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57) Abstract

The dynamic synchronous transfer
mode dual ring topology has two rings
(12, 14) with opposite fiber directions (H;,
H3). The dual rings may have a plurality
.| of common nodes (A-F). A first channel
(K) may be established in a first segment
extending between the first and second
nodes. Tokens associated with the first
channel (K) may be provided. In this
way, time slots may be transmitted in the
first channel (K) from the first node to the
second node. If a fiber failure (U) occurs
in the first segment, the second node is
likely to first detect the fiber failure (U)
and transmit a fiber failure message. It
is then determined if the first channel (K)
extends across the fiber failure (U). If
the first channel is affected by the fiber
failure (U) then a channel failure message .
is transmitted and the first channel (K)
is terminated and all the tokens associated
with the first segment are removed. If the
first channel (K) is not affected then time
slots are continued to be transmitted on the
first channel] (K).




WO 99756420 it oo PCT/ US98/ 15439
-2- . - CunVi@pessa® - | n t he past, asynchronous conmuni cation pgxAEd8N5439

provi ded by conputer networks that are packet-sw tched and use
store-and-forward techniques, like the Injernet. Real-time synehr onous

communi cation, on the other hand, has been 5 provided by circuit swtched,

time-division HODE ¥R MANAGENE RICNSURES VONKBYNAMIC SYNCHRONOUS . - °
G rcuit-sw tched networ k§rRREPERENODR! DUAR! RING TopPdBOGLESS. For exanple,
the circuits are isolated from one another in the sense that traffic

on one circuit is unaffected 10 by activities on the other circuits. This
makes it possible to provide guaranteed transfer quality w th constant

del ay piibeAPhl Batsonui tabl e for applications with timng

requirements. Furthernore, information that is related to data and
controb -are separ arhilsi appilicaitticswmiitsc lze ccomdtimuaisionttnFparsssi ng of
control information only takes place when circuits are created or

t er m nat edapptiicationt afl Udgt aPatentt Appdficatdan 0 pef8 H7 Add3¢di7Fhddedhe
need for processing the data stream and control ling any congesti on.
This al | ovovember 27, ¥8PGmes of data to be transferred efficiently. 20
The static nature of ordinary circuit-sw tched net wor ks often nakes
them i nappropriate for certain types of

Technical Field
10 _ The present invention relates to a dynamic
ﬁ synchronous transfer mode (DTM) architecture in a circuit-
switched network having at least one failure in a dual ring

topology that operates in two opposite fiber directions.

15 Background and Summarz of the Invention

Thé next generation of networks are 1ikeiy to
integrate services such as delay-insensitive asynchronous
_ applications.including fax, mail; and file transfer with
delay-sensitive applications having real-time requirements
20 including audio and-video. .These applications have
. traditionally béen'suppo;ted by different network technologies
.and the integration betwéén thé different networks have been

"limited and



information flows. Traditionally, the circuits have fixed capacity,

| ong set-up delay and poor support for multi-cast. These shortcom ngs
make it -di f WQA9/8642® efficiently support, 25 for exanple, cE®CFIISIB/15439
conmmuni cation in a circuit-swtched WD 99/ 56420

PCT/ US98/ 15439 -2 - -3- network. This has
notivated a.search for alternative - solutions and the predom nant view

i s that theumpatrsgmeer afnofthe pastf, msyrshmondusti¢ommueioatkenshasl besp - -
cell -swi tched based. on asynchronous transfer node (ATM. Cells are '
smal |, fixedovided by panputer setwpwkss tdiah |afre iRr@phekrsvitirhedi apd uski s
means that many of the weaknesses of packet-switching are also,

present instere-spirfpryare Kechnigues, dike Yhe niakeraeks oReal-time
provi di ng guaranteed quality ,of service. Therefore, addi t i onal

mechani snsSYBEREORSUEJ FPRBRE Attty on (Hhg ithe®n handy BesoRe®Bchedul i ng

of packets on | inks and, ., resynchronization at.the recejver are needed
to intégraPE°VldedsH§pSFFq%it(54Q£§Aﬁdl 'ﬁﬂEFQﬁv+§ﬁ%PHﬂ?ftﬁpiF . One of
t he ”ﬁiﬂ c&gcerns w%t%ﬁpacket and cell sw tched networks in

general , ah@l®PRPRR PECE™4r, is whether it is possible to 15 provide

e e b TR e SUERANE W e rERE
FODI, are ggguirBst e rod! @a4p1° the circuits are isolated from one
another in the sense that traffic on one circuit is unaffected
10 : by activities on the other circuits. This makes it possible
f to provide guaranteed.transfer guality with constant delay
which often is suitable for appliéatiohs with timing
reguirements. Furtherﬁore, information that is related to
data and control are separated in circuit-switched networks.
15 Processing of control information only takes place when
i circuits are created or téfminated and the actual data
transfer can be performed without the need.for processing the
data stream and confrolling any congestion. This allows large
volumes of data to be fransferred efficiently.
20 - The static nature of ordinary circuit-switched
. networks often makes theﬁ iﬁappropriate for certain types of
information flows. 'Tfaditionally,_the circuits have fixed
capacity, long set-up delay and poor support for multi-cast.
; These shortcomings make if difficult to efficiently support,

‘25 for example, computer communication in a circuit-switched



bui | di ng bl ocks. connected by routers or bridges. The . conbi nat i on_of
easy expansWEn9%s6a8 i ncremental node cost and 20 tol erance PETUSIHIP9
nodes has resulted in sinple, flexible, and robust networks. Al so, the
shared nmediumfacilitates an ef fi creht—application of new nulti-cast
protocols such as IP mul ti-cast. A drawback,é of the shared.
nmedi um t hatetworised Thilsyhas mesivaked i seanchnifor RIFEFRABEYS a singl e”
termnal to transmt at WD 99/ 56420 .
PCT/ US98/ 16dB@tions and the predominant view is that theémﬁxpiquepﬁggggy

RIS L E T IR IO, ST
cont 1ol CARYRAREPBOURCEERBSESH AORSTIAN SmCe LS SEER PR hedf HAEAT B3%e
oni y 16 |BeakekPeastnifoiAomiaiiar t6 packet BT hGY | ThipheaiA!
cirou t - subheReBanToohotNey MEURER T Vo iefE e AR CRr e hIgk S
neLor ke, ragihhiOH pRILSUAR Wl el RLEIEPCL 1Ae area of
providing guaranteed quality of service. Therefore,
additional mechaniéms, such as admission control, traffic
10 regulation, scheduiihg of packets on links and
resynchronization at the receiver are needed to integrate
support for different kinds of information fiows. One of the
main concerns with paqket and cell switched networks in
" general, and ATM in parﬁicular, is whether it is possible to
15 provide and use these mechanisms in a cost-effective way.
| * - Shared medium local areé networks (LANs), such as
CSMA/CD, token ring and FDDI, are used in the Internet as
building blocks connected by routers or bridges. The
combination of easy expahsion, low incremental node cost and
20 -folerance to faulty"hOdes has resulted in simple, flexible,
and robust hetworks. _Also,.the shared medium facilitates an
efficient application of;new.mu;ti—cast protocols such as IP
multi-cast.
| A drawback of the shared medium that is used today is
25 thét it'typically permits only a single terminal to transmit

at



is used for data comunication, the circuits nmust remain open  between
bur sts :of i nVEr9#6428n which is often a peor use of the n@CRG§08/15439
capacity. This problemarises because circuit nanagenent oper ati ons
are slow conpared to the dynamc - var dati ons in the user demand.

Anot her source of overhead in conventional circuit-sw tched networks
i s the |inangt itdmeof therebyequty utydlshaing ralainefpprk egmerEs which add-
100% overhead 20 to the network when the information flowis '
uni di r ect i effiicientlyrhi & dasdomithataalelowk dhenFapachiy efthet medium

i nefficient and difficult to jnplement.  Packet-sw tched networks, an
t he ottive beh Tepsadh MaY e desimady ot dhis it fetteR @t ke cost of
informati on to each, message before the transmission is nmade. i

Fur t her nor &ncxiepsest &W%%Jﬁi’e Jﬂhcﬁzﬁ g c?r%%e#eﬁ%‘?‘i% contrelnnot pe

accurately predlcted

PCT/ usdy/ 1 ha¥gware. iimcesfs con o meéianlsms f%; a Shaﬁﬁgkg?glﬁgyaéﬁgh
be | d
e “eweg% ] Hogi (I S he neriPciia, sdloulBpiay U0

factors na 0 suppor i n packe

net wor ks. {On1y £63 A SANC L MRL NN SBnf@Res SO/ ate 1 nformation
streans of € erent” users. ese designs are, however, limted to
time scal e Op%féltirﬂi&‘céé@é el LOPPARS| Brd Onh YR £PPBE- bE ReRWERs
del ay. DIMi1s a broadband network architecture that conbines

commonly used are connection oriented circuit-switched
10 . networks used for telephones and packet-switched networks
" without connections that are used for computers, as
exemplified by the Internet. When a circuit-switched network
is used for data communication, the circuits must remain open
between bursts of information which is often a poor use of the
15 . network capacity. This-problem'arises because circuit
management operations are siow compared to the dynamic
variations in the user demand. Another source of overhead in
conventional circuit-switched networks is the limitation of
 requiring symmetrical duplex channels which add 100% overhead
20 tq the network when the information flow is unidirectional.
. This constraint also makes multi-cast circuits inefficient and
7_difficu1t to implement. Packet-switched networks, on the
bthér hand,.lack resource reservation and must add header
infofmation to each ﬁeSsage before the transmission is made.
25 *fFurthermore; any laﬁency in the packet-switched_nétworks

cannot be acéurately predicted and



many of the advantages of circuit-switching and packet- 10 swtching in
that DTMri s Wé?s?é@ﬁﬁg fast circuit-swtching augment ed wi t FCHUSSRRAT.
real | ocati on of resources, good support for multi-cast channels and
DTM has nmeans for providing short aec®ss delay. The DTM architecture
spans from medi um access, including a synchronization schene, up to
15 routi ngpacikets dnagsevgnobel dgistaldueortos baf fiere qvaxt ey or pgerrupteds -
desi gned to support various types of information flows and - can be used-
directly fdneaperscatThe- latippl tvs factors makenipakrtbne $RTYACE carrier
network for other protocols .such as ATMor |IP (The Internet Protocol).
20 ' diffhelbetn supmerthin pRekatysyitched ngtwexks: at €angestign:
the creation and term nati on of communi cati on channel s det ernm_nes much
of the effiaveidgnoe nashapisag canisahate infornakion FEEPIMEIfo create:
channels fast, within a few hundreds, .of nicrosggonds. DIM differs fr.om

burst s@itchifferantnugersys Thass Aasigns A%g e PIEEETRt r HHRERE 5P CARE

separated and

T™ . 9/ 56420 s
PCT/USQB/lSﬂS@Eg operations @gé% are comparable_%g the rag%g EﬁﬁpipgggeF

mul ti-rate, h#gh capacity channels to support - a variety of different
classes of FRt8Ymation flows. For exanple, it is possible to increase

or decrease the allgeptqd 5 prdRAUHETeQioAd £Xik1togtaRaNERR LIRS

on the particul ar
many of the advantages of circuit-switching and packet-

10 switching in that DTM is b&sed on fast circuit-switching
- augmented with a dynamic reallocation of resources,'goqd
support for multi-cast channels.and DTM has means for
providing short access delay. The DTM architecture spans from
- medium access, including a synchronization scheme, up to
15 routing and addressing of logical ports at the receiver. DIM
is designed to support various types of information flows and
can be used-directly for application-to-application
communication, or as a carrier network for other protocols
such as ATM or IP (The Internet Protocol).
20 - It has been shown that the signaling delay associated
with the creation and termination of communication channels
"7 'determines much of the efficiency of fast circuit-switching.
DTM is designed to create channels fast, within a few hundreds
"{-of'microsecondé, DTM.differs from burst switching in that

25“' information related to control and data are separated and DTM.



5 reqU|renents of the user at the time. Even t hough a DTM networ k may

have t he-pot\R9P/E$4286f creating a channel for every mes s a§ETI98/85439
approach may not be suitable for all information flows. Rather, it is
up to the user to decide whether to - @s+ablish a.channel per

I nformati on burst or to keep the 10 channel established even during idle
periods. uses multi-cabt,DEMltdrcerte uddghc vapest styscharnebsnbai suppont -
abstraction. The DTM channels differ fromtel ephone circuits i n many.
ways. Firsa, vabéetyt alfl ddiffiferenteicdpssessiaft tinformation flewseur Eer can be
al | ocat.ed/ deal | ocated dynami cally as fast as 15 wuser requirenents change. .
Second, thexBmplehadfielis Possible HayImsraasesion rﬁeer%%eo%ehe&aomgﬁdt he
comuni cation is unidirectional. Third, the DIM channels offe

mul tipl e bresources, gfedn @xiFhidia qhanpel, ASRRRGIRT | on ke EEEE&FP ar

requirenents. _Finally, the DTM channeh&lare mul ti-cast,to éo al.l ow any
nunber Sof FeSNiKgmEHHS of the user atrfheyfing,niiyen, theny ﬁoD?Mansfer

Sfer;ont rol F§H°E{k1nf or n?;t i ong‘&x}c t erm%ag‘gaﬁggeqs%f&l’;;g‘ggﬁégé Ioggevery
t f Th f t I ff
and ther o MESRESRNoRPAR: AFHERAGT Rt At g, Sut b, P8, f11° TpebrBat b

Y${99/5642910ws. Rather, it is up to the user tS‘Hé&ﬁ@é’%ﬁé@ﬂer to

establish a channel per information burst or to keep the
10 channel established'even d&ring idle periods.

The DTM concept uses channels as the communication
abstraction. The DTM channels differ from telephone circuits
in many ways. Firét,.the establishment delay is short so that
resources can be allqcated/deallocated dynamically as fast as

15”' uéer'requirements change. Second, the DTM channels are
' simplex to minimize the ove:head when the communication is
unidirectional. Thifd, the DTM channels offer multiple bit-
rates to support large variations in user capacity
requirements. Finally, the DTM channels are_multi-cast to
20 allow any number of destinations.
The DTM channels requife-no transfer of control
iﬁfbrﬁation after a channel‘ is established resulting in a very
' high utilization of network resources for large data
‘transfers. The support of any real-time information flow is
2§T  effectlve and there is no problems related to policing,

congestion control or



flowcontr.ol w thin the network. As nentioned earlier, the contr ol

i nf or matt on W@ 9%8§92% at ed from the data i nformation - whi chpﬁaﬁ&gs’ls‘”
mul ti-cast | ess conplex. The transm ssion delay - is negligible (i.e

| ess than 125 [err]s) and there is virtdwa¥ly 5 no potential for data |oss
caused by buffer overflow as in ATM Bit-error rates depend on the
under | yi ngel btkcontroleatithlingithe, natsoali 4 cHes mertioned ceanyierst thee. to
t he .strict reservation of resources at the channel setu

The DTM t opehegplninfoermation: dise separatad fxem cthe 1@“%%“?%“&&9&% age

of reducing the hardware requirenent wth 09603£?ared to, duaI%lg\r_il
st ruct ur eswhighl makeéss maldizisast dess compARi catRS Wt ARERLASIPR A?Ya

ring topology by usin onI one qptical_fiber ntrast to
structure tBanegligid e 1-reeqU|]1ee"satt ansh2g st Bﬁas&%ﬁrﬁpbﬁs Ty

AR ARG AT ol
t opol o0y h ”°‘?§a[@‘;‘n'§3“e&era'“m#“e§sa?€ énd °rae%$§a %‘&.@ﬁig Hotimkte” "ror
?éagl:g,ss:af c qt;er fasl'l S dcfg'&]tﬁqﬁegéjoa}mge%ngl ng g aka Fggt %:a Cy I’edUCI ng
AR e ol S K g e PR, S o 311
. The performance of 4ie W%lééﬁ%ﬁrﬂét HEguetutB8 as a ring which
10,. has the advantage of.reducing-the hardware requirement with
: 50% compared to dual bus structures. All nodes are able to
communicate with each other on a ring. topology by using only
one optical fiber in contrast to a bus structure that always
require at least two fibers in opposite direction to enable
15 | all the nodes to communicate with each other.
In practice, any topoiogy may be subjected to
failures such as fiber failure or node failure. In the past,
. certain failures in a ring topology have caused a significant
decrease in performance. For example, if a fiber failure
:zbf occurs in a FDDI dual ring structure, it is necessary to close
"“"down the damaged ring thus_drasti¢ally reducing the capacity
 “of the ring structure. It is desirable to develop a ring

topology that is less sensiti#e to fiber and node failures.

The performance of the DTM dual ring structure of the



WO 99/ 56420 | PCT/ US98/ 15439

- 8- - - prRaEseIvention is relatively insensitive to fi ber PGHYSTRAFAS.
failures. More particularly, the dynam c synchronous transfer nmode
dual ring topology has two rings that ope8ate in opposite fiber

directions. Preferably, the dual rings have a plurality 5, of comon _
nodes. A f$irésénthinvehtien be wzelabivedyd insensitive ifofikgpApa node
extendi ng between a first and a second node, . Wwhich means that ti rTE
slots (or faktusgsiayMbreaphsticudarly, paensmatHE RHNENTRONFH FTARSHRE |
In this way, information may be transmitted in the first ghannel fﬁom
the first mode €ualipingh&opedesy Rage two rings fdhat HAGHACQ AR PPRSLRE
first segnent, the second node is |ikel o first detect the fiber,. =~ -
failure. Thbbevcéayesbdensay FRETFH m?‘:?‘ag/f‘*":%]r ‘f’eﬁ%f‘%}a"e a %2%55%?%
Is then determned if the first .channel _ext.ends : | ber
failur8 |pEt FEMPPRSNOARSneP E3TL &aaéﬁ’eo]y maps ?%ee%%ﬁf?%gﬁuég ?hen a
channel failure nessage ma . AN tfﬂ" e figsbnghasas! is
t er ni nat edtaRg aFlegf“ﬁgg efee?’?&?’é‘ﬁs baetét'rsom atée w%d?%&ee?i TSt Segnent ’are
removed. |f,th 1 ' A AL mdypeaaE16LHB8l 0TS can
conti nue tth‘SF‘n{“Fﬁé‘sf :t?%ttt g}%g]ﬁdﬁp@zﬁeans F‘ﬁt olal y the . 20 channel s
that are af %%EPA Yol RoddLdor ANt Clthd B NMIRteklis way)hih€othation
remai ni ng channel's on the ring topol ogy may operate in a nornmal nmanner
al though t hete oS +3ahihifttiedl |11 &M st channel from the first node to
10 the second node. If a fiber failure occurs in the first
segment, the second node is likely to first detect the fiber
failure. The second node may then transmit a fiber failure
message. It is then determined if the first channel extends
across the fiber failure. If the first channel is affected by
15 the fiber failure then a channel failure message may be
transmitted and the first channel is terminated and all the
tokens associated with the first segment are removed. If the
first channel is not affected, the same time slots can
continue to form the first channel. This means that only the .
20°'. channels that are affected by the fiber failure are terminated
. while the remaining channels on the ring tqpology may operate

in a normal manner although there is a fiber failure on the

' i'ing topology.

25 Brief Description of the Drawings



ring topology. - 25 Brief Description of the Eramnngs : WD 99/ 56420

PCT/ US98+ 15480 99/56420 Fig. 1 is a schematic view of PETASHS/1EA3N
ring t opol ogy of the present invention; Fig. 2is a
schematic view of a DTMcycle of the - 9 -present invention having the-

data tine slots separated from 5 the control tinme slots;

Fig. 3 a schemati crigewiofisa aDEdhematac nciewlioy a dual DTMramagand gap. -~
sl ot s; Fig- 4 is a schematic.view'of a ring topol ogy show.ng -
t hree sepatepelogynoflthe pregent inventdiqp; 5 is a schematic view of the -
position of two separate DIM channe|ls relative to ring nodes and

sl ot nunbers; Fig. 2 is aFisghematic ‘Sxﬁ?érmflé PT¥wCEFle @FathsT™M ring
t opol ogy haV|ng aring failure on the outer ring Fig. 7 is
a schenatlpresentoﬁn&eaﬁéonDhﬁWQHQJthe:ﬁ?t%cﬁkW%gﬁlﬁﬁﬁlﬁ@PPFﬁ§eﬁa|rGFb on
both the outer and the inner rings in different segments; Fig. 8 is
a schefat i €hei sangrod &izme SAAYSing topol ogy having ring failure on

both the outer andptf:‘;e. Isméterschema'l:a.c: v:géswlgft he DTt cyc‘ig 1nclu%}.ng a
frame and gap slots;
Fig. 4 is a schematic view of a ring topology showing
three separate channels; | |
10 Fig. 5 ié'a schematic view of the'position of two
?'separate DTM channels relative to:fing nodes and slot numbers;
Fig. 6 is a schematic'ﬁiew of a dual DTM ring
topology having a ring failure on the outer ring;
Fig. 7 is a schematic view of a dual DTM ring
15.- topology having ring failure on both the outer and the inner
rings in different segments; |
Fig. 8 is a schematic view of a dual DTM ring
topology having ring failure on both the outer and the inner
rings in the same segment; and
26l  - - Pig. 9 is a schematic viéw of a dual DTM ring.

topdldgy'having-two ring failures on the outer ring. .



20 Fig. 9 is a schematic view of a dual DTMring t opol ogy

havi ng two rW@Qg9s6#29 ures on the outer ring. WO 99/ 56420 PCT/US98/15439
PCT/ US98/ 15439 - 10 - - Detailed
Description "Wth reference-txo #gs. 1-5, the present invention
S a dynam c synchronous transfer node (DTM ring topol ogy system i
10 that hapetafiilest Deisoxipddarogy 12 and a second ring - 5. topol ogy 14.- The
first ring topology 12 may. be represented as . -~ ‘an outer ring and the
second ring topol ofiitht neferangestntBigs. 1-%s Hhaeipresentngnventign is
The total capacity of the ring topol ogies 12, 14 pay be divided into
time cycl e@ dynamic BYNORONEWE RANSKEREHIede (DFYhering,FaRBLEgYFysten

64-bit time 10 slots. . . One feature of _the DIM ring t opol ogi es
12, 14 is dRathat hasa Sixst GiRg FRPIRTE |8 IR @R HSEFENALFING, abl vy,

COet o o eop ICun i Y Dt SHSERES 27 il o SoBTo R s
TPl e SR 4 L0 5L ) A ol Dy, o ARRELY
cynam oo | glkOSThh P Sh (0 MOUES S coran ISSBRLDEY, kB URRCK i O
coaxi al Ca@a&&¥bé¥5§*¥¥, 14 may be divided into time cycles of

125 microseconds which are further dividable into 64-bit time
10 slots.

; One feature of the DTM ring topologies 12, 14 is that
the cycle time and the slot length are; preferably, constant
throughout the DTM ring topologies 12, 14. The DTM ring
topologies 12, 14 are designed for a unidirectional medium

15 with multiple access such as fiber optics medium 13, 15“having
a capacity that is shared by all the connected nodes. The
'slots may be dynamically allocated.between the nodes, as
" described in detail below. The fransmission medium can, in
addition to optical fibers, be a coaxial cable or another

20 © medium with'high_capacity;. In the description, the

| transmission medium may be referred to és an optical fiber.

The first ring topology 12 may be adapted to transfer
data in a first rotational direction, aslshown by an arrow Hi, -

such as in a counter-clockwise direction, and the second ring



20 medi um.wi th Righ capacity. In the description, the transm ssion
medi um-nay DEOPHPER2®ed to as an optical fiber. : THRETYSS(15439ng
topol ogy 12 nmay be adapted to transfer data in a first rotational
direction, as shown by an arrow Hl, - - 1duech as in a counter-clockw se
direction, and the second ring - WD 99/ 56420

PCT/USQS/IEdﬁQlogy 14 may be adapted to transfer data in a segehdgy 14 ray
be adapted to transfer data in a second rotational direction, as shown
by an arr omottienah direstion, ascisbom k¥ @n &Ny H2 suchoagein a
understood that the first - rotational direction my be clockw se and

t he secondeleckviset AdrartdpPpact F&n%?%@%d%ﬂﬂ%’fs"é‘l’%‘ikW§E the| SagsEs the
first fiber direction_s different fromth second 1 ber glrect|on

Both the fF?E%taﬁﬁaéeééﬁﬁcFﬂﬁg FéﬁbpﬁyQ%9 1qg_an th%r%?%?ﬁ ly, have an

effective length that .iis an.inte tiple af 125 m crosecond on
cycleslvAerGEgEFPBES hrefﬁlbﬂe ¥ QﬁHQﬂ#Etﬁlp Yh%eaifu;P Feﬁét% °

i or osecontitrst "EIbaR, SirFREOR, 1B kA eéf#’“%;ﬂ?%p%?%o?f STHRS e
adj ust ed .dire&%&Bn?Xp%B%hP%g%P%%%- 1gqﬁ1ﬁecond %ﬁ§516?§85t3?0|q

may conpri S€ an expansi on ecl s€ ust
the ef fect} enghlyeot t@%ﬁéd&@%&% J&ﬂtb@uaﬁ me ysi cal
| engt h of b¥gfefﬁglylng tgbgfbgy 12 1s not an integer nultiple © F t he cycle

multiple of 125 microseconds long cycles. As descrlbed in
10 detail below, although the actual length of the ring
: topologies may not be an integer multiple of 125 microseconds,
the effective length of the ring topologies may be adjusted
with expansion nodes.
- The first ring topology 12 may comprise an expansion
15 node 16 that may-be used’te preciselj adjust the effective
length of the ring topology 12 although the physical length of
- the ring topology 12 is not an integer multiplelof the cycle
. time. ' The expansion node 16 may include an expandable buffer
segment.such as a FIFO (first-in-first—ouﬁ)'queue 18 for
20 sfering-incoming cycles of time slots. The gqueue 18 may
.. permit a time expansion of the first ring topology 12 by
sﬁoring incoming cycles in the queue 18 a suitable amount of
: timeato=optimize and synchronize the use of the expansion node
.16.by. permlttlng the. expan51on node 16 to generate cycles
ZB-IIperlodlcally (every 125 mlcroseconds) into the ring topology

independent of the avallablllty of any incoming cycles in the



time. The expansi on node 16 may include an expandablé buffer - segment
such as a FIWOMBe28t -in-first-out) queue 18 for 20 stori ngPCRAESIH RIS

cycles of tine slots. The queue 18 nay permt a time expansion of thé
first ring topology 12 by .storing +nt2amng cycles in the queue 18 a
sui t abl e anount of time to optim ze and synchroni ze the use of the .

expansi on FIRS queued AH\atpdrhs thransnissiomabirenoficghe1gewocyederate- . -
cycles 25- periodically (every 125 microseconds) into_the ring topoquy

i ndependent of t he Bhaifigst ixinadrtepgledy ok? nereferablynhagea pluralityyp
99/ 56420 o PCT/ US98/ 15439 :

-12- rfFoafies A3 and 3t 1eask AR oF thecnefdeshaspaflefted as the:
The first ring topol ogy 12 greferably has a.gluralit of ng@es A-G and
at | cast oXRANRIRN MARS 16. cIRRASE JEhe pwo Ting,FonoioRiRsIBare

e e o (L0l SR PR S, SoaRoRsLs ubehelkacell anse noicf
the 119 ¢ 9Bl Workdroqy 2 SO V41 OBEE BUBY shorh P IBG IR 4
TR0 L) B4 805 OO R 1R HBNeBPERRODIRG, ARGAAAY
the hi ghesty praddiad QVESteRER 4688 "of Snk i ThG" £68b18Gy 14. MtH¥method
of selecting the expansion node 16 may be performed according
10 to a suitable selection method such as selecting the node that
£ has the highest or the lowest predetermined identification
number.
Similarly, the second rihg topology 14 preferably |
| comﬁrises‘an expansion node 22 that may be used to precisely
15 adjust the effective length of the second ring topology 14.
| The'expansion node 22 may also include an expandable FIFO
queue 24 to optimize the use of the expansion’node 22 and to -
! properly synchronize the incoming cycles with the expansion
node 22. The second ring topeology 14 preferably éhares the
20 nodes A-G with the first ring topology 12 although the fiber:
direction of the second ring_topology 14 is opposite.that of
the fiber direction of the firstiring topology 12.
' - In general, the service provided by the DTM ring
- topologies 12, 14 of the present invention are, preferably,

25 based on channels. A channel may be defined as a set of time



Simlarly, the second ring topology 14 preferably ' conprises an
expansi-on nwaessEB4hat nay be used to precisely 15 adjust tRETEFPHEM e

| ength of the second ring topol ogy 14. The expansi on node 22 may al so
|nclude an expandabl e FI FO queue 24330-o0ptim ze the use of the
expansion node 22 and to properly synchroni ze the incomng cycles with,

the expangh@hs haviiRf@ Fendde @edomi arbittapyl oypbes pfefrecstiivexshares”
the 20 nodes A-Gwith the first ring topology 12 al t hough the fiber

di recti ontphat! hRageativby itigat opee ojyformatioppdatacwildt repch the he fiber
direction of the first ring topology 12. . In general, the

servi ce predeisery athecHEMataggiven bypthegrapacity) sty &

i nvention are, preferably, 25 based on channels. ,A-chann%J may be
defined aghe sitamfels mn the piysbratlyoshared medium may be

PCT/ US98/ 15439 ) .. . .- 13 - sl Qts haying a
senders and. Jdnstrstedy rRinbine ofivisippepultiplexing é&%nﬁf&”ﬁa{s?%e

capaci ty Glandloharfs Fotal SRRaEhiHGFsthR CHERBRIE PRV PO RN ERIRa um
IR DS b o S bl 2t 1 S0 B g IR SRR
CY) S ors i A EaTEp10 B8 PR o 7 e b,
cycles E”“Lﬁgégségggstﬂgﬁ gghg%ngclés and slot sizes may be used.
10 The time slots 28 are ﬁreferahly separated into data
: slots 30 and control slots 32. As described in detail below,
each node A-G and each expansion node 16, 22 has access to at
least one control slot 32 associated therewith that may be
used for sending control information to the other nodes in the
15 ring topologies 12, 14. For example, control messages may be
sent upon a request from anuser énd in response to control
messages-frdm other nodes or simultaneously for management
purposes. - The control slots 32 may constitute a small
fraction of the total capacity while the major part of the
20  slots are, éréferabiy,'data_slots-30 for carrying payload.
All'the!connected_nodes A-G and the expansion nodes
16, 22 in the ring topologies 12, 14 share all the_available
data slots. ' An impdrtant feature of the DTu concept is the
time division.multiplexing sgheme illustrated in Fig. 2. The
25 ' position of #.particular_set.of slots in the cycles may be

used



10
30 and ‘cont WP Y564 32, As described in detail bel ow, BEEMSPRIEIN- G .
and each expansi on node 16, 22 has access to at ~ l'east one control sl ot

The tine slots 28 are preferably separated into data -  slots

32 associated therewith that may be - 14sed for sending

control .information to.the other nodes in the 15 ring topologies 12, 14.

For exanpleo derérminerelsigesofiaphbenodes bave agoess rtayddw paciicnlar -

and in response to control nessages from other nodes or sinultaneously
for managesemtof sloksir potasothiar won
fraction of the total capacity while the ma

gol asfiats silokmisc Aistavsitemed joy |

part. of the 20 slots are,

pr ef er abl yexaiely sproe snadef BaPP?FhS“&&FI%&H? and only the Qyngmof a

connect ed

nodes A-G and t he ex si opn,nodes inthe rin
om0l o0t osiabs Shot 1ok o AT ERBALSE, FiBRonay useshe gk BIgE fo Kena,

feature of -

-the DITM conce is,.th i,me divi n nultl pl exi schene'
i | | ust Pat e nr‘F?ﬁlV? 1 ﬁ #‘ e i xg%}}

8rm§§1°BOS|FPo of gaBar?ﬁﬁnEﬂsﬁﬁﬁ ®in

the cycles ﬂags in the E§Sfe may bewgggglig4agtergﬁ$e Whl%h QP?

PCT/ US98/ 1%

which of t

ot her word

particul ary

may use th

10

Q&H& ggetﬁacaaﬁ tglues agat HbRr is no %Fée fté'%ﬁéludé”a

xact | one no

ot to send
Fig. 3 illustrates the details of a complete time

‘cycle 50 that may be defined as an integer number of time

: slots corresponding to about 125 microseconds. The cycle 50

" may be divided into a frame 52 and gap slots 54. The frame 52

may be used to include data slots for carrying pay loads and

" control slots for carrying control and management messages.

15

20

25

"It -is necessary to include the gap slots 54 in each cycle 50

because each node in the ring topology 10 may not be perfectly

synchronized to 125 microseconds and the gap slots 54 may be

used to accommodate any variations between the nodes. The gap

slots 54 are preferably never used to carry payloads but are
only used as an adjustment mechanism. The number of gap slots
54 may be adjuSted up or down a few slots so that the average
cycle'time is very close to 125hmicroseconds.

In the preferred embodiment,_the frame 52 may also

include a start slot 56 that is disposed in the beginning of

- the frame 52 to define the start of a hew'cycle. In this way,

é% ﬂﬁ Qﬁgymgggag@mer of a data sl ot at a particular time
e data s



5 and receive information. In this way, the position of the slots in
the cyel-e nWO®$6M@9ed t o deterni ne which node is goi ng tBCTUS¥ K3 Yat a
slots and there is no need to include a header in the nessage.

Fig. 3illustrates the details of a compl8te time 10 cycle 50 that may be

defined as an integer nunber of tine sjots corrgépqndkgs t.o about 125
ni crosecordse frdme c§z| ks 50 fixed pymberdpfi gdatenitdat S 55@ gaas -

slots 54. The frame 52. may be used tq include dat _slots for carrying
pay | oads tirmh the totval onumber sof of1ekfr pAngheo e nmanagenent
nmessages. 15 It is necessary to include the p. slaats 54 in each cycle 50
because each node HnweﬁérriﬂgnPGﬁopégydIGaF&féiiytﬁiﬁﬁﬁéﬁﬁn??sourceg t8
synchroni zed to 125 m croseconds and th ap slots 54 m e . dto
acconmpdataneiiyew anede bRsthet HABH gﬂB"Sngé?.s ﬁ’l‘é’i’geﬁf 54 ‘?%’P%l%c%gi re
preferably never used tqQ carr ayl oads but _are . 20 Yoo US n

adj ust fentakbeeaking a dREanG gr Xﬁf 4,555 Oh data s 2{& naglgb%g%%?ﬁgt ggdﬁp
or dowmn a few slots_so thagt the.average cl ' [ : ose+t.0
125 ni cr oskEoRae, other node neédy Pﬁ%gpf@f%¥%§: éﬁ%%%lﬁEd%,ygﬁ%eg#éﬁEI 2
may al so . includ sat 56 4 haty ' ghhy NvdP¢ BRAQI Ryl ng of
25" the frEtSs¥aY¥e gggl %g'ﬁ%%gﬁsk a_?? c‘)"%lréahﬁdétv% (égyc e. Iyr'] th]:'qg way,

Vo 99/56429egotiated between the nodes through tHd/4&98tdP48Pots 32. 1In

-15-
each network node, there may be a node controller that
10 controls the access to the data slots and performs network
management operations, such as network start—up and error
recovery. The main tasks of the node controller are to create
- and terminate channels on demand from users and to manage
network resources in response to user requests. Preferably,
: 15 n-conérol-slots are used exclusively for messages between node
v controllers. As mentioned earliér, each node controller has
write access to at least one control slot in each cycle which
the node controller maﬁ use to broadcast control messages to
nodes that are downstfeam_thereof. Since write access to
20'-=¢6ﬁtroi s1ots;is exclusive, the node controller-should always
--havé_access-to its control slot or control siots regardless of
.. other nodes and the lOad:qn the ring syStgmllo. . |
As mentioned earlier, the majority of the slots in a
cycle a#e,:preferably,_data_slots. Access to data slots may

' 25: - change over time depending'on the requirements of the users



the frame 52 is a fixed nunber of slots that is slightly |ess - than the
total RuNberwof99/86436s in the cycle 50. ‘However, XCTOHEsHAA39
dynami cally allocate resources to anot her node in the ring topol ogies
such as by dynamically 5 allocating adeda-slot or a set of data slots to
anot her node if the other node needs nore slots to fulfill a request.

I n t hicpnhertedhecowisr studesfin Hthelating | systemylQar yWahiej gccess to
negoti at ed between the nodes through the control slots 32. In each
net wor k . noghe siets may e conkiokked rky | skothbekens (eBnEPEPBS: f€Taccess
to the data slots and perforns network managenent _operatj ons, .such as
networ k st ahiortdy) dhdtemay be kepkoiery . token Hﬁ?ﬁ-tagkngFapﬁglnGi@ node

controller are to create and term pate channel s gn dfh&gd fronkgfers
and to mansgatrollensymay recikke data e BniotoonL¥ e heSWRS the

node 5 commesREAG AN | GV CRPR CPEOLIERL BAY SRALAOCRS G |

wite access to at | east one confrpl, sLot in egach Leh e node
control | er SHAF REEIFF FIRR S nﬂj}u‘f'?o*rﬁ%sSggégﬁt %&Shgdggbt%hgtota}ng%
downstream thereof. Since wite_access 2 C 0 ots is exclusive,
the node cdiabImg %‘?fi)%l’&aﬁlﬁﬁge daes %ﬁ‘\?g g%%eggktéogﬁtglg'cont'rol sl ot or

control slots regargdl ess gé ﬁ%%FFsoﬁggéggngﬁa§?getQ%ehpig Qﬂﬁﬁﬁiyﬂ

system 10. one rer, € npjority o slots in

Change ovL AR R epdchaot S srefcetperkoaiatt ahe way G
10 nodes in the ring topologies 12, 14. For example, as shown in
' Fig. 4, the pool of free tokens may be represented by the
'péripheral surface of the cylinder where the length of the
cylinder may represent the number of slots and the periphery
' of the cylinder  may represent the number of nodes disposed
15 Dbetween segments. The status message information may be used
' to assist a node to determine the availability of free tokens
when there is a need to have slots dynamically allocated from
aﬁdther node. Each node may regularly broadcast status
'information about how many free tokens the node has. The
20 other nodes may store this informétion in their status tables.
In this way, a node that rgquires more capacity may simply
consult its status table to decide from which node to request
more slots. The broadcast status information provides an
' approximate view of the current state of token information so
25'1thaf token requests may be rejeqﬁed if a token request is sent

- to a node that no.



WD 99/ 56420 : ' ' PCT/ US98/ 15439 :

- 16 - © - WEORISE428d to the nodes in the ri ng system 10. Wi t RCEHUSL543%
the slots may be controlled by slot tokens (or tokens for short) that
may be kept in a token pool. Preferably jze-node controll ers may

wite data into a slot only if it owns the 5 corresponding token. The

t oken prot QeplgerByiaglangnttekdre to givd dwagcess to be conflict free, -. -
whi ch neans that not nore- than one. node may wite data into the sane
sl ot . A8 seintdforsditesr s agetse MYMbsysten odf dthet preasent

I nformati on about the pool of free tokens avail able anong the 10 nodes in
the ring tdnventien My permifbra exultpiple aaceesontonthe dagagslets he pool
of free tokens may be represented by the peri pheral surface of the

cyl i nder wdependiag awpgirh witichhaode has/|herrrakigcatgfetbpt sdedsnunber of
slots and the periphery of the cylinder may represent the nunber of
nodes d speseerding f& tdeh aldpration sygtem ueedpbskhe rarg: PG PIaY
be used to assist .a node to determne the availability of free tokens

when t her e SY8temddy ¢ AqrarAing o HELI PYOLtPEelar WheR: &he expansiany,
Tany {1 oo TRERs Te Aocithedam A Gotn e FinacEoRR) S AR, iy ot rerd
more capac i AP @ Evol¥ Snpmiveed b bE ¥EERie tzamd (o o
whi ch nOdeﬂf%éga¥ﬁ§Hhode, including the expansion nodes 16, 22, the
10 nodes may either copy the information of the slots and send
: the information to the local user of the particular node and
transmit the same information to the next node in the ring
topoloéies 12, 14.
" If a slot reuse method is used, the nodes A-G and the
15 expgnsioh nodes 16, 22 may-aIso read énd copy the information
. of the slots and éend'thejcopied information to the local user
and then change the information or write new information into
' the slots before the information is forwarded to the next
node. Of course, the nodes-may_neither read or copy the
20 information bf*a'particﬁlar hodé.
| - As noted above, one important feature of the present
invention is that the cycle time is preferably constant to
-~ maintain the synchrdnizatién of the entire ring topology
'""system 10. Additionally, each cycle has a constant number of'

25  slots -



nore slots. The broadcast status information provides an appr oxi mat e
vi ew of* the WQPYEER0 st ate of token information so 25 that tBE@ﬂBgﬂﬁﬂé%ts.
may be rejected if a token request is sent to a node that no

WD 99/ 56420 - 18 - PCT/ US98/ 15439

- 17 - | onger has any tokens to give away. As nentioned
earlier, taptRdlyhyeach silothdnpeyenyt cycle imaymy gweyraotpceomtatn nanyi pl e
access to the data slots " dependi ng upon whi'ch node has, been all ocat ed
the slots iBfermetdpng t3tt As alisecdmpertant &a ke ithathelti &g Pepsibis
system 10. According to the DITM protocol, when the expansion nodes 16,
22 and nodte Ancreasenihei hitrale® RESeconds indhe £ibeRLRFLES 33,415

cycle transmitted by or received froma precedi ng node, |ncluding the
expansi on hbesebYsingreasiag the,fvber phisinhs Ry ‘EYFef? n‘!’bﬁ‘r‘é‘t‘?on of

the slots and, send the infornation tq the | ocal er, of e rticul ar
node afd losipga kB EYNGOTOMIZ L Rk i tQ}qgm;9E§$b$Bﬁ% *a'tﬂg P+ng

t opol ogi es. 12, 14, . |f a slot reuse nmethod is u t he nodes
A-Gand th e18etuerknsi & ASu&Yes Poss al#‘_%oc‘?l_é%%déngw%(s)lggnt Rgtworxs
107 T O e’ SIS Bl AP Shd £l AARLARE (0 (e Loca
the slots hefape hhgaleibol MRy Yo ima fddEdled £ AL ecPELs time and slot
length are constant. |
10 If a slét reuse method is used, a single slot may be
o used multipie times on the ring topologies. Slot reuse
enables transmissions in the same slot by different users in
separate segments of the ring topologies 12, 14. Slot reuse
may be described as a general method to better utilize shared
' 15 links in the ring topologies 12, 14.

The fact that the first DTM ring topology 12 has a
fiber direction that is opposite the fiber direction of the
second DTM ring topology 14 improves the capacity of the ring
topology syétem 10. _Thé.ca?acity of the system 10 depends

20 partly on the bitfate per second of the particular fiber
“optics used. For example, the bitrate per second may be a
fixed value such as 10 biliion bits per second. Of course,
the bitrate per second may be a higher value or a lower value. -
The higher the bitrate of the fiber optics_the more slots per
25 125 microseconds cycle; As'eXplainéd.in detail below, the

_acﬁual throughput of



node. O course,” the nodes nmay neither read or copy the 20 infornation of

a partichl arVe888ed20 As noted above, one inportant BETYIASESHP
t he present invention is that the cycle tine is preferably constant to
mai ntai n the synchroni zation of the ent+r¥r+ng topol ogy system 10.

Additional ly, each cycle has a constant nunber of 25 slots .. WO )
99/ 56420 the ring topology system 10 may beHzigheygthamighe bitrate of -
- 18 - al though each slot in every cy¢le nay or ,may. not .contain any

i nf or mat i otthel £ikeropkigmHrdamd (BY FRESiRgG: S1PtRs 1Bo§§PbFé'ng to
increase the bitrate per seconds in the fiber ther

i ncr easi ng toPOLAGHRSE IF, SHht'd (RATEFER SHPTRD gtBgst#§§F#33ﬂﬁ?p°l°gfgg;
Synehron cat) osal SAd IASOL00! SPod2 ki BE naen, U B Hade
o Fer et SRoee i o 06 68 S Lo B P 4 il
TEU0 1S S’ g lFoRd UndRloSe, | FRUBSH VS e b ey a0
G 1o TS e o AR COHEY. il el O UBLORS dfoed ore
shared used if the number of slots required exceeds the number of
slots in the cycle. _
10 Assuming that both the rin§ topologies 12, 14 have
: the same fiber direction, the total capacify of the system 10
may be described as the bitrate of ring topology 12 in
addition to the bitrate of the ring topology 14, i.e., the
total bitrate is twice as high as the bitréte of only one of
15 the ring topologies. ._ |
By providing the ring topologies 12, 14 with fiber.

" directions that are opposite to one another, the average
‘distance a time slot must travel from a source node to a
destination node_ié reduqed to half the statistical average

20"'distan¢e of a'single.ring-topology.lz. The average travel
distance in a single . ring topology or a dual ring topology,
with the same_fiber_direction,_is half the ring circumferénce
whiié the average travelfdisﬁahce_ih a dual ring topology

”*haVing opposite'fiber.direétions is only one;quérter of the

25'_ rihg ecircumference. By-réducing the average distance, the



15 links in the ring topol ogies 12, 14. . The fact_that the.

first DFM r WQ9%ssgl ogy 12 has a fiber direction that i SP%'HH&%/F@% he
fiber direction of the second DTM ring topol ogy 14 inproves the
capacity of the ring t opol ogy syste@016. The capacity of the system 10

depends 20 partly on the bitrate per second of the particular fiber ., .
optics usedot&brcapacpty, ofhdusilt ringsp¥i the oPRPSIFF Helker dirgehion 48 e
such as 10 billion bits per second. O course, the bitrate per second
may be a himtreasefutoobeatwiwer agahdgh as thHu?QF%ﬂuﬁaﬁqﬁiqyt?gt% @ya he
fiber optics the nore slots per 25 125 m croseconds %ycle. As expl ai ned
in detai | bbhguwwhene both Zings beNeokbeyFamg fiber direqidRy 5420

PCT/ US98/ 15439

e - 19 - s the_ring
t opol ogy syst em 10IRaPtheThWeFESs + fafin% BRRILY (j)‘?ay proYh%inaber optics
13, 15 by reusing skots i,n the rin . i s N, certain
seggeglssdpf?’é’ﬁgl Vn&i)‘f%p&soélwéﬁe fa% high é%ggr@mi%é@rgg%fa% sl Ft s may be
used by different .users | i SO
that a sl o?°nven§°ﬂ'é’§‘aﬂ‘e dt‘}s%eldri)rlrll()yr tetoﬁ?g'n Bhce. E%)s\s/\e;ever# th%f%n%g§gofgﬂsl‘e§? s

P e T e o o
the cycle. pukOtopology rAiPdY dthaledtft Rudanisdy, tone! Dgi @8ch2, 14 have
" direction, to enable any source node to reach any destination

10 node in the bus foﬁology. As mentioned earlier, a dual ring

. t§pology system that has the same fiber direction provides a
capacity that is twice as high .as the capacity of a single
ring topology. A dual.ring-topology'with opposite fiber

- ‘directions provides a capacity that is twice as high as the

15.- capacity of a dual ring topology with the same fiber
direction. Therefore, ﬁhe total capacity of a duél ring
topology that has opposite fiber directions may be described
as providing a capacity that is eight times higher than the
capacity of a conventional bus topology.

20 . As mentioned above, the expansioh_nodes 16, 22 or any
‘other node A-G in the riﬁg topology system 10 may create a
channel by allocating a set of data slots for the channél and
by Sénding a channel establishment control message. The

- control message may be-addfessed_either to a single node or to

‘25 a multi-cast group and announces that the channel has been



the sane f.iber direction, the total capacity of the system 10 may be
descri bed. aswOI98/56420r ate of ring topology 12 in addi t i on RGI/USAB/15439
bitrate of the ring topology 14, i.e., the total bitrate is twice as
high as the bitrate of only one of 15 <+HELr+ng topol ogi es. ’ By
providing the ring topologies 12, 14 with fi ber directions that are
opposi t e t ereatednandewhatheslotss sgee useddi stance a tine slot nust travel
froma source node to a destination node is reduced to half the
statistical averag€omtrolimassagesifer stinglchanngli egbabdishmentTiand

aver age travel distance in a single ring topology or a dual rin

t opol ogy, bandwidth tiealdeeationmay reaxrynsets af| Fokapsr pfgparameters.

ci rcunf erence whil e the average travel distance in a_dual ring
topol ogy HoweNg¥Fi,ng SR BeF7AIQYi IectPHRECTFAPLLY) y64nR1IETa RIS CBM t he

25 ring circunference. By reducing the average di stance, the . WO
99/ 564 therefore havélonly a shall numbegpggyggggpggggg. This means

ner eased oo WA R AT (ROERCY (. T9Ray hapdRiabhoFraatar s It mad pe

Words, o PRECRBRIToY MET bRt s COREEL] Hessanns, trsorrrtd Bl o as
the capaci {%.0hed. Thi®WAPARLAIYE! ePtsat 208L88Y aRESPUSRARPeciR S

node in the
' additional signaling capacity. Several mechanisms have been

10 considered to reduce the amount of information that needs to
? be sent during the channel creation and token reallocation
'procedures. | _

In the preferred embddiment, the first optimization
“in token management may be to introduce block tokens so that
15 one token may be used to represent a block of available
contiguous slots in the free token pool. A block token may be
- transferred in a single control message and represent a group
of tokens but can only be used for particular combinations of
tokens. For instance, a block token may be denoted by a slot

20 . number'and the number of contiguous slots in the group. The
 block token optimization assumes that the token pool is not
a.fragmented'intehsmall pieces. Toq.many_small token blocks in
. the free pool may be a problem and referred to as
:-f:agmentation, | |

25 A block token may represent a number of available



ring topol ogy can reach any destination node. In contrast, a " bus -

t opol ogy r eWN0 99856428t | east two buses, one in each di r ect FOHUSASE bl e
any source node to reach any destination 10 node in the bus topology. As
mentioned earlier, a dual ring t opokegy systemthat has the sane fiber
direction provides a capacity that is twice as high as the capacity of.
a single glotki 8Hatopahopy. adjodnald tionforapal dapock + h Tpposleesinagr . -
directions provides a capacity that is twi ce ‘as.high as the,K 15 capacity of .
a dual ringxtendl bgyhwinhthiee segmenti axd the sdioteymier THER@RSIRNSt he
total capacity of a dual ring t opol ogy that has opposite fiber

di rect i onsThaysheedoscri bdgck token meyyind measunghdy thelength; gf the
ti mes higher than the capacity of a conventional Q¥s to ology. ﬁo.
As ment i onblogkoin, thee segpend dndhdae$hes skot Jumber 1re5€hgp nodth&- G
in the ring topolo%y system 10 may create a hanqgl b aIIocgting a
set of 5dat process for sedestdmteSwitable bW’%e’i’fﬁ??fb °’E‘H%ﬁn18?y e

establ i shnent control nessage. The cont.r ol ssage be,addressed
either to desigyged sed&hat « yhenpver RASSLIRLE. {ﬁ%ﬁ%gﬁﬁgggﬁﬂoﬁﬁc§§i?ﬁ§Fd
t he channel _has_been )

9/ 5642 . . .
PCT/ US98/ 1thay has the smafqgéi overéil size but EB;@ satlsg%ggtggeand

22?;bf!ghi§%h%&%%%%hts of a new chiiBdP'i ESSA0EE {RL bi6ckhasReh
provide sufficient tokens from the source node to the
10 destination nodes of the channel. However, if there are
several suitable block tokens available that have the same
 size, the selection process may select the block token that
has the longest length in the ségmeﬁt direction. The length
in the slot number direction is only of secondary importance.
15 When using the slot reuse method in DTM ring'systems, the
block token format may be'exténded to include pérameters
describing the segments the block token is representing. The
token management protocol may also be modified to avoid
conflicts in'the slot number dimension as well as the segment
20 “dimenéioh.

The token protocol may guarantee that_a data slot can
never be used by two hodes'simultaneously on the ring topology
system 10. Sometimes this protocol is too conservative.
Fig..4_illustrates an_eXample'of.how tokené are reserved for

25 three channels (A, B, and”cy. The nodes are connected by

segments and the channels.typica;ly use a subset of the



bandmndth reallocation may carry. sets- of tokens as paranete S.
However-, -a cHi@¥¥6430essage is, preferably, 64 bits and can ’t"ﬁylué?%ﬁé”

have onIy a small nunber of paraneters. This. means t hat |f a user
requests a large bandwi dth transfer, it-n@g be necessary to send
several control messages to create t he channel . This i ntroduce
extra acceseghsnls onl theuring strughurei dgxRYs |C@1&Ir)n@ ﬂé’@ t5RSTHRY al”

nmechani sms have been 10 considered to reduce the anpunt_ of |nfornat|on
that needs he reseryedséwhigear Fﬁb°¥hebéﬁa|3rﬁ€ﬂ’- unased, angd, Fhdsk srpsting
real l ocation . pr ocedur es. n the prefqﬁied enbodlnent t he

first optHﬁhﬁﬁ@%ﬁFESOurFﬁstokénbﬁﬁﬁﬁﬁeﬁéﬁﬁrﬁéyqﬁ?t%?

AT . Sinatey B AR b B S easila
{okens But ArER SREESHECHLEY %tﬁi??gﬁr*a?qgéﬁ%{ ﬁiﬁ%n?%‘%’“l% hsFi%or
of “cont | qudhselres (EHEde BHaRBelS G k2 g B T LAY A £ 06r LIBEL

that the tg t .
at the %‘i’é.h&y”% this Ehagmee %@éd”%\éﬁl}’?%lobfﬂe% -on 10e "y

smal | token free pool

as 1 ab fera&;?aia&yon 1n28he 111ustrétah0@scam@ ERarfdY 662N s dudvAgetnef
same slots as channel K3 but on different segments in the ring
10 topoloéy.lz. As indicated earlier, this may be referred to as
‘ slot reuse. Slot reuse enables simultaneous transmissions in
the same slot over disjointed segments of the ring topology
system 10. Beéause the ring topology is round, it is also
possible to reserve slots from the end node to the start node,
15 such #s from node G to node A. This is an added feature of
ring structures that is not available in single or dual
straight bus topologies.
Figs. 6-9 illustrate a variety of situations where
‘there are fiber or node failures in one or both ring
29:- topologies 12, 14. Fig. 6 shows a single failure U disposed
hetwéen-node D and node E on,thé outer ring topology 12. The
failure U is likely to-be fi:s; deteéted_hy node E on the ring
topbiogy 12 because node E is situated immediatély downstrean
"fbf.the failure U in the fiber direction ﬁ;.-.Node E may detect
25 that there is a failure preceding node E if node E does not

receive
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- 22 - - - WOovS642deat can be adjoined to forma block. The HRQIWESIAF4II9 -
extend both in the segnent and the slot nunber dinensions. " The si ze of
a bl ock token nmay be neasured by the | eaggh of the bl ock in theé

segnent and in the slot nunber directions. The 5 process for selecting
sui t abl e blaapk $1dten fromatodayD beithin deseyhadnsimeaperiiodievdin other -
possi bl e, a block token is selected t hat has the small est overall size
but that satdrds esndde E onlyckmowenthat theafaddwieamusit haye tagguured

bl ock token provide sufficient tokens fromthe source node to the 10
desti nat i orbeftnies ndde hB bwbnnet . exaptdyerwhere ofetdegxrdng topndagy|l2.
suitabl e bl ock tokens avail able that have the sane si ze, the selection
process mayadg d&tmayicthencinfexBnalhathe nodggs °F‘hé"hleo|¥g"@§t 'qqmgkqu M2 he

segnent direction. The le n the sl qt, nunher tion is only of
secondaPy |¢Rﬁﬂ¥éﬁk% falgug?%gnbﬁsﬁhﬁhﬁﬁeS§P89nﬂé I%iiqq?lﬁﬁﬁ§§

h K ded _
descri bl ng Thet g%g%ﬁ%s %ﬂeéﬂreeszf?gxgﬁﬁ 35 Eecean *a%?; el 5
t t d d fI' [
renacerent SLRASEEk "B BYo8eRE TS bR 1RO npepackl o ite ' nddy
The token QEEE$C9$ gfgggUQEa eghghgi?g E@ %h@%dﬁf& H2. never be used by
po

two nodes sSIfuU PROUS system 10. Soneti nmes

this protocol is toﬂfﬁgi‘sﬁﬂa’l:h&enodes r'é'dénféé K& U A S b Of

how t okens are reserve
10 node E about the fiber failure U, each node may review its

channel table to determine if any of the channels transmitted
by the particular node is affected by the failure U.  In the
above example, the failure U only affects channel K1 that
‘extends from the source node C to the dgstination node E on
15 the outer ring topology 12. Node C may send a control message
about the failed channel to the destination node E by using
the inner ring topoleogy 14 and transmit in the opposite
cloékwise direction until the channel failure message reaches
the destination node E. These types of messages may be
20 transmitted by the node controller of the node C. Node E may
- then continue transmitting cyc1es as a master'node in a normal
" fashion if node E has a-slot generator.
The next step ﬁayfbe to remove all the tokens that
aré associatéd with the segment between node D and node E on
. 25 ¥w£hé'daméged outer.ring topology 12;l In other words, all

tokens for -



25 three channels (A B, and C). The nodes are connected by
segnents - andWor8/56428nnel s typically use a subset of the - PCT/US98/15439 .
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- 23 - segnents on the ring structdrgs(gray color) and the rest may

be reserved (white color) but left unused and thus wasting shar ed
resour ces. thdehiXy wandwidth setweén nodgsrbsandeE on thapasitter amindie . -
segnents between the sender and the receiver 5 as the exanple illustrated
in Fig. 5 tdpokogaril mayrbg, réngved andsmafevwanawaddabients aldl the, and
K3. A single slot or slot sections nmay in this case be used nultiple
times on thodesyy There obslngyneed tachaveust compdicaked contivthel K2 is
usi ng the sanme slots as channel K3 but on different segments in the
ring 10 tmgshanmismXo keep iirackeaf cuherer int khe syFtem r’-'gll%rﬁ@dl‘!%e das
sl ot reuse. Slot reuse enabl es_sinultaneous transmssions in . the sane
slot over dlegurredd sEgnbftSubfichent| kg £4PBLygpake the parhigprlakcause
the ring topalogy is round, .it,js SO ossible.to.reserve slaots from
the end nodiokerd Rseratated uith 1Ehd gement RBAVAGIERTS & Gkl A Th <

I s an added featuye tructurgamtggt I's not available in single

or dual n?@ﬁ?zﬂ?ﬂég%dgi?ggtggﬁiggy systen Figs. 6-9 illustrate a
variety of situatiofgoYhelg essentBSify?hS Hibehrndltedildd e " ONe O
occurrence of a fiber failure between nodes D and E on the
10 outer ring topology 12 and using all the tokens for the
segments befween the nodes D and E for a channel because the
tokens are unavailable in either situation. All the other
channels on thé oﬁter fing topology 12 that are not using the
defective segment may continue to operate in a normal way. In
15 - ‘other words, although the outer ring topology 12 includes a
" permanent failure U, the ring topology 12 is still fully
functional except for-the unavailability of the tokens for the
segment that is affected by the fiber failure U. The more
nodes and the fewer channels the ring topology 12 has the less
2b-_ likelihood that the fiber failure is going to affect a
1particu1ar-channel. Any future channél that normally would
- use the.segment between nodes D and E on the outer ring
s topology 12 must now use the inner ring topology 14.
 channe1 K2 that extends from node B to node D and
25 'chanhel K3 that extendé from node F to node G on the outer

‘ring



20 topologies 12, 14. Fig. 6 shows a single failure U dispo

bet ween -noddVPIUd2hode E on the outer ri ng t opol ogy 12. Tﬁegggmsgﬂf“?ure
Uis likely to be first detected by node E on the ring- t opol ogy 12
because node.E is situated i medi atel y d@fstream of the failure Uin
the fiber direction HL. Node E may detect 25 that there is a failure .
pr ecedi ng ﬁaﬂelﬁgyf1aodeeEommpiaﬁﬁly unafifgaiad Any ‘future\ghampelsoo
PCT/ US98/ 15439 : any slots
from nodetﬁahnahensatc@ptanwﬂh3n9q§§ﬁ(ﬁ#nngQE?%ﬁgy 12 wil}bas node E

only knows that the failure nust have occurre

exact |y whepspdetedy Mﬂ%fﬁﬁﬁﬁﬁQKBY:E?e flber $&&%P€9HQ a?hgﬂn?n?ﬁfﬁﬁﬁll

node ut not

the nodes on the ring t | ogy 12 ut t.he f
sendi ng fi F}blanﬂ&llﬁuﬁ% H;;g;;)g@%.\lre tok%’?ﬁt oﬂ%r %ﬂﬁ%r? %%?%g Hfgglaﬁ t he

counter clockw se

the infer between, nede (?p(ﬂ #ﬁr %v%r?og{\?mgséﬁb eiaféﬁﬁgﬁggsﬁﬁges on

After all

I f any of

fiber fail %Fl%m%‘) o @ﬁ%ie'aﬁe%%dé’fﬁ e ThSA g, ChEERREr TRy,

eview 1ts hahne e to erm ne

hann qﬁ@ - by the partlcular node S
affected b QHQ % | %fi #%Qﬂe used'above exanple, the failure U only
aff ects channel KlﬂéEﬁ &4 £ 0end r LSk enS feyreﬁenaénghtObbbﬁeégshba&hlon

node E on
nmessage

10

20

Cas

15 the outer ring topology . de C nmay send a contro

D and E are removed from the pool of free tokens for the outer

ring topology 12, the average size of the block tokens for the
outer ring topology 12 is likely to be smaller than the
average size of the block tokens for the inner ring topology
14. -Tﬁe source node of a channel may then compare the
smallest possible block token available on the outar'ring
topology 12 that will saaisfy the requirements'of the channel
with the smallest possible block token available on the inner

ring topology 14 that will also satisfy the channel -

‘requirements. This may mean that the utilization of the
"damaged outer ring topology 12 is maximized while as much free

‘capacity as possible is maintained‘on the inner ring. topology

14 because the block tokens are likely to be smaller on the

outer ring topology 12 due to the fiber failure.

- If there is aisingle-fiber-failure'on the outer ring

' topology 12, the ring topology 14 still has a capacity that is

.fatVIeast two times that of conventional bus topoleogy due to

the” '



about the failed channel to the destination node E by using t he

i nner ri-ng Wpen/sH430-14 and transmit in the opposite c| BEE(HS8#/15439
direction until the channel failure nessage reaches t he destination
node E. These types of nmessages may be 27 20 transnmitted by the node
controller of the node C. Node E may. then continue transmtting
cycles as g §esieusaofiethodaandr the ring stmsttwre i itself, RAaindicaged -
gener at or. The next step may be to renove all the taokens

t hat . ab@ve.asIacadtdtiont hbecauseytde HNGcPPRbeEY DLanBayogEigloke
25 the damaged outer ring topology 12. In other words, all t,okens
for W84/, 5e42ept for the segment between nodes D angc®, usbs ringo

- 25- the full bandw dth between nodes D and E on the outer rin

t opol ogy 1Ropajohy Agnadde additienalsapacite $0 the YRBY toPologys.
There is no need to have a conplicated contr o] ”f hani s keep track
of wheiBe | syshemsydt-emiign hethXdnthLoRPIFLeF (18- ?targ ? Kcient to
sinmply nmake the particular |, t okens assocjated w th seg .
unavai | abl Supstdponalhe the ringdoR qua?Y?ﬁFTog8|859V§§§Fe§I%%%Eclty
There is essenti,ally nqg diff.erence hetweegn th n i
failure bethédn %o Liz fnd“@%%*@‘eﬁoﬁﬁéjt%rC?P‘ﬁsgfeggéﬁgg%%fgttgg}ﬁlﬁ'g

all the tokens {0 dd'%hat the capacity of ring topology system 10 that

- has a single® fiber failure provides a capacity that is between
10 2 and 8 times higher than a conventional bus topology. The
A exact capacity of the system 10 with one fiber failure depends

partly on the number of channels that use the damaged segment.

Fig. 7 illustrates an example when both the ring
15 -topology 12 and the ring topolégy 14 each has a fiber failure
but in different segments of the ring topologies. For
example, the outer ring topology 12 may have a fiber failure W
" situated between nédes C and D and the inner ring topology 14
may have a node failure Y in node E. If there is a channel K4
20  that extends from node G tbnﬁode D on the inner ring topology
14 and a channel K5 that extends from node B to node F on the
" ring topology 12 both channels K4 and K5 are affected.
Channel K4 is affedtéd by the fibef failure W and channel K5
is affected by the node failuré:Y.f_Inlthis situation, node D
;ésl will first detécﬁ-the*failure W and node F will firsf detect

the node



segnents between the nodes D and E for a channel because the’ t okens

are unavai | s e9/s642ei t her situation. Al the other chanRETASEH1IHF
outer ring topology 12 that are not using the def ective segnent may
continue to operate in a normal way. In- 2% -other words, although the
outer ring topology 12 includes a permanent failure U, the ring

topol ogy 124iguxid I¢ inilnogde E. functional except for the unavallablllty of
t he tokens for the segnent that is affected by the_fiber failure U
The nore nodeNedel D heay cbleen ctoansnitt hefi‘-bﬁﬁ' ?Gﬁ&PE&ymPf‘sﬁz%et

less 20 likelihood that the fiber failure_is going to affect a
particul ar thearotier nedes ut UBecausenahannal ﬁ@rhﬂﬁlPeﬁBng%ECteqxﬂthR?
segnent between nodes D and E on the outer

.12 t
use the i nritrber Mtaitbpose oy the source node BCﬁéﬁnEPeRzegﬁp équ %45#;

node B to node D and 25 channel K3 that exten m_node e G
the out®r failureguessage to GReodkh ggzgc.'Se. Q'?x anne K5 tm%yn%en 5

PCT/ US98/ 15439
are conpl eteexminaked ard. t@ﬁyt?ﬁFﬁ?efeﬁaﬁngl§egmen%tﬁeF ara &8 uggon he

e PSR el e e TRR R S S
e T ke "0 Bupnin, CEAMRRLE MCRRALAEG e St mevacas
ring node C and node D. If it is essential to malntaln the channel
10 between the source node B and the destination node F, node B
may set up an alternative channel K5’ between the source node
B and the destination node F by.using the inner ring topology
14 and transmit via node A, expansion node 22 and node G to
the destination node F.
15 - . Fig. 8 1llustrates a 51tuatlon when both the outer
~ and the inner ring topologles 12 14 have fiber failures M and
N in the same segment between nodes C and D. More |
particularly, the fiber failure M is first detected by node C
on the inner ring topology 14 and the fiber failure N is first
20 detected by node D on the outer ring topology'lz. Node C will
inform all the nodes thaf are downstream of node C on the
inner ring topoiogy-14 aboutithe fiber failure M and node D
will inform all the downstream nodes on the outer ring
e topology 12 about the fiher failure N. Both node C and node D
25 may.continued to generate cycles a master nodes, if so

.désired. All the nodes then



topol ogy 14 may.still be used. Because all the tokens for the
segnent- bet W@HQ9/56Ide s D and E are renmpved fromthe pool PGT/¥§98d5439
tokens for the outer 10 ring topology 12, the average size of the block

t okens for the outer ring topology 28 +s likely to be smaller 'than

t he average size of the block tokens for the inner ring topol ogy '
14. The  so@eteriidie ofhick hammhelnyarkeaffenpade byhdhe. £ibesflaidgires M -
possi bl e bl ock token available on the outer ring 15 topology 12 that wl|
satisfy thandeadli r dieis deterhinationcmay be danehbyhaldndhectodns At the
bl ock token avail able on the inner . ring topol o 14 that w.ll also
sati sfy theanearhigte in pa¥xablelenmehfsa c’l‘ﬁp§eﬂ‘a}srr€%|¥reﬂ%d &Ye the If’z‘&?‘r’ on
of the damaged outer ring tg ology 12 is Xim ze ile as much free
20 capaci tSaidanms sthe SPUreEs| RPEPNBAY AP 3 n§ gﬁ%%d‘gﬁssage 59

T ot B ot o B IS ThEpgg F 50,41
fib fail th t | t I t ' 14
e oL e A5 GUL, )" asgobSR SR, Hoor 1 i 0 98 4,

gg./ bggg} ig%ﬁduze éfng topoig&r 12 to info\ég %?{eS_@%g:grc_e node g Oatbout the

reuse

met hod and éleééiggifﬁfgcﬁuﬁﬁeiE§ekhe $90edifa3h’Ee N on the ouper ring

topology. Howevef, node C may send a message the long way on
"10. the inner ring topology 14 passed the expansion node 22 and
- eventually reach node E. Similarly, node D on the outer ring
topology 12 must use the outer ring topology 12 to send a
message to the source node B about the fiber failure N that
affects the channel K7.

15 All tokens for the segment between node C.and node D
on both the rin§ topologies 12 are then made unavailable and
the ring'topologies 12, 14 will essentially function as a dual
bus.structure with node C and node D as end nodes. Also, the
total capacity of the ring topology system in this case is

20 identical to that of a dﬁal bus topology that is two times
.higher than a single bus topology.

Fig. 9 illustrates a situation when the outer ring
topoleogy 12 has two fiber failufe‘while_the inner ring
'~ topology 14 has no fiber failure. For example, the outer ring
25 topqldgy-lz.may have a fiber failure 0 hétween nodes A and B

and a fiber



above. In addition, because the ring topology 12 may still be - used,
except -f-or MW@9¥Egefent between nodes D and E, the ring t BpbU§eR/1543
adds additional capacity to the ring topology 5 system 10. Wen both
ring topologies 12, 14 are fully f-ursat i-onal , the ring topol ogy system
10 .provi des a capacity - that is about 8 tines higher than a . _
convent’i onghibuset Ppbleteen the TindesiEarend I tBRcawpacthe snnernying -
t opol ogy system 10 t hat has a single fiber failure provides_a capacity
that is betepelogy012 dsd Billyndundtgienindarthe cornen: FHndl tenelegyomayy .
The exact capacity of the system 10 with one fiber failure degends '
partly on beeusedbéo slenshmentinek massages ko qabhgele segfes to inform

Fig. 7 illustrates an exanple when both the rin 15 opol o 12 _and .t he
ring topol edy Fhecacdamakput Jde riiheR £alluregsO;an i_gfergﬁ'ﬁ BEGREARE ey
2 1 ber® BB ARERing de, AEH AR TOMSE T SHER L8k, RESLRRBPE ERg
ki 20" 1 hibeo RESRRITR dRAie 129 e diodRe P rang P R8T asE; 350
opol ogy 13ARREF AR kAR 98 Ui thy (oPelEs"a8 ab0R ps possibie
node 1 ai 1 uPF T i agBer{dn AENREEIRE: SFiures DBl 8% T Mhe
failure Wand node yphiqd | tid SFes@h€Cinventioh"BaB0BRen described with
10 reference to preferréd enibodiments, it is to be understood
- that certain substitutions and alterations may be made thereto

without departing from the spirit and scope of the invention

as set forth in the appended claims.
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fiber failure nmessage to t he other nodes. Because channel K5 has been
affected by the fiber failure W tfe3kotirce node B may then transnit a
channel 5 failure nmessage to the other node. The channel K5 may then be

t er m nat edwandltfim:t okens for the segnent bet ween node C and node D ~
may be made unavailable on the outer ring topolo so that future
channel s do not ind.uda thethed)ehindRageRs a alx‘éé’é ENaAd SYSWRYS | f it
Is essential to maintain the channel 10 between the source node B and t he
dest i nat i osynohedhousndransfer m@@es%%ahprhﬂgaFPBPQSHYveCERBE%§1QQS

bet ween the source node B and the destination node F by using the

i nner ringsteps ofs 14 and transmt via node A expansion node 22 and
node Gto t he destjnati on node F. %I|| trate a
si tuatifn when bot IPEELGIRG 2 flrsEnﬁYPﬁganﬁXPCPFﬁémgép ’i2m°

have fiber failures M an sage segnent n._n D.

Mre  Fand &ARgigEY &%V*"i‘%e? Eﬁ??grﬂ"%grsaf FFgfm e g?t et?rh‘i/j %éaﬁéj

O e Sl " OPLORY oG CohELLOGL 81 L4 Ml P prexing

all the HOQ§§V£AEHaEggbégq{§t£ﬁ§g19; 8998aSa°intBetime cycles that are
dividable into time slots, the first topology being adapted to

10 transmit frames only in a first fiber direction;

” pfoviding a second dynamic synchronous transfer mode
ring topology having the first node and the second node in
common witﬁ the first ring topology, the second ring topology
being adapted to transmit frames only in a second fiber

15 -direction that is opposite the first fiber direction;
establishing a first channel in a first segment on
the second ring topology exténding between the first and
second node, the second node being downstream of the first
node;
20 providing tokens associated with the first channel;
' transmitting-informatiph'in the time slots forming
the first channel;
the second hﬁde.detecting a fiber failu;e in the

first segment on the second ring topology;



i nner ring topol ogy 14 HMU Lﬂ L" U"lailure Mand node D - will -
informal | WRIUIARLL r e "Wuter ring . topol BEVUfQS'Ed%t

the fiber failure N Both node C and node D 25 nmay continued to generate

cycles a naster nodes, if so desi+ezk Al the nodes then VO
99/ 56420 : PCT/ US99/ 15439 : _

- 29 - det er mvhe Widdhd hodeltraisnit€inged Gibehefaiburef nesgage iM
and N This determ nation nay be done by all the nodes at the . sane

time in parallel. Idetemiming i tii¢ ctivat bghanneli pgtends aggpps &he he
source node may send a channel failure nessage to 5 the destination node.
I n the exafiber |flaidtursted in Fig. 8, channel s K6 and K7 are affected
and node C cannot use the outer ring topology 12 to_infQrmthe source
node E about the if thedfirsk | chanmeluextendfeafrpes g&?lgﬁ &% on the
outer ring t opol ogy. However, node C naé,iend a nessage,the.la

t ha1d¥psan

: Ry
on 10 5t h&aidvare r iHRANSPHIBERY 1@ Fharasl E‘Fﬁﬁaﬁsaetifm&ﬁ‘&%%ng
eventually reach node E. Smlarly, npde D, on_the oquter ri . 50 ogy
12 nust usé'—ht%efléiﬁtercharwgeitofb‘? qviRg ?%ﬁdtgﬂens 5%%88%8‘399 o"’tlﬁ%1 ggluer ce
node B about, the fiber failure N that affects the channel K7. 15

Al tokens st eTRHeht® ¥t ween node C and node D on both the ring

topol ogies 12 are thgn_nadg. Val . sl | ; 14
failure, continuing transmitting information in the time.slots

10 forming the first channel on the second ring topology.

2. The method accbrding to claim 1 wherein the
method further comprises the step of forming a plurality of
block. tokens frbm:contiguous_tokens and the step of

15 establishing the first channel further comprises the step of

selecting a block token associated with the first segment.

3. The method achrding to claim 2 wherein the
method further comprises the step of providing a plufality of
20f block tokens ha?inq a vafiety of sizes and the step of
seleﬁtihg the block’token'furfher comprises the step of

selecting a block token with a minimum size.



bus structure with nodeUﬂI mllm'uemuaullend nodes. Al so, the t ot al
capaci ty-of WOS%56438 t o this case is 20 ideRGTUP8{154Pn a1 .
of a dual bus topol ogy that isstWo tfi ms’ hi gher than a single bus

t opol ogy. ' Fig. 9 illustrates3a situation when the outer ring
topol ogy 12 has two fiber failure while the inner ring t opol ogy 14 has .
no fiber failure. For eRhephetheficacgerdingngo z3aim poipresn nehe habera -
fiber failure 0O between nodes A and B and a fiber, - WO

09/ 56420 of selecting the block token furthprrcgapyigesdhe step of

- 30 - failure P between the nodes C and D, Because the inner Li '
topol ogy 14reviewing blacki bakeps PRePPhRcthe Fdrsth Ad tRRPLO9Y amd the
to send control nessages to_all the nodes to inform all the nodes
about the f$¢RPN4 FingecSOPPLIAEYP The procedure 5 of informng the nodes
in the ring system 10 is anal ogous to t he procedures described above.
Nodes B%and D may act as mast er nodes and keep on generating cycles as

Wi le the present iAventPBnmRRooRosReRESAr, £ SR T, AT (halkeer
Subst1 tuti b ShhearfngFukEnbe REpURiges! BRG seop (dRICHdy o blpok
the spirit aggde5CPRELChakN8 h1BYGBEECAength in a segment direction if two
block tokens have an areal size that is identical.
10 _
' 6. A method of managin§ é failure on a dynamic
synchronous transfer mode dual ring topology, comprising the
steps of: |
- providing a first dynamic synchronous transfer mode
15 ring topology having a first node, a second node and a third
node, the first ring topology using time division multiplexing
having a capacity that is divided into time cycles that are
dividable into time slots, the first topology being adapted to
transmit frames only in a first fiber direction;
20 - Eproviding a second dynahicjsynchronous transfer mode

ring topology having the first node and the second node in

common with the first ring topology, the second ring topology



-as set forth in'thé.a . WO 9 '
PCT/ US98/ 15X¢999/56420 FH!““cHleiljl "Itl "l!ll - 3?9{ 20420 VECT/S78{15439
1. A nethod of managing a failure on a dynamc synchronous transfer
node dual ring topology, conprising the 34 = steps of: 5

providing a first dynam c synchronous transfer node ri f.opol ogy .

havi ng a fbeingnadaptedsteokyansadtafgageshiondy in %(ﬁ?é",°rl4:gf’f}?$zét ri-ng ~

(Vi dod | nabrechionyshes LRAPPROBLCe O fixsl SIS TIRRARRL, the f1rst
%EE%L? ?Xn;bre: - ?:a‘Eltei:ch“EPH?%diﬁj&j’%%ﬁiﬁ%kﬁ%’%‘%ﬁa%g_ﬁé?er
Comon wi {ePRBA PRaE. P heoBaceR T SRERIPRY hd RS0l ogy - bei ng
opposi Be. the 1115t FFPASRAHOIRS AREormatiot 1 Ving Siobe FEbRchan. 1<

channel in_a first _segpent.on., . i '

bet ween t h&eFPPg; n&ﬁ& to tth%e(%lrﬁ dnolgel:',[esﬁgq%eé(f:oér%éfg%gé%g?lngaggaﬂg??eam of
the first node; 20 . providing tokens associated with the
first channel; -

7. The method according to claim 6 wherein the
method further comprises the step of transmitting information -

10 in time slots from the third node to the first node on the

second ring topology.

8. The method according to claim 6 wherein the
method further compriées the step of transmitting information
15 in time slots from the first node to the second node on the

first ring topology.

" 9. A method of handling a failure on a dynamic
synchronous trahsfer mode duél ring topology, comprising the
20 Steps of:- | |
| providing a first dynamic synchronous transfer mode

" ring topology having a first node, a second node and a third



transmitting i nformatio |mH“I m“ mts forming ~  the first channel;
t he second n 9(,9956‘17@ct| in the first scRfFEHE8M$4INe

second ring topol ogy; PCT/ US98/ 15439 WO 99/ 56420
- 32 - t he second node transmdbtirng a fiber failure nessage;
determining if the first channel extends across the fiber failure;

if the firdiodgarkke £i¥shdsingr BRROLAGYT PEéPg timeydiwision miktipiaying
el L Tessaie LR B, el S W AT DD
o T RS A koS BEERoSL8RE, LPBel %kt mond oY e tfd HARERT o
olai m 1 vharatenfs FPaneTonty 1n r?h£ﬁr€8n€3?°s§h%t$eti‘ﬁej°’?’gfc tor nmgnéoa
gls?;g: :ésﬁl g; t he f|#9§5lﬁ §2? %ur %%}%@%&WEE% t#‘f‘aﬁéfg {n | ng
a bl ock tokefl, 255866669 ﬂb&ﬁn&héhé'fiks%eggﬁg and the second node in

common with the first ring topology, the second ring topology

being adapted to transmit frames only in a second fiber
direction that is opposite the first fibef direction;
10 detecfing a first failure between the first node and
: the second node on the first ring topology;
detecting a second failure between the first node and-
the second node on the second ring topology;
transmitting information in time slots from the first
15 ' node to the second node on the first ring topology; and
transmitting information in time slots from the

second node to the first node on the second ring topology.

10. The method accordlng to claim 9 wherein the
20 'method further comprlses the steps of establishing a channel
_betwe_.en the flrst.nod_e .and the second node on the first ring

topology and providing 'toke_ns for the channel.



Compri sas. (We Brsefptot TﬂlﬂlllﬂgilllHHWTHMFi 'y of 20 block t oWSTRORKISHY o

variety of sizes and the $tep of s +*selecting the block token further

conprises the step of selecting a bséck token with a m ninmum si ze.
WD 99/ 56420 _ _ - _PCT/ US98/ 15439 .
- 33 - 114. THeemethdddaccovddnggtrocdrimmiy Wher&im (e step

of selecting the block token further conprises the step of . . I eview ng
bl ock t okeametiood hfuthén ¢®mBri$¢ﬁgtb6pg€§3y°§n§°FWéng a pduraddty @g\n '
topology. 5 _ 5. The_ met hod accordin %g Cl%%%;B erein the
step h¥ocke| tokéeng fn@nh@@nEbGBPP§e§°FﬁBSSPEg Y i a bl ock

t oken that has a | ongest Iength in a seﬁnent direction,if two bl ock

tokens havestabhishing thet fhanpel; furthey compgises the ste€p ©f ) \pioqg
of managing a failure on

t opol o8y, th;xqgatmogkdwg%ggsﬁpgi%%gah;,,%?,U$chter sl Glagode dual ring

providing a first
dynam ¢ synchronous transfer node 15 ring topology having a first node,
second node and a third node, the first ring topology using tine

division nultiplexigg mpe HRvhdd AccaRAAiny td'1din daiviRthd N Ochéme
cycles that are _ o
method further comprises the step of providing a plurality of
block tokens having a variety of sizes and the step of
10 selecting the block token further comprises the step of

: selecting a block token with a minimum size.

- 13. The method according to claim 12 wherein the
step of selecting the block token further comprises the step
15 of reviewing block tokens on both the first ring topology and

the second ring topology.

14. The method according to claim 12 wherein the
- step of selecting further comprises the step of selecting a
20 ' block token that has a longest length in a segment direction

if two block tokens have an areal size that is identical.

a



di vi dabl e -into t| rre sl um"' I"LI"" Il””mpol ogy bei ng adapt ed to
transnit™ fr IR in"a Yir'st %iBer *direction; POTAIS9B(1A%2

second dynam c synchronous transfer node ring topology havi ng t he
-first node and the second node in <odfon with the first ring topology,
the second ring topol ogy WO 99/ 56420

PCT/ US98/ 15439 15. The method according to clgim 10 wheggil,xpg %pt ed”

to transmt franmes only in a second fiber di_rectiqn  that, pposite
the first meftdoddifuadiesn,comprises the skeBcefngekermining B@t%@@h t he
first node and the second node on_t he second ring topology; and 5
transntttl#@aPWﬁdrmm§Qﬂ§$r?Qﬁ9ﬁ§sﬂ¥R§f$¥%thﬁé ure. second node to the
third node on the second ring topol ogy. 7. The net hod
according to claim6 wherein the met hod further conprises the step of

lret ode on the 18- %:%ﬁ&ett%% #EpSraipe’ Lol 15 LA Bl
rans 10 MEE A ARy HH S hS (Rurener TEORALI LG REle BB o2 %t B Y
second node Qi i falfﬁfétméééﬁbéoffleﬂ¥ channel extends over the

first failure.

10 17. The method according to claim 16 wherein the
- step of transmitting further comprises the step of terminating

the channel.

-18. A method of héndling a failure on a dynamic
15 synchronous transfer mode dual ring topology, comprising the
steps of:
providing a first.dynamic synchronous transfer mode
ring topology having atfirét node, a second node and a third
node, the first ring topology using time division'multiplexing
20 having a capacity that-issdividéd_into time cycles that are

- dividable into time slots,_the.first topology being adapted to



9. A method of handli I ' dynani ¢ " synchr on r
node duat riVWg9%/8{4¢ ogd Iﬂmwullﬁl!muul 20 steps of: y BEnIshakals

providing a first dynam c synchronous transfer node ring topol ogy
having a first .node, a second node and & ¥%hiTd WD 99/ 56420

PCT/ US98/ 15439 : 3 £ node, the first
ring topolo@Fanﬁmkftﬁﬁﬂ?Qﬁ\HQ&XNF?ﬂﬂt#*F%&l%ﬁber ixg6! hana capaC|ty t-hat

di vi.ded hat d
(Trst 'topol ogy bel FaYiIM 3 rectna sypaite FPRRRebbRs HErRaE nddl
di t di h 3 d
i gt opol dnohdAmRLeE 1 vLed el “EREFY 388 Chfig “Yhe ERRRHA ”@?mé‘% wi th
the first rin Hgﬁf,lyq]?yt%é NP1 P8C P | £0pb288) 0%ne secBﬁan&ﬁﬁaW-ltdgy

transmt fr secon fection that I's dpposite the

first fj ber di rf%&a&ﬁle a0 trans Jétgﬁ{‘ &4 Ngn fhhsh ERiconiae figjaseen the

first n de second n the flrs ring topol ogy;

detect1ng 3584 1;al':lll#elé)eéﬁfsglfgetﬁérfir@@dglﬁﬁé airedtivmecond node
ond T1ng

on the sec ng topo transmtting information in tine
slots fromthe fi rsaetéétlﬁgds Forkheraetape Between the ffirHt mode and

t opol ogy; and ransmtting information in tine slots fromthe
: the second node on the second ring topology;
detecting a second failure between the second node
10 and the third node on the second ring topology; and
- transmitting information in time slots from the third

node to the first node on the second ring topology.

19. The method according to claim 18 wherein the
15 method further comprises the steps of detecting the first
failure further comprises the step of transmitting a first

‘failure message.

20. The.method according to claim 18 wherein the
20 'method-further compriées the -steps of detecting the second
failure further compfises.the step of trapsmitting a second

- failure message.



second node to the first. node on the second ring topology

10. The -met W§X99%6429r ding to claim9 wherein the 20 nethod fﬂ?T’I‘(’é?s'ls“g
conprises the steps of establishing a ch?nng bet ween the first node
and the second node on the first rlng opol ogy and providing tokens

for the channel. WO 99/ 56420 : o
PCT/ US98/ 15439 . 36 _ 11. - The
nmet hod according to claim10 wherein the nmet hod further conprises the
step of formng a plurality of bl ock tokens from contiguous tokens and
the step of establishing the chtngel fuggher conprises the step of 5

sel ecting a n assodiat ed w t h3Mme annel . 12. The
met hod accor a|n1%$§lﬁgf~' hod further conprises the
step of providing a plurali ‘ ‘ Vi i

sizes and the step of 10
step of sel ecting a hFogk '
13. The met hod accordli ng i 712 wherein the \ stepl_of selecting the
bl ock token further cOmpriseg step 15 of reviewN\yg bNock tokens on
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t he second ring topol ogy. 14. The method according to claim
12 wherei n WfR99/56420 st ep of sel ect | ng further conprises the sPERU§P8/15439
selecting a 20 block token that has_.a Iongest Iength in a segment

direction if two bl ock tokens h&ve’an™areal size that is identical.
WD 99/ 56420 -PCT/ US98/ 15439 _

- 37 - 15. The nethod according to claim 10 wherein the -. ~
met hod further conprises the step of determining if ‘the channel '
extends across the first failure. 5 ~16. The met hod according
to claim15 wherein the step of A-RLng further conprises the step
of transmitting Slof ¢hannel fa+Ture message i ~he channel extends over
t he first falle 10 17. The netd according to claim
16 wherein the step of trfansmtting further conphi ses the step of

term nating t he chgnnel .
failure on a dynamc 1%
conprising the

18. A nefhod of handling a

al ring topol ogy,
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steps of: . . providing a first dynam c synchronous transfer node
ring topol ogWOorPUsE43 a first node, a second node and a third PCTUSREHESY: he
first ring topology using tine divisi%n Zul%jplexing 20 having a capacity
that is divided into time cycles that "ar dividable into tinme slots,

the first topol ogy being adapted to . PCT/ US98/ 15439 WO .

99/ 56420 : - 38 - transnit frames onty in

a first fiber direction; _prdGidinq a second dynam ¢ synchronous
'pst nodg, and the second node

e _seco el ri ng topology 5

Yecond Ti¥er - direction that

>0 3 first
3econd ring
% second node

transfer i ng topol ogyp havi ng t
in cgﬁgaxghtESthe first ri to-ol.}:Q

bei ng adapted to transmt ane
is opposite the first fiber;Eyfér

failure between the f3rst n
t opol ogy; detecling a 2
10 and the thirdl@lode on the secp ring topol ogy;
transmtting i nf ¥t on i i 0 fromthe third
first node on the secpnd ri
according to cl aim218} wherei
of detecting the firs

5 met hod f g her iSes the steps
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failure further conprises the step of transmtting a first failure-
message.- WO 99/56420 20. The nethod according to clai m 18 REEASO$134A2

20 method further conprises the step% of d%t ecting the second failure
further conprises the step of transmtti r{g a second failure nessage.




