared.

h two active
indication
conjunction

with the Maintain flag, the station is allowed to_enter monitor contention if it fails to

synchronize the ring in the RESYNCH state,

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

field
ycle control

This flag is set by the Receive process on receipt of a cycle sequence fi¢ld which is

considered valid in the current.context. It is cleared on receipt of an inva
sequence field.

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

id cycle

zation error

The Hold flag is-tised in conjunction with the Valid flag and the TNS timer as part of

the error recovery process. The Hold flag is normally set by the cycle co
machine whenever TNS is reset to T_Hold or on entry to all states excey
MASTER 'state. It is always reset on TNS expiry. It provides an indicatio
has recently been entered or, in a slave, that a new sequence has recer
started.

The Valid flag is used in conjunction with the Hold flag and the TNS timg
the error recovery process. The Valid flag is normally set by the cycle co
machine when a slave station has received a valid sequence of sequend

htrol state

t the

n that a state
tly been

r as part of
ntrol state
e numbers

The Scrub flag is used in conjunction with the TVS timer as part of the ring scrubbing
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.

CCtx:

CStx:

CSreq:

Generate:

PTtx[WBC]

TG[WBC]

7.5 Timers

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.

Transmitted CS value:- this is the value of the CS field in the next cycle header to be
transmitted.

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

This flag is set by the cycle generate process when it is generating '¢ycles and not
repeating data from the LAB

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

A set of 16 variables used to convey the state of WBC Transmit State Maching in the
Cycle Merge section of the channel exehange process. The variables can takg the
values:

TK Initialize
TK_Operate
1ISO_Initialize
ISO_Operate

Each station shall maintain twotimers to regulate operation of the hybrid ring. These timers are yised in

conjunction wi

For the purposg of this'description all timers are assumed to be Reset with the unsigned twos
complement of thie target tlme in either octets or cycles as appllcable Tlmers are further assum
count upward ifen

h the Hold,*Valid, and Scrub flags. The significance of timer expiry in any given cycle
control state dgpends prdhe values of these flags.

bd to
| on the

basis of elapsed time. These conventlons are for reference purposes only and do not prescribe the
implementation. Timers run normally in all states if enabled.

TVS:

42

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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TNS:

7.6 Counters

ISO/IEC 9314-5 : 1995 (E)

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
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 aid in problem determination and fault location the HRC entity in each station shall maintain the

following
Sync_Etnror_ct:

Seq_Errpr_ct:

Header [Error_ct:

Aborted] ct:

Late_ct:
Generate_ct:

Receivef_ct:

7.7 Signals

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.

The number of cycles received with C2rc=S resulting in C2opr-being set to R. This is
the number of sequence errors detected by this station.

The number of cycle headers received in error, i.e. received with C1rc# R | S or C2rc
# R | S or received CS field # nn or a programmingdemplate error (sympol =R | S |
T).

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

The number of times a cycle was not received when expected.

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

The number of complete cyclesreceived.

A signallis used to initiate a state change within HRC. A signal causes a state change to dccur and does

not havq to be cleared following itsusage.

HRC_Start:

HRC_Stpp:

HRC_Regset:

This signal is-used by the SMT to initiate an immediate transition from Qasic to hybrid
mode. A parameter, which may take the values: Contend or master, spgcifies that the
transition'is to the STANDBY or RESYNCH states respectively.

This signal is used by the SMT to initiate an immediate transition from hybrid to basic
mode.

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

RX_Start:
RX_CC:

RX_CS:

This signal is asserted by the Receive Process on detection of a JK start delimiter.

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.

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:

RX_Beacon:

RX_Abort: ___This signal is sent by the receive process on any abnormal termination of a cy

CC_Backoff:

TX_Abort:

TX_Start:

Cycle_Request:

7.8 Functions

A function opetates on the specified input‘parameters and returns a value

next(CS):

This signal is sent to cycle control by the Receive Process on detection of the
an FDDI MAC frame as constituted by a JK start delimiter and a frame control

© ISO/IEC

start of
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 fl
clear.

This signal is sent to cycle control by the Receive Process on detection of the

agis

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
the basic mode of operation regardless of the setting of the Scrub flag.

Examples of this include the receipt of a PH_INVALID.indication primitive fron;
and the situation where the starting delimiter was not in fact part of a cycle,

This signal indicates that this station has yielded in the monitor contefition pro
It is asserted by the cycle control state machine on a transition fromythe Stand
the slave state, and is used by the cycle generate state maching’as an indicat
it should abort the current cycle and commence transmissiop of‘a new one.

This signal, from the cycle generation process to the chanrel exchange proce
the effect of causing the channel exchange process to@bort transmission of a

This signal, from the cycle generation process to the‘channel exchange proce
the effect of causing the channel exchange process to commence transmissio
cycle. The values of CCtx, CStx and CTtx[WBC} are passed to channel excha
parameters along with this signal.

This signal is sent from the Timing contral part of cycle generation to the cycle
generate state machine to request the’start of a new cycle. The nominal frequ
this signal is 8 kHz.

This function returns the next value for the cycle sequence field. If CS is less t
then it is assumed to be a rank and returned unchanged. If CS is greater than
equal to 64 thanthe return value is CS incremented mod 192.
next(CS):
H<CS < 64
THEN return(CS)

enter

cle.
PHY,

cedure.
by to
on that

5s, has
cycle. .

5s, has
n of a
nge as

ency of

han 64
or

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 the cycle master and the slave stations monitor the other fields of the cycle header to ensure that
correct ring synchronization is being maintained.

8.1.1 Ring initialization

In genera] 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 statign management (SMT) in a monitor station operating in basic mode)which wishes|to take the
ring into ybrid mode, shall ensure that the sum of the bandwidth allocated’to synchronous ppacket traffic
and the extra bandwidth required for hybrid operation does not exceedthe allocatable synchronous
bandwidth of the ring. The synchronous bandwidth which must be reserved by a monitor for hybrid
operation|is equal to the sum of the bandwidth for the cycle header; the bandwidth which is|to be
allocated fo the isochronous WBCs, and any synchronous bandwidth required by the monitpr station for
mode swifching or programming changes.

Mechanisms are provided within HRC for the monitor station taking the ring to hybrid mode [to either
assume the role of the cycle master, or to allow the monitor contention procedure to select the cycle
master. 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 descr|ption of the
ring synchronization process is given later.

8.1.1.1 Ring initialization by a pre-assigned cycle master station

This subcjause will consider the Case of a station wishing to become cycle master without going through
the monitgr contention procedure. The monitor contention procedure is described in a later glause.

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

a) NQq basic.mode only station on the ring.
b) Nq othencycle master on the ring.

o T : , he tol ins the Clai e

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
master. If any

8.1.2 The cys

This clause pr

description wit

station's-monitorranking.-The station with the highest monitar ranking becomes the cycle

Station is only capable of basic FDDI operation, the ring returns to basic mode.
tle synchronization process

pvides an overview of Cycle Synchronization. In order to minimize complexity, the

not deal specifically with the flow of data through the H-MUX, which is described elsewhere.

Cycle synchropization is effected by use of the elements of the cycle header: the start delimiter

synchronizati

control symbol (C1), the sequence control symbol (C2),-and the cycle sequencsg

(CS). The comfposition of these fields and their position in the cycle header is described in 7.2.

The precise s
Two particular
master, the se

8.1.2.1 Ring

nchronization process differs depending on the initial state and configuration of th

instances will be described: the first is synchronization of the ring by a pre-define
cond is synchronization through the monitor €entention procedure.

synchronization by a pre-assigned-cycle master

Once all the cijiteria for ring initialization describedin 8.1.1.1 have been satisfied the SMT in this

may signal HH

directly into th¢
The master trg

Any station, nd
as a slave. Mg
sequence num
consequently
next(CSrc). Hq
Latch_Sequer

Slave stations

b RESYNCH state. It now adopts the role of a cycle master station.
nsmits JK RS [CS], where 64 < CS <255 ...
t of BASIC class, receiving JKCC (where C= R or S) in basic mode enters hybrid

ber and therefere-infers that a cycle master is trying to synchronize the ring. It
esynchronizes 10 the received cycle, stays in slave mode, and sets CSexp equal
wever singe CSrc is unlikely to be equal to the station’s old CSexp value, the

ce condition is false, so the slave sets C2tx = R.

transmit JK RR [CS] ...

This first cycle

prnpngnfpc round the ring in-this form ini'rinli7ing all the stations on the ring to sla
~7

hin this clause concentrates on the flow of control during cycle synchronization an

C_Start(master) to HRC. A transition to hybrid mode is then effected by HRC goir

reover a station receiving the first of these cycles knows, since CS >= 64, that C§

d does

SD), the
field

e ring.
j cycle

monitor
Kej

mode
isa

(0]

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 the

ir 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
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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 mas

ter 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.

On receiving CC = SS slave stations assume that the ring is fully synchronized and enter the fully
operational steady state.

8.1.2.2

In the e\
occurrin
master \
assigne(
place, h
contenti
avoid du
contenti

The monitor contention procedure

ent of SMT issuing an HRC_start command with the contend parameterset or of
j in the cycle master, synchronization begins with the monitors contending to bec
ia the monitor contention protocol. This protocol relies on the monitor ranks havin
I by SMT. Normally the ranks would have been assigned prior te monitor contenti

a fault
bme cycle
g been
bn taking

pwever even if no ranks have been assigned it should be possible to negotiate ra
bn process itself. The mechanism for assigning monitor rapks operates in such a yay as to
plication of ranks, since if two stations on a ring have thé-same monitor rank the monitor
pn procedure will not function properly. However even‘with duplicate rank assignment the

probability of multiple master stations emerging is remote.

The mon
STANDH

Monitord

All SLAV
headers

If the rin
cycles a
sequeng
contenti

A monitq
comparg

If the ma

If the
disruy
indica
state

itor contention procedure involves all contending-monitors going into the STAND

BY state cycles with C1=C2=R and CS = rank:are sourced using local 8 kHz cycle

source JK RR [rank] ...

[E class stations on the ring resynchronize to the incoming cycles and simply repe

unchanged.

j contains a monitor in the RESYNCH or MASTER states this monitor discards th
nd continues to transmit its own cycles of the form JKRS[seq]. All stations receivir
e numbers go into the SLAVE state and repeat this cycle header: this effectively ¢
pn. If there is no such monitor on the ring, monitor contention continues as follows,.

r receiving cycles«ofthe form JK RR [CS] ... (where 0<CS<64) checks its conten
s the received, CS'value with its own rank.

nitor is in the'SLAVE state then

contendflag is set and CS < monitor's own rank and, the transition would not cau
ption due to LAB switching or the normal Latch_Rank conditions are satisfied or C

ting\that the previously latched CS value was a rank, then the monitor goes into t
nd’commences transmitting its own contention cycles. Otherwise it remains in t

ks during the

BY state. In the
timing.

at the cycle

e contention
g valid
bnds monitor

i flag and
se data

Sopr < 64
ne STANDBY

SLAVE

state.
If the mo

nitor 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 timing used may either be derived from the station's local timing or from some external

m it i im ar wAf A LA~ An o na 1IQNDNL 1~ h
frequency reference such as ISDN. In the absence of errors slave stations repeat the cycle header

unchanged. Datatransfertakes ptace normatty and-thecycte master may-change the-programming

template as required.

tant ri
outL |

Both the cycle naster and the slave s
synchronizatior) is being maintained.
A master statioh receiving a cycle header resets TVS if CCrc = SS and the value of,CSrc is equd| to the
expected value{next(CSopr). A master continues transmitting cycles normally until’consecutive efrors
have continued to occur for long enough for TVS to expire. Once this threshold.of errors has beep
exceeded the dycle master assumes a serious error and goes back into the\RESYNCH state to gttempt
resynchronisatipn. If this fails to recover synchronization the cycle master.may go back to basic rpode to
allow another sfation to attempt to recover the ring.

Error recovery |n a slave depends to a large extent on the use of the TVS and TNS timers along with
their associated flags. These are used to ensure that cycles are‘received sequentially, and to facjlitate
recovery from grror conditions when they are not received sequentially.

A slave station [receiving correctly a cycle header with C2r¢= S checks the value of CSrc agains{ the
expected valuel next(CSopr). If CSrc is equal to the expé&cted value the cycle header is repeated ps
received, TVS and TNS are reset, and CSopr is loaded with the value of CSrc. However if CSrc is not
equal to the expected value, the timers are not reset, CSopr is simply incremented (mod 192), arnd the
cycle header is|repeated with the C2 value changed to R to indicate an error in CS.

A slave station|receiving correctly a cycle header with CCrc = SR repeats the cycle header as regeived.
The actions taKen are the same as thosefor an out of sequence CSrc value: CSopr is incremented (mod
192), and the T|VS and TNS timers are-not reset.

TNS expiry with the Hold flag reset,or TVS expiry with the Scrub flag reset, are, in general, indicptions
that persistent ycle sequence-Or’'synchronization errors have been detected and that ring recovery is
required. Exactly which ongetof these conditions triggers recovery depends on the detail of the erfor
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 Ctx set
to the station's jmonitor rank.

A monitor clasg station operating in slave mode which receives a cycle header with CCrc = RR checks
its contend flag and checks the CSrc field for a rank value. If the conditions for entering monitor
contention are not satisfied then the frame header is simply repeated as above. Otherwise the monitor
discards the received cycle header, enters the STANDBY state and transmits its own cycle with
CCtx=RR and CStx=Own 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
internal reference. The cycle control fields C1 and C2 are set to S.

Normally _ kept in the
LAB until|the next Cycle_Request signal is asserted. The Isochronous WBCs are delivered from the LAB
to the I-MAC after the next HI_CYCLE_SYNC.indication. The Packet WBCs are delivéred from the LAB
to the P-IMAC as soon as possibie, without waiting for the next HI_CYCLE_SYNC.indicatiof, to optimize
the performance of the Timed token protocol.

8.1.3.2 Slave station

The slavg station uses each cycle's programming template as input to:thé WBC template filter state
machines. The state of each WBC state machine identifies the contents of the corresponding WBC to be
either pagket or isochronous data. Based on the states of the WBC-state machines, the redeived WBCs
are distrijuted to either the P-MAC or the I-MAC. Data received)from the P-MAC and the I-MAC are
merged and transmitted according to the states of the WBC state machines.

8.1.4 Changing the programming template

8.1.4.1 Qycle master station

The cyclg master is responsible for changing the programming template based on the Assign WBC
request from SMT. To modify the programming template, the cycle master SMT function shall capture
the token|via the P-MAC, or employ some alternative method to ensure that data in the pagket channel
is not lostidue to the programming.ehange.

Before the token is captured the cycle master shall ensure that it has enough bandwidth avhilable to
enable it fo hold the token until the next cycle header, containing the new programming temjplate, is
transmittgd. This bandwidth’may be synchronous or asynchronous: for synchronous bandwidth to be
used at ldast 125us pér token rotation must be available; for asynchronous bandwidth to be used the
token must be at least 125us early. After capturing the token, the cycle master then transmits a cycle
with the new programming template. A new token is then issued immediately by the P-MAG.

WARBNING: If the programming template is changed when the token is not being held, the cycle
mastérmay be capable of buffering the effect of the change in bandwidth in the packet data
channel in such a way as to ensure that no packet data is lost. The required buffering capacity is a
function of the magnitude of the programming template change and the total latency of the ring. If a
slave has its LAB engaged, the slave may also be capable of buffering the effect of the
programming change; however, packet data could be lost due to packet channel underflow or
overflow in the slave.

8.1.4.2 Slave station

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 discarded by
the cycle master due to the programming change.
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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
entity will return from hybrid to basic mode upon receiving the starting delimiter symbol pair JK followed
by a valid frame control field of the form MN, where M= (8 or C) and N = (0 through F)) that identifies a
MAC frame or token.

In general SMT in any station may return the ring to basic mode at any time, normally however4
controlled retufn to basic mode is most efficiently carried out by the cycle master station.

Once in basic mode H-MUX asserts HI_INV to indicate to the I-MAC that the ring is no longer in hybrid
mode. All symipols are delivered to the P-MAC. The hybrid mode signal is reset.

master station

SMT in a statign wishing to return the ring to basic mode would normally first.capture the token (fo
prevent data Igss in the packet channel). SMT may then take a station inte basic mode in a numper of
ways dependir)g on the desired overall effect. A temporary return to basic mode can best be effgcted by
SMT issuing ah 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 ownof-higher) Claim frames, the ring has
been purged of cycles. The winning P-MAC issues a token in‘basic mode. This process takes the ring to
basic mode but does not prevent subsequent return to hybrid mode. If a permanent return to bagic mode
is required SMIT may effect this by setting its Class to Basic. This prevents subsequent return to hybrid

station

eturns to basic mode upon receipt of a MAC frame header of the form JKMN, where M =
= (0 through F).

slave stations
(8 or C) and

8.2 Error recovery

8.2.1 Error cpnditions

This clause considers(the following error conditions and the associated recovery procedures:
a) Corrupted cycle header
b) Latet
c) Loss of Synchronization

en in Packet Data Channel

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).

8.2.2.2 Corrupted cycle control symbols

CorruptT values of C1 and C2 are translated to R symbols and are then treated as such.

8.2.2.3 Corrupted cycle sequence values

Cycles afe 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 valuge. During
normal operation the expected value is set equal to the last received value plus 1 (mod 192). If the
received jand expected values are not equal, as for the receipt of a corrupted CS value, the received CS
value is flagged as being in error. Slaves repeat these CS values asreceived however the|C2 value in
the correpponding cycle is changed from S to R to indicate that eycle sequence Error has been
detected

Persister|t cycle sequence errors are checked by using the-TVS and TNS timers. On a timgr expiry
indicating persistent cycle sequence errors a monitor nermally infers that the cycle master |s not
functioning 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
where the participating monitor with the highestrank becomes cycle master. All WBCs remain active,
but no refprogramming is possible until a cyclé master takes control.

8.2.2.4 Frogramming template

If the programming template symbaolis not decoded as R or S, the H-MUX replaces the cofrupted value
with eithgr an S or a T symbol, depending on the state of the corresponding WBC state mdchine. If the
WBC was$ previously assigned as isochronous the corrupted value is replaced with an S symbol to
maintain pontinuity of isochrenous service. If the WBC was previously assigned as packet, [or if no
previous pssignment is known, the corrupted value is replaced with a T symbol to avoid unfdetected data
corruptiof in the packet channel.

slave stafions repeat the altered programming template and use it to sort the WBC. If an altered symbol
correspomds tosan Isochronous WBC, H-MUX continues to provide isochronous service on|the WBC. If
an alteredi symbol corresponds to a Packet WBC, H-MUX repeats the WBC while transmitting HP_INV
to P-MA

The cycle master restores the correct values by transmitting the correct programming template in 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.

enerated by the cycle master to quickly re-establish the P-MACs. If the Purge

QST oAl

roblem aII stations return to basic mode and enter the Claim Process.

TVX expiration|generally indicates that the token has been lost. TRT expiration generally indjeates that
one or more stations do not have consistent P-MAC scheduling parameters (e.g. Target token Rotation
Time (TTRT)). |n order to quickly re-establish the ring, all stations must use the same token'Rotgtion

Timer that has peen agreed upon during the Initialization process.

™ AAAA

The P-MAC in the cycle master generates Purge frames that contain the TTRT value, without legving
hybrid mode. Upon receiving the Purge frame, P-MACs copy the TTRT value and fepeat the frame. No
frames can be fransmitted by the P-MACs until the P-MAC in the cycle master receives its Purgg frames
and issues a ngw token.

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

After the Purgd process, all stations are supposed to operate.with the newly recorded TTRT value. If the
token continue$ to arrive late, stations return to basic mode-to enter the Claim process.

When the Claim process has completed successfullyy.a'new token is generated. The cycle mastgr
captures the token and transmits a new cycle. The.ring re-enters hybrid mode.

The Isochronolis WBCs are disabled while stations return to basic mode.

8.2.4 Loss of{synchronization

The cycle is trgnsmitted by the cycle master based on an external clock if available. If the external
source is not ayailable or fails'to provide the HM_CYCLE_SYNC.request primitive, the cycle magter

If the start of a[new-&ycle is recognized by H-MUX before the previous cycle completes, the Early_Cycle

If the start of a new Cycle 1S not received Wi e, the
cycle master may not be functioning properly. monitors which fail to receive a cycle within the permitted
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

In order to reduce the complexnty of the description of the hybrid multlplexer (H-MUX) process it is
advantageot —Muoreover a
need for separate processes arises from the requirement that certain functions in one process need to
be performed concurrently with and asynchronously to the states of other processes:. In thg case where
identical functions are needed by two or more processes they have either been placed in ope process
with the gppropriate signals sent to the other processes or they have been duplicated. In either case
signals rjay be replaced with their corresponding functions or vice versa. It should be stressed that the
aim of this partitioning is to produce a well defined reference model for the behaviour of H-MUX and not
to imply gny particular implementation. As a consequence some functionality may have beén included in
the descrjption of a particular process that may be more efficiently implemented as a part of some other
entity. If this is the case, or for any other reason, any implementationis free to change the prder of the
processep shown or to redistribute some, or all, of the functionality, of any one or all of the processes,
into some other entity(s), so long as complete interoperability with the reference model of HRC
described in this document is maintained.

When diviiding up the process the following points were.taken into consideration:
* Grouping of similar functions, including logically related interface elements

* Definition of process states which should be-independent from the states of other procpsses where
possible

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

* There should be a minimum number of additional interface elements for internal process
comimunication.

A distribution of functions which. takes most of these requirements into consideration is shown in figure
13. H-MUX is described in-terms of four cooperating asynchronous processes: cycle acquisition, cycle
generatign, Latency Adjastment, and cycle exchange. These processes operate independgntly, their

operation being synchronized by signals (e.g. RX_Start, TX_Start ) and exported variables|.

The H-MUX processes are defined as cooperating state machines. It is assumed that time elapses only
within discrete states, and that state transitions are logically instantaneous. It follows that e}ztions

requiring Imere.than one symbol/byte time to complete shall be performed within states; hoywever when
these actjons are associated with a specific transition, they may be described as part of that transition.

In all such cases the actions occur prior to the associated transition. Actions described as part of a state
occur each time the state is entered. Thus when a triggering event occurs externally to a state machine,
the state machine shall perform the following event processing sequence as a logically atomic operation:

a) Evaluate all conditions within the current state.

b) If the conditions for a state transition are satisfied, then
i) perform the transition actions in the current state;
ii) enter the new state;
iii) 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 state

diagrams and gttached-neotes-take-procedence-overthetext:
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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 Receive
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 continually monitor
received data for valid cycles and MAC frames. The C1, C2, and CS fields following received start

delimiters are checked, processed and the appropriate actions taken. The operation of the cycle control
sub-process is described by figure 16, the HRC cycle control State Machine.

8.3.1.2 Cycle generation (CGEN)

The cycle generate process maintains control over the cycle transmission process$-to ensy
transmitled onto the ring is consistent with the synchronization state of the hybfid ring. Th¢
generatipn process is only required in monitor stations, where it maintains control over theg

transmi

state of fhe hybrid ring. To this end, the cycle generation process generates the C1, C2, O
program

header i

the cycle
WBC ter

In monit

data intg

The hea

Cycle g€
The cycl

mode th

8 kHz tin
timing information is derived from the-received cycles via the RX_Start primitive.

8.3.1.3

The late

as the cy
option st

The prin

travel ar
Since th

ion process to ensure that data transmitted onto the ring is consistent with the sy

ing template (PT) fields of the transmitted cycles based on\its current state and
nformation from cycle acquisition. Cycle acquisition passes-the required CC, CS 3
generation process. The transmitted PT field is constructed by following figure 1
hplate generation State Machine.

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

der fields from the cycle generation process are passed to the cycle exchange prg
neration signals TX_Start whenever a:new cycle is to be initiated.

e generation process also generatesithe 8 kHz timing used for transmitting cycles
s timing may be based on a local frequency reference or it may be synchronized
ning reference provided by the.ZSM_HM_CYCLE_SYNC.request primitive. In slavg

|_atency adjustment buffer (LAB)

ncy adjustment-buffer is required in monitor stations but need only be engaged wih
cle master. The'LAB is permitted to be engaged while operating as a slave; howe
ould be exercised carefully, since it can produce excessive ring delays.

ary use-of the LAB is to ensure that isochronous data takes an integral multiple o
pund the ring.

b ‘dedicated packet group and any WBCs assigned to packet data are pooled into

re that data

2 cycle

cycle
nchronization
S and

the control and
nd PT fields to
B, the HRC

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

LAB.
pcess (CXC).

. In master
o0 an external
mode this

lile operating
pver, this

f 125 s to

a single

packet channel, packet data should be allowed to bypass any isochronous data in the LAB, assuming
the first available position on the outgoing side. Also, in the cycle master or when operating as a slave
station with the LAB engaged, the transmitted template may be different 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 repeated.

During both master and (optional) slave modes of LAB operation, if a programming change occurs 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
fluctuate by more than a few symbols due to temperature, etc without implying a fault or a
ring configuration change. Although the required LAB capacity can vary, a capacity of

reater than one (1) cycle is required.

Underflow: f a ring becomes operational with a length of slightly less than an integral number of
ycles, the LAB in the master station will be nearly empty. If the effective Jlength of{the
ing then increases to slightly more than this integral number of cycles,\CGEN shduld be
ble to generate a cycle to maintain the ring while the expected cycle arrives and |s

loaded into the LAB. This avoids an underflow of the LAB and results’in the LAB
ontaining almost a full cycle. If then the effective physical length_of the ring decrepses,
he LAB will be required to expand further. The LAB will then\eontain slightly more|than
ne (1) cycle but will be immune to further underflow.

he definition of CGEN specifies the initial contents of‘supplied cycles.

Pre-emption: [f the control signals required to drive CGEN are passed to it as they are generated but
ith the same time displacement as the data through the LAB, then it is possible that the
GEN process may be triggered by the RX_Start signal which came from the incgming
tarting delimiter only to be halted by a return’to basic mode as a result of the follgwing
ytes. In this case, CGEN will generate.@a‘€ycle fragment of an implementation dependent
length which may upset downstream HRCs.

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

Further, the LAB is reset by certain cycle eontrol state transitions and on certain error conditions.|The
LAB shall be reset by the HRC_Resetsignal on entering basic mode. Other causes for LAB reset are
left to the implementor.

In the absence |of the LAB in a slaye 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 stafion out
of the stream of cycle 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
acquisition or cycle generation process to form the cycle to be transmitted to PHY.

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 p
from the w W y ; sisletiie
elements] WBC template control and HI-SAP template control. The fir ed with
determining the assignment of each WBC to either packet or isochronous data. The sétond identifies
which HI-BAPS, corresponding to WBCs allocated to isochronous data, are open 4t this station: it is

rocess is the part of H-MUX responsible for controlling access to and
i-the-eycticgre f i isting of two

performed by SMT directly programming the template of open HI-SAPs (as OpenfiSAP]) using the
SM_HM_WBC.request primitive. SMT can also specify whether a P-MAC is available at thd HP-SAP as
Open[PSAP].

Due to thg nature of the pipeline through H-MUX with different actions-fiéeding to be performed on the
data and {emplate at different points in the pipe, it is necessary to distsibute the WBC template control

function between the parts of H-MUX described previously. In genefal WBC template contrg
three separate components: the WBC template filter state machine in cycle acquisition, the
template generation state machine in cycle generation, and the WBC processing function in

| consists of
WBC
cycle

exchange} The WBC template generation state machine i$-only required in a monitor.

WBC tem
WBC has
each of th
machines

blate control is described in terms of state machines. For each WBC state maching, each

an associated state variable which determinés how data in that WBC is treated. Tlherefore, for
e WBC state machines described, there are conceptually 16 identical but independent state
acting on a set of 16 state variables; corresponding to the 16 WBCs.

8.4 Cycle acquisition

acquisition process is described in terms of its sub-processes: receive control, W
nd cycle control.

The cycle BC template

filtering, a

8.4.1 Regeive control process

The receiy
PH_UNIT
receipt of
communig
flag. In ad
processin

e process continually monitors data received at the PHY interface through

DATA.indication primitives. It is responsible for identifying the start of received cyqg

MAC frames, and cycle synchronization errors. The occurrence of these events is

atedto other processes via the RX_Start, RX_CS and RX_MAC signals and the (

ifion the receive process contains the WBC template filter functions associated w
the Teceived programming template.

les, the

Lycle_error
ith

The rest of this subclause specifies the states and state transitions of the receive control subprocess.

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.

RX1: CHECK_CC

RX0: SCAN
— CC_Actions(2)
PH_Ind(JK)
RX(01) SIGNAL RX_Star -
PH_Invalid | HRC_Reset | PH_Ind(TT) | (PH_Ind(~(R I S) & ~NN) & ~C_Flag) |
I (Else after two symbols & Class = Basic)
IF C_Flag & ~PH_Ind(TT) THEN INC Aborted_ct RX(10a)}

Reset_Actions(1); SIGNAL RX_Abort

' PH_Ind(MN) | (PH_Ind(NN) & ~C_Flag)
Reset_Actions(1); SIGNAL RX_FC; IF FC = MN THEN SIGNAL RX_MAG; RX(10b)f
IF FC = Beacon THEN SIGNAL RX_Beacon

RX2: CHECK_CS
CS_Actions(8)
Else after CC &

< Class = Basic | PH_Invalid | HRC_Reset X(20) .
Reset_Actions(1); SIGNAL RX_Abort; INC Aborted_c? -t Class # Basic RX(12)
SET C_Flag;
SIGNAL RX_CC
RX3: CHECK_PT PH_Ind(JK)

RX(21) —sETCydle_Error;
CLEAR CSexp;
SIGNAL RX_Start;
INC Aborted_ct

PT_Actions(4)

Class = Basic | PH_Invalid | Else after CS
HRC Reset . (30) ~®—SIGNALRX_CS RX(23)

I Reset_Actions(1);
SIGNAL RX_Abort; PH_Ind(JK)
INC Aborted_ct RX(31) ~SET Cycle Error, SIGNAL RX_Start; INC Aborted ot

(C_Flag & Class = Basic) |
PH_Invalid | HRC_Reset

RX(00a) —————— RX4: CYCLE_BODY
Reset_Actions(1); pre——
SIGNAL RX ‘Abort RX(34) = 5Iss:ft_(le_:_:;';l |N’
AftérPA_max & —Hea% or Error ot |RX(41) —emPHINAUK)

~Cycle_Error SET Cycle_Error;
RIX(00b) ] SIGNAL RX_Start;
NC Ab t
|! SET Cycle_Error; ! orted_c
— NNCtate—Tt
PH_Ind(JK) RX(11)
Cl = Basic | PH i
ass asic | PH_Invalid | HRC_Reset ax (40a) |

]
SIGNAL RX_Abort; Reset_Actions(1); INC Aborted_ SET Cycle_Error,
- fter Cvel CLEAR CSexp;
se arter Lycle SIGNAL RX_Start;
] — _ )
RX(40b) INC Aborted_ct

CLEAR Cycle_Error; INC Received_ct

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

58


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

© ISO/IEC ISO/IEC 9314-5 : 1995 (E)

HRC Receive Actions:

(1) Reset_Actions:

SET Cycle_Error;
CLEAR C_Flag, CSexp

(2) CC_Actions:

IFCirc2(R1S)
THEN SET CTrc = 1
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) | [{valid 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] symbol DO
SET PTrc[WBG]'= Output(TF(PH_Ind)[WBC]);
IF =PH_Ind(R1S 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 Recelver scans the next symbol palr recelved on the PH UNITDATA indigation stream,
followingh id cycle
control field COﬂSIStlng of Rand S symbols The appropriate eX|t is taken accordlng to the value 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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indicates a 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.

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 control for further processing, therefore the possible error is ignored at this stage and a
transition to sta i i i indicate that it

may now proceps the received_cycle control field.

8.4.1.3 State RX2: CHECK_CS

In this state the|Receiver, in the absence of a JK start delimiter, interprets the next symbol pair rgceived
on the PH_UNITDATA.indication stream as the cycle sequence byte CS. The CSCvalid flag is sef if the

CS value is eqyal to the expected value and is consistent with the received CC.field. The next expected
value of CS recgived, CSexp, is derived from the received CC and CS fields:

RX(20) The HRC reset signal or a change of Class to Basic or receiptiof PH_INVALID.indicatign,
causes the state machine to be re-initialized to the SCAN state, RX_Abort is signalled to indicate|the
end of a cycle gnd cycle error is flagged, and the Aborted_ct is incremented.

RX(21) On receipt of a start delimiter (JK) a transition back to state RX1 CHECK_CC occurs. Qycle
error is flagged|to indicate the pre-emptive termination of a eycle, and the Aborted_ct is incremented.

RX(23) If the hext received symbol pair is not a start delimiter it is interpreted as the cycle sequence
byte CS. The Receive process now signals RX_CS ta:€ycle control to indicate that it may now process
the received cygle sequence field, and makes a transition to state RX38:CHECK_PT where the WBC

template filter sfate machine acts on the receivedpfogramming template.

8.4.1.4 State RX3: CHECK_PT

This is the normal state of the Receive.control process during the reception of the programming
template. During this state, the WBE template filter state machine is run for each WBC in the
programming tgmplate.

RX(30) The HRC reset signat’or a change of Class to Basic, or receipt of PH_INVALID.indication,
causes the state machine’to-be re-initialized to the SCAN state, RX_Abort is signalled to indicate|the
end of a cycle gnd cyclé error is flagged, and the Aborted_ct is incremented.

RX(31) Receipt of a'valid start delimiter (JK) is interpreted as a possible start of the next cycle.|A
transition is thefefére 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.

RX(34) Atthe end of the PT, providing the next received symbol pair is not a start delimiter, 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) The HRC reset signal or a change of Class to Basic, or receipt of PH_INVALID.indication,
causes the 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.
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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 subclause specifies the states and state transitions of the WBC template filter subprocess as shown
in figure 15.

The majoy triggering event to each of the WBC template filter state machines is the recaipt pf the
corresporjding element (symbol) of the programming template within a hybrid cycle header) The
elements|of the received programming template identify the contents of the corresponding feceived
WBCs to pe 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‘récognized as R or S are
translated to a T. In a non-monitor station the states of the WBC template.filter state machines are used
to generate the transmitted programming template in such a way that aslave station always repeats the
received programming template with any symbols not recognized as.R or S being translated to either an
S ora T gymbol. All stations monitor the received programmingd{emplate and inform SMT of any error
conditiong.

8.4.2.1 State TFO: TK_INITIALIZE

When 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 receivied programming template.

TF(00) |PT symbol error: receipt of an illegal symbol for this WBC in the programming template
indicates fhat the element correspondingito this WBC in the programming template has begn corrupted.
Since no positive indication about thelcontents of this WBC has been received for this cyclg the state
machine $tays in the TK_INITIALIZE state, a T symbol being substituted in this field of the gutput
template.

TF(01) |Enable Packet Made: 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(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 output
template.

8.4.2.2 State TF1: TK_OPERATE

This is the normal operating state for a WBC template filter state machine corresponding to a WBC
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 normal operating state for a WBC template filter state machine corresponding to a WBC
operating in isochronous mode. In this state received data in the corresponding WBC is treated as
isochronous urltil either an R symbol is received in the corresponding symbol of the programming
template or HHC_Reset is issued.

TF(20) HRC| Reset: receipt of a Reset signal causes the state machine to enter the TK_INITIALIZE
state.

TF(21) Enable 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 WBC;:in.the programming
template maintgins its operation in Isochronous Mode. The S symbol is placed in this field of the|output
template.

TFO:TK_INI'EA_LIZE TF2:1ISO_OPERATE
i Input(S)
s Outpul(S) : -
HRC_Reset TFo
TEGTK_OPERATE
THO Ot >
SK Input(R)
- OUTpUt(R) TF@21
TF(00) Inpul(—+(R I S)) |
Input(—R)
S —P>
- Input(—(R | S)) TF(10a Oulpui(S)
OUtput(T) outS)
HRER 2 Output(S) —>
4 __NESel TF(1 Ob
TF(11). Input(R) ]
< 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
a re-entry to the BASIC state. The main effect of this is to reset TNS and thus prevent a station with the
Initialize flag set going into hybrid mode before ring initialization is complete.

CC(OObi) Reset: The HRC_Reset signal causes the state machine to be initialized to the BASIC state,
all monitor stations have their Class reset to slave.

CC(01) | Cycle Received: A cycle header being received in the BASIC state implies that a station on the
ring is aftempting to initiate a transition to hybrid mode. Any SLAVE or MONITOR class station receiving
a cycle header therefore effects an immediate transition to hybrid mode. Initially both typeg of station
enter the SLAVE state to await the CS field. monitor stations can subseguently go to the $TANDBY
state if Recovery_Required conditions are satisfied.

CC(02) | Initialization_Required: In basic mode a monitor continuesto scrutinize data recgived from the
ring for Valid cycle headers or MAC frames. If the Initialize flag.is.set then, on expiry of TNIS (or if TNS
has already expired when the Initialize flag is set), a transition 10 hybrid mode occurs. Singe it is possible
for several stations to make this transition simultaneously-the transition must be to the STANDBY state
where the monitor contention procedure is initiated. A monitor in basic mode may also go jnto the
STANDBY state by SMT signalling HRC_Start with the contend parameter set. This would normally
occur or] receipt of a token or if the token claim process was won by the station receiving its own claim
frames. The Scrub flag is set and TVS is reset t0~T_Hold, on this transition so that old claim frames, or
claim frgme fragments may be scrubbed fromithe ring and do not interfere with hybrid initialization.

CC(03) | Initialize_master: A monitor in basic mode may be made to go directly into the RESYNCH
state by [SMT signalling HRC_Start with>the master parameter set. This would normally ogcur if the
token claim process was won by thetstation receiving its own claim frames. This is a safe procedure
since all|the other stations are repeating claim frames at this time. This is the fastest way ¢f initializing
the ring %nto hybrid mode. The Scrub flag is set and TVS reset to T_Hold, on this transitior} so that old

claim frgmes, or claim frame fragments may be scrubbed from the ring and do not interfere with hybrid
initialization.

8.4.3.2 State CC1:SLAVE (hybrid mode)

In the SLAVEstate a station synchronizes its transmit cycle timing to received cycles. Theg cycle
synchrofization, C1, and sequence C2, fields of received cycles may either be reset or repeated
according-to-the-s atic ot B sochronous
data transfer can take place in thls state however the qualrty of service may be degraded during
synchronization.

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 being cleared. At this point the
ring has been scrubbed of stale monitor ranks and Sequence numbers. In this scrubbed state latching of
ranks and Sequences is enabled to allow the ring to be resynchronized by a monitor station. TVS is
reset to T_err gs a time-out for valid cycle reception. If a cycle with a good rank or sequence number is
not received within this time-out then TVS expiry initiates recovery action.

CC(10a) Goto|Basic: Receipt of a basic mode MAC frame, or a change of class to BASIC, or an
HRC_Stop signal, all cause a transition to the BASIC state. TNS expiry with the Hold flag'clear and

CSopr=0 indicgtes that there is no ranking monitor on the ring capable of initializing the ring to hybrid
mode. A transifion back to basic mode is made to allow packet communication to-continue.

CC(10b) Resejt: The HRC_Reset signal, causes the state machine to be injtialized to the BASIC; state,
the Class variaple is reset to slave.

CC(12) Recovery Required: A monitor station detecting a ring error condition which requires rgcovery
action enters the STANDBY state in an attempt to recover the ring. Hiis is done through the mornjjitor

contention progedure. In general the error conditions which would#esult in this transition are persistent
sequence errols, persistent non-arrival of cycles, or monitor contention.

Persistent sequience errors and non-arrival of cycles are generally indicated by timer expiry using the
procedures desgcribed earlier in this clause.

The criteria forja recovery due to persistent sequence-errors are

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

OR
b) The gtation is a monitor with-the Initialize or Sustain flag set.
AND

The Hdld flag is reset indicating that CSopr latching is enabled, the station has been in the slave
statel|for at least T_Valid, and the CSopr value is still 0 indicating that no latchable CS yalue
has Been received in this time.

OR

c) The statiérvhas a non zero CSopr: indicating that the station had previously latched a yalue for
CSopr-

AND

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.

e

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
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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 err

ors on the ring.

8.4.3.3 State CC2: STANDBY (hybrid mode)

A monitor is in the STANDBY state while it is active in the monitor contention procedure <A
may takepart in the monitor contention procedure, however only those with rank > 0 ean b

| monitors
ecome cycle

master. Both packet and isochronous data transfer can take place in this state, but the quality of service

may be
While in

rank, and

received.
CC(20a)

clear, or & change of class to BASIC, or an HRC_Stop signal, all.éause a transition to the B

CC(20b)
all variab
not be ini

to contint

CC(21)
received.

header w
The criterfia for a repeatable rank in STANDBY are

a)

Al

b)

AND

c)

The criter

a)

graded if the ring is not being synchronized.

his state Standby_Actions are executed: cycles are generated, with-CCtx= RR an
transmitted using local cycle timing, the value of CSopr is set to next(CSopr) for ¢

Goto Basic: Receipt of a Beacon frame, or any basic mode\MAC frame while the

Reset: The HRC_Reset signal causes the state machine to be initialized to the B
es and timers are also reset. TNS expiry with the-Hold flag clear indicates that the
lialized in hybrid mode. A transition back to basic'mode is made to allow packet ¢
e.

Backoff: A transition to the SLAVE state s triggered whenever a higher priority cy
These fall into two categories: a contention cycle containing a repeatable rank or
th a repeatable sequence number.

a cycle with CCrc=RR and 0<CSrc<64
ND

Own Class is slave or.CSrc greater than Own rank

The Hold flag is’reset indicating that the station has had the chance to fill the ring
rank, or the'Scrub flag is reset indicating that the station is not currently scrubbin
currentlyyJatched rank is null, or the normal Latch_Rank criteria are satisfied and

ranks from the ring).

d CStx =
bvery cycle

Scrub flag is
ASIC state.

ASIC state,
 ring could
bmmunication

cle header is
a cycle

with its own
j and the
the received

rankis*not equal to the currently latched rank (this last condition removes large, mo owner,

e forarepeatabtesequence im STANDBYare
a cycle with CCrc valid 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

(CS_valid true)
AND
c) the rpteived-CSvatueisequatto the stations Ownrrank————————————————————
AND

d) The Hold flag is reset indicating that the station has been transmitting its rank for-at least
T_Hpld therefore ensuring that a stations cycles have had a chance to propagate all the way
rour(d the ring.

A station satisfying these criteria may be sure that it has the highest rank on the ring and is ther¢fore
entitled to becpme cycle master.

8.4.3.4 State|CC3: RESYNCH (hybrid mode)

A monitor entdrs the RESYNCH state if it believes it has the rightto-become cycle master, it follpws

therefore that pnly one monitor should enter this state at any ong time. In this state the monitor gttempts
to synchronizg the rest of the ring and establish correct sequence number operation. Packet and
isochronous data transfer can take place in this state however the quality of service may be degraded as
the ring may not be fully synchronized.

While in this state Resync_Actions are executed: Cycles are generated, with CCtx = RS and CStx =
next(CSreq), dnd transmitted using local cycle timing, CSreq is incremented every 125us. On entry to
this state CSopr is set equal to next(CSreq), which is the first sequence number transmitted in this state.
This defines a|lower bound for the sequenceAumbers which are expected to be received after gne
T_Hold time. Also on entry TNS is reset to-T_Hold and the Hold flag is set, CSopr is left unchanged until
TNS expires e]nd resets the Hold flagiOnce the Hold flag is reset this station’s cycles have had fime to
propagate all found the ring, at this point CSopr may be incremented to next(CSopr) on cycle refeipt. In
this way CSogr and CSreq form-a:moving window for expected values of CSrc.

CC(30a) Gotg Basic: Receipt of a Beacon frame, or any basic mode MAC frame while the Scrup flag is
clear, or remoyal of MONITOR class status, or an HRC_Stop signal, all cause a transition to the BASIC
state.

CC(30b) Reset: The:HRC_Reset signal causes the state machine to be initialized to the BASIQ state.
TNS expiry with4he'Hold and M_flag flags clear indicates that this station is unable to synchronige the
ring, possibly Mt jo e s ansition-back icmbde 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

place i in this state. In the MASTER state the cycle master is free to change the programming template
snts : gre e should only

g is set and TVS is reset to T_Hold as a time-out for the receipt of -fully synchronized cycles
SS. During normal operation CSopr is incremented (mod 192) for every cycle header received
is reset to T_Err on receipt of correctly synchronized cycles.

Goto Basic: Receipt of a basic mode MAC frame, or removal of MONITOR class
bp signal, all cause a transition to the BASIC state.

with CC3
and TVS

CC(40a)
HRC_St

CC(40b)

CC(43)
synchror

status, or an

BASIC state.

at ring
SYNCH state
I'r, recovery
for this are
 defined by

Reset: The HRC_Reset signal causes the state machine to be initialized to the E

Resynchronisation Required: Expiry of TVS with.the Scrub flag clear indicates th
ization has been disrupted in some way. The.cycle master goes back into the RE
in order {o attempt to recover synchronization. As dn-option, useful for large values of T_E
procedutes can also be initiated by detection of a‘cycle slip in received cycles. The criterid
that two forrect sequential cycles are received which do not match the expected sequencg
CSopr (ile. CS_valid true but CSrc # next(CSopr)).

8.5 Cycle generation process

The complete cycle generation process is only required in monitor stations. It maintains cg
cycle trahsmission process to ‘ensure that data transmitted onto the ring is consistent with
synchronization state of th&:hybrid ring. To this end it generates the CC, CS and PT fields
transmittied cycles baseden its current state and the control and header information receiy
acquisitipn.

ntrol over the
the

of the

ed from cycle

ine. The
monitor and

y processing

ing template information received from the WBC template filter in the cycle acqy
and WBC assignments received from SMT.

isition process

The cycle generation process also derives the 8 kHz timing used for transmitting cycles. In master mode

this timing may either be based on a local frequency reference or it may be synchronized t
8 kHz timing reference provided by the SM_HM_CYCLE_SYNC.request primitive. In slave
timing information is always derived from the received cycles via the RX_Start signal.

o0 an external
mode this

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
exchange uses this information to generate HP_Invalid and HI_Invalid signals.

signal. Cycle
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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 -
< Class = Basic | HRC_Stop | RX_MAC | (TNS expired & —Hold & CSopr = 0) ccuoa)

RESET TVS = 1_Hold, SET Scrub '
HRC_Reset
B Reset_Actions(12) ccaoby
CC(04a)—XMAC CC2: STANDBY
< Standby_Actions(15)
iiaizaton Required(t Recovery_Required(2) cc(i2)
nitialization_Require
ceel) RESET TVS = T_Hold; SET Scrub - cc@l) Backoff(3) >
IE RX_CS THEN

, SIGNAL CC_Backoff
Class = Basic | HRC_Stop | -
(RK_MAC & —Scrub) | RX_Beacon CCsS: RESYI‘EH

RESET TVS = T Hold. SET Scrup_ o (20a)f Resynch_Actions(16)
Prevailed(4)
CC(23 -
<HR C_Reset | (TNS expired & ﬁHoId)CC (20b) @9 CLEAR M_flag
Reset_Actions(12) ) L
TNS expired & —Hold & M_flag & Maintain
- CC(32)
Class = .Monitor & HRC_Start(Master)
cC(o3 RESET TVS = T_Hold SET Scrub >
Class # Monitor \HRC_Stop | (RX_MAC & —Scrub) | RX_Beacon
B RESET TVS = T_Hold; SET Scrub CC(302)
HRC\Reset | (TNS expired & —Hold & —(M_flag & Maintain))
< Reset_Actions(12) CC(30b)
cc(odb) HRC_Reset CC4: MASTER
< Master_ATtons(17)
Reset_Actions(12) . Svnchronized
< ynchronized(5) CcC(34)
Class # Monitor |
HRC_Stop | RX_MAC
<'FTE§ET'TVS_T_F|_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:

)

4

®)

(6)

(TVS expired & —Scrub & CSopr > 0) |

(—Hgtd&

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

(CSppr > 0 & TNS expired))) | {persistent cycle sequence errors}
(RXCS & RX.CCrc = RR & RX.CSrc < Rank & Class = monitor &
(Comtend | RX.CSrc = 0) & 7

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

Backoff:
(=Sgrub & (Class = slave | (Rank = 0 & —(Initialize | Sustain)))) |

(RX_CS & RX.CCrc = RR & RX.CSrc < 64 &

(RXJCSrc > Rank | (Class = slave & 0 < RX.CSre:x Rank)) &

(—=Hold | (=Scrub & CSopr = 0) | (Latch_Rank,& RX.CSrc # CSopr))) |

{backoff to repeatable
(RX_ICS & RX.CCvalid & RX.CSrc > 64 &

(=Hold I (=Scrub & CSopr =0) |

(=M flag & (RX.CSrc = next(CSopr), | (RX.C2rc = S & (CSopr < 64 | —Scrub | Valid))))

Prevailed:
Clasg = monitor & RX_CS & RX.CSvalid & RX.CSrc = Rank & —Hold

Sync¢hronized:
Clasg =monitor &
RX

((C§opr < RX.CSrc < CSreq) |
(CSreq < CSopr < RX.CSrc) |
(RX.CSrc < CSreq < CSopr))

Resynch_Required:

Class = monitor &
((TVS expired & —Scrub) { | {persistent cycle sequence errors}
(Class = monitor & RX_CS & RX.CSvalid & RX.CSrc # next(CSopr)))} {cycle slip}

{backoff after scrubbing if unramked}
{optional — potential immediate return to slave can be defefred}

ank}

)

{backoff to repeatable sequence number}
{optional — can substitute Latch_Sequenge for
(RX.C2rc =S & (CSopr < 64 | —Scrub | V4lid))}

{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>64 |

(RX.CCrc=RR &

(RX.CSrc > Rank | (0 < RX.CSrc < Rank & —Contend)) &

(RX.CSrc = CSopr | =Scrub | Valid { | -RX.CSvalid | —Repeat } )))
{ =RX.CSvalid | =Repeat is optional }

(8) Latch_Sequence:

RX_CS § RX.CSvalid & RX.CSrc =264 &
(RX.CSrg = next(CSopr) | CSopr < 64 | =Scrub | Valid)

(9) Latch_Rank:

RX_CS & RX.CSvalid & RX.CSrc < 64 & RX.CSrc # Rank &
(RX.CSrg > CSopr | —Scrub | Valid)

Actions:

(10) TVS_Actions:

In all states,

WHEN TVS expired & Scrub
THEN RESET TVS = T_Err; {T_Err > C_Err +2'cycles}
CLEAR Scrub

(11) TN$_Actions:

In all states,
WHEN 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

(12) Reset_Actions:

RESET TVS =< Valid;
CLEAR $crub;
IF Ciass _monitor

THEN SET Class = slave

(13) Basic_Actions:

ON entry DO
SET CCopr = RR;
CLEAR CSopr;
RESET TNS = T_Valid;
CLEAR Hold, Valid, M_flag

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 repeatf it returns}
IF —(Latch_Sequence | Latch_Rank)
THEN SET CSopr = next(CSopr) {advance CSopr}
ELSE {must latch this CSopr}
IF RX.CSrc # next(CSopr)
THEN {start new seguence}
RESET TNS =T_Hold; {T_Hold >C_Max}
CLEAR Valid;
SET Hold
ELSE {continue old sequence}
IF —Hold
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

RESETFTNS = T_Hold;

SET-Hold

FOREACHRX-CECDBO{Processeachreceived-CCHield]
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

FOR EACH RX_CS DO {Process each received CS field}

© ISO/IEC

CS_Adtions;
CLEAR Repeat;

IF —Hdld {advance CSopr after C_Max}
THEN SET CSopr = next(CSopr)

(17) Mas
ON entry [0

r_Actions:
DO

SET négxt(CSopr) = RX.CSrc;

RESE]
SETS
{ CLEA

FOR EAC
CC_Ad

FOR EAC
CS_Ag

IF RX.
TH

EL
SETC

[ TVS = T_Hold;
crub;
LR Hold, Valid } {already clear at this point}

H RX_CC DO {Process each received CC field}
tions

H RX_CS DO {Process each received CS field}
tions;
CSrc = next(CSopr)
EN SET Repeat;
IF CCopr =SS
THEN RESET TVS = T_Err;

CLEAR Scrub;

SET M_flag
SE CLEAR Repeat
Sopr = next(CSopr)-{advance CSopr}

(18) cC_

FOR EAC
IF Cir
TH

EL

ctions:

RX_CC:DO {Process each received CC field}
= S &=Cycle_Error
N SET CCopr = SR
E'SET CCopr = RR;

IFC1lrc=S
THEN INC Sync_Error_ct

(19) CS_Actions:

FOR EACH RX_CS DO {Process each received CS field}
IF Latch_Sequence

TH

EN SET C20pr=S

ELSE IF C2rc = S & —RX.H_flag

72

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 Idle symbols. This state is used to scrub cycles and
fragments of cycles in basic mode, and to remove any partially concatenated frame on entry to basic
mode.

CG(00) |On receipt of either a RX_Abort signal or an HRC_Reset, the cycle generation'state machine
resets itsglf while in the CGO IDLE state.

CG(02) |On change of cycle control state from BASIC, the cycle generation state maching initiates the
transmisgion 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 state machine to progess and
repeat a gtarting delimiter sequence by making a transition to the CG3HEADER state.

8.5.1.2 State CG1: REPEAT

The cyclg generation process enters the REPEAT state to repeat MAC PDUs in basic modg. In this state
the cycle|exchange process passes HP_UNITDATA.requést primitives from P-MAC directly to PHY. |-
MAC data is ignored and no cycles are processed.

CG(10) [On receipt of either a RX_Abort signal or aWHRC_Reset, the cycle generation state machine
aborts th¢ repeating of basic mode data by making-a transition to the CGO IDLE state.

CG(12) |On change of cycle control state from BASIC, the cycle generation state maching initiates the
transmisgion of hybrid mode preamble by making a transition to the CG2 PREAMBLE statg.

CG(13) |On receipt of the RX_Start signal from the Receive state machine the cycle generation state
machine pnters the CG3 HEADER state and commences transmission of a hybrid cycle beginning with
the start glelimiter JK.

8.5.1.3 State CG2: PREAMBLE

In this stdte the cycle generation state machine forces cycle exchange to send
PH_UNITDATA.request(l) primitives to the local PHY entity. Under normal circumstances this results in
preamble being.transmitted. During normal hybrid operation the cycle generation state maghine would
stay in thfs state for between four and six symbol periods between cycles; however, during|error
conditiong.short or long preambles may be transmitted.

CG(20) The HRC reset signal causes the state machine to be inifialized o the TDLE state; all
associated variables and timers are also reset. The IDLE state is also entered if the cycle control 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 occu

rs 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 cycle

in the Standby cycle control state, then, once PA_Max Idle symbols have been

transmitted, the monitor attempts to maintain synchronization of downstream stations by entering the

CG2 HEADER

8.5.1.4 State

This is the sta
the cycle gene
LAB) indicatin
cycle acquisiti

or stale data tiat needs to be scrubbed. If a new cycle is not received thén the Generate flag is

indicate that tn
or preemptive
mode, this sta
cycle header.

In hybrid mode, the cycle generation state machine initiates-transmission of a cycle by signalling

TX_Start to cy
current CCopr
have been sel
programming
In basic mode
CG(30a) In b3
return to the [

returns to the
while the cycle

the downstream station that the transmission is being aborted.

CG(31)

CG(30b) Afte
re-initialized tg
also returns to

state and generating its own cycles.

CG3: HEADER

e of the cycle generator during the transmission of the cycle header. On entry to {
ration state machine checks that an RX_Start has been received (or-is queued in
j that a starting delimiter has been received and a receive datastream is availabls
pn. The starting delimiter may be followed by a cycle header,aMAC PDU (frame

ansmitted cycles must be generated locally. Any loss of.cycles, due either to non
termination of cycles is indicated in the new cycle header by setting CCtx to RR. |
e prepares for a transition to hybrid mode if the received starting delimiter is follo

cle exchange. It then produces the CC and'CS fields as a function of the CC statg

t to cycle exchange for transmission:they are followed by the elements of the
emplate field produced by the WBE template generation state machine.

the State machine either repeats the received data or removes it from the ring (sq

isic mode, anything other.than a valid frame control byte causes the state machin
DLE state, all associated variables and timers are also reset. The cycle generator
DLE state if RX_Abort-or RX_CC (indicating a cycle header to be scrubbed) is re(
control state is BASIC. The transmitted JK is followed by a TT symbol pair to ind

the CC.field has been transmitted, the HRC reset signal causes the state machin
the IDLE state, all associated variables and timers are also reset. The cycle gene
the ADLE state if the cycle control state machine returns to the BASIC state. This

his state
the

b from

por token)
set to
receipt

n basic
ved by a

, the

and CSopr values, and the state of the'Generate and Repeat flags. Once these flelds

rubing).

e to
also
ceived
cate to

e to be
erator
can

indicate that b

Sic mode frames are belng received. The partial cycle header is aborted by trans

mitting 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 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. Similarly

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 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.

On yielding the cycle generation state machine re-enters the CG3 Header state and cemr
transmigsion of the new cycle, beginning with the starting delimiter.

CG(34) | Once the cycle header has been transmitted the cycle generator goes 0 the CQ
to transit the body of the cycle.

8.5.1.4 [State CG4: BODY

Thisis t
acycle.

ne normal state of the cycle generation state machine during'the transmission of t
If the LAB is not engaged, then data is simply passed from the received cycle to t
exchange process, with some filtering being performed to prevent propagation of invalid d
is engaged, the cycle generation state machine is responsible for managing the output of
ensure that the correct data is always available to the cycle exchange process.

Valid isqchronous data is available in WBCs with a current template state of ISO_OPERA
IMC whén the Generate flag is clear. This data is taken either directly from the received ¢
the LAB|when engaged, and passed to cycle exchange. If the current template state is IS
or the Generate flag is set in the IMC, Idle symbol pairs are output.

Valid packet data is available in WBCs witfi'a current template state of TK_OPERATE, an
when the Generate flag is clear. This data is taken either directly from the received cycle,
LAB wh
the Gen
availabl

CG(40)

rate flag is set in the DRG; packet data may be taken from the packet channel in
), or LI or LL symbol pairs are output.

The HRC reset signal causes the state machine to be re-initialized to the IDLE 5
associafed variables and-timers are also reset. The cycle generator also returns to the IDl
cycle coptrol state is BASIC. This may indicate that basic mode frames are being receiveq
cycle is pborted by’transmitting a JKTT symbol sequence to indicate to the downstream s
transmigsion is.being aborted. Returning to the IDLE state ensures that an arriving frame
concatepated with the aborted cycle.

nences

i4 BODY state

he data part of
he cycle

ata. If the LAB
the LAB to

TE, and in the
ycle, or from
D _INITIALIZE

d in the DPG
or from the

bn engaged, and passed to.cycle exchange. If the current template state is TK_INITIALIZE or

the LAB (if

tate, all

| E state if the
i. The partial
ation that the
will not be

CG(42a) "Receipt of the RX_Abort signal from the Receive state machine in hybrid mode

ndicates that

the receiver has encountered a cycle abort condition in the received data stream. If a slav
does not engage its LAB it must abort cycle transmission and return to the PREAMBLE st

e mode station
ate. The partial

cycle is aborted by transmitting a JKTT symbol sequence to indicate to the downstream station that the

transmission is being aborted.

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. Similarly

a slave station yields to a received cycle indicated by an RX_Start.
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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.

CGO: IDLE CG2: PREAMBLE
Idle_Actions(1) Output(ldles)
cab2) CC State=Basic >
CC.State = Basic | HRC_Reset CG(20)
CG1: REPEAT
Repeat_Actions(2)
< RX_Abort | HRC_Reset CG(10)
CG3: HEADER i
CG(12) CC.State # Basic >
Header_Actions(3) SIGNAL TX_Abort;
SET C_Flag
RX_Start calts)
RX_Start
CG(D3) = Before CCtx & RXFC &
Before CCtx & CG(31) CC.State =~Bdsic -
(RX_CC | RX_Abort) &
CC.State = Basic ca(3oa)|

Output(TT) < RX\Start & CC.State = (Slave | Standby) cG(23a)|

After4 symbols & Cycle_Request & Class = Monitor &
(After CCtx & (CC.State = (Resynch | Master) |
CC.State = Basic) | | <d (Generate & CC.State = (Slave | Standby))) ~ 23l
HRC_Reset

_ c |
Output(JKTT) O

Else after PA_Max & Class = Monitor & (CC.State = Standby [
(CC.State = Slave & Sustain & C1opr = S))

— CG(23c)
RX_Abort & (CC.State = Standby |
(RX_Start & CG(32) (CC.State = Slave & ~Sustain)) >
CQ.State-=(Slave | Standby)) Output(JKTT); SIGNAL TX_Abort; SET C_Flag
(pfter CStx & CC_BacCI:(%ff%
| | CG4: BODY
SIGNAL TX Abori ™| Body_Actions(4)
Else after Header RX_Abort &
HRC_Reset | CGB34) > (CC.State = Standby |
. = ~Sustai
) RX_Abort (RX_Start & ((:%((342';a)te 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)

Figure 17 — HRC 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

REP

EAT

Output(l)

(2) Rep

eat_Actions:

ON
I

FOR

o

On yieldin
transmisg

8.5.2 Cy

This subc
kHz timin
and in Ge

In genera
cycle timi
cycle timi
and availz

For statio
locked to
the event
transmiss

downstream stations:

In a cycle
external r
signal by

»)
7

- C_Flag

ntry DO

THEN SIGNAL TX_Abort; CLEAR C_Flag

EACH Input(symbol) DO
putput(Input(symbol))

Figure 17 — HRC cycle generate state diagram'(Part 2 of 4)

g the cycle generation state machine re-enters the CG3Header state and commg¢
ion of the new cycle, beginning with the starting delimiter.

cle timing control

ause specifies the behaviour of that part of.the cycle generator responsible for de
j used by monitors for transmitting cycles'in master mode (RESYNCH and MAST]
nerate mode (STANDBY, and late cycles in SLAVE state).

there are three possible references which could be used for the generation of log
ng: a local oscillator, the SM_HM2CYCLE_SYNC.request primitive from SMT and
ng as supplied by the RX_Start-signal. The reference used depends on the mode
bility.

ns operating in slave made the local 8 kHz timing produced by timing control mus{
the phase of incomingcycles. In monitors the phase of the derived timing must bg
of a cycle error duge to a late cycle the monitor may switch to Generate mode and
on of generatédicycles with the minimum possible disruption to ring synchronizat

master(and in Generate mode timing control locks the phase of its local 8 kHz tin
pference if this is supplied by the SM_HM_CYCLE_SYNC.request primitive, provi

ISO/IEC 9314-5 : 1995 (E)

ences

riving the 8
ER states),

al 8 kHz
the received
of operation

be phase
such that in
commence
on in

ing to an
sion of this
Bence,

SMT being optional. The actual (locked) phase difference between the input refer

specified

by-SMHM-—_CYCLE SYNGrequest-and-the-phase-of-transmitted-eyelesisnoetsp

ecified.

The external reference 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. In the absence of the
SM_HM_CYCLE_SYNC.request primitive, or during periods of the signal being lost for some reason,
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.

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
IF ~C_Flag

© ISO/IEC

THENSIGNALTXAbort;
SET C_Flag
IF Generate | (LAB engaged & previous cycle was aborted or lost in LAB)
THEN SET CCtx = RR  {no cycle received or cycle fragment skipped overin
the LAB due to it being preempted by a new cygcle} .
EL.SE CASE CC.State OF
SLAVE:
SET CCtx = CC.CCopr
STANDBY:
SET CCix = RR
RESYNCH:
SET CCtx = RS
MASTER:
IF CC.Repeat
THEN SET CCtx = SS
ELSE SET CCtx = SR

Before Cptx DO

CASK CC.State OF
SLAVE:

IF Generate | -CC.Repeat
THEN SET CStx =0
ELSE SET CStx £ RX.CSrc

S[TANDBY:

IF Class = Monitor
THEN SET CStx = Rank
ELSESET CStx=0

ESYNCH;MASTER:
SET-CStx = CSreq

IF C3tx =S

THEN SET CSreq = next(CStx)

ECSE SET CTSreq = nexy(Csreq)

FOR EACH PTtx{WBC] DO
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
IF LAB 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 FFE.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 Qutput(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 exactly 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 XC. While this condition persists the packet channel is initialized to LI symbol-paifs, and
the Isochronous| WBCs are initialized to |l symbol pairs. The TG state machines perform animmefliate

transition to the [appropriate Initialize states when the Generate flag is set.

8.5.3.1 State T1GO: TK_INITIALIZE

When the WBC [template generation process is initialized by the HRC_Reset signal it enters the
TK_INITIALIZE ktate if Asg[WBC] is reset. During normal hybrid operationthis state is entered when
Asg[WBC] is reget at the beginning of a transmitted cycle, as a result of @n error in the received

programming template of a repeated cycle, or as a result of loss of thetcycle causing Generate to
become true. While in this state LI symbol pairs are forced on the LAB output for the corresponding
WBC output to €XC (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 the‘programming template has been corrypted.
Since no positive indication about the contents of this WBC has been received for this cycle the sjate

machine stays in the TK_INITIALIZE state. A T symbol'is transmitted in this field of the output
programming template. The received contents of the WBC are discarded and filter bytes (LI or LL) are
output to the P-MAC.

ct PT symbol or Generating: receipt of a non R symbol for a WBC in this state by a
in master mode, or wijth:its LAB engaged in slave mode, indicates that the value|for this
by the originating station (e.g. as a master) has not been propagated correctly round
the ring. This cgn be due to the symbol corresponding to this WBC in the programming template being
corrupted, or due to the latency. 6f the ring with old values being received following a PT change, pr it
can be due to mjonitor contention. When the Generate flag is set a valid cycle has not been receiyed. In
either case no Valid data has‘been received for this WBC so the state machine stays in the
TK_INITIALIZE [state, tad indicate that the received contents of the WBC are discarded. Since the station
has its LAB engaged it-¢an initialize the packet channel, so an R symbol is transmitted for this WBC in
the programminig template. Either the filtered contents of the packet channel are read from the LAB, or
filter bytes (L| of !_!_) areoutputto the P-MAC

TG(01) Enable Packet Mode: receipt of an 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
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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(10a) HRC_Reset: receipt of a Reset signal causes the template generation state mach
re-initialized according to the WBC ASG[n] assignment flags programmed by SMT. Wheri-t
corresporjding to the WBC is TK.request then the WBC is re-initialized to the TK_INITIALIZ
Generate|condition also causes this transition.

TG(10b)
indicates
Since no

PT symbol error in slave: receipt of a T symbol for this WBC from the WBC templ
that the symbol corresponding to this WBC in the programming template has beel
positive indication about the contents of this WBC has been received for this cyclg
machine $tays in the TK_INITIALIZE state. A T symbol is transmitted in-this field of the outy
programnping template. The received contents of the WBC are discarded and filter bytes (L
output to the P-MAC.

TG(10c) |Incorrect PT symbol: receipt of a non R symbol for a WBC in this state by a statio
in master|mode, or with its LAB engaged in slave mode, indicates that the value for this WH

ines to be
ne ASG flag
E state. The

ate filter

h corrupted.
the state
ut

orLL) are

h operating
C

transmittgd by the originating station (e.g. as a master) hds not been propagated correctly found the

ring. This|can be due to the symbol corresponding to thiss\WBC in the programming templat
corrupted| or it can be due to monitor contention. No.valid data has been received for this W
state macghine enters the TK_INITIALIZE state, to indicate that the received contents of the
discarded. Since the station has its LAB engagéed it can initialize the packet channel, so an
transmittgd for this WBC in the programming;template. Either the filtered contents of the pa
are read from the LAB, or filter bytes (LI or\l'L) are output to the P-MAC

TG(11) |Packet Mode: receipt of an R'symbol for this WBC maintains full operation in Pac
The R symbol is repeated in this field,of the output programming template.

TG(12) [ISO-Assign: receipt of a-Reset signal causes the Template Generate state machi
initialized [according to the WBC ASGI[n] assignment flags programmed by SMT. Also in a n
the ASG flags are checked immediately prior to transmission of the next cycle, if the curren
operation|of a TG state machine does not correspond to the state of its associated ASG fla
state machine is re-ifiitialized according ASG assignment flag. When the ASG flag correspg
WBC is 130.request-then 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 slav
enables it for'operation in Isochronous Mode. The S symbol is repeated in this field of the o
programnhi = " ) o
multiple different monitors have different templates during monitor cont
precedence over packet during monitor contention.

ki

8.5.3.3 State TG2: ISO_INITIALIZE

e being

VBC so the
WBC are

R symbol is
cket channel

ket Mode.

hes to be re-
haster station
mode of
j then the
nding to the

e station

ention, i.e. isochronous takes

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
output for the corresponding WBC output to CXC.

the LAB

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
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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
of the WBC can in fact be isochronous data that is in use by some other station. Therefore it is repeated

unmodified.

lJle Packet Mode in slave: receipt of an R symbol for this WBC by a slave station,

TG(21) Ena enables
it for operation in Packet Mode. The R symbol is repeated in this field of the output programming
template.

TG(22) Incdrrect PT symbol or Generating: receipt of a non S symbol for a WBC i'this state by a

station operat
master) has n

to this WBC inj
the ring with g

bt been propagated correctly round the ring. This can be due tothe element corre
the programming template being corrupted, or (much more likely) due to the late
Id values being received following a PT change, or it can be)due to monitor conte

ng in master mode indicates that the value for this WBC transmitted-by the station (as a

sponding
hcy of
htion.

When the Generate flag is set a valid cycle has not been received. In-€ither case no valid data fas been

received for th

symbols must
programming

TG(23)
Mode. The S

8.5.3.4 Stat

Isoa

is WBC so the state machine remains in the ISO_INITIALIZE state, to indicate th:
be supplied to the I-MAC. An S symbol must be transmitted for this WBC in the
template to initialize or recover the WBC.

symbol is repeated in this field of the output'programming template.

TG3: ISO_OPERATE

ht filter

hronous Mode: receipt of an S symbol for this\WBC enables full operation in Isochronous

This is the nofmal operating state for a WBC-template generation state machine corresponding fto a
WBC operating on isochronous mode. While'in this state data is read out normally from the

corresponding WBC output of the LAB.during the cycle.

ines to
master
ent

5 flag

TG(30a) TK-Assign: receipt of a Reset signal causes the WBC template generation state mach
be re-initialized according to thesWBC ASG[n] assignment flags programmed by SMT. Also in a
station the ASG flags are checked immediately prior to transmission of the next cycle, if the cur
mode of operation of a TGsstate machine does not correspond to the state of its associated AS(
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(30b) PT symbol-error in slave: receipt of a T symbol for this WBC from the WBC template fjlter
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
of the WBC can in fact be isochronous data that is in use by some other station. Therefore it is 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 received 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 tnmn!nta to initialize or recover the WBC.

Yy &l HAT Vi i TVU VU

TG(33) Isochronous Mode: receipt of an S symbol for this WBC maintains full operation in
Isochronous Mode. The S symbol is repeated in this field of the output programming template.

TG&:TK_INITIALIZE TG2:_§_(I)_INITIALIZE
TG(02) (HRC_Reset | (Tx_Start & CC.State = (Resynch | Master))) & Asg = ISO.réquest '
< (HRC_Reset | (Tx_Start & CC.State = (Resynch | Master))) & Asg = TK,request TG(2da)
- CC.State = Slave & Input(T) & ~Generate TG(2db)

Output(T)

TG1: TK_OPERATE

Input(R) & ~Generate
TG(01) Output(R) (HRC_Reset\(Tx_Start & CC.State = (Resynch | Master)))
P & Asg = ISO.request
TG(12) I
(HRC_Reset &
Asg = TK.request) |
Generate CC.State = Slave & Input(R) & ~Generate ’
- TG(10a)[® OUpUt(R) TG(21)
CC.State = Slave & Input(T) &
| Joneae s AP ongager TG3: 1ISO_OPERATE
Output(T) (1Qb)
- CC.State = (Slave | Standby) &} _Input(S) & ~Generat
gt Elsoe Itnpl:té{ R) TG(10c) Input(S) & ~Generate B Output(S) eTG (43)
utput(R) TG(13) -
CC.State = Slave & Input(T) & Output(S) (HRC_Reset &
~Generate ‘& *(LAB engaged) _ Asg = 1SO.request)
TG(00a) CC.State = Slave & Input(R) & \ Generate
_—l < ~Generate TG(31) TG(32a) L
-l Ot Output(R) - .
se [nput(~
~ Input(R) & ~Generate | TG(32b) -
- G -l Output(R) TG(33) Input(S) & ~Generate
TG(03) CC.State = (Slave | Standby) & Input(S) & ~Generate> < Output(S)
Output(S)
Else Input(~S)
(HRC_Reset | (Tx_Start & CC.State = (Resynch | Master))) & 1G22
Asg=TK.request
< TG(30a) Output(S) -
- CC.State = Slave & Input(T) & ~Generate TG(30b)

Output(T)

Figure 18 — WBC template generation state diagram
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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 merge sub-process merges the unchanged data from the input cycle header and closed

and

the open SAP list. The resulting data stream forms complete cycles which are transmitted to PHY with

the PH_UNITDATA.request primitive.

Depending on the implementation, it can 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 CXC repept
delay with the delay between data indication and data request in the P-MAC and |-MAC. This delay
should be kept fo a minimum as it adds to the total ring latency.

In addition to the above functions cycle exchange also generates the HI_CYCLE_SYNC.indicatio
primitive which passes 8 kHz timing information to I-MAC. During normal §ynchronized operation|in

>

hybrid mode timing control sends HI_CYCLE_SYNC.indicate to I-MAC-at125 us intervals as defined by
the 8 kHz timing used for transmission of hybrid cycles. In a monitor the HI_CYCLE_SYNC.indication is

synchronized td the TX_Start primitive received from cycle generation, while in a slave

HI_CYCLE_SYNC.indication is synchronized to the RX_Start primitive. During hybrid synchronization

the time intervals between the start of cycle transmission may. vary due to resynchronisation to a
received cycle: [this will be reflected in the periodicity of the:HI_CYCLE_SYNC.indicate primitive.
Provision of thig primitive in basic mode is optional.

8.6.1 Cycle distribute processing

This subclause|specifies the processing required on the data in the cycle by the cycle distribute grocess.

Cycle distribute data actions:

FOR the QPG DO
IF Opgn[PSAP]
THEN -HP_UNITDATA.indication (input(symbol))

FOR EACHRWBT DO

CASE OF PTtx[WBC]
R, T: HI_INVALID.indication;
IF Open[PSAP]
THEN HP_UNITDATA.indication (input(symbol))
S: 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_UNITDATAreguest-linput{svymbol)
=P EAHAe GUHE SHHAPHHSYRBeH)

FOHR the IMC DO

IF Open[IMC]

THEN PH_UNITDATA.request (HI_UNITDATA.request)
ELSE PH_UNITDATA.request (input(symbol))

FOR the DPG DO

- 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_UNITDATArequest (input(symbol))

FOR EACH end of cycle or TX_Abort-DO
RH_UNITDATA.request (input(symbol))
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Annex A
(informative)

Examples of the circuit-switch service class

A.1 General description

A.1.1 Functipns

The circuit-swjtch multiplexer (CS-MUX) provides circuits as a service, and depending.on the
application, sypports some or all of the following functions:

a) Multiplex circuits from different external sources.

b)  Switch|incoming circuits to associated transmission channels withina"WBC.
c) De-muyltiplex circuits from the associated channels within the WBCs to the external sinks.
d) Perfo:]n

e) Providg circuit synchronization.

rate adaptation between the circuit speeds and the DDI-II data rate.

A.1.2 CS-MUX implementations

The circuit-swjtch multiplexer may be embodied within'a station for the purpose of transporting ipternally
generated isoghronous signals across the FDDI-Il network to another station. Basic rate ISDN vpice and
data communications originating at the station would be an example. Alternatively, the circuit-syitch
multiplexer may be bridged to a circuit-multiplexed trunk or tie-line, such as defined by CCITT
G.703/G.732 (@ 2 048 kbps) or the Bell System T1 (1 544 kbps) standards. In this case, the trunk or tie
line may form|part of a larger public netwerk for example, or through the use of distributed Drop|and
Insert Multipleixers and a local Time Slét Interchange (TSI), may be a small "isochronous-LAN" in its own
right.

—

As shown in 5(2.3, the 6,144, Mbps wideband channel rate is a suitable common denominator fg
efficient multiglexing of both the 2 048 kbps CCITT and the 1 544 kbps Bell Standards. In the
G.703/G.732 ¢ase, exactly 3 x 2 048 kbps lines or sources may be transparently multiplexed intp a
6,144 Mbps WBC, with no stripping or modification of synchronization or signalling information heing
necessary. In the F1.case, exactly 4 x 1 544 kbps lines or sources may be multiplexed into a WBC by
stripping the 1}-bit per
stripped, the trd ;

The 6,144 Mbps WBC rate is well suited for multiplexing ISDN sources. Exactly 4 x 2 048 kbps Primary
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
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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 CSMUX example 1: Byte interleave burst mode

Data is transmitted and received byte-wide to and from the CS-MUX at the rate it is operated at the H-
MUX, 12,5 Mbps. No Parallel to Serial and Serial to Parallel conversion and clocking adjugtment
(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) byte clock  (byte)
I-MAC Channels

Figure A.1 — Example of a byte interleave burst mode CS-MUX

A3 CS-IMUX example 2: Bit interleave burst mode

Data is transmitted and received bit-wide to and from the CS-MUX at the instantaneous rate it is
operated at the H-MUX, 12,5 Mbps. Parallel-to-serial and serial-to-parallel conversion is needed,
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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