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Preface

TheFiber Distributed Data Interface Systdmvel Descriptionlescribes the Ameri-
canNational Standards Institute{ANSI) Fiber Distributed Data Interface (FDDI),
100-Mb/s,timed-token ring network standard. This manual also describes Digital
EquipmentCorporations implementation of the ANSI standard. It discussegdhe
iousFDDI components designed and built by Digital and how these devices connect
to form an FDDInetwork.

This manual discusses the topologiesommended by Digital and the benefits to
userswho implementhem. In addition, this manual explains Diggedpproach to
networkmanagement and describes the facilities provided by network management
software.

Audience

Thismanual is intended farsers who are familiar with basic network concepts and
who want an in-depth understanding of FDDI. By explaining FDDI and Digital’s
FDDI product set, this manual provides users with an understanding of the complex-
ity of FDDI and the power of Digita’products. After reading this document, users
will betterunderstand the benefits that FDDI provides in the workplace.

Document Structure

This manualconsists of six chapters and three appendixes as follows:

Chapter 1 Defines ANSI FDDI and providesackgroundnformation
on how it evolved. This chapter also describes the FDDI
topologies recommended by Digital and lists Digital’s
FDDI product set. An overview of FDDI configuration
guidelines is included at the end of this chapter.

Xi



Chapter2

Chapter 3

Chapter 4

Chapter 5

Chapter 6

Appendix A

Appendix B

Appendix C

Xii

Discussethe basic design features of FDDI. This chapter
lists and defines the four standards that, taken as a whole,
make up ANSI FDDI. @pics covered include frame and
token structure, clocking, the physical connection of FDDI
stations, and basic ring operation.

Contains a general description of concentrators and how
they are used in an FDDI environment. It emphasizes the
importance of the concentrator in DigisaFDDI topology.
Configuration guidelines for concentrators are included at
the end of this chapter.

Describes bridges and their role in the FDDI environment.
Bridge configuration guidelines are included at the end of
this chapter.

Provides a general description of adapters and their use in
an FDDI environment. Adapter configuration guidelines are
included at the end of this chapter.

Describes network management as it applies to FDDI and
the extended LAN environment. This chapter provides an
overview of network management capabilities. It also dis-
cusses concepts of DigitalEnterprise Management Archi-
tecture (EMA).

Describes the International gamization for Standardiza-
tion (ISO) seven-layer Open System Interconnect (OSI)
network architecture.

Contains examples of FDDI network configurations built
on Digital's implementation of the commercial building
wiring scheme.

Contains a list of related documents that can be ordered
from Digital Equipment Corporation.
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Overview

In an efort to standardize high-speed networking protocols, the AmeNasional
Standard#nstitute (ANSI) has defined a 100-Megabit-per-second (Mb/s) local area
network (LAN). Fiber optic cable is the first transmission medium defined in the
ANSI specification. Called Fiber Distributed Data Interface (FDDI), this ANSI
specificationconsists of a set of standards that define the components of FDDI:
PhysicalLayer Medium Dependent (PMD), Physical Layer Protocol (PHY), Media
AccessControl (MAC), and Station Management (SMT). This manual describes
FDDI and addresses questions, including:

* Why did ANSI develop FDDI?
* What are thegyoals for FDDI?
* What problem is ANSI solving with FDDI?

This manualalso discusses the benefits of adopting Digitadiplementation of
FDDI, based on the dudhg of trees network topolog¥hese benefits include the
following:

* Reliability
e Scalability
* Maintainability

Digital's implementation of FDDI complies with the ANSI standards as they are
written. This chapter provides a brief history of the FDDI specification. Itialso
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1-2

cludesa description of the physical environments where FDDI is used and an intro-
ductionto thebasic components of Digitalimplementation of FDDI.

Throughouthis manual, the words station, device, and node are used exteimsively
descriptionof equipment connected to the FDDI ring. Keleg following defini-
tions forthesewords in mind:

Node Any attachment device to the FDDI network. It can be a
single attachment station (SAS), a dual attachment station
(DAS), or a concentrator.

Station As used in the FDDI environment, any node that possesses
a MAC entity.
Device Generic hardware that connects to the FDDI network. Can

be a station, a hode, or the equipment that connects to the
network through the FDDI components.

FDDI Defined

FDDI consists of a set @tandards that, when taken togetllefine a 100-Mb/s,
timed-tokerpassing, local area network that uses fiber optic mettitransmit data
betweerattached devices. Note that fiber optic medium is the first medium defined
by the standard$Vork is underway to add other media. The standards define several
typesof networking devices. These include concentrators, dual attachment stations,
andsingle attachment stations. These devices allow users to construct various net-
work configurations based on the FDDI standard.

Digital Equipment Corporation recommends a basic network topatatigd a dual

ring of trees, thaprovides a backup physical link for increased reliabilityhis to-
pology,an FDDI ring is constructed as trees of stations connected to the FDDI dual
ring. Figure 1-1llustrates this dual ring of trees topologis figure shows how the
variousFDDI components connect to form an integrated, fully functional network.
In thistopology,dual attachment stations and single attachment stations connect to
the FDDI ring through concentrators forming the branchethetrees.

Figure 1-lemphasizethe importance of the concentrator as the key componentin a
dualring of trees topologyn Figure 1-1the dual ring connects concentrators. Sta-
tionsconnect to theual ring through a tree of concentrators.This topolofgroa
campus-widenetwork free from disruption by everyday events.

Fiber Distributed Data Interface System Level Description



Networkmanagement software provides tbels to maintain and manage the net-
work. Other sections of this manual provide details on the benefits of this topology
andhow SAS and DAS bridgeonnect FDDI LANs to extended LANS.

Figure 1-1: Dual Ring of Trees Topology with Extended LANs

: - ) ) - -
Concentrator | Concentrator ‘ Dual ring
| Location of dual ring f/ \\ ]
[y \
Concentrator Concentrator Tree
/ / e[dd | Node
Concentrator
// \:\ FDDI bridge
4 Node
Bridge connects FDDI
Concentrator to extended LAN
g\ ) i
Node FDDI bridge Node Node Node

.

LKG-5102-91I
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1.2

Digital, by making its implementation fully compliant with the ANS&ndards,
achievesnteroperability with other vendors whose products are also ANISI
compliantBy maintaining compliance with the standard, Digital also makes it easier
for users to design networks usingthfe-shelf components, rather than exgiio-
prietaryhardware andoftware.

Background to FDDI

FDDIis an ANSI standard for a high-speed, general-purpose network for connecting
largecomputers, workstations, desktop computers, and other equipment. ANSI de-
finesand oversees the standards creation process and also charters other organiza-
tionsto write standards for domestic use. T$ggtion explains the various ANSI
specificationghat make up FDDI. Section 1.2:3aps the ANSI standards to the
ISO/OSImodel.

1.2.1 ASC X3T9.5 Task Group

ASCX3T9.5isthe ANSI @sk Group responsible for the design of the overall ANSI
FDDI specification. The Accredited Standards Committee (ASC),d€8elops
standarddor Information Processing System&chinical Committee X3T9 ise-
sponsiblefor writing standards for I/O interfaces. The X3T9dsK Group is char-
teredto write the FDDI standard.

TheANSI standards, and related 1ISO versions, that conthe$€eDDI specification
arelisted in Table 1-1and described in the following sections. These sections are
overviewsof the individual standards. For further information refer to the individual
ANSI or ISO document for each standard.

Fiber Distributed Data Interface System Level Description



Table 1-1: ANSI and ISO Standards for FDDI

ANSI/ISO Standard

FDDI Standard

X3.166-1990/
ISO 9314-3:1990

X3.148-1988/
ISO 9314-1:1989

X3.139-1987/
ISO 9314-2:1989

X3.79.5/84-49
(under development)

Physical Layer Medium Dependent —This standard corre-
sponds to the lower portion of the OSI Physical layer. PMD de-
fines the transmit/receive power levels, optical transmitter and
receiver interface requirements, error rates, and cable and con-
nector specifications.

Physical Layer Protocol —This medium-independent stan-
dard corresponds to the upper portion of the Physical layer. PHY
defines symbols, line states, encoding/decoding techniques,
clocking requirements, and data framing requirements.

Media Access Control —This standard corresponds to the
lower portion of the OSI Data Link layer. MAC defines data link
addressing, frame formatting and checking, medium access,
error detecting, and token handling. Its primary functionis to de-
liver formatted data to nodes attached to the FDDI LAN.

Station Management —This draft standard defines the system
management services for the FDDI protocols. SMT includes fa-
cilities for connection management, node configuration, recov-
ery from error conditions, and the encoding of SMT frames.

Overview



Figure 1-Xhows the relationship among the various FDDI standards and how they
combineto form the complete FDDI standard. Figure Ehdws the relationship
amongthe FDDI standards amather common industry standards. Note that the
802.2LogicalLink Control and IEEE 802.1 standards are common across the vari-
ouslower layerstandards.

Figure 1-2: FDDI Model

Logical Link Control
(IEEE 802.2 LLC)

Data

Link

layer Media Access Control
(MAC)

e Addressing

* Frame construction

« Token handling

Station Management
(SMT)

Physical Layer Protocol * Ring monitoring
(PHY) * Ring management

+ Connection management

« Encoding/decoding « SMT frames

¢ Clocking
Physical * Symbol set
layer

Physical Media Dependent
(PMD)
¢ Physical link parameters
« Connectors and cabling

LKG-4042-9C
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Figure 1-3: FDDI and Other LAN Standards

IEEE 802.1
T Logical Link Control
Data (IEEE 802.2 LLC)
Link
layer
Y MAC
IEEE IEEE IEEE
T 802.3 802.4 802.5
. PHY | SMT | | csMA/CD || Token Token
Physical bus ring
layer
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FDDI

LKG-4043-90I

1.2.2 ANSI Specifications

The ANSI standards that make up the FDdplecification include X3.166—-1990,
X3.148-1988X3.139-1987, and X3.T9.5/84—-49. Togethbese standards define
afully functional high-speed fiber optic network. Chapter 2 describes the individual
standardsn greater detailFollowing are summaries of the FDDI standards.

X3.166—-199@lefines the Physical Layer Medium Dependent (PMD) subl@ijés
sublayercorresponds to the lower portion of the Physical laydreoOSI seven-lay-

er model. This standard provides the specifications for the optical transmitter and re-
ceiver used by FDDI, the power levels, allowable bit error rates, fiber optic
transmissiorwavelength, fiber optic cable, and connectors.

X3.148-1988&lefinesthe Physical Layer Protocol (PHY). This medium-indepen-
dentlayer corresponds to the upper portidithe OSI Physical layefhis standard
defineghe encoding scheme, clock synchronizatéon serial-parallel conversion.

Overview 1-7



X3.139-198™efinesthe Media Access Control (MAC) sublay&he MAC corre-
spondgo the lowest sublayer of the OSI Data Link layer (DLL). This standard de-
finesmedium access, addressing, and error detection protocols. Its primary function
isthe delivery of frames to attached nodes on the FDDI ring. It also provides accessto
thering for higher level protocols, specificalthe Logical Link Control (LLC) pro-

tocol.

X3.79.5/84—-4efines the system management applicationthéoFDDI protocol
layers.Called Station Management (SMT), it provides specifications for the sta-
tion-levelcontrol necessary to ensure proper node operatioriBDBhring. These
includetopology station configuration, ring managemeand connection manage-
ment.

1.2.3 FDDI and the OSI Model

TheOpen Systems Interconnection (OSI) model is a reference for defining the archi-
tecturenecessary to provide communications between open systems. Developed by
the International Organizatiofor Standardization (1SO), it provides a framework

for the development of internationstndards for computer communications. The
OSI model is based on the layering technique where the various communications
functionsare partitioned into seven discrete units. This section describes the rela-
tionshipbetween the O3dyered model and the FDDI standard. For further informa-
tion concerning the OSI model, refer to Appendix

The FDDI standards apply to the Physical and Data Link layers of the OSI model.
Figure 1-4shows the relationship between the OSI model and the FDDI standards.
In the OSI model, the Physical layer defines data transmission over the physical link.
Issuessuch as bit signaling, mechanical and electrical specifications, cabling, and
connectorsre covered here. In FDEMis is further divided into the PHY and PMD
sublayers, which separate the media and transmission details into two gestisct

TheOSI Data Link layer defines parametnsmedium access, frame construction,
datalink addressing, error detection, and connection to higher layers. FDDI divides
this layer into two sublayers. The upper sublalyegical Link Control, is provided

by the IEEE 802.2 LLC standard. Thiglee same LLC used in IEEE 802.3, .4, and

.5. It provides a means for exchanging data between LLC users across an FDDI
LAN.

Thelower sublayer igefined in the MAC and SMT standards in FDDI. This sublay-
er defines the data link packets specifically required by the FDDI token passing
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schemeThese include addressing and token handlingidore 1-4 Service Ac-
cessPoints (SAPs) are logical connections between lageate OSI model. They
areshown here for informational purposes only.

Figure 1-4:  Relationship Between the OSI Model and FDDI
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1.3 FDDI Devices

TheFDDI standardiefines two types of devices: stations and concentrators. Stations
canbe further divided into single attachment stations (SAS) and dual attachment sta-
tions(DAS). The concentrator provides connectifamghe attachment of multiple
nodesto the FDDI ring. The concentrator can be a single attachment concentrator
(SAC), dual attachment concentrator (DAC), or a standalone concen#étof
thesedevice types act as connectfmints to the FDDI network. Digital implements

the SAS, DAS, and DAC ithe dual ring of trees topolog¥he following sections
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describahe attachment devices defined by FDDI. Chapter 2 provides a detailed dis-
cussionof the components defined by the FDDI standards.

1.3.1 Single Attachment Stations (SAS)

The single attachment station (SAS) permits access to the FDDI ring through the
concentratorTheSAS provides a single connection point to the FDDI ring. It does
not have the facilities for connecting to the dual ring; therefore, it cannot wrap the
ringin case of a station or fiber failure. The concentrator provides fault control. In the
dualring of trees topologyhe SAS proves to be a reliable, coséetive method for
connectingo the FDDI network.

The components of the SAfBe a single instance of the MAC entitye PHY the
PMD, and the SMTFigure 1-5shows a model of the SAS.

Figure 1-5: Single Attachment Station Model
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1.3.2 Dual Attachment Stations (DAS)

1-10

Thedual attachment station (DAS) permits a device to connect to the primary and
secondaryings of the FDDI dual ringallowing a device to access the dual ring ar-
chitectureof FDDI. The DAS consists of two PHY's, two PMDs, one or (optionally)
two MACs, one SMTand an optical bypass relay (optional). Figure $h@ns a
modelof the DAS.
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In thedual ring of trees topology employed by Digital, DAS nodes are supported, but
theiruse is not required. Concentrators, SAS and DAS bridges, and SAS nodes com-
posea typical duaking of trees topology as implemented by Digital.

Figure 1-6: Dual Attachment Station Model
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1.3.3 Concentrators

The concentrator is also specified as part of the ANSI standards. The concentrator
allowsthe attachment of multiple SAS, DAS, or concentrators to the primary (or op-
tionally, secondary) ring of the FDDI network. The concentrator can also be used as
theroot of a tree topologyAs shown in Figure 1-the concentrator consists of SMT
circuitry, an optional MAC entityand severd?HY/PMD entities. A complete phys-

ical connection consistd a PHY/PMD in a concentrator connected by a medium to
the PHY/PMD in another node.

An FDDI concentrator retimes data, detects faults, performs fault isolation, and is
manageablby network management software. Unlike concentrators foutthén
networks(IEEE 802.5, for example), the FDDI concentrator is an active device that
canactually control the physical topology afnetwork.
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The concentrator can reconfigure the network by inserting or remogmuected
nodes.The configuration switch shown in Figure Ipfbvides this capability to the
concentrator.

In Figure 1-7the individual PHY/PMD entitiekave separate paths to the ST
indicatedby thedashed lines through subsequent blocks in the figure. Chapter 3 pro-
videsa closer look at the concentrator as it is used by Digital in theidgalf trees

topology.

Figure 1-7: FDDI Concentrator Model
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1.4 Application Environments

Digital's implementation of FDDI supports variol&N environments including
backbonesind workgroups. These environments progdsat flexibility in the de-
signand implementation of an FDDI network. The following sections and support-
ing illustrationsfurther describe these network environments.
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1.4.1 Backbone

Figure 1-&hows an FDDI backbone configuration. This configuratioridigsther
multiple LANs in a campus or multibuilding environment into one integrated net-
work. The backbone provides a high-bandwidth facility for the connection of FDDI
devicesBecause attached devices can be subjected to frequent power down by the
user,connection to the FDDI ring is optimized by the use of concentrators. Back-
bonegrovide high reliability; the use abncentrators maintains ring integrity even
whenone or all devices attached to it are shut down or unplugged. The backbone sup-
portsradial wiring schemesuch as the one defined in EIA/TIA 568 (TR—41.8.1).

Figure 1-8: Backbone Configuration
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1.4.2 Workgroup

Theworkgroup configuration connects workstations, persooralputers, and mini-
computerghrough one or more concentrators. This netwodheracterized by a
relativelysmall number of attached devices spread oligrited geographical area
andwith FDDI's ability to transfer laye amounts of data quickly and reliably.

The typical workgroup configuration normalys distances between stations less
thanthe 2 kilometers (1.2 miles) specified in the FDDI standards. The dual ring of
treesarchitecture employed in the FDDI ring allows network to sustain the loss of
one or more attached nodes and still function. A workgroup can be part of a back-
bone configuration as showm Figure 1-8Figure 1-9illustrates a standalone
workgroupconfiguration using a concentrator

Figure 1-9: Standalone Workgroup Configuration
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1.5 FDDI Topologies

An FDDI ring network consists of a number of serially attached stations that are con-
nectedby a transmission medium to foatlosed loop. An active station transmits
information serially as stream of symbols to the next active station on the ring. As
eachactive station receives these symboals, it regenerates and repeats them to the next
activedevice on the ringits downstream neighbor).
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Thephysicalconnection (see Figure 1ifbasic to the FDDI ring design: Through
this connection attached devices pass information over the ring. An FDDI physical
connectioris formed between the Physical lay@$1Y/PMD) of two stations con-
nectedby the medium. FDDI requires that all connections in the ringadoe-to-

point, full-duplex, and bidirectional. Each attachment to the network trassmit
andreceive component. For example, a valid fiber optic connection contains two fi-
bersproviding a point-to-point, full-duplex path.

Figure 1-10: FDDI Physical Connection
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Aspart of the FDDI standard, ANSI permits a number of topologies. Oftihiesie-
gies,four are of particular importance to the usd#®igital’'s FDDI products. These
topologiesare as follows:

* Standalone concentrator with attached nodes
* Tree of concentrators

* Dual counter-rotating ring

* Dualring of trees

These topologies are discussed in detail in the following sections.
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1.5.1 Standalone Concentrator

The standalone concentrator topology consists of a single concentrator and its at-
tachedstations (Figure 1-)1These stations can be eitls&S or DAS devices. Be-
causeftheir lower cost, SAS devices are the preferred station for this topdlugy
topologydoes not require access to the FDDI dual ring. It ofi#the advantages
associatedvith the concentratoiincluding reliability and ease of configuring, to
small,independent workgroups. This topology allows tise of star wiring. This
meansexisting structured fiber optic wiring can be usethraing significant cost
savingsin prewired sites. A standalone concentrator topology grows into a tree of
concentrators as the network is expanded.

Figure 1-11: Standalone Concentrator Topology
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1.5.2 Tree of Concentrators

Thetree of concentrators, shown in Figure 1-2used when wiring lge groups

of user devicemgetherConcentrators are wired in a star topology with one concen-
tratorserving as the root of the tree. Additional concentrators can cdortleetsec-
ondtier of concentrators as needed to support new users. This topology can be used
to wire a single building or teervicemany stations on one floor of a building. This
topologylends itself to structured wiring systems.

Figure 1-12: Tree of Concentrators Topology
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1.5.3 Dual Ring

1-18

Oneof the basic concepts in the FDDI standard is the dual counter-rotating ring. The
dualring consists of a primary rirend a secondary ring. The direction of data flow

in the secondary ring is opposite (countdthat of the primary ring. The main func-
tionsof this secondary path are to assist in the ring initialization and reconfiguration
processind to provide backup tbe first ring. Inherent in this design is the ability to
continuering transmissioif a device on the ring fails. The ring is restored by wrap-
ping to the secondary ring maintain the transmission path. This redundancy in the
ring design provides a degree of fault tolerance not found in other nettaodards.
Figure 1-13llustrates the basic concepts of the dual ring.

Figure 1-13: Dual Ring—Conceptual View

Station 1 Primary ring Station 2

-t
-

>

Secondary ring

Total fiber length = 200 km/124 mi (100 km/62 mi x 2 rings)

YA

Station 4 Station 3

All devices on the ring are dual attachment stations or dual attachment
concentrators.
LKG-4053-90I

Fiber Distributed Data Interface System Level Description



Dual attachment stations or dual attachment concentratattse dual ring connect

to each other by means of the primary and secondary fiber cables. Under normal con-
ditions, the secondary ring is idle with no data beirappsmitted. If a fiber failure
occursthe stations on either sidetht failure reconfigure by wrapping the primary

ring to the secondary ring,fettively isolating the fault. This maintains connectivity
between stations in the dual ring, allowing normal operation to continue.
Figure 1-14shows the FDDI technique of isolating a link failure.

Figure 1-14: Dual Ring—Isolating a Link Failure
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If an attachedtation fails, again the stations on either side of the failing station re-
configure effectively isolating thdailing station from the ring. Figure 1-$6ows
the FDDI technique of isolating a station failure.

FDDI limits total fiber length to 200 km (124 mi). Since the dual ring topology effec-
tively doubles media length in tleeent of a ring wrap, the actual length of each ring
is limited to 100 km (62 mi).
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Figure 1-15: Dual Ring—Isolating a Station Failure
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1.5.4 Dual Ring of Trees

A fourth topology described in FDDI, the dual ring of treesTlRRonnects concen-
tratorsand DAS bridges located at a Main Distribution Frame (MDF) together in a
dualring. This provides the reliability of the dual ring where it is needest, in the
campusbackbone, while allowing for the usestfuctured wiring in all other cam-
puslocations. Tees of concentrators then connect to the dual ring, providing con-
nectionsat the Intermediate Distribution Frames (IDF) and Horizddistribution
FrameqHDF) of the structured wiring system. Stations then connect to concentra-
torslocated in the HDFs of treructured wiring system. The tree can branch as re-
quiredby simply adding concentrators as long as the station number or ring distance
limits arenot exceeded. Figure 1-$6ows the DR topology.
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Figure 1-16:

Dual Ring of Trees Topology
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Theconcentrator playa key role in fault isolation in this topolagyhe dual ring at
thebackbone guarantees a secondary data path to all concentrators and dual attach-
mentstationdn the dual ring. Beyond this level, in the trees, individual stations can

be removed from the ring as needdth no interruption of service to the rest of the
network.The concentrators can bypass inactivelefective stations, as required.

1.5.5 Dual Homing

Thedual homing topology uses backup links to enhance fault tolerance in a tree to-
pology.One link is called the primary link, arde other link is called the backup

link. Figure 1-17 shows a dual homegology using concentrators. If concentrator

2 or the primary link to concentrator 3 fails, the backup link to concentrator 3,
throughconcentrator 1, is activated. This ensures that the devices connected to con-
centratoB will have uninterrupted service. Activation of the individual links follows

the FDDI connection rules, described in Section 2.7.2.

Figure 1-17: Dual Homing Topology Using Concentrators
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Figure 1-1&hows a dual homed topology using concentrators BiA®GDridge. If
concentratoR or the primary link to the DAS bridge fails, the backup link to the DAS
bridge through concentrator 1, is activated. This ensures that the devices connected
tothe DAS bridge will have uninterrupted service. Activation of the individual links
follows the FDDI connection rules, described in Section 2.7.2.

Figure 1-18: Dual Homing T opology Using Concentrators and a DAS  Bridge
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1.6 Dual Ring of T rees, Topology of Choice

Networkfailure problems that are inherent in a single ring topotagybe corrected

by implementing a dual ring topologflowever a dual ring topology creates seg-
mentsif multiple station or cable failures occérdual ring of trees topology using
concentratorsorrects the problems that are inherent in both single and dual ring de-
signs.This section explainBigital’s choice of the dual ring of trees as the recom-

mendedopology for FDDI.
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A single ring topology consists of a series of point-to-patysical links in a closed
loop. If a failure on the ring occurs, the entire network fails. Figure $ht@s the
single-pointfailure problem in a non-FDdingle-ring topologyln lame installa-
tionswhere the probability of ring or station failure is high, this type of disruption is
unacceptable.

Figure 1-19: Single Ring Failure of a non-FDDI Topology
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Toeliminate the single-point-of-failure problem, the ANSI FDDI standards commit-
teedesigned the duahg topology This topology solves the problem of a single fail-
uredisrupting the ring by providing a secondary transmission path. The secondary
transmissiompath assists in start-up, initialization, and reconfiguraifdahe prima-

ry path.
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Althoughthe counter-rotating ring design eliminates the problems associated with
thesingle ring, a new issue arises when multiple failures oEégure 1-20llus-
trateswhat happens to a rirgd DAS devices when multiple ring failures or discon-
nectsoccur The result is two or more (depending on number of failures) segmented
rings.

Figure 1-20: Dual Ring Failure of an FDDI Topology
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Althougheach ring is fully functional, the rings canmagtess each other because of
themultiple failures. These breakan be caused simply by a user disconnecting a
workstationAgain, in lage installations where the risk of multiple failures increases
with the number of stations or tgr number of users addedhe network, this is not
anacceptable situation.
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The dual ring solutioran also give rise to other concerns such as:

* The dual ring is not well suited to the use of structured wiring schemes.

* Dual attachment stations require twice the connectors and cables at the drop
site.

* The site backbone cabling is accessible to each user on the dual ring, which
presents a ring integrity risk at every user location.

* Because each station is part of the backbone wiring, the behavior of each user
is critical to the operation of the ring.

* Manual intervention and manipulation of the dual ring cabling is required for
all additions, moves, and changes, resulting in periods of ring instability.

Digital recognizes the segmented ring issue inherent with DAS installatioasland
dressed with the use of FDDI concentrators configured in a dual ring of trees. The
DRT topology allows the creation of a largephisticated network that can sustain
theloss of all stations connected to the concentrators without losing ring inteyrity
this topology concentrators electronically bypass ring disruptions. Connection
Managemenéallowsthe removal of defective links with no disruption of service to
remainingnodes. Figure 1-2llustrates this concept. It showgo concentrators at-
tachedto the dual ring with two bypassed stations.

Only network components (concentrators or bridges) should be connected to the
dualring. These devices are typicallylatked closets or cabinets and only accessi-
ble by network-knowledgeable individuals. End user stations, such as computers or
workstationsshould only be connected as SAS.

Furtherinspection of the DRTeveals it to be a more robust and dynamic solution to
configurationproblems than eithéne single or dual ring approaches to network de-
sign.With the dual ring of treeshe best of both topologies is available to network
users.The duaking implemented at the root of the tree provides transmission path
redundancyto attached concentrators. The single ring cabling between concentra-
torsand SAS stations or other concentrators on the tree branches provides significant
costsavings compared to the purchase of DAS devices and the installation of multi-
ple dual fiber cables at all user sites.
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Figure 1-21: Concentrators in a Dual Ring of T rees Configuration
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Key points in the choice of the dual ring of trees topology are religlsitigtability,

andmaintainability These factors provide the power not found in the other topolo-
gies.

1.6.1 Reliability

A dual ring oftrees provides a backup physical link at the dual ring. In addition, con-
centratorsn the dual ring or in thgee can bypass an inactive or defective station and
allow the insertion or removal of stations as needed. This is done without the inter-
ventionof the network manager and without disruptingribévork.
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Becauseahe network isinafected by single- or multiple-point failures, it is always
availableto attached stationBarring a power failure or major natural disadtegre

is no ordinary incident that would cause the loss of ring access to other stations con-
nectedo the network. The dual ring of trees allows any number of stations to be re-
moved from the ring without denying ring availability to remainiagtached
stations.

1.6.2 Scalability

Increasingor decreasing ring size is a simple matter of adding or removing concen-
trators.In a dual ring topologyecablings necessary every time a station is added or
removed.The inherent flexibility of the concentrator allows netwgr&wth to oc-

cur as needed; recabling is not necessary in a dual ring of trees tofeiaging

with a single concentrator aattached SAS devices, a user can expand the network
tofit theneeds of the site as long as the station number and ring distance limit are not
exceededThe dual ring of trees permits additions, moves, and changes wdtkout
rupting the network. This flexibility in wiring complies with thwgring scheme spe-

cified in the EIA/TIA 568 standard.

1.6.3 Maintainability

Propemaintenance is critical to tliperation of any network. Digital provides intel-
ligentconcentrators and distributed networkiagls that permit the user to monitor
andmaintain the network down to individual attached devices. Proper installation in
dedicatecequipment rooms allows the concentratorbe carefully controlled and
maintained.The physical topology recommended by Digital meetsspexifica-
tionsset forth in the EIA/TIA 568 standard.

1.7 Digital Product Line

TheDigital implementation of ANSI FDDI allows for great flexibility in thesign
andconstruction of a high-speed fiber network. Digital designs and builds a number
of products for the construction of an FDDI ring. They are fully compliant with the
ANSI FDDI standards. The following sections provide an overview of the FDDI de-
vicesproduced by Digital.
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1.7.1 Concentrators

Concentratorare necessary in & networks where DAS configurations are diffi-
cultto configure and maintain, and are expensiveuaneliable. Digital implements
theDECconcentrator 500 as the recommended device for connsttians to the
FDDI ring. Digital supports the use of a DAS configured into a dual ring or as a mem-
berof atree.

The DECconcentrator 500 complies with the ANSI X3T9.5 standards. It provides
for attachment of nodes (SAS, DAS, or concentratos)Standalone environment.
Theconcentrator also supports the hierarchicglding and campus physical wiring
topologiediscussed in previous sectionsdiypwing concentrators to be intercon-
nectedn a tree topologyrinally, it supports the dual ring interconnection of concen-
tratorsand DAS, referred to as the dual ringhe ANSI standards. Refer to Chapter

3 for details concerning concentrator functionality.

1.7.2 FDDI Bridges

To preserve previous investments in equipment, the FDDI LAN must be able to in-
terfacewith existing network technologies. Bridges provide a meads this. In
Digital's implementation of FDDI, the DECbridge 500/600 series provideastire
facenecessary to connect the 100-Mb/s FDDI ring to the 10-Mb/s, 802.3/Ethernet
LAN. The DECbridge 500/600 series contastisnecessary btdring and transla-
tionlogic for interfacingo the 802.3/Ethernet network. In addition, the DEChbridge
600series allows multiple 802.3/Ethernet segments tmwheected to the FDDI net-
work.

The DECbridge 500/600 series contains SAS and DAS bridges. SAS and DAS
bridgesinterconnect in a tree topology and in a dual ring of trees topology through a
concentratorAdditionally, DAS bridges interconnect in a dual ring topoldggfer

to Chapter 4 for further detaitncerning the bridge.

1.7.3 Adapters

Adaptersconnect difierent devices to the FDDI ring through the concentrator.
Adapterscan be SAS or DAS. An adapter connectsdewace such as a workstation

or minicomputer with an 1/0 bus, for exampé&eTURBOchannel bus. The adapter
containsall necessary logic to act as an interface between the FDDI ring and device
systemmemory Refer to Chaptes for more details on adapter functionality.
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1.7.4 LAN Management Software

1.8
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Propemetwork management is critical to the successful implementation of a LAN.
To this end, Digital has developed sophisticated LAN management software. This
softwareallows a user at a management station to control and observe Hridges,
concentratorsand other nodes in the extendechl area network. Network manag-
ersuse the management software to monitor and contnebhaork; field service
technicianaise it to troubleshoot the LAN. Refer to Chapter 6 for details on network
managemenrdand the Digital management philosophy.

FDDI Specifications

FDDI allows the creation of a flexible, robust high-performance netwatkeTl—2
liststhe specifications for FDDI as set forth by Digital and the ANSI standards. For
detailedinformation concerning building or site-cablipgocedures and require-
mentsrefer to thd&ECconnect System Fiber Optic Planning and Configuradioh
Fiber Optic Installationmanuals.

Table 1-2: FDDI General Specifications

Item Specification

Transmission rate 125 megabaud (100 Mb/s at the data link)

Physical layer entities 1000 (maximum)

Fiber length 200 km (124 mi) (maximum)

Link loss budget 11.0 dB (maximum loss—multimode fiber optic cable)
22 dB (maximum loss—single-mode fiber optic cable)

Interstation link length* 2 km (1.2 mi) (maximum—multimode fiber optic cable)
40 km (24.8 mi) (maximum—single-mode fiber optic cable)

Transmission medium Fiber optic cable

Network topology Dual ring of trees

Media access method Timed-token passing

*EDDI link length is bandwidth limited to 2 km (1.2 mi) for multimode fiber.

Thenumber of stations that can be installed in an FDDI LAN depends on the number
of Physical layer entities that are present. A Physical layer entity consists of one in-
stanceof PHY/PMD and is the equivalent of one PHY port. A station can have one
Physicalayer entity (SAS), two Physical layer entities (DAS), or multiple Physical
layer entities(concentrators).
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The ANSI FDDI standarapecifies a maximum of 1000 physical layer entities and
1000MAC entities inan FDDI LAN. The standard allows up to 500 stations depend-
ing on the topologyDigital supports the configurations specified in the ANSI FDDI
standardHowever Digital recommends that an FDDI LAN generally be limited to
100 stations and 20 concentrators due to performance and reliability characteristics
of large rings.

1.9 General Planning and Configuration

Thissection lists some general points to consider when planning an FDDI network. It
doesot, howeveraddress all network planning requirements. For further degails
gardingthe planning and installation of Digital fiber optic cable, refer to the follow-
ing two manuals.

* DECconnecSystem Fiber Optic Planning and Configuration
* DECconnect System Fiber Optitstallation

In the initial planning stages, itis important to determine properdingants at FDDI
devicelocations. Consider the followingpints when determining fiber count:

* Multiple services support
* Level of redundancy
* Planned growth and expansion

Table 1-3ists the minimum recommendations for fiber optic cable between various
networkcomponents. The drop locations are defined according to the EIA/TIA 568
standard.
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Table 1-3: Recommended Fiber Counts

Minimum Recommended Fiber Count

Drop Location Multimode Single Mode
MDF to IDF 44 12

IDF to HDF 24 6

HDF to office wallbox 2 n/a

MDF = Main Distribution Frame

IDF = Intermediate Distribution Frame

HDF = Horizontal Distribution Frame

n/a = not applicable
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2.1

Concepts

This chapter explains the basic concepts of FDDI, giving a general overviaw of
complexdesign. ©pics include Protocol Data Units (PDUs),JetrTokerRotation
Time(TTRT), and signaling techniques. It concludes with a discussion abjpikeig-

tion. This chapter provides basic information about how FDDI operates and why cer-
tain functions were included in the FDDI design. It also discusses FDDI in terms of
thefour standard¢hat compose FDDI:

* Physical Layer Medium Dependent (PMD)
e Physical Layer Protocol (PHY)

* Media Access Control (MAC)

» Station Management (SMT)

While reading about the intricacies of FDIREep in mind that Digital has incorpo-
rated the power of FDDI in a standard chipset tisaised throughout the Digital
family of FDDI products.

Overview

The ANSI FDDI committee reviewed many options during the development pro-
cess. Key design conceptsf FDDI include the following:

¢ Timed-Token Protocol

* Symbols for data transmission and line state signaling
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* 4B/5B and NRZ/NRZencoding

e Synchronousasynchronous, and restricteervice

* Token rotation time determined Imggotiation among all connected stations
* Immediate transmission of data after token acquisition

» Distributed clocking to support a g number of stations on the ring

Becausef the requirement for a 100-Mb/s transmission rate (125 megabaud), FDDI
presents new set of challenges to designers. By making use of the techniques noted
above,designers have enabled the FDDI network to maintain a high transmission
rateover great distances amoadage number of stations.

FDDI Structure

FDDI is built on four sublayers as defined in the ANSI standards. Se@i8ns
through2.7 discuss these items in detail. Figure Rkbtrates thdasic FDDI net-

work connection model and shows how these sublayers interact. The four standards
thatmake up FDDI are theMD, PHY, MAC, and SMT.

Thesefour sublayers plus the IEEE 802.2 Logical Link Control (LLC) standard
combineto provide essential networkirsgrvices to devices attached to the FDDI
network.These services include hardwammnection, ring initialization, error de-
tection,token handling, and overall station management.

Fiber Distributed Data Interface System Level Description



Figure 2-1: FDDI Network Connection Model
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2.3 Physical Layer Medium Dependent (PMD)

ThePMD standard defines the lower sublayer of the OSI Phyaigad It describes

the physical requirements for nodes that attach to the FDDI network and the hard-
wareconnection between these nodes. It also provides all services necessary to trans-
mit an NRZI-encoded digital bit stream between stations. The PMD addresses the
following:

Concepts

Transmitter and receiver requirements, including pdwelget
Transmitter and receiver waveform characteristics

Conversion of electrical data signals to and from optical signals
Jitter limits and permissible bit erroates.

Mechanicalmating requirements fdhe Media Interface Connector (MIC),
including the keying methods and connector footprint

Fiber optic cable requirements



ThePMD standard specifiesdminal optical wavelength of 1300 nm for data trans-
missionover 62.5/12%m multimode, graded index, fiber optic cable. This permits
theuse of lower-cost LEDs in place of the more expensive laser devices required for
single-moddiber.

2.3.1 Fiber Cable Requirements

Fiberoptic cable is available in dérent sizes and types. The FDDI standard speci-
fiesthe use of 62.5/12%5n graded index, multimode, fiber optic cable. An appendix
to the PMD standartists cable alternativesable 2—1lists Digital's recommended
fiber cable specifications in both the 1300 nm and 850 nm windows. Digital recom-
mendghe use of dual-window fiber to support FDDI 1300 nm requirenagrtex-
isting or future non-FDDI applications requiring&0 nm windowTable 2—2ists
alternatemultimode fibercable specifications for FDDI in the 1300 nm window.

Table 2-1: Multimode Fiber Cable Specifications

Recommended Cable Parameters

Nominal core diameter 62.5+ 3.0 um

Cladding diameter 125.0 £ 2.0 ym

Numerical aperture 0.275 + 0.015

Modal bandwidth minimum 500 MHzekm @ 1300 nm, 160 MHzekm @ 850 nm

Maximum attenuation rate 1.5 dB/km @ 1300 nm, 3.5 dB/km @ 850 nm

Power budget 11.0 dB @ 1300 nm (for FDDI), varies by product
@ 850 nm

Table 2-2: Alternate Multimode Fiber Cable Specifications for FDDI

Alternate Cable 100/140 50/125

Nominal core diameter 100 pm* +4.0 um 50 pm* + 3.0 um
Cladding diameter 140 um* + 6.0 pm 125 um* + 2.0 pm
Optical wavelength 1300 nm 1300 nm

Numerical aperture 0.290 +0.015 0.200 + 0.015

Modal bandwidth minimum 500 MHzekm @ 1300 nm 500 MHzskm @ 1300 nm
Power budget for FDDI 9.0-13.0 dB 6.0-7.0dB

Maximum distance 1.6 km (.96 mi) 2 km (1.2 mi)

*Power budget contingent on core and cladding tolerances.
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TheFDDI single-mode PMD standafdurrently under development) describes the
traits of single-mode fiber for long-distance linksable 2—3Jlists the single-mode
fiber optic cable specifications.

Table 2-3: Single-Mode Fiber Cable Specifications

Recommended Cable Parameters

Mode Field diameter 8.2 um to 10.5 Pm

Cladding diameter 125 um % 2 ym

Fiber cladding noncircularity 2% maximum

Core to cladding concentricity error 1 pm maximum

Nominal operating wavelength 1300 nm

Fiber cutoff wavelength 1270 nm maximum

Zero dispersion wavelength 1300 to 1322 nm

Zero dispersion slope 0.095 ps/(nm2km) maximum
Optical power attenuation <[0.40 dB per km @ 1310 nm
Minimum power budget 22 dB @ 1300 nm

Minimum required loss 12 dB @ 1300 nm
Maximum distance 40 km (24.8 miles)

Concepts 2-5



2.3.2 Optical Bypass Relay

2-6

Theoptical bypass relay (option) shown in Figure 2afibe used to maintain con-
nectivity of the FDDI ring in the absence of power or during fault conditions in a
node.The bypass relay allows the light to bypass the optical redeitiee faulty
node.In this way the faulty node is bypassed and the operation dfEH2! ring is
maintained.

Figure 2—2: Optical Bypass

Secondary ring | |
- o N
Primary ring f,)ypgg:saﬁ'

Dual attachment station
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Opticalbypass relays have a power pendigweverwhich may cause the maxi-
mumallowable loss between stations to be exceeded. This limits the number of seri-
ally connected relays in thieng.

Other considerations when using optical bypass relays include:

* Bypass relays introduce additional loss in the network, and they do not per-
form repeater functions of amplifying and restoring the bit stream.

* By bypassing a station, the new distance between adjacent stations may ex-
ceed the maximum allowable value.

* Bypass relays, as any mechanical devices, may introduce less than reliable
service to the network.
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2.3.3 Connector Keying

TheMedia Interface Connect@IC) is the device used in FDDI to connect a node
to multimode fiber The MIC is designed to align the fiber cable properly with the
transmitand receive optics in the nodde MIC consists of a plug and a receptacle.
Thereceptacle is keyed farevent improper plug attachment. Proper keying pre-
ventsmisconnecting port types, which avoids misconfiguringrisisvork.

Fourkey types are defined for the MIC receptaMéC A and MIC B keying provide

for the attachment of DAS and DAC into the dual ring; NUGnd MIC S keying
provide for attachment of a SAS or a SAC (MIC S) to a concentrator (MIC M).
Figure 2—3shows the MIC receptackeying design.

The position of the keyway on the MIC plug determines the type of receptacle to
whichit connects. A MIC S plug fits all receptacles. Kegway on the other MIC
plugsand receptacles must mafcin proper mating.

Figure 2-3: MIC Receptacle Keying

AT B MEL S
LT S

a1
I
My

Connector keying:

MIC A Primary in/secondary out—-DAS A port
MIC B Primary out/secondary in—-DAS B port
MIC M Concentrator M port

MIC S SAS S port
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2.4 Physical Layer Protocol (PHY)

The PHY standard defines the media independent portion of the Physical layer in
FDDI. The PHY establishes clock synchronization with the incomingsiegam.
ThePHY standard defines the following components. The sections that follow dis-
cussthese componentis greater detail.
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* Symbols—The smallest primitive signaling element used by the MAC

* Line state—ndicates connection status between neighboring stations as de-
termined by receiving station and based on symbols received from adjacent
neighbor

* Encode/decode processAB/5B and NRZ/NRZI data encoding
* Data recovery—Recovers data bits from the incoming signal

* Elasticity buffer—Compensates for clock frequencyfeiences between
neighboring stations

* Smoothing—Compensates for preamble bit loss

* Repeat filter—Prevents propagation of code violations and certain line states
from inbound to outbound links

e Scrubbing—Prevents orphan protocol data units (PDUs) from continually
circulating on the ring

To transmit data signals over the fibre PMD must first convert the electrical sig-
nalsfrom the PHY taan optical data stream. In the optical data stream, a binary 1 is
representedby a polarity transition high to lowr low to high, a binary 0 is repre-
sentedby the absence of a transition. A method must be provided for the receiving
stationto synchronize its clock to the transmitting station clock.

To solve this problem, the PHY encodes data in such a way as to guarantee the pres-
enceof transitions inthe data stream.oTachieve diciency in data transmission,

FDDI combines two typesf data encoding: 4B/5B and NRZ/NRZI. This dual cod-

ing guarantees at least one transifmreach transmitted symbol, ensuring recovery

of the clock by the receiving device. Section 2de%cribes the use of symbols in
FDDI; Sections 2.4.2nd 2.4.4discuss the PHY encoding methods.

2.4.1 Symbols

Althoughdata is transmitted over the fiber in a serial bit stream, the basic unit of in-
formationis the symbol. The symbol transmits information between stations on the
FDDI network. The PHY specification defines the symbol set. FDDI defines three
typesof symbols: line state, datand control. Each symbol consists of four bits. In

the PHY, these four bits are passed through a 4B/5B encoder that generates a code
groupconsisting of fivebits.
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Thefive-bit code groupestablishes the signaling rate for FDDI at 125 Megabaud to
meetthe 100-Mb/s data rate requirement. Figurei@-adsimplified diagram depict-

ing the flow of symbolghrough the 4B/5B and NRZ/NRZI encoders onto the me-
dium.

Figure 2—4: Symbol Flow Through the PHY

4B 1111 4B/5B 11101 [ NRzNRzI | JUTL
Symbols ~| encoder ™| encoder

1111 is the symbol for F.
11101 is the code group for F.
The order of bit transmission is leftmost first.
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Table 2—-4lists and defines the symbols used in FDDI. As shown, only 16 of the 32

symbolsrepresent input data; the remaining symbols define control and line state
conditions.
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Table 2-4: Symbol Encoding

Symbol Code Group Assignment Symbol Type

Q 00000 Quiet Line state symbol

I 11111 Idle Line state symbol

H 00100 Halt Line state symbol

J 11000 J First of sequential Starting
Delimiter Pair

K 10001 K Second of sequential Starting
Delimiter Pair

0 11110 Zero Data symbol

1 01001 One Data symbol

2 10100 Two Data symbol

3 10101 Three Data symbol

4 01010 Four Data symbol

5 01011 Five Data symbol

6 01110 Six Data symbol

7 01111 Seven Data symbol

8 10010 Eight Data symbol

9 10011 Nine Data symbol

A 10110 A Data symbol

B 10111 B Data symbol

C 11010 C Data symbol

D 11011 D Data symbol

E 11100 E Data symbol

F 11101 F Data symbol

T 01101 T Ending Delimiter

R 00111 R Control indicator/logical zero
(reset)

S 11001 S Control indicator/logical one (set)

VorH 00001 VorH Invalid code assignment

VorH 00010 VorH Invalid code assignment

\% 00011 \% Invalid code assignment

\% 00101 \% Invalid code assignment
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Table 2—4 (Cont): Symbol Encoding
Symbol Code Group Assignment Symbol Type

\% 00110 \% Invalid code assignment
VorH 01000 VorH Invalid code assignment
\% 01100 \% Invalid code assignment
VorH 10000 VorH Invalid code assignment

Note: Order of transmission is leftmost bit first (12345).

2.4.2 Line States

FDDI reserves the symbols Q, I, and H, for PHY-to-PHY communications. Called
line state symbols, they can be combined in various ways to determine and control
the status othe physical connection between attached stations.

Line states are determinedtine receiving PHYThey indicate a physical link condi-

tion that existdonger than can be represented by a single symbol or pair of symbols.
SMT Connection Management (CMT) and Ring Management (RMT) services use
line state symbols teerify and maintain ring integrityrhe various line states are as
follows:

QuietLine State (QLS) Indicatabke absence of a physical connection. A sta-
tion enters this statgpon receipt of at least 16 consecu-
tive Quiet (Q) symboals.

MasterLine State (MLS) Paxfthe physical connection process, a station enters
thisstate upon receipt oft®nsecutive HQ or QH sym-
bol pairs.

Halt Line State (HLS) Padf the physical connection process, a station enters
this state upon receipt of at least 16 consecutive H
symbols.

Idle Line State (ILS) Establishesnd maintaingslock synchronization on
the outbound physical link. A station enters this state
uponreceipt of at least 4 consecutive Idle (I) symbols.
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Active Line State (ALS) Indicatethatthe inbound symbol stream is a MAC
framesequence and that the neighboring PHY has en-
abledthe associategphysical connection. A station en-
tersthis state upon receipt ostarting Delimiter (JK)
symbolpair.

NoiseLine State (NLS) Indicatesoise on the inbound physical link and, if
NLS persists, that the associated connectidadifty.

A station enters NLS upon receipt of 16 noise events
without satisfying the criteria foentry into another
line state. Potential noise events include receipt of a Q,
H, J, K,or V symbol.

2.4.3 4B/5B Data Encoding

To convert the 4-bit MAC symbols into 5-bit code groups,RREY standard speci-
fiesthe use of 4B/5B encodinghe fifth bit added to the symbol group is for clock-
ing purposes and to provide control symbols that are unique fromHiigiize 2—4
showsthe symbol flow through the 4B/5B encoding logic. Properties of 4B/5B en-
codinginclude the following:

* |dle symbols have the maximum clock information for synchronizatfon
station clocks.

* Maximum of one leading 0 and two trailingsGh a code group to prevent
more than three contiguoussOh a data stream during active line state.

» Starting delimiterJK, is always recognized regardless of symbol boundary.

* Line state recognition is independent of symbol boundaries.
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2.4.4 Modified NRZI Encoding

Oncea symbolis converted to a 5-bit code group, it is further encoded using a
Non-Return-to-Zero/Non-Return-to-Zermvert on Ones (NRZ/NRZI) coding
schemeNRZ/NRZI encoding allows data to be transmitted at 10G¥%i&ficy by
meansof polarity changes. A change in amplitude or optical power level indicates a
one;no change indicatesz&ro. Figure 2—1lustrates this concept.

Figure 2-5: NRZI Encoding Process

8 ns

8 ns clock pulse

Pre-encoded data

NRZI encoded data
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2.4.5 Clock Recovery and the Elasticity  Buffer

At 100 Mb/s, the use of a centralized clocking scheme would put critical deorands
theinternal phase locked loop circuitry of each statiorelirninate the need for ex-
pensivecircuits, FDDI specifies the use of distributed clocking on the network. Each
stationhas an autonomous clock sourceifansmitting or repeating information on
thering. Each receiver recovers clock atata from its upstream neighbor.

Withinthe PHY standard, clocking is defined as part of the data receive function. The
clockingcircuitry within each station ensures that received data is properly decoded.
A phase locked loop circuit derives a 125 MHz clock based on the incoming data.
The resulting clock is used to sample and restore incoming data to logic levels.
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To compensate for any possible cldoquency diferences between stations, each
stationhas an elasticity buffeData is clocked into the kfef at the clock rate recov-
eredfrom the incoming bit stream. It is clocked out of thdént the statios'inter-
nalclock rateThe MAC entity that originates a frame inserts at least 16 Idle symbols
beforethe frame. The elasticity kfef in a subsequent station carange Idle sym-

bol count as necessary to maintain clock synchronaitgng attached stations.

The PHY standard specifies a frequency tolerance of .005% for a station, which
translateso a .01% frequency variation betweenitimming clock and the station
internalclock. The standard further specifies a minimum station elasticitiy 45
codebits. Multiplying the .01% frequency fifrence times the maximum frame size

of 4500 bytes (45,000 code bits) resiishe 4.5 code-bit elasticity Hef size.

2.4.6 Smoothing Function

As a MAC data frameircles the ring, it is possible that repeated elasticitiebop-
erationscould cause sfi€ient preamble shrinkage to cause a station to lose frames.
To prevent this, amoother is built into each PH¥his function compensates for the
possibilityof preamble shrinkage by absorbing symbols from longer preambles and
distributingtheminto shorter preambles. The smoother can insert or delete Idle sym-
bolsin the preamble as necessaryensure the proper reception of frames.

2.4.7 Repeat Filter

Therepeat filter prevents propagation of code violations and certain line states from
the inbound link tothe outbound link while permitting the propagation of valid
frameslt also provides for the propagationiogt (damaged) frames so that they can
becounted by the neMAC entity on the ring. This filter allows a station to pass data
from its upstream neighbor its downstream neighbor without involving the MAC
entity.

2.4.8 Scrubbing
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Whenaring is reconfigured, attached devices can enter or leave the ring. iging
processporphan protocol data units (PDUs)e sometimes created. These orphan
PDUsmay not be identified as belonging to any particatteached device because
theyare generated by a device no longer part of the original configuration. For exam-
ple, if astation suddenly fails, the station abruptly leaves the ring without completing
normalexit procedures. The adjacent station cannot identify the PDUs left behind.

Fiber Distributed Data Interface System Level Description



To remove these orphans, the adjacent station scrubs the ring when a station is in-
sertedor removed. The adjacent station generates a series of Idle symbols while
strippingall frames and tokens that are received. This operation is performed long
enouglto guarantee that dithmes have been removed from the ring and that the ring
will reinitialize. This prevents orphan frames from continually circulating on the
ring and prevents old frames frobeing received long after they were originally
sent.

2.5 Media Access Control (MAC)

An FDDI token ring consists of stations connected in series by medium forming a

closedoop. Datais transmitted serially as a symbol stream from one attached station
to its downstream neighhdgach station in turn regenerates and repeats each sym-

bol, passing it tats downstream neighbor.

MAC is the lower sublayer of the Data Link layer defined by the OSI refeneode

el. The functions of the MAC include the delivery of LLC PDUs, frame construction,
transmissionreceiving, repeating, and stripping. The MAC is further responsible
for claiming andbeaconing. Error detection mechanisms are also defined in the
MAC standard. Functions defined by tMAC standard include the following:

e [Fair and equal access to the ring through use of the timed token

e Communication between attached devices using frames and tokens
* Ringinitialization (claiming)

* Ring faultisolation(beaconing)

Togain the right to transmit dhe ring, stations must firstacquire the token, whichis
aunique symbol sequence that circulates around the ring following a data transmis-
sion.Once a station acquires the token, it removes the token from the ring and begins
transmittingdata. At the end dfansmission, the station issues a new token onto the
ring, providing otherstations with the opportunity to transmit.
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2.5.1 Ring Scheduling

Oneof the fundamental conceptstbe FDDI network is the use of a timed-token
ring architecture and a TimedHRen Protocol (TTP).dguarantee synchronous ser-
vice time, the MAC standard specifies thafaget Token Rotation ine (TTRT)
mustbe observed by all attached stations. TT&Rdetermined by mutual agreement
amongall active stations. The TTP guarantees that the token appeastation by

two times the TTRTThe MAC standard defines the timed token as the means for
acquiringaccess to the ring in order to transdata from one attached device to the
next.

The TTP isa major diference from such commonly used LAN standards as IEEE
802.5.In some other LANS, station captures the token and flips a bit within the to-
kento indicate the station has captured it. In FDDI, a station captures the token, trans-
mits for its allotted time period, and reissues the token onto the ring ohas it
completedransmission or has exhausted its available transmission time.

2.5.2 Data Link Addressing Scheme
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Digital’s FDDI devices employ th&8-bit addressing scheme defined by the FDDI
standarddn this scheme, 48 bits specify the destination and source addresses of ac-
tive nodes. Wo of the bits also determine whether the address is an individual or
groupaddress, and whether address administration is local or by means of the IEEE
addressadministratar The 48-bit address must be unique for all nodes. No two
nodesin the extended LAN can have identical individual addresses. Figure 2—6
showsthe formatand defines bits used in the address.

Figure 2—6: 48-Bit Address Format

48-bit address

I/G U/L Remaining 46 address bits

I/G = Individual or group bit
U/L = Universal or local bit

LKG-4065-901
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Inthe destination address field, a 0 in the I/G bit indicates that the 48-bit address is an
individualaddress; a 1 indicates that it is a group addfek the U/L bitindicates
alocally administered address; a 0 in this bit position indicates a universally adminis-
tered address. In the source address field when source routing is used, the I/G bitis set
to 1. Otherwise, the I/G bit is set to 0.

Digital recommends using universally administered addressing to eliminate the risk
of duplicate addressing on the extended network and to eliminated¢kefor the
networkmanager to assign addresses. Because adengss is unique, this tech-
nique also eliminates the need to resolve addressing conflicts when LANs are
merged.

2.5.3 Universally Administered Addressing

Universally administered addresses ensure that any address assigned on the ex-
tended_AN is unique. This is done by the use dfiararchical address administra-

tion. In the 48-bit addressing of FDDI, the 24ganizationally Unique Identifier

(OUI) bits are assigned to the owner of the OUI by the IEEE Adéessnistrator.
Theremaining 24 bits are assigneylthe owner of the OUI. Controlling address as-
signmentsn this manner avoidsddress duplication on the LAN. Figure ZhHows
theuniversal addredermat.

Figure 2—7:  Universal Address Format

48-bit address

Oul 24 bits assigned by OUI
e U/L 24 bits long owner
OUI = Organizationally Unique Identifier
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AlthoughOUI assignments are specified as 24 bits, the owner of the OUI can set the
I/G bitto 0 or 1 as needed to define an individual or group address. The U/L bitis set
to 0 toindicate a universally administered address.
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2.5.4 Canonical Addresses and the Order of Transmission

ThelEEE canonical form for a 48-bit address represents the address as a@&actet
decimalstring, with hyphens separating the octets, as shown in the canonical address
line of Figure 2—&art A. The first octet contains the first 8 bits of the address, with
thel/G bit as the least significant bit, the U/L bit as the next significant bit, and so on.
(In Figure 2—8art A,the first octet of the binary representation line is the leftmost
octet.)

The IEEE strictly defines the order of transmission for addresses in the DA and SA
fields. Addresses in the DA and SA fields must be transmitted I/G bit first, no matter
whattransmission order is used by the LANafismission ordes left to right, as
shownin thetransmission order line of Figure 2p8rt A.

BecauseFDDI transmits symbols MSB first, the correct symbolgst be trans-
mittedto guarantee that the DA and SA fields meet the IEEE transmission order re-
quirementsTheFDDI symbols line in Figure 2—8art A shows the FDDI symbols
thatmust be transmitted to produce the propeotuer This order of transmission
alsoapplies to addresses carried in SMT frames.

Figure 2-8:  Order of T ransmission for Addresses

@ Address in SA and DA fields:

Canonical address DE-BC-68-A5-34-27
Binary r_ep_resentation 11011110-10111100-01101000-10100101- 00110100- 00100111
Transmission order 01111011 00111101 00010110 10100101 00101100 11100100

FDDI symbols 7B 3D 16 A5 2C E4
Address in the INFO field:
Canonical address DE-BC-68-A5-34-27

802.3/802.4 transmission 01111011 00111101 00010110 10100101 00101100 11100100
FDDI/802.5 transmission 11011110 10111100 01101000 10100101 00110100 00100111
FDDI symbols DE BC 68 A5 34 27

LKG—-4241-90I

2-18 Fiber Distributed Data Interface System Level Description



2.6

Therules for order ofransmission of addresses apply only to the DA and SA fields.
Addressesarried as information in data fields shouldta@smitted in accordance
with the transmission order rules for the spediftdN. For FDDI and 802.5 LANS,
thisis MSB first. For 802.3 and 802.4 LANSs, it is LSB first.

Theexample in Figure 2—8art B shows the transmission ordeft to right, forthe
differentLAN types. In the line labeled 802.3/802.4 transmission, the I/G bit of the
addresss the leftmost bit of the leftmost octet.

In the line labeled FDDI/802.5 transmission, the I/G bthesrightmost bit of the
leftmostoctet. The FDDI symbols that represent this transmissionarelshown in

the FDDI symbols line. Addresses carried as data in the info field for interchange
betweerhigher layer protocols (for example, ISO 95#2ICP/IP ARP) should be
transmittedn their canonical (6-octet string) form.

Protocol Data Units

ProtocolData Units (PDUSs) are the units of transfer between peer entities in the lay-
eredmodel. FDDI MAC defines two PDU formats: tokens and frames. Frames are
furtherdivided into MAC frames, Station Management (SMT) frames, Logical Link
Control(LLC) frames, \id frames, and Implementer frameable 2—8ists frame
typesand Frame Control values that define them. Sections 2.6.2, and 2.7.5le-
scribeeach typeof PDU in greater detail.

Table 2-5: FDDI Frames

Frame Control

(FC) Bit Field Frame Type Description

CLFF FFFF

0x00 0000 Void Void frame

1000 0000 Token Nonrestricted token

1100 0000 Token Restricted token

1L00 0001 to 1111 MAC MAC frame

1L00 0010 MAC MAC beacon frame

1L00 0011 MAC MAC claim frame

0LOO 0001 to 1111 SMT SMT frame

0LOO 1111 SMT Next station addressing
frame
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Table 2-5 (Cont.): FDDI Frames

Frame Control

(FC) Bit Field Frame Type Description
CLO1 r000 to r111 LLC LLC frame
OLO1 rPPP LLC Asynchronous priority trans-

mission, priority determined
by PPP in bit field

1L02 rrrr LLC Synchronous transmission
CL10r000 to r111 Implementer Implementer frame
CL211 rrrr Reserved Reserved for future use by
standard
C =class r = reserved
L = length X = don't care
P = priority
2.6.1 Tokens

The token is the means by which the right to transmit is passed from one attached
nodeto anotherln FDDI, stations acquire and absorb thieen when they want to
transmitdata. Immediately after data transmisstbe,station puts a new token onto

the ring. Figure 2—8lustrates the MAC tokestructure. Section 2.6dfines token

fields.

Figure 2-9: Token Format

FDDI token — 22 symbols long

PA SD| FC |ED
PA = Preamble — 16 symbols
SD = Starting delimiter — 2 symbols

FC = Frame control — 2 symbols
ED = Ending delimiter — 2 symbols

LKG-4063-901
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2.6.2 Frames

Although a token transfertheright totransmit, frames are the means for carrying
MAC control data ouser information among stations. Frames are divided into sev-
eral fields, each containing information that defines a specific frame parameter.
Figure 2—-1Gshows the FDDI frame format and component fields. Each frame field
consistofa number of FDDI symbols. Refer to Sectionf@rdnformation concern-

ing symbols and data encoding; Section 2@didesframe field definitions.

Figure 2-10: FDDI Frame Format

FDDI frame — 4500 bytes maximum length

PA SD| FC| DA| SA INFO FCS | ED| FS
PA Preamble INFO Information
SD Starting delimiter FCS Frame check sequence

FC Frame control ED Ending delimiter
DA Destination address FS Frame status
SA Source address

LKG-4066-90I

2.6.3 Frame and Token Fields

Frameand token fields are defined as follows (referdbl& 2—or bit and field po-
sitionswithin the frame or token):

Preamble (PA) Thifield is used for Receive clock synchronization
in frames and tokens. The preamble is transmitted
with at least 16 Idlsymbols. Frames can be received
that contain more or fewer Idles, dependingsba-
tion behavior.

StartingDelimiter (SD) Aunique 2-symbol pattern that indicates the start
theframe or tokenin FDDI this pattern is always the
symbols] and K. No PDU isonsidered valid unless
it beginswith this sequence.
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FrameControl (FC)

A 2-symbol field that defines frame or tokipe.
Thebits in this field are defined dsllows from left
to right:

C = Class bit, indicating class of service: synchro-
nousor asynchronous. In Digitalimplementation,
it is setto 1 indicating asynchronous frames.

L = Address Length bit, indicating either 48- or
16-bit addressing. In Digitad’implementation, it is
setto lindicating 48-bit addressing.

FF=Format bits. Used in conjunction with the other
FChits, they definéhe frame type being transmitted:
Void, Nonrestricted @ken, Restricteddken, SMT,
MAC, LLC, Implementerand Reserved.

2777 = Control bits used with the CLH#its to de-
fine theframe.

DestinationAddress (DA) ThisA8-bit field identifies the station to receithe

Source Address (SA)

INFO

FrameCheck Sequence

Ending Delimiter(ED)

frame. The DA can be a single station address, a
broadcastddress, oa multicast address.

Thig8-bit field identifies the originator of the
frame.

Thisfield contains the data to be transmitted over
thering. It can be either MAC control information
userdataField length is variable but is limited by the
maximumFDDI frame size of 4508ytes.

Thi82-bit field contains a Cyclic Redundancy
Check(CRC) value based on the contents of the FC,
DA, SA, INFO, and FCS fields. The receive station
usesthis valueto verify the accuracy of the trans-
mitted frame.

Thisfield indicates the end afframe. For tokens, the
ED is alwaystwo T (Terminate) symbols. For
framesthe ED is always one T symbol.
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FrameStatus(FS) Thisfield consists of the Error Detected (E), Address
RecognizedA), and Frame Copied (G)dicators.
Theseindicators can contain an Reset (R) or Set (S)
symbol.

2.7 Station Management (SMT)

StationManagement (SMT) provides tinecessary services at the station or local
levelto monitor and control an FDDI node. It allows statitl&ork cooperatively
overthering, and ensures proper station operation. SMT provides the following ser-
vicesto an FDDInode:

e Connection management (including insertion and removal)
* Configurationmanagement

* Encodingof SMT frames

* Fault isolation and recovery

Although FDDI stations can have multiple instances of the MAC, Rithd PMD,
all FDDI station types have only one SMT ent®VT contains three major proto-
cols: Connection Management, Ring Management, and SMme Services. The
threeSMT protocols are discussed in the following sections. Figureshels how
SMT is incorporated intthe FDDI architecture.

2.7.1 Connection Management (CMT)

ConnectiorManagement (CMT) is that portion of SMT tipgtrforms Physical layer
insertionand removal, and controls the configuration of PHYs and MACs within a
node.CMT controlsthe connection of nodes to the FDDI network, the physical con-
nectionof PHYs in separate nodes (including concentrators), and other functions
suchas scrubbing and trace. Figure 2shibws CMT irrelation to other elements of
SMT. The CMT components are as follows:

* Physical Connection Management (PCMIprevides for management of the

physical connection between adjacent PHYs. This includes connection estab-
lishment, link confidence testing, and enforcement of connection rules.
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* ConfigurationManagement (CFM)-Provides for the configuration &fHY

and MAC entities within a node. There is only one CFM entity in a station;
there is only one CFM entity for each PHY in a concentrator.

e Entity Coordination Management (ECM)Rrovides for control of bypass
relays and signaling to control PCM.

Figure 2-11: Station Management Architecture

FDDI station
To LLC
Ring MAC
Management
Y A
< Configuration
switch
. } }
Connection
Local Management [* > PHY
management T T
interface
PMD
SMT frame
services
Station
Management

Transmit data path <—

Receive data path ——
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2.7.2 Connection Rules

In the FDDI topologythere are four physical port (PHY-port) types: AMBand S.
Figure 2-12a simplified diagranof a concentratoshows the various PHY-ports
usedin FDDI. These PHY ports are defined as follows:

PHY A—Connects to the incoming primary ring and the outgoing secondary
ring of the FDDI dual ring. This port is part of a dual attachment station
(DAS) or a dual attachment concentrator (DAC).

PHY B—Connects to the outgoing primary ring and the incoming secondary
ring of the FDDI dual ring. This port is part of a DAS or a DAC. This port is
also used to connect the DAS to the concentrator.

PHY M —Connects a concentrator to a SAS, DAS, or another concentrator.
This port is implemented only in the concentrator.

PHY S—Connects a SAS to a concentrator PHY-M port. PHY S also con-
nects to a DAS or another SAS, but these configurations are not always rec-
ommended.

Figure 2-12: PHY- Port Types

. : PHY A PHY B
Primary ring Concentrator
PHYM | o9 PHYM | 4 PHY M
PHY B PHY S
DAS or DAC SAS

@dary ring Aj

LKG-4809-91I

Concepts

2-25



In the ANSI FDDI standards, connection rules gpecified to ensure against the
constructiorof illegaltopologies. Connections between stations have the status of in
useor not in use. When@able is connected a decision is made to use or not use that
cablein the token path. The ring connection rules for Digital devacedisted in
Figure 2—-13In the figure ThisNodeis the reference point for all connection deci-
sions.

Figure 2-13: FDDI Connection Rules Matrix

This Node
PHY port A B M S
A No Rule 1 Yes Yes
Other B Rule 2 No Yes Yes
Node
Yes
M Rule 3 Note 1 No Yes
S Yes Yes Yes Yes
Yes = Accepts this connection
No = Does not accept this connection

LKG-4810-91I

Rule I  PHY B of This Node accepts connection to PHY A Other Node if:
« PHY A of ThisNode is not connected, or

« PHY A of ThisNodeis connected to PHY B or PHY S of another node.

Rule2: PHY A of ThisNode accepts connection to PHY B Other Node if:
« PHY B of ThisNode is not connected, or

« PHY B of ThisNodeis connected to PHY A or PHY S of another node.
Seealso Note2.
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Rule3: PHY A of ThisNode accepts the connection to PHY M@fher Node if:
« PHY B of ThisNode is not connected, or

« PHY B of ThisNodeis connected to PHY A or PHY S of another node.
Seealso Note?.

Note 1:  Backup tree connection (dual homing)

Theconnection of PHY B of hisNodeto PHY M ofOther Node always
takesprecedence over the connection of PHY AT bfs Node to PHY M
of anothemode.

Whena connection between PHY A®hisNodeand a PHY M or PHY B
of another node exists, it is disabled when PHY Blo§ Node connects to
PHY M of Other Node.

If the connection breaks between PHY BlifsSNodeand PHY M ofOther
Node, the connection is reestablished between PHOf This Node and
PHY M of another node.

Note2: Treeconnectionsare preferred over dual ring connections

Treeconnections are preferred over dual ring connections when only one of
two connections may be accepted.

Theconnection of PHY A or B ofhisNodeto PHY M ofOther Node al-
waystakes precedence over the connection of the remaining PHY (A or B)
of ThisNode to PHY A or PHY B of another node.

The connection is disabled between the remaining PHY (R)oof This
Nodeand PHY A or PHY B of another node when PHY A or PHY B oifs
Node connects to PHY M obther Node.

2.7.3 Ring Management (RMT)

TheRing Management (RMT) portiasf SMT receives status information from the
MAC and CMT configuration logilRMT then reports this status to the SMT and
higher level processes. Services provided by RMT incéiiaiek beacon detection
andresolution by means ofrdcing, MAC availability for transmission, and dupli-
cateaddress detection amesolution.
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In the case of a stuck beacon (a station is locked into continuous beacon frame trans-
mission),a stuck-beacon timerin RMT measures the length of beemmission.

If beaconing exceeds the timer limit, RMT begins stuck-beacon recovery procedures
to restorethe station to normal operation, if possible.

This process begins withe transmission of a directed beacon, which informs the
ring of the stuck condition. the ring has not recovered by the end of this transmis-
sion,then RMT initiates ther&ce function. Tace provides a recovery mechanism,
usingPhysical layer signaling, for stuck beacon conditions on the FDDI ring when a
stuckbeacon cannot be localized to a single link. Refer to Section ZdrGazle-
tailed discussion of therace function.

Duplicateaddresses on the FDDI ring can prevent the ring from becoming operation-
al. If RMT logic detects that itMAC has a duplicate address, RMT takes action to
allow the ring toresume normal operation.

2.7.4 SMT Frame Services

2-28

SMT frame services provide control and observati@thanisms for the FDDI net-
work. These services are implementgdmeans of dierent SMT frame classes.
Within each frame class, tBfent frameypes are also defined. Frame class identi-
fiesthe function the frame is performing/de indicates whether the frame is an an-
nouncementiequest, or response to a request. The Header field of an SMT frame
containglass and type definitions for the SMT frame. These classlesle, but are

not limited to, the following:

* Neighborhood Information Frames (NIF) are used by a station to announce
its address and a description of the station. Stations also use these frames to
request this information of a neighbor station.

» Station Information Frames (SIF) are used to request, and provide in re-
sponse to another request, a stati@mwnfiguration and operating informa-
tion. In addition, SIF frames contain information about the attachment status
of each port. This information can be used to create a physical ring map that
show the token path and the topology.

* Request Denied Frames (RDF) are generated in response to an unsupported
frame request.
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2.7.5 SMT Frames

The SMT frame consists dhree fields as shown in Figure 2-T4e MAC header
portionidentifies the frame as an SMT frame and contains the source and destination

addressed.he SMT header identifies the SMT class and type dféinee. The SMT
INFO field contains the SMT parameters to be transmitted.

Figure 2-14: SMT Frame Format

MAC header SMT header

13 octets 20 octets

SMT INFO
0 to n octets

LKG-4242-90i

2.8 Logical Link Control (LLC)

Althoughnot part of the standard, FDDI requires LfdE proper ring operation. It
residedn the second, or Data Link, layer of &1 model. As in most Data Link
standardd, LC defines the transmission of a frame of data between two stations with
nointermediate switchingodes. Figure 2—1&hows the relationship between LLC
andFDDI. FDDI assumes implementation of the IEEE 802.2 LLC standard.

Figure 2-15: Logical Link Control and FDDI

Station Management (SMT)

Logical Configura- <_RX
Link MAC st PHY PMD [
Control Tx
LKG-4068-90I
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Datais transmitted between LLQs means of LLC PDUs, which are frames with
FrameControl fields designating the INFO field as containing LLC information. As
partof the LLC PDU, a service access point address is included indicating that the
receiveris a particular LLC client. LLC frames can cross bridges into the extended
LAN; MAC and SMT frames cannot do this.

2.9 Ring Operation

This section describes basic FDDI ring operation. It provides an overviewgof
functionalityusing the concepts described inpheceding sections. It also discusses
timing, steady state operation, ring initialization, and the claiming process. Section
2.10describes the beacprocess and the trace function. Because of the complexity
of FDDI, itis beyond the scope of this document to describe everyalfeta oper-

ation.

2.9.1 Asynchronous Ring Transmission

In Digital's FDDI implementation, all attached stations use asynchronous data trans-
missionto pass data around the ring. In asynchronous data transmissattachiéd
stationsare dynamically allocated a transmission time based on the {di$Russed
previously).Stations acquire the token and tranamitil the Token Holding Time
(THT) expires.

Asynchronoudransmission, when used in the contexthaf FDDI environment,
pertaingdo ring trafic and services that are not extremely delay sensitive. Do not con-
fusethis usage with the asynchronous transmission of data on the physical media,
whichrefers to the intercharacter timing of a transmission as used on low speed lines
for devices such as ASCII terminals. DigisaFDDI devices receiveynchronous
andasynchronous transmissions, but they transmit asynchronous only.

2.9.2 Timers

Each station on thEDDI ring uses three timers to regulate operation of the FDDI
ring: the Token Rotation imer (TRT), the Token HoldingTimer (THT), and the Val-

id Transmission ifmer (TVX). These timers are administered locally by the individ-
ual stations.
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The TRT, which times the period between the receipt of tokens, is critical to the
successfubperation of the FDDI network. Itis initialized toféifent values depend-

ing on the status of the ring. This timer controls ring scheduling during normal opera-
tion and it is also used for timing error recovery in the node. THeig Betduring
normaloperation to the value of the Gat Token RotatioTime (TTRT) negotiated

by stations attached to the FDDI ring. Section 2disg@usses this in more detail.

TheTHT controls the length of time duringhich a station can start transmission of
asynchronougrames. Attached stations can begin asynchronous transmissions if
THT has not expired. THT is initialized with tleenount of time remaining until
TTRT expires when the tokendaptured. The station can then initiate asynchronous
transmissioruntil THT expires.

The TVX times the period between valid transmissiomthe ring and allows the
stationto recover from transient ring errors. The TVX is used in the detection of ex-
cessivaing noise, token loss, and other faults. It is reaeeceipt of a valid frame or
token.

2.9.3 Target Token Rotation T ime, Claiming, and Initialization

Thissection describawrmal station power up and the physical connection process,
whichis controlled byCMT using PHY signaling. At power up, stations recognize
their neighbors on the fiber by transmissadra defined line state sequence (QLS—
HLS-ILS). Once stations acknowledge each qtlieey exchange information on
porttype and connection rules. They negotiate link confidence test (LCT) duration,
run LCT, and exchange results. If LCT passes, they complete the physical connec-
tion by transmitting another defined liséate sequence (HLS—MLS-ILS).

Oncethe physical connection is complete, FDDI requiresetstablishment of a
TTRT toensure that stations receive guaranteed service time. THedef&ult val-

uein theDigital environment is 8 ms; this value is not normally changed. If neces-
sary, TTRT can be set to a diérent valuebased on the number of attached stations,
thelength of the ring, and the time required by each station to transmit data over the
ring. TTRT isnegotiated during ring initialization by means of a claim token bidding
procesgdescribed in the following paragraphs). Figure 2sti@vshow the claim-

ing process operates.
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Figure 2-16: Claiming Process

FDDI
station 2

FDDI Claiming process FDDI
station 1 winner T station 3

FDDI //

station 4

1. All active stations start issuing claim frames.
2. Station 2 receives a shorter claim and yields.
3. Station 3 receives a longer claim and continues
sending claim frames.
4. Stations 1 and 4 receive a shorter claim and yield.
5. Station 3 receives its own claim frame signaling
that it has won the bidding process.
6. Station 3 issues the token. LKG—-4064-90|

Theclaiming process determines which station will initialize the ring. The process
beginsvhen one or more MACs enter the claim state. In this state, theddAtihiu-

ally transmits claim frames. The claim frame contains the origisaaoidress and

the stations bid (calledT_Bid) for TTRT.

Receivingstations take incoming claim frames and compare the receivedwitir
their bid for TTRTIf the received T_Bid represents a shorter (in time)TiHan the
station’sown bid value, then the statioepeats the claim frame and stops transmit-
ting its own claim. If the receiveuid value represents a longer (in time) TTHREN

the station strips the claim frame and contintrasmsmitting frames with its own
T_Bidonto the ring. The claim winner is determined when a stegicgives its own
claimframe. In the event that twow more stations make identical bids, then the sta-
tion with the longest antdighest address wins the bidding.
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Eventually,the ring is filled with claim frames from the winning station, whith
tializesthe ring by issuing a nonrestricted token. This token paseesd the ring
withoutbeing captured by any station. Each station in tysan receipt of the initial
token,resets its TTRto the negotiated value (T_Neg) and sets its Ripgrational

bit. Synchronous transmissions are allowed on the second token rotation. On the
third token rotation, nodes can begin asynchronous data transmission. At this point,
thering is in steady state operation.

Becausd-DDI uses nonprioritizedsynchronous transmission with a nonrestricted
token,bandwidth is time-sliced among all active stations on the ring. This mode sup-
portsfair access to the ring at a frame-level granularity.

2.9.4 Steady State Operation

In steady stateperation, the ring has been initialized and all attached stations are
fully functional. A station that is ready to transmit waits for a token. The station cap-
tures the token from the ring, which allows it to transmit. The station continues initi-
atingtransmissions until either it ha® more data to transmit or the THT expires.

Capturingthe token in an FDDI ring dirs from the process used in an 802.5ring in
whicha station ready to transmit captures the token and flips a bit within the token. A
stationready to transmit data in FDDI must wait until it detects a token. The station
thencaptures the token, stops tepeat process, and begins transmitting frames. Af-
ter the station captures the token, there is no token on the fewivefly prohibiting
otherstations from transmitting data onto the ring.

As each station receives a frame, it checks for its own address and for frame errors.
Stationsuse the Frame Status field, which consists of a number of symbols called
ControlIndicators, to signal frame condition. If the frame is destined for the station
thathas received it, the station sets the A Control Indiéative Frame Status field.

It then copies the frame and sits C indicatqrif the copy is successful. Repeating
stationsimply retransmit the data frames onto the ring to their downstream neighbor
while checking for errors. Figure 2—$Rows the process of capturing the token and
transmittinga frame on an FDDI ring.
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Figure 2-17: Capturing the Token
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Thereceiving station then inserts a symbol in one or more of the frame status indica-
torsdepending on the statustbe incoming frame.

* An S symbol in the E indicator signals that an error has been found in the
frame.

* An S symbol in the A indicator signals that the receiving station recognized
its own address.

* An S symbol in the C indicator signals that the receiving station has copied
the frame.

Dependingupon actions taken by layers above the Data Link |dgerMAC can
makeuse of, or ignore, the FrarS¢atus Control indicators. If used, the combination

of the A indicator set and the C indicator reset can be interpreted as notification that
thedestination station did not copy the frame. Since bridges do not setthe A indicator
whenforwarding frames, and since the addressed station may exist elsewhere in the
extended AN, itis not correct to interpret the A indicator reset as notification that a
stationdoes noexist. In most applications, the A and C indicators are ignored.

All stations, except the transmiiteeceive and then repeat edciime from the
transmittingstation.This results in a delay being introduced on the ring by each re-
peatingstation. The total delay introduced by the transmitting statiorall repeat-

ing stations, plus the cabpeopagation delays the ring latency. As soon as a station
finishestransmitting, it places a new token the ring. If the ring latency is greater
thanthe length of a station transmission, it is possible for a token to be issued before a
frameis stripped from the ring.

Framegplaced onto the ring by the transmitting station, after circulating around the
ring, are stripped by the transmitting station. Stripping causes partial frames, called
fragmentr remnants, tbe left on the ring after a station transmits. Logic circuitry

in the FDDI stations ensures that frame remnants do not degrade ring operation.
Framefragments are removed from the ring when they encounter a transmitting sta-
tion.
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2.10 Ring Maintenance
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Theresponsibility for monitoring ringtegrity is distributed among all attached sta-
tions. Each station monitors the ring for conditions that require ring initialization.
Theseconditions include ring inactivity longer than TVX, invalid frames on the ring,
ora physical or logical break in the ringn @etect a lack of ring activitgtations use
theinternal timer TVX to track the length of time between reception of valid frames
or tokens. Ifthis time exceeds the value in TVX, an error condition is indicated and
stationsenter the claim process. If the claim process fails, the station enters the bea-
conprocess.

Stationsleave the steady state whenever a ring or station malfunction occurs.
Figure 2—1&hows the events that occur when there is a break in the fiber of an FDDI
ring. In Figure 2—18the token path on the primary ring is from station A to station B,
andso forth. If a break in the primary ring occurs between station A and station B,
PCMat PHY A of station B sees the loss of optical signal on the input$itagion B
thenshuts down the connection, which turnktbé optical transmitter on the sec-
ondary ring (that transmite PHY B of station A). Station B then wraps.

PHY B of station A detects loss of signal ontbeeiveyso it shuts down the connec-
tion and wraps. Statiodsand B then attempt to restart the physical connection, but
the PCM protocol detects the break and does not comgieténitialization se-
guenceThe ring remains operationadcause stations A and B are wrapped until the
faultis corrected or until another fault partitions the ring.
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Figure 2-18: FDDI Typical Ring Recovery

Station D Primary ring Station C
A > B
B Secondary ring A

Wrapped stations

g‘ ) Break in the ) i
( fiber (
Station A Station B

1. A break in the primary ring causes port A of station B to detect signal
loss and wrap.

2. Port B of station A also detects signal loss and wraps.

3. Stations A and B attempt to restart the physical connection. SMT PCM
detects the break and does not complete initialization.

Note: All devices on the ring are dual attachment stations or dual attachment
concentrators.
LKG-4071-90I

2.10.1 Beaconing

If aring malfunction causes a clatiofail, or if SMT requests it, an FDDI station can
startthe beacomprocess. In this state, a station begins continuous transmission of a
beacon frame (refer taable 2—5or frame structure). The MAC uses this frame to
announcehat the ring is brokeand to locate and isolate the fault, if possible.

If a station receives a beacon from its upstream neighbtopsbeaconing and re-

peats the upstream beacon. If no beacon is received, the station transmits a continu-
ousbeacon stream. If a station receives its beacon, it assumes the logical ring is
restoredceases beacon transmission, and bdpmslaim process.
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2.10.2 Trace
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Thetrace function uses PHY signaling to recover from a stuck beacon confdition.
theevent of a stuck beacon condition, the fault is localizeédadeaconing MAC

and its nearest upstream neighbor MAC. The trace function causes all stations
concentrators the suspect section of the ring to leave the ring and run Pathtest in an
attemptto localize the fault.

Stationgun Pathtest to check the componenthefailed path. This test checks the
transmitand receive components of the path, including the optics and switching log-
ic. If Pathtest finds a fault, the station remairfstioé ring.

Figure 2—19llustrates the trace function. The transmitter in station A is defective
andbegins issuing a continuous stream of Eifmbols onto the ring. The TVX in
stationB times out. Station B attempts to recover by claimirgpd-failing that—by
beaconingFinally, station B determines that it is stuck beaconing and betgasa

Thetrace signal (MLS) from station B propagates from B to A over the secondary
ring. Stations A and B leave the ring a@mebin running Pathtest. Running Pathtest
shouldallow station Ao detect its transmitter fault. If it does not, the fault is detected
whenstations A and attempt to restart the connection. PCM will not complete the
initialization and the connection remains down (as in the example of Figure 2—18).

Although this example deals with stations on the dual ring, trace optrasasne
wayin a tree topologyf he trace always occurs between two MACs on the ring, with
thetrace being propagated upstream dakiertransmit fiber of the ring from the bea-
coningMAC back tothe defective station.
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Figure 2-19:

Detection of Defective Station
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1. Defective station A transmits continuous idle symbols.

2. Downstream station B fails the claim process and begins issuing beacon

frames.

3. Station B detects a stuck beacon and initiates the trace function by sending

MLS to its upstream station.

4. Stations A and B leave the ring and begin Pathtest.

5. If Pathtest detects a fault in station A, station B rejoins the ring and A

remains down.

6. If Pathtest fails to detect the fault, stations attempt to rejoin the ring. At this
time, PCM prevents defective station A from reconnecting to the ring.

LKG-4243-911
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2.11 Digital Enhancements

Digital has developed two algorithms for FDDI: themme Content Independent
Strippingalgorithm and the Ring Pger algorithm.

2.11.1 Frame Content Independent Stripping Algorithm

On FDDI a MAC entity (also called a MAC) is required to remove (strip) its own
transmittedframes after exactly one traversal of the frames around the ring. The
ANSI FDDI MAC Standard uses a Source Addidsgch algorithm for frame strip-
ping, where a received frame or fragment is stripped if the Source Address field
matcheghe MAC's address.

Digital developed the Frame Content Independent Stripping (FCIS) algdathm
useby a station to remove or strip frames tihdilas transmitted onto the ring. The
algorithmis also called the Bridge Stripping algorithm.

The algorithm allows frames to be stripped independently of the content of the
frame.This is extremely importarfor implementations, like bridges, that have to
transmitframes with source addresses of other stabartsfferent LANs. The algo-
rithm allows implementations likkridges to strip frames without having to do any
addressomparisons in real time. TR€IS algorithm interoperates with and is com-
patiblewith implementations of the ANSI FDDI MAC standard.

TheFCIS algorithm is based on stripping the same number of frames that the station
hastransmitted since the last token capture. It does so by keeping a local count of
framestransmitted but not yet stripped. It strips frames until the count is zero.

Eachtime a frame is transmitted the algorithm increments the count. Each time an
error-freeframe is received and stripped, the algorithm decrements the count. Also,
if the count is greater than zero, the algorithm strips frames evemméime Check
Sequencerror without decrementing the count.

In addition to the coumhechanism, the algorithm requires the transmission of a well
formedVoid frame (\id with FCS), which is transmitted at the end of transmitting
theframes and prior to transmitting the token. When the well fornogdifvame is
receivedand if it is error free, the local count is set to zero unconditior@iyre-
ceiptof atoken, claim, or beacon frame the count is set to zero. When the count is
zero,the MAC strips framebased on the Source Address Match algorithm.
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TheANSI FDDI MAC standard defines a well formeditf frame as a special frame
thatcauses thealid Transmission ifner (TVX) in all stations to be reset. The stan-
dardfurther stipulates thatdid frames are not to be copied by any MAC. All well
formedVoid frames used by FCIS contain the transmitaddress as the source ad-
dressso that they can be properly stripped by the transmitterwell formed Void
frameis 17 octets long, which is the minimum sizzme allowed by the standard.

Digital presented the FCIS algorithm to the ANSI FDDI Committee in November
1988and inJune 1989, where it was highly regarded. The presentation showed the
committeethat the algorithm has all the right properties anglisist. Digital also
publishedand presented papers on this algorithm at SIGCOMM 9@izthé Local
ComputemMetwork Conference in September and October 1990.

2.11.2 Ring Purger Algorithm

Onall types of token rings frame can circulate indefinitely if it is not removed. A
frame that is not removed (stripped) aftsfirst traversal of the ring is called a No
Owner frame (NOF). While the occurrence of an NOF may be raregcdhse-
guence®f allowing the circulation of NOFs asevere. Station resources are con-
sumedby receiving thesBlo Owner frames, possibly several times. For example, a
singleNOF on FDDI may cause a station to receive duplicate copies of a frame at the
rateof up to 20,000 frames per secamt may consume almost 80 Mb/s bandwidth
onthe ring and theeceiving station.

TheANSI FDDI standard does not specify a guaranteed method of removing NOFs.
It should be noted that other token rings, such as the IEEE 802.5 token ring, have
mechanismgor removing NOFs. In the IEEE 802.5 token ring, one of the tasks per-
formedby themonitor station is to remove NOFs.

Digital has invented a simple, yet robust, algorithm (called the RingePafgo-
rithm) that corrects problems posedM@Fs by removing them reliably from the
ring. The mechanism used by a Ringdrarris extremely simplegquiring the trans-
missionof Void frames, which are not receivedthy stations on the ring. The ring
bandwidthconsumed is small and is an insignificant proportion of the total ring
bandwidth.
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TheRing Puger algorithm consists of two parts: an election algorithm to designate,
in a distributed manneg,station as the pger; and the pging algorithm itself. Any
oneof the Digital stations in the ring candlected to act as the ring purgkunique
stationcapable of being the ring mer is not needed. All Digital stations participate

in this set of algorithms.

Theprimary purpose of the Ring Ryar election algorithm is to ensure that there is
one,and only one, ring pger operating in the ring mosf the time.

TheRing Puger algorithm first elects one Digital station as the pager The des-
ignated ring puger station then removes (ges) NOFs and fragments from the ring
transparentlyAlthough the ring pwger is not part of ANSI FDDI standardjriter-
operateswith and is compatible with implementations compliant with the ANSI
FDDI standard.

The Ring Puger algorithm recovers from ring initializatioasd from failure of a
stationacting as the ring purgdfach time the ring igitialized, a Digital station be-
comeghe ring puger if it is the FDDI MAC Claim token winner oritfwas the ring
purgerprior to the ring initialization.

A ring puger announces its presence periodically by transmittiRgiger Hello
frame.If there are multiple stations capable of acting as ringgysr the station with
thehighest address is elected they purger|f there is no ring pyer after ring ini-
tializationor any time during ring operation, a new ringgerris elected using a dis-
tributedelection protocol.

Thering puger election protocol frames (for example,g&sHello frames) use the
SMT Extended Service frames. The election algorithm is designed to elect one, and
only one, station to be the ring purgéhe overhead of the mer electioralgorithm

is negligible because the ring ger only periodically (approximately every 10 sec-
onds)sends a short SMT Extended Service framthe other participating stations
onthe ring.
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Theremoval of NOFs from theng is achieved by the pging algorithm, which op-
erates as follows. The ring mar waits for a token. Once it captures a token, if it has
framesto transmit, it transmits the frames. Once the transmission is completed, the
ring pumger transmits two well formedoi! frames followed byhe token. These

Void frames are extremely small (17 bytes long) and conditthee if any, of the

ring’s usablebandwidth. The did frames demarcate the end of transmission of the
ring purgers frames. The &id frames are transmitted with the destination and
sourceaddress equal to the My Long Addr¢sH_A) of the ring purger.

Whenthe ring is operating normallthe ring puger receives only the frames it sent
followed by the \id frames. The ring pger stripghe ring of all frames and frag-
mentsuntil it receives one of itsoid frames. It then strips the twamid frames it
transmittedand ceases stripping frames from the ring. If there are NOFs circulating
onthe ring, the ring pger also strips these NOFs while stripping all the frames it
receiveshefore receiving its 8d frames. The ring pger does not begin another
purgingoperation until it receives the token. The ringgauiiceases to operate when

it sees a Beacon or Claim frame.

An active ring puger ensures that no frame on the ring circulates as an NOF for more
thanone traversal of the ring. These frames will therefore be received at most twice
by the destination stations. The presence of theimger strictly limits the degra-

dationin performance of the stations on the ring and the bridged-LAN due to NOFs.

Theimpact of the ring pgrer on the performance of the riagd the stations on the
ring is negligible. Stations compliant to the ANSI FDDI MAC standard experience
nooverhead because theidf frames have nofefct. The ANSI FDDI standard spec-
ifies that stations are not to coppid frames. This prevents station resources from
beingconsumed by thedid frames.

Thering bandwidth used by the ring purgeglso negligible, because the two Void
framesare transmitted only when a token is received. Also, the transmission of two
Void frames takes only 4.48 microseconds. The Ringétalgorithm is designesd

that the bandwidth consumed becomes smaller as the load on the ring increases.
Whenthe stations on the ring use more of the available bandwidth, the overhead con-
sumedby the ring puger decreases.
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Thering puger transmits twodd frames each time it sees the token. On anidle ring,
thering puger transmits bid frames at a high rate. Howeyender this idle condi-

tion, the \Wid frames are only using bandwidih the ring that is being wasted as a
resultof no stations transmitting on the ring. When the ring is idle, the consumption
of ring bandwidth byhe \bid frames is of no consequence to the stations, which also
donotreceive these frames. As soon as the load on the ring is increased, the rate of
Void frames decreasamtil it finally reduces down to twodid frames every TTRT
period.

Underheavy load, the ring pger transmits theaid frames less frequentliyor ex-
ampleunder avery heavy load on the ring, it can take up to 8 (WRich can range
from4 to 173 milliseconds) for the token to make one traversal around the ring. Thus,
theload posed by the ring purgeibid frames backs bivhen there is a load on the
ring. Inthe worst case, on a heavily loaded ring, the ring pureéect on the usable
bandwidthis less than 0.22% (approximately).

The ring puger algorithm cleanslOFs from the ring transparentgnd therefore,
helpsto improve the robustness araiability of the FDDI token ring operation.
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3.1

Concentrators

The concentrator plays a central role in FDDI topologies. It provides a connection
pointfor end stations or other concentrators in a physical tree. It supports building
andcampus wiring topologies through ttxeation of hierarchical trees. It also sup-
portsthe dual ring desigapecified in the FDDI standards. This chapter provides a
generakxplanation of the concentrator and its role in FDDI applications. Section 3.5
providesconfiguration guidelines for using the concentrator in an Fiddlvork.

Digital’'s concentratqrtheDECconcentrator 500, provides the flexibility to accom-
modatethe diverse building wiringchemes found at customer sites. It is the key
componenin the Digital dual ring of trees topology also supports smaklork-
grouptopologies when useid a standalone configuration. The concentrator en-
hancegeliability and maintainability in both lge and small networks.

Description

Theconcentrator is an optoelectronic device that connects statiotiser concen-
tratorsto the FDDI network. It maps the logical toksmg into a hierarchical physi-
caltree. The concentrator is an active device that decodes, retimes, and madifies, if
necessarythe data stream as it passes through the concenBwtoaiscading con-
centratorspetwork builders can create dual ring of trees topologies. In a standalone
topology,it is the hub in a workgroup topology.

The main advantagef the concentrator is that it removes control of ring topology
fromindividual stations and places it in tt@ncentrator itself. This feature increases
thereliability of the networHkor all users. Network managers can use the concentra-
torto alter the network topology by selectivedynoving or inserting attached nodes.
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TheFDDI standard defines two concentraigres: a single attachment concentrator
(SAC) anda dual attachment concentrator (DAC).

TheDAC has all the necessary componentaftaching to the dual ring or into a tree
(actingas a SAC). The SAC cannot connect directly to the dual ring because it lacks
thenecessary hardware alogic. Figure 3—knd Figure 3—8how two concentrator
topologiesthe standalone and the dual ring of trees topology.

Figure 3—1: Concentrator in a Standalone Topology
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Figure 3—2: Concentrators in a Dual Ring of T rees Topology
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Figure 3—3llustrates the basic architecturiea concentratoi he optional MAC en-

tity provides MAC services to the concentralithe MAC entity is implemented, it

is placed just in front of the outbound port. This hetpgnsure that SMT station
mapping can be performed accuratdlige configuratiorswitch provides internal
configurationcapabilities to theoncentratqrallowing it to disconnect any or all at-
tachedhodes from the ring. it the configuration switch, the concentrator caute
thedata path as required according to the number of attached devices. This switch
alsodisconnects nonfunctional stations attachethéoconcentrator

Concentrators



As shown in Figure 3-3he concentrator contains a number of PHY and PMD enti-
ties.Each PHY/PMD combinatiomakes up an FDDI PHY port. These PHY ports
arefull duplex with a transmit and receive function.

Figure 3-3:  Concentrator Architecture
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ConcentratoPHY ports can be type A, B, M, or Bhe DECconcentrator 500 has
PHY ports type A, B, and M onlyiype A and B ports connect the concentrator to the
primaryand secondanyngs of the dual ring.ype B ports can also connect one con-
centratotto the M port of another concentratdype M ports can connect stations or
otherconcentrators to the FDDI network. Refer to Figure Zet8levice connec-
tion rules.
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Concentratorsvith type S ports are part of a SAC. They connectSAE to the
FDDI network through the M port of another concentrator.

3.2 Concentrator Functions

Theconcentrator performs three reconfiguration functions: station insertion, station
bypassingand scrubbing. Station insertion and statigpass are performed by the
configurationswitch, based on inputs from SIMHorts can be switched into and out

of the ring either by control of SMT Connection Managemewiitra management
commandRefer to Section 2.4.#®r a description othe scrubbing function.

Dependingon the requirementsf a network or the desired application, the concen-
tratorcan be equipped with a MAC or it can be MAC-less. Section 8eadribes the
two available concentrator types and theifet#nces. Theemaining sections de-
scribe MACfunctionsin further detail.

3.2.1 MAC and MAC-less Concentrators

The ANSI standardspecify that concentrators can be constructed with or without
theMAC. Theaddition of a MAC allows the concentrator to be managed by a remote
managemenstation using the same FDDI (in-band remomagement).

Concentratoraormally operate withouteed of manual intervention and provide all
basicservices independent of MAC capabilify.concentrator can be managed
througha local management interface. A network manager can observe and control
the concentrator directjyor remotely through eommunications channel. Remote
managemenmnay be provided through the same FDDI (referred to as in-band remote
managemenir through a separatbannel (referred to as out-of-band remote man-
agement).

Management adds the capabilities of remote monitoring and network configuration.

In large networks, this functionalitg usually required to ensure proper maintenance
andcontrol of the network.

Concentrators 3-5



Concentratorsautomatically configure the ring and connect stations taritite
throughthe services of SMT Configuration Management (CMT) and Ring Manage-
ment(RMT). MAC-less concentrators are most useful in cases either where out-of-
bandremote management is needed for reliability or where local management is
sufficient,such as in standalone topologies serving a lingeagraphical area. In
thesecases, in-band management is an unnecessary expense.

3.2.2 Station Bypass

Stationbypass allows the concentrator to logically and physically disconneatt the
tachedstation from the ring. The concentrator does this accordingggedfic set of
conditionsas set forth by SMT Physical Connection Management (PCM). The oc-
currenceof any one of these conditions results in the station being removed from the
ring. The concentrator will disconnect the station if one of the following events oc-
curs:

* Theattached station is powered offthe media is unplugged.
e The concentrator PCM detects a defective connection.

* The concentrator PCM is explicitly requested to reconfigure by a network
management entityemoving an attached station from the network.

* The concentrator PCM detects a high error rate on the connection.

PCM,a service of the SMT entitig part of the Connection Management (CMT) por-
tion of SMT. It initializes the connection of neighboring PHYs. PCM g@savides
supportfor connectiormaintenance and detection of giaal connection condi-
tions.

3.2.3 Network Management

Independendf network managemerthe concentrator has the capability to remove
andinsert any connection. For example, twncentrator can disconnect itself, a
SAS, or a DAS based on the results of the Link Error Monitor (LEM), which is a
functionof CMT. TheLEM monitors the connectiombit error rate (BER). If a sta-
tion’s LEM determines that the BER is too high, the concentrator removes the con-
nectionfrom the ring.
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3.3

3.4

3.5

Froma network perspective, network management software allows the manager to
configurea concentrator to suit the needs of the network. Under control of the net-
work managerthe concentrator can remove or insert stations as necedsanet-

work manager can also access the management information maintained by the
concentratorThe resultant information can be used for ectogcking.

Concentrator Operation

Framegpass through the concentrator by way of the PHY A, B, and M ports. If the
concentrators attached directly to the dual ring, franeeger by way of the PHY A
port(if the primary ring is active), flow through the PH¥ports to attached nodes,
andexit by way of the PHY B port. If the concentrator is part of a tree and not con-
nectedo the backbone, frames from the higher level concentrator enter through the
PHY B port, flow through the PHY M ports to attached nodes, and back thtloeigh
PHY B portto the higher level concentrator.

If the concentrator is dual homed and the backup liattige, frames from the high-
er level concentrator enter through the PHY A port, flow through the PHY M ports to
attachedhodes, and exit by way of tiRHY A port.

Concentrator Planning Considerations

Whenplanning for the installation of concentrators, sasiithe DECconcentrator
500,in anFDDI network, consult the following Digital manuals:

* DECconnect System Fiber Optic Planning and Configuration

* DECconnect System Fiber Optitstallation

Configuration Guidelines

Thissection provides an overview of rules and requirements for the configuring of a
concentratomto an FDDI network. In most cases, Digital products autoconfigure.
Physicallyinstalling a DECconcentrator is described in the installation manuals for
the product.
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The concentrator can be amegral part of the following network topologies:

* Dual ring of trees in a building or campus wiring system.
* Dual ring of concentrators in a backbone wiring systems (Figure 3—4

* Standalone workgroup configurations such as LAbisnectinchigh-per-
formanceworkstations and servers. These workgroups can also be connected
to a backbone system.

Figure 3—4: Dual Ring of Concentrators in a Backbone  Wiring System
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3.5.1 Concentrator Connection Rules

Usethe following rules when connectingcancentrator into an FDDI network.

Maximum distance between concentrators must not exceed 2 km (1.2 mi) for
multimode connection, 1 km (0.62 mi) for low-power multimode connec-
tions, and 40 km (24 mi) for single-mode connections.This includes cables
connected between the patch panel and the device.

Total length of the network must not exceed 200 km (124.2 mi). This dis-
tance must include the length of the secondary ring, if a dual ring is implem-
ented.

Distance between concentrators and attached stations must not exceed 2 km
(2.2 mi) for multimode connections, 1 km (0.62 mi) for low-power multi-
mode connections, and 40 km (24 mi) for single-mode connections.

Maximum number of stations in an FDDI LAN is 500 (1000 Physical layer
entities). A station can have one Physical layer entity (SAS), two Physical
layer entities (DAS), or multiple Physical layer entities (concentrators). Digi-
tal supports the configurations specified in the ANSI FDDI standard. Howev-
er, Digital recommends that an FDDI LAN generally be limited to 100
stations and 20 concentrators due to performance and reliability characteris-
tics of lage rings (see also Section 1.8).

Maximum number of concentrators in an FDDI network (dual ring of trees
and dual ring) is limited by the maximum number of Physical layer entities
that can connect to the ring (see also Section 1.8

Maximum optical attenuation allowable between a concentrator port and its
neighbor is 1 dB for multimode connections, 7 dB for low-power multimode
connections, and 22 dB for single-mode connections. Minimum allowable
optical attenuation for single-mode connections is 12 dB.

Refer to Section 2.7 fbr FDDI device connection rules.
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3.5.2 Concentrators and Structured Wiring

Commerciabuilding wiring standards, such as EIA/TIA 568dress all communi-
cation needs including voice, data, ardeo for single or multiple building applica-
tions. EIA/TIA 568 defines a wiring system that supports a multivenduriti-
productenvironment. At the center of thering system is a hierarchy of connection
equipmenthat supports the network.

The connection hierarchy specifiénl Digital’s implementation of EIA/TIA 568 is
theMain DistributionFrame (MDF), Intermediate Distribution Frame (IDF), Hori-
zontalDistribution Frame (HDF), and theallbox. The concentrator can be located
anywheren the structured wiringcheme.

Digital’'s implementation of FDDI fully supportie EIA/TIA 568 Building Wiring
Standardas it applies to fiber optic cabling. The FDDI wiring subsystem structures
consistof the following:

e Interbuilding backbone (multibuilding system) that goes from a Main Distri-
bution Frame (MDF) in one building to the Intermediate Distribution Frame
(IDF) in one or more buildings.

* Intrabuilding backbone (single building system) that goes from the IDF to
one or more HDFs.

* Horizontal wiring system that goes from an HDF to dicefwWallbox.

In the Interbuilding Campus Backbone, concentrators are connected in a dual ring at
theMain Distribution Frame in one building. From the MEiBer cable runs to con-
centratorsat Intermediate Distribution Frames in the other buildingshiweach
building, concentrators at the IDFs connect to concentrators at one or more HDFs.
Fromthe HDF fiber cable can be run directlythe end station by means of the Wall-
box.

Figure 3-5s a conceptual view of this wiring scheme usingréde®mmendations
setforth in EIA/TIA 568 for structured wiring installations. It is possible to install a
custonring that exceeds the recommendations of this standard as long as FDDI dis-
tanceand PMD-specifidoss limits are not exceeded.
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Figure 3-5: Concentrators Cascaded in Equipment Rooms
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Figure 3—6hows the concentratordtual ring of tree topologyigure 3—@s a con-

ceptualview of a campubackbone wiring scheme. This figure also shows the PHY
port connections for each concentrator.
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Figure 3—6: Dual Ring of T rees in a Campus Environment
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Bridges

Bridgesare the connecting devices between local area networks in an extended LAN
architectureBridges allow the creation of extended LANSs by acting as data link re-
laysbetween similar or dissimilar LAN types (see Figure)dkithe FDDI environ-
ment.the bridge acts as a link between FDDI LANs or an FDDI LAN and aisr
types.This chapter explainkridge operation and the DECbridge 500/600 series
FDDI-to-802.3/EtherneSAS and DAS bridges. Also includedthis chapter is a
functional bridge description along with planning and configuration considerations
for FDDI bridge. For a more detailed discussion of bridges, refer ®rithge and
Extended_AN Referencenanual.



Figure 4-1: Extended LAN Examples
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4.1 Description

Bridgesare protocol-independent, specialized LAN stations that provide the con-
nectionpoint between two or more local area networks. They are store-and-forward
devicesoperating at the Data Link laydridges receivand store frames from at-
tachedLANs and selectively filter thtames or forward them to their destination
addressThis reduces total trid on the extended LAN by filtering unnecesstiay-

fic from thenetwork.
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In the FDDI environmentSAS bridges connect to the dual ring through a PHY M
portconnectiorof a concentratoDAS bridges connect directly to the dual ring or to
concentratorsOne or more ports tthe other network(s) complete the data path
throughthe bridge. Figure 4-8 a functional diagram of a typical FDDI bridge. A
SASbridge has a PHY S poA.DAS bridge has a PHY A and a PHY B port. Both
SASand DAS bridges have all the additional elements of a SAS or DAS including
the PHY, PMD, MAC, andSMT.

Figure 4-2: FDDI Bridge Functional Diagram

Other LAN(s)
filtering/
forwarding
Table control
(FglaeDlIJe lookup/ processor
anager address (multiport
9 table models)
Other
FaDclilet Translation network
b processor packet
memory memory
FDDI FDDI PHY
. port Other network
ring Other
(SAS or DAS) port(s) network(s)

LKG-4076-90I

Bridges 4-3



4.2 Bridge Functions

Basicbridge functions include translation, frame forwarding and filtering, source
addressracking, participatioin the spanning tree algorithm, network management,
andInternet Protocol (IP) fragmentation. FDDI bridge structure includes an FDDI
SASor DAS port(s), one or more ports to other network(s), address table and table
lookup logic, packet memories, translation procesaod the forwarding/filtering
control processor.

4.2.1 Translation Not Encapsulation

A major reason for choosing FDDI is that it is designed to be an industry standard for
high-speedetworks. © take advantage of thigsers should avoid FDDI compo-
nentsthat lock them into a specific vendor implementation. Othenthisayser be-
comedied to a closed, proprietary system with equipnasintces limited to a single
source.

Encapsulatiors a technigue used by some vendors to send data over the extended
network.In encapsulation, packets received by the bridge from the non-FDDI net-
work become the data en FDDI frame. Using a proprietary protocol, the bridge
surroundspr encapsulates, the packet with an FDBa&der and trailer and retrans-
mitsit onto the FDDFing. Only a bridge, or other receiving device, supplied by the
samevendor or one who subscribes to the same proprietary protocol can make use of
thisencapsulated data. Although this mettsddirly simple to implement, it results

in the usebeing forced into a closed, proprietasingle-vendor network architec-

ture.

To avoid this pitfall, and in keeping with the open system philosdpigytal does
notuse encapsulation. Digital employs the translation process in its bridge architec-
ture. In the translation process, the bridge modifies the fid¢la$orwarded packet,
makingit compliant with the packet format of thetwork to which it is being for-
warded Although dificult to implement because it must be done in real time, trans-
lation allows the use of other vendor components in the network as long as they
adherego the various network standards on both sidéisebridge. See Section 4.3

for furtherdetails on translation.
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4.2.2 Frame Forwarding and Filtering

Thebasic purpose of a bridge is to forward frames between its attached LANS, so that
thestations on each LAN can communicate with all other stations as if they were on
onelarge network. Bridgedo not forward all frames that pass across a LAN. Bridges
forward only those frames destined for a station on another port. If a frame is destined
for a station known to be on the same port as the sending station, the bridge discards
theframe.

Under network management control, bridges can be configured to filter certain
framedsrom crossing the bridge. For example, individual addresses can be set so that
thebridge will always filteror always forward, frames destined to these addresses.
Thebridge does this regardless of whether or not it recognizes the addresses as be-
longing onthe extended network.

Additionally, the bridge can be instructedfiiber frames based on their source ad-
dressand/or protocol type. These filters carsle&on groups of ports, or they can be
setglobally.

4.2.3 Source Address Tracking

Digital and IEEE 802.1 require that bridges be self-configuring. For a bridge to de-
terminewhether to forward or discard a given frame, it must maintain a list of all
knownstation addresses in the extended network, and the port on which the station is
located. Each bridge maintains a source addtabte that it automatically updates.
Thistable, called the Forwarding Database, is built from the source addresses in re-
ceivedframes.

When a bridge receives a frame, it records the source address of the frame into its
ForwardingDatabase (address table), along with an indication of the port from
whichthe frame was received. Because every frame contains the source address of
the transmitting node, the bridge is constantly updating its forwarding database,
learningthe location of every station that sends a frame over the network. In an ex-
tendednetwork, every bridge learns where stationsl@ated, relative to its own
position in the network, as frames p#s®ugh the bridge.
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4.2.4 Spanning Tree

Thelogical topology of an extended LAN must be loop-free to prevent the circula-
tion of packets indefinitely on the extendeetwork. eliminate this problem, the
extendedetwork forms a logical configuration, calledpanning tree, which elimi-
natedogical loops in the extended network. This spanningsreased on the span-
ning tree algorithm defined by Digital and implemented with minor changes by
IEEE 802.1d. Digital bridges default the IEEE 802.1d application and use the
LAN Bridge 100 spanning tree implementation if they detect bridges that do not sup-
port IEEE 802.1d.

Thespanning tree algorithm has two primary functions: the creation of one and only
one pathbetween any two bridges, and the proper connection of all LANs into a
singleextended LAN. The algorithm works by having all bridges in a given LAN
exchangdHello messages (bridge PDUSs). The bridges use the information in these
messageto elect which bridgesan forward frames and which cannot.

Bridgesthat form redundant pathis an extended LAN go into backup mode. In
backupmode, bridges continue to monitor networkftcafut do not forward frames.
If the active bridge fails, the backup bridge notices the failurbegids to forward
frames.

4.2.,5 Network Management

Network management can monitor conditions on the extended network and adjust
thelogical topology to optimize tr&€ patterns and to fix thingéthey go wrong. To
theseends, bridges maintain counteeskeep track of the number of frames for-
wardedand discarded, and other such events.

Thebridge forwarding database can be remotely observed and maodified. This allows
network management to determine the location of user statidosnanage various
regionsof the extended network. By adjusting parameters igfiaaning tree com-
putationalprocess, a network manager can optimize the algorithm perforrftance
specifictopologies.

Thespanning tree algorithm database also contains useful inforrahtomthe ex-

tendedhetwork topologyThis information is made available to the network manag-
erthrough the use of higher-level protocoéssages.
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Networkmanagement is also usedi special filters; for example, protocol filters.
Networkmanagement entries for these filters are stored in a honvolatile memory so
thatthey can be restored easily power up.

4.2.6 Internet Protocol Fragmentation

FDDI permitsframes up to 4500 bytes in length. The 802.3/Ethernet LAN cannot
handleframe sizes this lge. To ensure that frame size restrictions are not violated
whenframes cross the bridge, the bridge performs a process called fragmentation on
large FDDI IP frames. Fragmentation occurs when a framegsiahan the frame
sizeallowed by the outbound port.

A frame is fragmented only if its LLC header indicates that it is an IP frame. The
bridgereceives the frame and decides how many packets must be genetiagsd. It
constructghe new packet(s) with a protocol type indicatiRgframe and a new
checksunin the IP headeiThe bridge also manipulates the header bits to indicate
thatthe frame is a fragmented frame. The outbound port tranmitssulting pack-
etswith new data link CRCs for each packet. At the destination station, the frames are
reassembledh the proper sequence.

4.3 Bridge Operation

TheFDDI bridge provides transparent link between networks. Users on the FDDI
ring can freely exchange data with usemnsother networks. Data is transmitted over
the FDDI ringin frames up to 4500 bytes in length. As FDDI data is received in the
bridge, it is placed in packet memory lieifs arranged in a queue structure. Each
bufferis assigned a descriptor containing status information abdet lbohtents.

The queue manager (QM)etermines the ultimate destination of frames received
fromthe FDDI ring. The QM does this by looking at the descrjource and desti-
nation address, Frame Contrfield, type and quantity of previously received
framesand the bridge forwarding databaBased on this information, the QM for-
wardsthe frames odiscards them. Packets destined for another network are placed
into the FDDI forward queutor retransmission from the other network port.
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At this point, the translation processor takes the packets and descriptors and physi-
cally moves them into the packet memory of the other network interface. Asthey are
moved the packets are converted to the format required by the other network. These
packetsare then passed the network interface controller and eventually clocked
onto the network.

Datareceived from the other network is handled in basically the same fashion. The
filtering/forwardingprocessor determines where the received framee hmesent.
Packetsare moved into th&ranslation processor and converted to FDDI format.
Datato be transmitted to tHeDDI ring is placed in the FDDI transmit queue for re-
transmissiorio the FDDI network.

4.3.1 FDDI Port

4-8

The DECbridge 500/600 series incorporates a PHY S port or a PEIYdAHY B
portin its design, making the bridge a SAS or DAS. FDDI entities in the bridge in-
clude a PHYPMD, MAC, and SMTFigure 4-1shows SASndDAS bridge con-
nectionsto FDDI. Figure 4-3hows a SAS bridge connection toancentrator.

Figure 4-3: SAS Bridge-to-Concentrator Connection

Concentrator

PHY
M

PHY
S

SAS bridge
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Datafrom the FDDI network passes through the FDDI interface wher@higerted
from optical signalserror checking is performed, and the resultant data is passed to
FDDI packetmemory.

4.4 Performance Considerations

A major reason for migrating to the FDDI network is its high bandwidth and resultant
largedata-transmitting capacityo take advantage of thigwer a bridge must be
capableof supporting high throughput. It should not be a bottleneck on the ring. To
beeffective, abridge must make frame forwarding decisions in real time. Key bridge
performancecharacteristics are forwarding rate, filtering rate, and latdigytal
providesthe performance characteristics in all three areas to support the FDDI band-
width.

Theforwarding rate is based on the number of data packets that can be transferred to
andfrom the FDDI network. It should be &g& enough to allow a high volumetrf-

fic between the FDDI ring and other networks. Forwarding raketesmined by the
speedbfthe bridge in parsing a packet, verifying the destination addreb&bling

its forwarding data base, and determinwlgether or not to forward the packet.

Thefiltering rate is the speed at which the bridge processes received packets to deter-
minewhether they are to be forwarded across the bridge. A high filtering rate keeps
the bridge from clogging with data packets that are not being forwarded. Efficient
filtering reduces the probability olverflowing internal storage areas and missing a
packetto be forwardedEfficient filtering reduces the probability of a lost packet.

Latencyis the delay incurred when data crosses the bridge. Certain applications and
protocolsare delaysensitive. High latency results in nodes not being able to access
deviceson remote networks. High latency can cause the delay time between end
nodedn an application texceed the applicatisfesponse time requirements, caus-

ing poor performance or connection failures. Digital designs its bridges to minimize
latencytime, thereby enhancing bridge performance.
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4.5

4.6

Bridge Planning Considerations

When planning for the installation aéin FDDI Bridge such as the DECbridge
500/600seriesconsult the following Digital manuals:

* DECconnect System Fiber Optic Planning and Configuration

* DECconnect System Fiber Optic Installation

Bridge Configuration Guidelines

Thissection lists general configuration guidelines for the DECbridge 506¢3(%3.
Thesebridges allow the use of a SAS or DAS connection to the FDDI network, and
provideone or three ports that interfaime802.3/Ethernet networks.

The DECbridge 500/600 series connects to the FDDI ring through a concentrator
(SASbridges) or directly to the ring (DAS bridges). Although the FDDI standards
allowa PHY S portto connect to any other FDDI port type, Digital recommends that
a SAS bridges PHY S port connect to a PHY M poftthe concentratorRefer to
Section 2.7.Zor FDDI device connection rules.

4.6.1 General Connection Rules

4-10

Usethe following guidelines when connecting one of the DECbridge 5086085
into an FDDInetwork:

* SAS bridges should connect to a PHY M port on an FDDI concentrator to
work in an FDDI ring. DAS bridges can connect directly to the dual ring or
can be dual homed through a PHY M port on two separate concentrators.

* Maximum distance between the bridge and the concentrator or adjacent sta-
tion must not exceed 2 km (1.2 mi) for multimode connections (refer to
Figure 4-3 and 40 km (24 mi) for single-mode connections. This includes
cables between the patch panel and the device.

* Maximum number of stations in an FDDI LAN is 500 (1000 Physical layer
entities). A station can have one Physical layer entity (SAS), two Physical
layer entities (DAS), or multiple Physical layer entities (concentrators).
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Digital supports the configurations specified in the ANSI FDDI standard.
However Digital recommends that an FDDI LAN generally be limited to 100
stations and 20 concentrators due to performance and reliability characteris-
tics of lage rings (see also Section 1.8).

Maximum number of bridges (SAS and DAS) in an FDDI network is limited
by the maximum number of Physical layer entities that can connect to the
ring (see also Section 3.8

Maximum number of bridges between two stations on the extended LAN is
seven.

Maximum allowable optical attenuation between the bridge and an adjacent
FDDI station is 1 dB for multimode connections and 22 dB for single-mode
connections. Minimum allowable optical attenuation for single-mode connec-
tions is 12 dB.

Figure 4-4: Bridge Distance Requirements for Multimode Connections

FDDI 100 Mb/s network

»| Concentrator =] DAS

2 km (1.2 mi) maximum 2 km (1.2 mi) maximum |_bridge

distance to next station distance to next station

2 km (1.2 mi) maximum
distance from concentrator

Digital
FDDI bridge
+[50 m (165 ft) maximum distance if 802.3
transceiver is connected to the
AUl interface
«[185 m (610 ft) maximum segment length
Other network if connected to the ThinWire port
N 3 {H

LKG-4077-90I
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Thefollowing rules apply if a DECbridge 500/600 series unit is being installed using
the AUI connector on the 802.3/Ethernet safehe bridge:

* If the bridge connects to an IEEE 802.3 transceiver such as the H4005, the
transceiver cable must be an IEEE 802.3 compliant transceiver cable
(BNE3H/K/L/M or BNE4C/D).

e |EEE 802.3 transceiver cables and Ethernet transceiver cables cannot be in-
terconnected.

* If the bridge connects to an 802.3/Ethernet network, maximum length of the
802.3/Ethernet transceiver cable cannot exceed 50 m (164 ft). This maximum
length is reduced by the internal cabling equivalency of a device (such as a
DELNI) that is connected between the bridge and the transceiMey the
use of an dfce transceiver cable. The internal cabling equivalency of such a
device must be subtracted from the 50-m (164-ft) maximum.

NOTE

Cablingequivalency is a measure of the internal timing
delay of a device expressed in meters of transceiver
cable for example:

If a devicéhas a 5-m (16.4-ft) cabling equivalenttyen
its maximum allowable transceiver cable length is 50 m
(164ft) minus 5 m (16.4 ft) or 45 m (148 ft).

Office transceiver cable (BNE4xY, because of its
smallerdiameterhas a signal loghat is four times that
ofthe (BNEX—xX) transceiver cable. If offideansceiv-
ercable is used, the maximum transceiver cable distance
mustbe divided by 4. The maximum offitensceiver
cablelength allowed is 12.5 m (41 ft).

If a Digital FDDI-to-802.3/Ethernet bridge is being installsihg the ThinWire
connectormaximum length of the ThiniAé cable segment is 188 (606.95 ft).

Fordevice-specific information related to cabling equivalerefer to théECcon-
nectSystem Planning and Configurati@uide
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5.1

5.2

Adapters

FDDI adapters connect end-user nodes to the FDDI ring. Adapters allow attached
devicedo act as single attachment stations (SAS) orattethment stations (DAS).

This chapter provides a functional overview of adapters. It also discusses planning
andconfiguration considerations for these devices.

Severalifferent adapters are available in the Digital product set. This chapter pro-
videsa general overview of one typeadapterAlthough construction and imple-
mentatiormay vary from one adapter to anothesic functionality and purposbe
connectiorof a device to th&DDI network, remains the same.

Description

Digital’'s family of FDDI adapters are single attachment stationscthratect to the

FDDI ring by means of the concentrat®art of the adapter is an interface specif-

ic workstation or system bus; for example, TURBOchannel, or other standard bus
interface(see Figure 591 The SAS components of the adapter consist of a PMD,
PHY, MAC, and SMT entityConnection tdhe FDDI ring is through a PHY S port.

In order to properly interface to the ring, the adapter should attach toa PHY M porton
a concentratorSection 5.8ists basic configuration guidelines for the adapter.

Adapter Functionality

Adaptersconnect to the end nodeahternal bus structure. DigitalFDDI adapters
useinternal microprocessor-controlled logic to permit data transfer betweendhe
nodeand the FDDI network without intervention thie host processor.



Digital FDDI adapters can be logically divided into four separate components as fol-
lows: (SeeFigure 5-1.)

* Host interface logic
e Adapter manager

* Packetmemory

* FDDI SAS port

Figure 5-1: Adapter Model

Ring entry |<—»
mover
Packet memory and
packet memory controller
Host < . | Adapter ) 5 FDDI
interface manager SAS port
To internal system bus To concentrator

LKG-4078-90I

5.2.1 Host Interface
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Thehost interface connects the adapter tdiibss internal bus. It contains all the
necessarlpgic to pass frames to and from host memasypart of its structureuff-

ersin thehost interface provide the capability for high-speed data movement to and
from the host.
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5.2.2 Adapter Manager

Theadapter manager oversees the transfer of data between the nodeRididIthe
ring. Functions performed by the adapter manager include the following:

e Adapterinitialization
e Errorhandling
* Device driver commaniomplementation

* Local management of the FDDI MAC, PHahd PMD components within
the adapter

¢ Collection and maintenance of node statistics

5.2.3 Packet Memory

Packetmemory within the adapter operates in much the same manner as the memory
in a bridge Data from the FDDI ring is placed in queues within this memory space.
Virtual addressing is used to access the data as it progresses through the queues. Asin
the bridge, the data itself never actually moves until its final destination is deter-
mined.A descriptor word containing control information for each received packet is
actuallypassed around the entities. This word is changed as required when data own-
ership changes. Depending on the type of packet or frame received, the data is passed
ontothe node, forwarded to the adapter managediscarded.

Similarly, data from the node moves through packet mentmge it is determined
thatthe data is meant for transmission onto the ring, it is passed to the FDDI port.

5.2.4 FDDI Port

5.3

Theadapter incorporates a PEByport in its design, making the adapter a SAS node.
FDDI components in the adaptaclude a PHYPMD, MAC, and SMT entityData
from the node that is destined for the FDDI rjpapses to the FDDI port. Here the
datais formatted into FDDI frames and transmitted over the ring.

Operation

Actual adapter operation is a complex process. The following sections piovide
summanryof the initialization and ring-access processes that an adapter goes through
whenit is first powered on.
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53.1

53.2

5.3.3

Initialization

Theadapter must be initialized when it is powered on or recovering from a fatal error
condition.In the initialized state, the adapter has allocated alétsufor internal
memoryjoaded all registers with appropriate start addresses, and is ready to process
commanddrom the user device. Durirtfis process the following occurs:

* Self-test diagnostics are run to ensure adapter inteljrihe tests pass, the
remaining events occuf not, the adapter is not initialized.

* Internal logic devices are initialized.
* The 48-bit adapter LAN address is loaded into data registers.

Accessing the Ring

Oncethe adapter is initialized, it must access the FDDI ring.iSliscomplished as
follows:

» After successful initialization, the adapter transitions to the run state and
starts FDDI logic testing.

* After successful completion, the FDDI logic requests connection to the ring
by generating a series of claim frames.

* After synchronizing with the ring, physical and logical connections are estab-
lished and the adapter is able to communicate with other attached devices.

Network Management Functions

To permit network managemeiitigital adapters incorporate a number of functions

in their basic design. Proper use of these functions provide the network or system
managewith the ability to monitor and control adapters individuallyas a distinct
group,from a remote location. These adapter functionkide the following:

e Request ID

System ID

Request counters

Remote boot
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5.4 Adapter Planning Considerations

Whenplanning for the installation of an FDDI adaptansulthe following Digital
manuals:

* DECconnecSystem Fiber Optic Planning and Configuration

* DECconnect System Fiber Optic Installation

5.5 Adapter Configuration Guidelines

This section lists general configuration guidelines for Digstallapters. Digital
adaptersire single attachment stations that connect to the FDDI ring by means of the
concentrator.

Althoughthe FDDI standards allow a PHY S port to connect to any other FDDI port
type,Digital recommends thata PHY S port connectto a PHY M port of a concentra-
tor. Refer to Section 2.7 fdr FDDI device connection rules.

Use the following guidelines when connecting an adapter into an FDDI network.

e SAS adapters should connect to a concentrator PHY M port to work in an
FDDI ring. In a standalone configuration, the adapter PHY S port can con-
nect to a concentrator PHY A or PHY B port.

* Maximum allowable distance between the concentrator and an adapter is 2
km (1.2 mi) for multimode fiber connections, and 100 m (330 ft) for Thin-
Wire and shielded twisted-paiFhis includes cables between the patch panel
and the device. Figure 5-shows the distance requirements for an FDDI
adapter with multimode fibelt also shows the connection to a concentrator

e Maximum number of stations in an FDDI LAN is 500 (1000 Physical layer
entities). A station can have one Physical layer entity (SAS), two Physical
layer entities (DAS), or multiple Physical layer entities (concentrators).

Digital supports the configurations specified in the ANSI FDDI standard.
However Digital recommends that an FDDI LAN generally be limited to 100
stations and 20 concentrators due to performance and reliability characteris-
tics of lage rings (see also Section 1.8).
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* Maximumnumber of adaptetis an FDDI network is limited by the maxi-
mum number of physical layer entities that can connect to the ring (see also
Section 1.8).

* Maximum number of patch-panel connections betweegdheentratoand
theadapter is two connections.

* Maximum allowable loss between an adapter and the concentratod 1
for multimode connections.

Figure 5-2:  Adapter Distance Requirements for  Multimode Fiber
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6

Network Management

Propemanagement is important to the successful maintenance of a netvitbrk.
out sophisticated and flexible management software, even the most pomegful
work can become an unwieldyard-to-maintain system.

Networkmanagement, as envisioned by Digital,iseans for network and system-
levelpersonnel to éctively design, implement, and maintain networks to meet spe-
cific organizational goals and technical needs. Digital provides a framework for the
managemerdf heterogeneous, multivendor systems linked by a number of network
environmentsThis ability to manage devices over an extended network provides us-
erswith tremendous flexibility in terms of network design and cost.

In the Digital scheme, network management is one component of Enterprise Man-
agement. This term applies to Digitaibility to manageot just a given network,

buta broad spectrum of systems, including voice and data, corporate-wiperand
sonalcomputing, and distributed computing environments.

Digital believes that the concept Enterprise Management Architecture is where
thefuture of system management lies. In designing EMA, Digital has followed the
modelset forth in the OSI system management architecture. This chapter describes
partof the Enterprise Management Architecture through a discussion of manage-
mentover the extended network.



6.1

6.2

6-2

Network Management Benefits

Digital’'s network management tools provide the following benefits:

* Flexibility

* Extensibility

* Integration

* Growth Potential

A further benefit is protection of the network investment. Because existing compo-
nents,as well as any additions, are supported, there is no need to discard existing
equipmentwhen expanding network facilities.

Network Management Functions

Networkmanagement functions are those parts of the sofsyatem that network
andsystem-level personnel use to monitantrol, and maintain the network. As set
forth in the ISO/OSI management framework, these functions are as follows:

* Network configuration management to set or change operating parameters of
the network

* Fault management to detect, diagnose, and correct network faults and error
conditions

* Performance management to monitor and evaletiworkperformance
* Accounting management to monitor and evaluate network resources
e Security management to provide a secure computing environment

If management functions such as fault notification and fault logging are implem-
entedindependently of the network components being managed, the result is an in-
creasein the scope of the management system. Managefmeciions must be
capableof being customized according to user requirements. They must be capable
of interaction, so that the outpoftone function can be used as input to anofifes
providesfor the implementation of more sophisticated management applications to
supportthe network systems throughout their existence, from planning and imple-
mentationto operation and change.
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Therole of the ISO/OSI categories is to serve as the basis for developing usable man-
agemenapplications. For example, to be truljeetive, network operation requires
theintegration of performancéault, and configuration management information.
Thefollowing sections describe the various ISO/OSI components in further detail.

6.2.1 Network Configuration Management

Network configuration managemeptovides a means for configuring the network
andits components through setting or changing the operating parameters of the local
or extended network. This includes turning the parameters off, @tering their
operationaktatusand collecting and distributing current status information of at-
tached devices.

Ringmapping, a part of FDDI configuration management, enables users to identify
all stations on the FDDI network. THesature allows mapping of the FDDI network
configuration,providing network managers with valuable ring statfisrmation.

6.2.2 Fault Management

Faultmanagement provides a means for detecting, diagn@sidg;orrecting net-
work faults and error conditions. Fault management capabilities includediipt

of unsolicited error messages from network devices, periodic polling for error mes-
sagesand setting error thresholds for individual devices. Thrgugher setting and
monitoringof operational parameters (for example, error alarms and threshold lim-
its), network managers cattually prevent certain fault conditions.

6.2.3 Performance Management

Performancenanagement allows the network manager to monitor and evaluate the
performancef local and extended networks by collecting and processlagant
data.The information is gathered from device counters and error reports, then pro-
cessedind analyzed for network planning and tuning.

6.2.4 Accounting Management

Accountingmanagement allows managers teetively monitor and evaluate net-
workresources and their use. This function identifisesge costs associated with the
network,and provides the necessary tools for identifying andyohguusers for net-
work time. Accounting management is an applicafiamction.
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6.2.5 Security Management

6.3

As networksbecome lager and more complex, and as more companies place highly
sensitivedata on the networkhe ability to create a secure environment increases in
importance Security management defines those facilities required to manage net-
work services: authenticationpntrol of access to resources, and the protection of
confidentialinformation on both the local and extended network.

Digital's Network Management Capabilities

Networkmanagement is done through the use of a layered software product that runs
ona designated host station. This software communicates with corresponding soft-
ware on network devices, allowing the network manager to remotely configure,
manageand monitor devicesn the extended LAN. These devices include the fol-
lowing:

* FDDI and non-FDDI bridges

* FDDI concentrators

Thefollowing sections describe sométhe capabilities of Digitad’ network man-
agementsoftware.

6.3.1 Device Naming

With the network management software, all manageable bridgeoaoentrators
canbe assigned unique ASCII names, as opposed to more cumbersome hadedware
dressesThese names can then be used in commianidie devices.

6.3.2 Device Registry

Themanagement software creates a network registry containing information about
eachmanageable bridge and concentrator in the extended LAN. This registry con-
tainsdevice type, addressame, and a brief description for each attached device.
Registryinformation can be added or modified as required. Depending on the man-
agementsoftware, this information can also be automaticatiylected as new
bridgesor concentrators are added to tiegwork.
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6.3.3 Event Messages and Event Log

The network management station can display error and event messagegt-The
work manager collects these messages by polling and by error orlegging.
Eventcodes can also be recorded in an eventlog. The network management software
providesa simple mechanism for report generating based on the coviftdr@gvent

log.

6.3.4 Security

In any open networlsecurity is always a primary concern. Diggaletwork man-
agemensoftware provides the ability to assign passwords to all bridges and concen-
tratorsin the extended LAN. Set frothe network management station, these
passwordprevent the unauthorized conteoid configuration of network devices.
Devicesstore thepasswords in their nonvolatile memory.

6.3.5 Configuration Parameters

Networkmanagement software allows the user to remotely set bridge and concentra-
tor configuration parameters from the network management station. Configurable
parameterinclude the following:

* Spanning tree parametergzentrols the extended LAN logical layout and
performance by manipulating bridge and line spanning tree parameters.

* Firmware upgrade down-line loadingEnables a bridge or concentrator to
accept down-line loading of firmware upgrades, eliminating the need to per-
form upgrades at the bridge or concentrator site.

* |P fragmentation—Enables an FDDI bridge to breakdarinternet Protocol
(IP) frames received from the FDDI LAN into smaller frames for retransmis-
sion across the bridge. For example, fragmentation occurs in Digital FDDI-
to-Ethernet bridges because maximum frame size in the FDDI LAN is 4500
bytes, but 802.3/Ethernet can only support a 1500-byte frame size. The DEC-
bridge 500/600 series units come with the default mode set to fragment IP
traffic.

* |IP fragmentation error checkingEnables an FDDI bridge to perform header
checksum verification on lge IP frames received from the FDDI LAN to
ensure data integrity of frames being sent across the bridge. The DECbridge
500/600 series units automatically perform IP fragmentation error checking.
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6.3.6

6.3.7

6.3.8

6.3.9

6-6

Initialization

Theuser cannitialize bridges and concentrators from a network management sta-
tion. Doing this forces the device to reset its internal counters to zero and run its self-
testdiagnostics. Ainitialization, bridges perform the spanning tree computation
processhat determines active and standby bridges. Concentrators perform the ini-
tialization process described in Section 2.9.3.

Bridge Port Enabling and Configuring

Fromthe network management station, bridge ports in the extended LAN ean be
abled and disabled. As bridges are enabled and disabled, the spanning tree computa-
tion process determines whiahe the active and which are the standby bridges in the
network.

In the FDDI environment, network management software can set the maximum to-
kenrotation time (T_MAX), the requested token rotation time (T_REQ), and Valid
Transmissioime (TVX). Setting T_REQ and T_MAX for all attached devices on
the FDDI LAN allows the user to control the value of Jer Token Rotation Time
(TTRT) on the FDDILAN.

PHY Port Configuration and Control

Thenetwork manager can enable and disable the PHY ports of concentrhisrs.
allowsthe configuring of networki fit the needs of the network users. Managers
alsohave theability to set Link Error Monitoring (LEM) threshold limits for FDDI
devicesLEM performs continuous testing of links during ring operatioarnsure
the bit error rate is being met.

Address Filtering

With Digital’s network management software, network managers can eefid@re
addresseat the forwarding database of a bridge (FDDI and non-FDDI). This capa-
bility is used to block certain stations from sending or receifvarges across a
bridge localizing trafic on a specific subnetwork or to stations within a subnetwork.
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6.3.10 Protocol Filtering

In addition to address filtering, network management software allows the filtering of
protocolsat a bridge (FDDI or non-FDDIT.his capability instructs the bridge to for-
ward or filter (discard) frames based on the protocol information within the frame.
Thisfeaturds useful to regionalize trit or to isolate broadcast storms or other pro-
tocol-related problems. Selective protocol filtering allows only selected protocols to
crossthe bridge. Again, selected protocols are specified tisagetwork manage-
mentstation and supportesbftware.

6.3.11 Network Monitoring

Devicestatus, characteristics, and counter contents are all accessible through the net-
work management software. Bridges, concentrators, and the connection to each port
onthese devices can be addressed. Inthe case of bridges, the spanning tree parameter
settingsand the outcome of the spanning tree computational processcassible
usingthe software.

6.3.12 FDDI Physical Ring Mapping

The network management software supports creation of a physical ring map of at-
tacheddevices in the FDDI LAN. This map allows a usedetermine the order of
tokenrotation among devices on the ring.

6.3.13 SMT Neighborhood Information Frame (NIF) Display

Besidedglisplaying theNIF contents, network management software can use the NIF
framesto show the order in which each station appears in the token path. Other uses
of the NIF contents include downstream neighbor information gathering and dupli-
cateaddress detection.

6.3.14 SMT Station Information Frame (SIF) Display

The network management software can display SIF frames from individual FDDI
stations.These frames contain a stat®obnfiguratiorand operating information.
Networkmanagement software careate a physical ring map using the SIF config-
urationinformation. The operating information can be used as aim aidg fault
detection.
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6.3.15 Troubleshooting

Digital’s network management software provides the netwsek with a wealth of
usefulinformation. Proper use and interpretation of this information results in a
powerfultroubleshooting tool. By propergnalyzing the network performance and
errorinformation, a user can diagnose and correct a variety of network problems
with minimal efect onoverall network performance.

Combiningthe FDDI dual ringf trees with the power of Digitalhetwork manage-
mentsoftware results in a dynamic network resistant to failures caused by everyday
events.Proper use of the network management tools allows the user to isolate and
removeproblem network devices with little or ndegt on network performance or
throughput.
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OSI Reference Model

Chapterl describes FDDI and its relationship to the OSI reference model. This ap-
pendixprovides an overview for readers unfamiliar with @@l reference model.

The International Qanization for Standardization (ISO) has established what has
become known as the Open Systems Interconnection (OSI) Reference Model. The
OSImodel implements the design structure known as layering. In this structure, the
communicationgunctions are divided into a vertical set of layers, with each layer
performinga related subset of the functions required to communicate with another
systemEach layer relies on the services of the next lower layer and the ability of the
protocolsof the lower layer to conceal those functions from itlagérs further up

the ladder Layering provides modular design and allows independence of design
teamsAs shown in Figure A=lthe OSI model consists of seven layers, with an in-
terfacebetween layers

The layered approach to networking adheres to the following general guidelines:

Each level should perform a well-defined function.
* The layers should comply with recognized standards.
* Layer interfaces should be designed to minimize data flow between layers.

* Layers should be sized to minimize complexity without making the layer un-
manageable.



Figure A-1: OSI Seven-Layer Model
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A.1  Physical Layer

At the Physical layetthe physical interface between devices and the rules for bit

transmissiorare established. The Physical layer defines the mechanical, electrical,
functional,and procedural elements of the network. Examples of Physical layer
standardsire RS-232-C, RS—449, RS-422, R8+423.

A.1.1 Data Link Layer

TheData Link layer provides the raw bit-stream service. It is responsible for provid-
ingreliable data transmission from one node to angtty@ovides the means to acti-
vate,maintain, and deactivate the link. This layer also provides error detaation
controlfunctions to the highdayers of the OSI model.

If communication is established between two devices not on the samedibever,
theresult is a number of functionally independent data links. In this instdrece,
higherlayermust assume responsibility for overall error detection and correction.
Examplesnclude HDLC and LLC.

A.1.2 Network Layer

The Network layer provides for the transparent transfer of data between transport
entities.It relieves the Transpadiyer of the need to be aware of the underlying data
transmissiommnd switching technologies used to connect systems. Examples include
InternetProtocol and the OSI Router (ISO 9542).

A.1.3 Transport Layer

TheTransport layer provides a reliable means for the exchange of data between pro-
cessedn different systems. This layer ensures that data units (framedg)aered
errorfree, in sequence, with no losses or duplications. Taesport layer can pro-

vide optimization and requested service capabilities. For example, the session layer
couldspecify error rates, delay and prioyiyd security parameters for a given ses-
sion.ltis the Tansport layer that would provide them. TCP is an example déthis

er.
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A.1.4 Session Layer

TheSession layer provides the means for controlling the dialogue begbnessmta-

tion entities. The Session layer permits two presentation entities to establish and use
aconnection, called a session. In addition, it provides services such as dialog type
andrecoveryThe recovery function provides a mechanism for retrieving data trans-
mitted duringa session, in the event of a session failure.

A.1.5 Presentation Layer

The Presentation layesffers applications and terminal handler programs a set of
datatransformation services. This layer provides such services as data translation,
formatting,and syntax selection. Examples of protocols in this layer aredext
pressiomand encryption.

A.1.6 Application Layer

TheApplication layer provides a means for application processes to access the OSI
environmentlt contains management functions and other mechanismgppmort
distributedapplications. Examples of protocols at this level are virtual file protocol
andjob transfer and manipulation protocol.
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B.1

Additional Configurations

The EIA/TIA 568 commercial building wiring standard provides an infrastructure
for FDDI networks. This appendix contains examples of FDDI netwonkigura-
tionsbuilt on Digital’s implementation of the commercial building wiring scheme.

Standalone Configurations Using Concentrators

Figure B—1shows a concentrator installechiistandalone workgroup. The worksta-
tionscan be either SAS or DAS devices. SAS devices are preferred for this configu-
ration. This configuration is useful for compute-intensive applications shared by a
limited number of users in a limited geographical area, or where security is para-
mount.

Figure B—2shows a dedicated network ownl@al ring. The attached workstations,
file servermini-computerand main frame are SAS devices. This configuration can
servethe same purposes as the standalone configuration with the addeddfenefit
extending the geographical area.

Theseconfigurations allow the use of star wiring, which means existing structured
cablingcan be used.



Figure B-1: Standalone Workgroup Installation
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Figure B—2: Dedicated Network in a Dual Ring Installation
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B.2 Tree Configurations Using Concentrators and Bridges

Treeconfigurations are used when wiringdagroup®f user devices togeth€&on-
centratorsand bridges are wired in a star topology with one or more concentrators
servingas the root of the tree. Figure Bst®ws a tree of concentrators installed in a
campus configuration wired with Digitat implementation of EIA/TIA 568.
Figure B—4shows a tree of concentrators installeal louilding with multiple HDFs.
These configurations also show the use of single and multiport briRigfes to Sec-

tion 3.5.2and Figure 3-%or the definition of distribution frames in structured wir-
ing.

Additional Configurations B-3



Figure B-3: FDDI Tree of Concentrators and Bridges, Campus Configuration

Building 1 Building 2
(HDF) (HDF)
[B]
=
{ Concentrator |
(IDF)
Concentrators
- (MDF) -
Building 3 Building 4
(HDF) (IDF) (IDF) (HDF)
| Concentrator | [ Bridge |

_j_‘j__.{_

- B
—E—

IDF Intermediate distribution frame
HDF = Horizontal distribution frame
MDF = Main distribution frame

B = Bridge

LKG-3809-901

Fiber Distributed Data Interface System Level Description



Figure B—4: Tree of Concentrators Installed in a Building
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B.3 Dual Ring Configurations

A dual ring of concentrators allows multiple devices to be attached to the dual ring
throughthe concentrators. Figure BsBowsa dual ring of concentrators installed in

a building. The concentrators can be located in the MDBuwit@ing, IDF of a build-

ing, or distributed throughout the building in HDFs.

Figure B-5: Dual Ring of Concentrators Installed in a Building
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Figure B—6shows a dual ring @oncentrators and a DAS multiport bridge installed
in a campus. Concentrators or bridges in the dual ring are located in the IDF of each
building.

Figure B—6: Dual Ring of Concentrators and Bridges Installed in a Campus
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B.4 FDDI Dual Homing

Figure B—7shows three concentrators installedidual homing configuration. In

this configuration, if concentrator 2 or the primary link to concentratfails, the
backuplink to concentrator 3, through concentrator 1, is activated. This enlsates
thedevices connected to concentrator 3 will have uninterrupted service. Activation
of the individual links follows the FDDI connection rules, described in Section 2.7.2.

Figure B—7: Concentrators Installed for Dual Homing
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FDDI
Concentrator 1 Concentrator 2 dual ring
PHY M PHY M PHY M PHY M
PHY A PHY B
Backup Concentrator 3 I?nmary
link link
PHY M PHY M
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Figure B—8shows a DAS bridge installed in a dual homamgpfiguration. In this
configurationjf concentrator 2r the primary link to the bridge fails, the backup link

to the bridge, through concentrator 1, is activated. This ensures that the devices on
theLANs connected to the bridgéll have uninterrupted service. Activation of the
individual links follows the FDDI connection rules, described in Seckian2.

Figure B—8: DAS Bridge Installed for Dual Homing
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B.5 Single-Mode Fiber Configurations

Figure B—9shows a SAS bridge connected to a dual ring through a long distance
single-moddiber cable. This is the recommended method to connect remote sites

through FDDI.

Figure B-9: Connecting to the Dual Ring Through a Single-Mode Link
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Figure B—1Gshows a dual ring which requires some links to be longer than 2 km (1.2
mi). In this configuration, the maximum total length of all links must not exceed 100
km (60 mi). DAS connections couas twice the link length.

Figure B-10: Dual Ring with Mixed Link Lengths
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Related Documents

The following documents provide additional information concerning Fbard-
wareand software productsfered by Digital.

* DECconcentrator 500 Installatio©Order No. EK-DEFCN-IN)
* DECconcentrator 500 iblem SolvindOrder No. EK-DEFCN-PS)

* DEChbridge 500/600 Series Installation and Upgrade
(Order No. EK-DEFEB-IN)

* DEChbridge 500/600 Series étslem SolvindOrder No. EK-DEFEB-PS)
¢ DECelmslnstallation (Order No. AA-PAK1A-TE)

* DECelms Us€Order No. AA-PAK2A-TE)

* DECelms Refereng®rder No. AA-PBWBA-TE)

For information concerning planning and configuration of fiber networks, consult
the followingdocumentation.

e DECconnecSystem Fiber Optic Planning and Configuration
(Order No. EK-DECSY-FP)

* DECconnect System Fiber Optic Installati@rder No.EK-DECSY-FI)



Thefollowing documentgrovide information concerning other Digital network of-
ferings.

¢ Networksand Communications Riduct Documentation
(Order No. EK-NACPD-RE)

¢ Telecommunications and Networks Buye&suide
* Bridge and Extended LAN Reface(Order No. EK-DEBAM-HR)

Foradditional information concerning Digitatoducts that can connect to an FDDI
networkand for information omiscellaneous networking topics, refer to the fol-
lowing documents.

* VAX and \AX Workstation document set for hardware platform information
* VAX and DECwindows document set for software platform information

* Guide to DECnet-XX Networkingor DECnet nodénformation

* Introductionto NetworkPerformanceor network performance information

* Network Troubleshootinfpr network problem-solving information
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Glossary

attenuation
Thedifference between transmitted and received pdgvgressed in units of deci-
bels(dB).

bridge
A connecting device between local area networks in an extended LAN architecture.
A bridge acts aslank between similar and dissimilar LANs permitting the creation
of extended LANS.

bypass
The ability of a station to be electronically or optically isolated from the network
while maintainingthe integrity of the ring.

code bit
The smallest signaling element usedthg Physical layer for transmission on the
fiber cable.

code group
The specific sequence of five cotdés representing a PHY symbol.

concentrator
An FDDI nodethat provides additional attachment points for stations that are not at-
tacheddirectly to the dual ring, or for other concentrators in a tree structure. A con-
centratorhas two omore Physical Layer entities and may have zero or more Data
Link layer entities. The concentratotlie focal point of Digitab dual ring of trees

topology.
Connection Management (CMT)

Thatportion of the Station Management function that controls network insertion, re-
moval,and connectionf the PHY and MAC entities within a station.
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Dual Attachment Concentrator (DAC)

A concentrator that tdrs two connections to the FDDI network capable of accom-
modatingthe FDDI dual (counter-rotating) ring, and additional ports for connection
of other CONs or stations.

Dual Attachment Station (DAS)

An FDDI station that dérs two connections to the FDDI network capable of accom-
modatingthe FDDI dual (counter-rotatinging.

entity
A manageable active elemamithin an Open Systems Interconnection (OSI) layer
or sublayer.

fiber
A dielectric waveguide that guides light.

Fiber Distributed Data Interface (FDDI)

A set of ANSI/ISO standards that, when taken togediedine a 100 Mb/s, timed-to-
kenprotocol, local area network that uses fiber optic cableeagansmission me-
dium. The standards define Physical Layer Medium Dependent, Physical Layer,
MediaAccess Control, an8tation Management entities.

fiber optics
A technology whereby signals are transmitted over an optical waveguide medium
throughthe use of light-emitting transmitters and light-detecting receivers.

fiber optic cable
A jacketed fiber or fibers.

frame
A MAC Protocol Data UnifPDU) transmitted between MAC entities on a ring. A
frameconsists of a variable number of bytes up to a maximuib@d, including 2
bytesof preamble.

Horizontal Distribution  Frame (HDF)

Locatedon the floor of a building. Consists of the active, passive, and support com-
ponents that provide the connection between the building backbone cabling and the
horizontalwiring.

Intermediate Distribution Frame (IDF)
Locatedin an equipment room. Consists of the active, passive, and support compo-
nentsthatprovide the connection between interbuilding cabling and the intrabuild-
ing cabling for a building.
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Main Distribution Frame (MDF)
Locatedin an equipment room. Consists of the active, passive, and support compo-
nentsthat provide the connection tfie interbuilding backbone cables between
IDFs.

Media Access Control (MAC)
TheData Link layer sublayaesponsible for scheduling and routing data transmis-
sionson a shared medium localea network (for example, FDDI).

Media Interface Connector (MIC)
An optical fiber connector pair which links the fiber media to the FDDI node or
anothercable. The MIC consists tWo halves, the plug and the receptacle. The MIC
plug terminates an optical fiber cable. The MIC receptacle is associated with the
FDDI node.

MIC plug
That portion of the Media Interface Connector which terminates an optical fiber
cable.

MIC receptacle
Thefixed portion of the Media Interface Connector which is part of an FDDI node.

node

A generic term applying to any FDDI network attachnavice (single attachment
station,dual attachment station, ooncentrator).

Non-Return-to-Zero (NRZ)
A datarepresentation for binary data in which a polarity level high, prdpvesents
alogical 1 or Orespectively.

Non-return-to-Zero-Invert on Ones (NRZI)
A data transmission technique in which a polarity transition from low to high, or high
to low, represents Bgical 1. The absence of a polarity transition represents a 0.

Numerical Aperture (NA)
Thesine of the radiation or acceptance half angle of an optical fiber multiplied by the
refractiveindex of the material in contact with the exit or entrance face of a fiber.

optical receiver
An optoelectronic circuit that converts anincoming optical signal to an electrical sig-
nal.

optical reference plane

Theplane that defines the optical boundary between theglg and the MIC re-
ceptacle.
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optical transmitter
An optoelectronic circuit that converts an electrical signal to an optical signal.

physical connection
Thefull-duplex physical layer association between adjacent PHYs in an FDDI ring.

Physical Layer Medium Dependent (PMD)
ThePhysical layer sublayer that defines the physical requirements for nodes that at-
tachtothe FDDI ring. Items defined by the PMD include transmit and receive power
levels,connector requirements, and fiber optic cablguirements.

Physical Layer Protocol (PHY)
ThePhysical layer sublayer that defines the media-independent pairti@Physi-
callayer in FDDI. Items defined by the PHY include symbols, $ita¢es, data enco-
de/decode@rocess, and the data-recovery process.

physical link
Thepath, via PMD and attached cabling, from the transmit logic of one PHY to the
receivelogic of an adjacent PHY in an FDDI ring. Part of the physicahection.
primitive
A basic element of thgervices provided by one entity to another.
Protocol Data Unit (PDU)

Informationdelivered as a unit between peer entities that may contain control infor-
mation,address information, and data.

receive
The act of a station acquiring a frani@ken, or control sequence from the ring.

repeat
Theact of a station in receiving a code-bit stream (frame or token) from an upstream
stationand placing it onto the physical limlonnected to its downstream neighbor.
Therepeating station may examine, copy to a buffemodify frame status bits in
the code-bit stream aappropriate.

repeater
An FDDI node that minimally comprises the functionality of two PMDs and pro-
vides only a repeat function. A repeater does not have any MACs or concentrator
functionality.

ring
Two or more stations wherein information is passed sequentially between active sta-
tions,each station in turn examining or copythg information, finally returning it
to the originating station.
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services

The services provided by one entity to a higher entity or to Station Management
(SMT).

Single Attachment Concentrator (SAC)

A concentrator that tdrs one attachment to the FDDI network, and extra ports for
theattachment of stations or other CONSs.

Single Attachment Station (SAS)
An FDDI station that uses one PHY-port of type S to connect to the FDDI network.

station
An addressable node on an FDDI ring capable of transmitting, receivingmead-
ingdata. A station has exactly one instance of SMT and at least one instance of MAC,
PHY, andPMD.

Station Management (SMT)
Theentity within a station on the FDDI ring that monitors station activity and exer-
cisesoverallappropriate control of station activity.

symbol
Thesmallest signaling element used by the MAC sublayleesymbol set consists
of sixteen data symbols and eight control symbols. Each symbol corresponds to a
specificsequence of code bits (code group) to be transmitted by the Physical layer.

transmit
Theact of a station that consists of generating a frame, token, or control sequence,
andplacing it on the rindor receipt by the next (downstream) station.

wallbox
Connectsvorkstation wiring to horizontal wiring. Also called faceplatdprma-
tion outlet, or telecommunications outlet.

window

As applied tooptics, an optical wavelength region of relatively high transmittance,
surroundedby regions of low transmittance. For example, the first windowdS@t
nm, the second at 1300 nm. Also called Spectriald®wv or Transmission Window.

Glossary-5



Numbers
4B/5B encoding, 2-12

A

Active Line State, 2-12
Adapters, 1-29, 5-1
configuration guidelines, 5-5
description, 5-1
distance requirements, 5-6
FDDI port, 5-3
functionality 5-1
host interface, 5-2
model, 5-2
operation, 5-3
packet memory5—3
planning, 5-5
Address format
48-bit, 2-16
universal, 2-17
Alternate fiber specifications, 2—4
American National Standards Institute
role in FDDI standards, 1-1
X3,1-4
X3.139 MAC standard, 1-8
X3.148 PHY standard, 1-7

Index

X3.166 PMD standard, 1-7
X3.7T9.5 Station management, 1-8
X3T9, 1-4
X3T9.5, 1-4
Application, environments
backbone, 1-12
workgroup, 1-12
Application layey layer A-4
Asynchronous transmission, 2—30

B

Backbone, 1-13
Beacon process
description, 2—-37
directed beacon, 2—-28
function, 2-37
stuck beacon, 2-28
Bridges, 4-1
configuration
example, B-3, B-7, B-9
guidelines, 4-10
definition, 4-1
description, 4-2
distance requirements, 4-11
dual homing, 1-23, B-9
encapsulation, 4-4
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FDDI-to-Ethernet
DAS devices, 4-1
SAS devices, 4-1

filtering, 4-5

forwarding
database, 4-5
frames, 4-5

fragmentation, 4-7

function, 1-29, 4-4

multiport, 1-29, B-3, B-5, B-9

network management, 4—6
operation, 4-7
performance, 4-9
planning considerations, 4-10
gueue managed—7
source address tracking, 4-5
spanning tree, 4-6
stripping algorithm, 2—40
translation
process, 4-4
processqr4—8

C

Canonical addressing
description, 2-18
fields, 2—18
transmission rules, 2—19
Claim process, 2-32
Clock recovery
description, 2-13
frequency tolerance, 2-14
Code
bits, 2—-8
group, 2-8
Concentrator
architecture, 3-3, 3-4

Index—2

configuration guidelines, 3-7
connection rules, 3-9
definition, 3—-1
dual
homing, 1-22, B-8
ring of trees, 3-3
dual attachment concentrat@9, 3—2
FDDI device, 1-2
function, 1-9, 1-1, 3-1, 3-5
in-band management, 3-5
network management, 3—6
operation, 3—7
out-of-band management, 3-5
Physical Connection Management,
3-6
planning, 3-7
single attachment concentrat+9,
3-2
standalone topology—-2
station bypass, 3—6
structured wiring, 3-10
topologies, 1-29
types
dual attachment concentrat8r2
single attachment concentrat8r2
with a MAC, 3-5
without a MAC, 3-5
Configuration
campus backbone, B—4
dedicated network, B—3
dual homing, 1-22, 1-23, 2-27, B-8,
B-9
logical stay B—4
multiport bridge, B-7
standalone network, B—1
workgroup LAN, B-5
Configuration Management, 2—24
Connection Management



Configuration Management, 2—24 connection rules, 1-23

Entity Coordination Management, model, 1-11
2-24 optical bypass relayl—10
function, 2-23 Dual homing
Physical Connection Management, configuration
2-23 guidelines, 2-27
Connection rules with concentrators, 1-22, B-8
bridge, 4-10 with DAS bridge, 1-23, B-9
concentratqr3-9 description, 1-22
PHY port types, 2—25 Dual ring of trees, 1-1, 1-2, 1-20
Connector keying, 2—7 topology of choice, 1-23
Control indicators, 2—33 Dual-window fiber 2—4

Counter-rotating ring, 1-18

E
D Elasticity buffer
DAC. SeeConcentrator buffer size, 2-14
DAS. SeeDual attachment station description, 2-13
Data Link layer 1-8, A-3 function, 2-8
Data recovery?—8 use of |d|§ symbols, 2-14
DECbridge 500/600 series, 1-29, 4-1,  Encapsulation, 4-4
4-10 Encode/decode process, 2-8
DECconcentrator 500, 1-29, 3-1, 3—7  Ending delimiter2-22
Destination address, 2—22 Enterprise Management, 6-1
Device, definition, 1-2 Entity Coordination Management, 2—24
Directed beacon, 2-28
Documents =
Digital FDDI products, C-1
networks, C-1, C-2 FCIS.SeeFrame Content Independent
Dual attachment station, 1-2, 1-9 Stripping
bridges FDDI. SeeFDDI port types; Fiber Dis-
configuration rules, 4-10 tributed Data Interface
dual homing, 1-23, B-9 FDDI port types
concentrator PHY A, 2-25
components, 3-2 PHY B, 2-25
configuration rules, 3-9 PHY M, 2-25
dual homing, 1-22, B-8 PHY S, 2-25
FDDI connection, 1-9 Fiber Distributed Data Interface
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definition, 1-2
planning and configuration, 1-31
recommended fiber counts, 1-32
specifications, 1-1, 1-30, 2-4, 2-5
Fiber specifications, 2—4, 2-5
Fragmentation, 4—-7, 6-5
Frame
check sequence, 2—-22
control field
address length bit, 2—22
class bit, 2—22
control bits, 2-22
format bits, 2—-22
description, 2-21
ending delimiter2—22
fields, 2-21
format, 2-21
fragments
creation of, 2-35
stripping, 2—-40
preamble, 2-21
status field, 2—-23
control indicators, 2—-33
stripping
algorithm, 2-40
fragments, 2—40
process, 2—-40
transmitting station, 2—35
void frames, 2—-40
types, 2-19
void, 2—-40
Frame Content Independent Stripping,
2-40

H

Halt Line State, 2-11

Index—4

Horizontal distribution frame, 1-20,
3-10

Idle Line State, 2—-11
Idle symbols
origin of, 2-14
use in
clock recovery2-14
scrubbing, 2-15
trace function, 2—38
IEEE 802.2, 1-8
IEEE 802.3, 1-8
IEEE 802.4, 1-8
IEEE 802.5, 1-8, 1-11
IEEE Address Administratpp—17
In-band management, 3-5
INFO field, 2—22
Interbuilding backbone, 3—-10
Intermediate distribution frame, 1-20,
3-10
International Oganization for Standard-
ization
FDDI standards, 1-4
Open Systems Interconnection model,
1-8, A-1
Internet Protocol fragmentation, 4—7,
6-5
Intrabuilding backbone, 3-10

L

LAN management, 1-30

Line states, 2-8, 2-11
Active Line State, 2-12
Halt Line State, 2—-11
Idle Line State, 2-11



Master Line State, 2—-11
Noise Line State, 2-12
Quiet Line State, 2-11
Link Confidence &st, 2—-31
Logical Link Control, 1-6, 1-8, 2-29,
2-30

M

MAC. SeeMedia Access Control
Main distribution frame, 1-20, 3-10
Maintainability 1-28
Master Line State, 24] 2—-38
Media Access Control

data link addressing, 2-16

FDDI standard, 1-1

functions, 2-15

ring scheduling, 2-16

universal addressing, 2—-17
Media Interface Connector

description, 2—-7

keying, 2—7

MIC A, 2-7

MIC B, 2-7

MIC M, 2—7

MIC S, 2-7
Multimode fiber specifications, 2—4

N

Neighborhood Information Frame
function, 2—-28, 6-7
uses, 6—7

Network connection model, 1-15, 2-2

Network layer A-3
Network Management, 6-1
accounting management, 6—3

address filtering, 6-6
benefits, 6-2
bridge port
configuration, 6—6
enabling, 6-6
capabilities, 6-4
configuration
management, 6—3
parameters, 6-5
configuration management, 6—3
device
naming, 6—4
registry 6—4
Enterprise Management, 6—1
event
log, 6-5
message, 65
fault management, 6-3
firmware upgrade, 6-5
initialization, 6—6
IP fragmentation, 6-5
management functions, 6-2
neighborhood information frame dis-
play, 6—7
network monitoring, 6—7
performance management, 6—3
PHY port
configuration, 6-6
control, 6-6
protocol filtering,
ring mapping, 6—
security
management, 6—4
password, 6-5
spanning tree parameters, 6-5
status information frame displag—7
troubleshooting, 6—8

6—
3, 67
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NIF. SeeNeighborhood Information
Frame
No Owner frame
definition, 2—-41
removal from ring, 2—41
Node, definition, 1-2
NOF. SeeNo Owner frame
Noise Line State, 2-12
NRZ/NRZI encoding, 2—13

@)

Open Systems Interconnection
function, 1-8
layers, A-3, A—4
model, A-2

Optical bypass relayl—10
description, 2-6
limitation of, 2—6

Organizationally Unique Identifie—17
OSI. SeeOpen Systems Interconnection

Out-of-band management, 3-5

P

PHY. SeePhysical Layer Protocol
PHY ports.SeeFDDI port types
Physical Connection Management,
2-23, 2-36, 2-38
Physical layer1l-8, A—3
Physical layer entities
description, 1-30
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