WO 03/ 009544 PCT/ US02/ 22237 BUS PROTOCOL BACKGROUND [0001] Field: [0002]
The subject matter disclosed herein relates to communi cation systens. In 5
parti cul awp osloessgubj ect matter disclosed herein rel ates t®cxarseeed2eati on
systens for transmtting data anong nodes. [0003] Information: [0004]
Communi cation infrastructures are typically deployed to neet requirenments
for providing communi cati on serBUS®RQTOGCO&E or nore subscribers or users.

Such io n infrastructures are typically designed to neet one or
nor e Iev?@k%@ to subscribers within cost constraints. Such
constrai roe01qr e typieklal |y determined by the availability of affordable
conponent d subsystens to build the conmu cation. infrastructure.
0008] - AdORBTS: § ng TUEHAGR heer B et PEeb AR PP e afPh i o meet 15

addi tI50na}iartrcamuItﬁﬁﬁ@@ét&natﬁﬂd;s@dﬁ@béran rﬂﬁxmmbmamnmandnmystaﬁt fodct ures may be
expanded to ser ve additio subscri bers or users. Al so, conmunication

i nfrast r JEDYREWS AR ageng § aded to nmeet nore demandi ng service

r equi remggigs)t o supﬁ@rmab@{s or users by incorporating newy available
conmponents or subsystems. |n nodifying an exjsting communication
infrastrudé®de to t““é‘ﬁ%ﬂ?“d@féﬁ%ﬂ“&‘f&? arg @@tﬁa‘l)éﬂ%lﬁ@d 1 RgAt Eequigeeiesire to

20 upgra I t t S cost
o oct i Ve B N e eMor N o THE

FI GURES 2®mjnp@dsliorNofiastiugtiires arg temienllydpsigned dumedt vae enrpegigvelnfseryicet he
present 1, (NGLEQAN. willid bosPEorIEARE! ORH BhdRintsSLHBRER, deferhfiBa bplHeow ng

figures, Wi e reference nuner ke parts throughout
t he var i aivaildbilgy oesfoaddbesompoiratswing subspeans tb ddild tﬂl@@@ﬁmutﬁp@l@ne 1 shows a
schemati c, f)f a _communi cation system which conprises a plurality of
comuni caf & HSes coupl ed together by comuni cati on channels. 30 [0008]

Figure 2 @bes)s a saRerdfiigconfmumicatiominfragatiuemaydeenaitfoaitdimeet t o t he
enbodi rrent sho in Fi

Gat a. EhardOn SERTeBGT rgr S EPTBR S G e e g
serve additional subscribers or users. Also, communication infrastructures may be
upgraded to meet more demanding service requirements to subscribers or users by
incorporating newly available components or subsystems. In modifying an existing
communication infrastructure to meet such additional requirements, there is a desire to

20  upgrade or exapand existing communication infrastructures cost effectively while building

on legacy systems.

BRIEF DESCRIPTION OF THE FIGURES

25 [0006] Non-limiting and non-exhaustive embodiments of the present invention
will be described with reference to the following figures, wherein like reference numerals
refer to like parts throughout the various figures unless otherwise specified.
[0007] Figure 1 shows a schematic of a communication system which comprises a
plurality of communication nodes coupled together by communication channels.

30 [0008] Figure 2 shows a schematic of a communication node according to the
embodiment shown in Figure 1 in which communication channels comprise a data channel

and a control channel.



[ 0009] Figure 3 shows a schematic of a system for managi ng conmuni cation
traffic in a communi cati on node according to an enbodi nent of the

comuni cawpDe/ossge shown in Figure 2. [0010] Figure 4 sheag/usoyzzanati c of
a packet director according to an 5 enbodi nent of the system shown in
Figure 3. [0011] Figure 5 shows a schematic of a nessage transfer signaling
system 408t di ng Figurad shomboalsohematicaff aﬁmmﬁsmmgmﬂnﬁwmf@ure 3.

DETAI LED CRI.P r ationto
"one e moDﬁ%Htapg%%p%QtlJn%%ég%pcg% r@,t@%&nﬂ&qrﬁggggﬂ%gé §m?€9i%ﬁ Ie)%efure

st ruct ur ahover indhigrea2t eri stic described in connection with the enbodi nent

e ooncL U0l 2 R RO SRaRk TR Rl fiRCRE ERGHng B eI o Thus, the

appear an ase "Inone e odi nment in
varioys phibodimehtufobpysw shéwisindfigee 8. cation are not necessarily all
referrin the s 5, enbod Fur t her td ul ar features,
st ruct ur gg&ﬂb cha'?%rteérspg‘fvf %%clh?‘Fﬁé}'C of @ MeSyRgt chf%r ﬂlggﬁgg rrn?)r e enbodi nents.
[0013] " laa@iréihg asanrepftotintdt sfahdwgstemrshowen mtRiguré 8 structure for perform ng
one or nore |ogical operations. For exanple, logic may conprise circuitry
whi ch provi des one or nore output signals based upon one or nore input

signal s. SuchpHTAOWHD BESERIPDION | se a 20 finite state nmachi ne which
circuitry which

receives a digital input and proyides |taI .

provi Hes [BHE] or nn?\%fe%?ﬁ%ﬂtﬁﬁ)“%llﬂ”b{(?ts SchgﬁcéF‘% OP%%L\Eﬂ‘ilg’ée“fo °Toffe or nore
anal og i nEtHhdiplcPah&ins hSOpart BB FealiiBy] SBRBIE, i0F EhaPAcREBESIR bR ircui try in
conbi nation with nachine-executable instructions stored in a menory.

However , congssdomyish theemibgdimentdsisrlidedin atleasth epe areodimntef thapressfbyi de” | ogi ¢
and e”boqh{éggﬁ 'ﬂ{&s ttﬂ@a@%ﬁﬁﬁc& of tH Gifthde O fh ong %m%(ﬁm@ﬁ’ct’ of taflchddinihese

respects as referred to herein relates to circuitry
for trangmvaridus glada;ttbroummgrspmfma@@rsare Fomeesgspnipl al regrringtta thsyamerny

transmt datg bep YR Shlerh oren L ﬁ&%ﬁ@?ggﬁ@ ngxgal%mo?eﬂr@v@{]asmgrb@l devi ce.

However , |s 1 ey ef'y'a I ment s esent
i nventi orcoaibmedmOdeionmtowbmtmdtntﬁnss respect. 30 [0015] A "cormuni cation node"

as referr o hergin.rel ates Lopd.struct u vi ng data
froma sdﬁ&c"i or t Oeghsr?ﬂetffrﬁeg t%la?rgntr%l%e“ ﬁg&uretfosréé%tt?ﬁﬂ lfé\&;nc:e()()?nﬁrﬁ)lrrl| cation
net wor k. lbgicd)dperaticrpFer, examplermglmmagtompnsn@daumyawhlkbpmms d&ta received in

: data t rn?grg r(?ut%ﬁtl s?é]nafs%hged’upgn (()jnaeto?rrporeclix(lg&t) lgnals nél%hsélc%gtyltcr)? mta}C/) cc‘;Jl d iRal! nation in

20 finite state machine which receives a digital input and provides a digital output, or
circuitry which provides one or more analog output signals in response to one or more
analog input signals. Also, logic may comprise processing circuitry in combination with
machine-executable instructions stored in a memory. However, these are merely
examples of structures which may provide logic and embodiments of the present invention

25  are not limited in these respects.
[0014] A “data bus” as referred to herein relates to circuitry for transmitting data
between devices. For example, a data bus may transmit data between a host processing
system and a peripheral device. However, this is merely an example and embodiments of
the present invention are not limited in this respect.

30 [0015] A “communication node” as referred to herein relates to a structure or
system for receiving data from a source, or transmitting data to a destination ina

communication network. In one example, a communication node may forward data

received in a data transmission (e.g., a data packet) from a source to a destination in a
2



2 WD 03/009544 PCT/ US02/ 22237 conmuni cation network according to
destination information in the received data. A first comunication node

i n a backWwors/emaruni cati on infrastructure nmay recei ve datatiusomens7 f or war d
data to a second comuni cation node. Alternatively, the first comrunication
node may receive data fromor forward data to edge devices or |ocations on
an edge Zommtunization idowerk eccordilgte destinationgnformationamihk eeseivtd dats ofvifitfhi cat i on

e o oA ols H 2 bEuRe S8R LANE Mt QRURRE P lec ATk EHob " LIS

respects onmuni cat I on erein relates to
a struct wréorivard daraansmdondi edram petatier nodeo Myliemat wly, dire firsichemniunication

communi cati,on ne i ess i t|o hannel " referred to
herein rdl°d¢ glgyfe(gelé{e g%?’rﬁﬂ"ﬂloé (a)rﬁ dgﬁgﬁgggé%‘% (N Orcgtﬁogiﬁlo A g toward a
comury cafetvaditk. NHOWeeF mlﬁesaaxdaﬁeaelﬁmampms of\n cSmguieission aodemndi cat i on channel
as referred to her«}aln relates to (ghgumc }l on ch nnel to transmt data

away f r orfM2POdiEHFRES A gﬁtplr‘ifﬁmh’bv&gt“f"oa\ﬂ%? 5 ?‘fﬁtr‘?SB?‘lc "However, these are

nerely exgom]es of Al‘Ganh@asicalde cREels as e h‘@élhwatélshala@&héiuram
enbodi nent s of the present inyention are not limted t hese respects. 15

[0017] A trapgipisdaig Hﬁ‘ﬂ’ﬁ?’b‘é’f’]“ﬁ)‘f’i““@ﬂ%%s in acomgpunication ReRvrisy éP n"P¥fhtes to a

St ruct ur &onfnfuntdafdtséahnelitdsdefeRedtd MBRIn relafes & S@mmhifcati@fitiahrent bet ween or
anong commruni cati on nodes in a conmuni cation network. Such a data

commuil carangnit daa fnard pegmmpHeadian podedEmya datk SRUES- AOnefitScat i on nodes
accor di ngco&r{?mﬁ'négﬁ&ﬁcfﬁm'r%ﬁé@t@ hBfefi PRRL to FImmENANEH Ehanel €At &

communi cation channel nmay transmt data to or froman application 20
associ at Gdammtt data afvpy fomasamminicatianddniovard aestingtien ndO¥Y St CHE i on node.

However fé/% %ﬁpl@gﬁgeﬁgnf% lc@mﬂ[lm@atgﬁtcﬁanﬁggmn%ﬁln%ﬁtsm%n el and

enbodi m&*n'f1 tron are not limted in this respect.
[0018] Ap esamtmmelntxoﬂnaﬂmeﬂlfmim in thesrrespdcts.o herein relates to a structure to

tr ansm t c@hﬁ!at us ?La‘f%iataft r%mau ﬁgmﬂ%n%@l ’ aQFéfé}%q?% ﬁcﬁ!eniﬁtéé.lags 81 sahdh ity of one

or ni cat d&s o transm t ata conmuni cati on
Channel Oﬂbtlfaﬂsnﬂudm@fntsuﬂ)cﬁtmfwsewlce mqunrermxemtwe&mlamngcmnda@aaommy conpri se

commands and control informatipn exa such st a f{a may

i ndi cat e %Prﬁie%ﬂﬂlal"PWUchatﬂ)an?‘ ﬁ“o?léc c?odﬁ%ﬂfngglf‘ ‘lC%thonncg' en§’ %)’pé?ng@mrd dat a

froma sogifeth@nabamanidsdni ndoddsiadtordifg & dasiiwmnsinidation gratosolmilyr al so

indicate an ability of one or nore cormunlé;atl on_.nodes to urgport one or
QAR

more ser viXeBIPTo? Ay ERMEBRRIFAtON cliagel ey trpsiubdaly to onfiom ap ag s of a
contrg) channgly anfa flsadddsin@daBion node to a second communication node. However,

this is merely an example of a data communication channel and embodiments of the
present invention are not limited in this respect.
[0018] A “control channel” as referred to herein relates to a structure to transmit
“status data” to a communication node relating an ability of one or more communication
25  nodes to transmit data in a data communication channel or to support a service
requirement. Such status data may comprise commands and control information. For
example, such status data may indicate an ability of one or more communication nodes to
forward data from a source toward a destination. Also, such status data may also indicate
an ability of one or more communication nodes to support one or more service
30 requirements. However these are merely examples of a control channel and status data,
and embodiments of the present invention are not limited in this respect.
[0019] An “adjacent communication node” as referred to herein relates to a

communication node coupled directly to a first communication node through a
3



and enbodi nents of the present invention are not limted in this respect.
[0019] An "adjacent comruni cation node" as referred to herein relates to a
conmuni cawioa/onasde coupled directly to a first comuni cat ipem/usogie228hr ough a
3 WO 03/009544 PCT/ US02/ 22237 communi cati on channel w thout any

i nternedi ate communi cati on node. For exanple, a conmunication node may
transmt cameahratieshage! whhodghy iatcondinthéaaninstionaedse For exagple. 1dj acent
conmruni cati on node w.thou . ' TEssadsn

i nter rredicé?f“@‘u&fmn'}og%maﬁ%raﬁs%géﬁlags@%gﬁhr?ﬂ%@ i's ne?zgpé/mglﬁ@ﬂ& e of an
adj acent adfacend oomimiitiadtioo modroditheanfbreartiog threlatagnassage Heoyghe@sent i nvention are

not limted in.this respect.. [00201 A ."¢co i i Lhensi on" as
referred lf’fﬁmPFgfaé‘i ??"P’é‘fnéctaggn ?%jea%%ggﬁr"r??lts i?so'ﬁygl ag%;rzéenf)%? ?tgahglﬁﬁ l;"')JEEet ween or
anong € OrgsHn uaakiieindde dedsembvdimenanofiiie peastntonventiet asondt. linfred iethanpl e,

comuni cati on channel s may coupl e conmuni cati on nodes in a 10 conmuni cation
net wor k S&WRt hat the positions of the communication nodes nay be

model ed/ i ggzyi fi edAiRommbGAAtRBIpaM dinarkdhnad efeaydtodrrdiefcadsngat hree or nore
di rensions. The rel ative position of tw conmmuni cat.i on nodes nay then be

defi ned Ifefiition aEarelatinshin begveen GhaM IR OB AR RRUA R C ST MR Y hnel s i n

the coor difalR Bykiple, AfERIHae dhanrik]sGRLTBAOHIE dbhMONIEAIDR nodky it 4 ansmi t dat a
to an adj acent conmunication 15 node through a comuni cati on channel in a

commuifl caaomarnsation eRtYerkshehrfhat thepasitipas fthe compunicatiof noges P i tted from a

sour ce pomqqdﬁ@éﬁitiﬁgd RO reQaRc RRh ORI AU IRATTHEY & MIrOBinlasdensby
traversing multiple conmunication channels in different conmmunication path
di mensi oriEhe rblethevisition hf &vojcomprainispijongiedesdapighen kerdefinedymlingtcat i on pat h

di mensi on and eaﬁ%%%ifgrggt&ﬁre% m ﬁic%&%ﬁ%fneis@{@l@%j)&@inﬁé@ys’ﬂb‘?ﬁ. limted 20 in

t hese res'B%pcPtm.g refly, an enbodi nent of the present invention
rel ates tAcwrdiygy, aromnuinicatiinTode mhy transmitrdatattp agadizpeat cRMHNEICEHMuNI cat i on

nodes. A first communi cation . J : -pDlurality of
adj acéht RRTIAYER A T isah i i Rt @3%%% @g‘té@ﬁﬁslcﬁbde may receive a
dat a tranaadissiain daanpdyi itngsmittekbBom nadironcoasswidatioreebdgite hdestivaionnd 25

conmmuni cation node. T first. co i cation nod . I status data
from one %ﬂ*“mwaéo'éﬁ?gg’éﬁﬁav?fﬁlﬂgrﬁ‘% tPBTURELY Cﬁﬁ%}édﬁggﬁ%‘ﬁt rol channel
coupl ed bgime&iicatibe pith BEdensi6RIMMEVOL, tiois ety anekatmple ddj acent

comuni cati on node where the statys data . . L
communication path dimension and emLLodlments of the present invention are not limited

20  inthese respect.
[0021] Briefly, an embodiment of the present invention relates to a system and
method of transmitting data among communication nodes. A first communication node
may be coupled to a plurality of adjacent communication nodes. The first communication
node may receive a data transmission comprising a destination associated with a second

»s  communication node. The first communication node may receive status data from one or
more adjacent communication nodes through a control channel coupled between the first
communication node and the adjacent communication node where the status data
comprises status information for at least the adjacent node. A communication node
adjacent to the first communication node may be selected to forward the received data to a

30  destination based upon the status data received from the adjacent communication nodes.

However, this is merely an example embodiment and other embodiments are not limited in

this respect.



conprises status information for at |east the adjacent node. A

communi cation node adjacent to the first communi cati on node nay be

sel ected wo wooawsasd the received data to a 30 desti nati on Poasesd2/eqeen t he
status data received fromthe adjacent comruni cati on nodes. However, this
is nerely an exanpl e enbodi nent and ot her enbodi nments are not l[imted in
this resdeex2] 4 WXigar0Ghousia mmwswz/azmwnnc{t@mzzs]terw@;wh@omprsmws a

schemati ¢, of i
conmuni cavrei sEGRIMBHGRL oSy Shmatblepler GO R ARSB cRHECLL Y 57
addi tion aﬁdltlbﬁtd'l:@lrrg@ﬂml&ﬂtotme omomradjlamneccmﬂplac@nbn cmmﬂ,maclat ion nodes 2,

each communi cat.i. on nma coupl e nor e ot her edge
comuni caCIMEHREatin1eg gmag ke Fou Pe%t or %)?Sloré ?thgr e% Omm'fm? g‘ﬁn area networ ks
(MANs)s, \Metiorias stah amefdn/exdnq:le bbc)ll,tanl awaaietvmrlae(l\/n@ﬂs/)mids afeh ABl9prksser ver

farns or rvers wn t he Accordi n an

enbodi merft Aﬂ%ﬁtlgc Va Bﬁwg’fr}‘émi% %‘%i"ef fagﬂ‘? &h Q}Ioé%ﬁﬁ{fﬁfsg'ﬁ @chwrg odg]?e 2 to a
desti nat ilixe. adcading by cidouiiekt, tifta mag be aarcoired fiontdny@omimdatthnr ect | y
coupled to the edge network. Each i cation.node 2 onprise a
Fobri o GR0ER CrbSSiRarer SRS P PBG TR EUURm PR G e hor sy st erms.
However, crobﬁts&toaeﬁ@edg@h&l}v)érkeXﬁ@lp&ﬁl&numatl&OM\bdemrﬁz{ydbﬁﬂbﬂk@ﬂfaﬁﬁm&k cation
nodes may be coupl to edge devices or networks ~and enbodi nents of the

pr esett |%ﬂ@@h?4pébi“‘é@rsef°rrf‘@ﬂe I Oquﬁ‘& tepthensysisms. HRRpKCEt these grsongrelpgxamples

conmmuni cajiygR m&d&u&e@%&ﬁxﬁml%ho&@hﬁy%@c&@}ea% Bk deABYWRh&RbLIKGN node 2
through one or nore comuni cation channels coupl1ng adj acent

conmuni canid gmbodigenip gty presemhivMentionpisHE initetin HAMRSEL 4 coupl es adj acent
communi ¢ a[g%ir?iu nodeg, 4 bRAnfARRK® rIoG@z aASniSda®lto Qhy &ﬁ&&o?ﬁ{u‘ﬁﬁ:@{bﬁ he

adj acent ni cation nodes I n a nication path dinmension. In the
i 11 ustr atrede 2 thyouphroe ot mexa@hmmnmtmn@amngmcemlmg@ma@nh@wnmwmmt dat a

petues og%s“-frﬁacﬁ SFHOAiER SRl ROUER %u&eg | Qb Bk @Ahofds 2 b0 di rections

in eit z communi cat mensit on as shown in Figure 1.
20 I\/bdel |dngble&xehraﬁmmm afabta batweoidthe ZdjaEHB.C(m‘UﬂDB‘lldaaW myglesima f aces, accordi ng

to an enbodi nent., egch face p t and out ni cation
whi ch yi eqoﬂgn‘g’i‘?t'onc‘@ﬂhﬂm%sé% (Ti Ylﬁ’l p‘ésgr?ﬁegﬁlggg&ll ng’rer?g TE un,lcagﬂ% a cubic

nodel of dhbghet® May fhisatil dam lrodes adﬁcenmt)npmmwadm adliels 2 insvadirectonsoni cat i on
channel s coupl ed adj acent comruni cati.on. nod n. additi

Si ddit | %nal:l riwunl cation
pat h di néW§|dHﬁ%“°§§Jl9H"t & AnfoY. Op% SHBIENICHRRG tﬁ E%ft"iS'(S’H pHPR g% nsi ons i n
the Xy Y¥oddlilg ¥ZchRb@m@gichtdnGode Dhs 4 dide hodgesx fadds, dcordigrts an of cubes
embodiment, each face may provide input and output communication which yields six
communication directions. Alternatively, such a cubic model of the communication nodes
2 may provide additional communication channels coupled adjacent communication nodes
in additional communication path dimensions such as, for example, communication path
25  dimensions in the Xy, yz and xz planes (e.g., on the “edges™ or “corners” of cubes
representing the communication nodes 2). However, these are merely examples of how
adjacent communication nodes may be coupled by communication channels for the
transmission of data in communication path dimensions and embodiments of the present
invention are not limited in these respects.
30  [0024] The aforementioned cubic model of a communication node may be generalized to
a polyhedron model having more than six faces where each face of a communication node
may be coupled to a face of an adjacent communication node to provide an input and

output communication channels. Additionally, each “edge” or “corner” of such a
5



representing the comuni cati on nodes 2). However, these are nerely exanpl es
of how adjacent communi cati on nodes nmay be coupl ed by comruni cation
channel s Woro3fbgs44 t ransm ssi on of data in comuni cati on p&Ch/usone37 ons and
enbodi nents of the present invention are not limted in these respects. 30
[ 0024] The aforenenti oned cubic nodel of a communicati on node may be

gener al i petyhedson mapbfr sveled dmamasige br ¢oaner ataradiasent kammyiigatfondede. ier e each

ace of anSARBHALAAN WAL orBh HRe ARk B4Ad A8 fn fadth Adleacen

cormuni cati on node 1o provi an 1 nput out put conmuni cati on channel s.
Addi t i onah h yaticaavde ot wgéwldometwodf, n@h comfnugiggipnaioge MEy B34l DOGEHY a

PC.T/ uso2/ p%gi%gl’lgr se@t?c%rymlge %Q%Wc p&e&gé‘ p]b%g trhffic %m%%ﬂ%ax%’éulgn%eg%n rﬁzg

adj acent “‘cormmuni cat i on I ment conprl ses
pol yhedr ohnnrhndedtexﬂthumghTﬂmmamm arodeldwidemetavonkathraighvthdellocatedor | dwi de

net wor k, each commun e. b t ttic Iar section
of the ge88P‘é‘6}Sff‘té0““ 9%%&‘"6%{?&'5‘5?‘? a1 i gﬁ‘afn%g@laoafﬁgw Cgmfn un%ﬁhonn €¢tion may 5
t hen be rx@ayttfedieplbydalUQb nﬁthmwx&tdr&mﬂddeiemetwm«drﬂwnﬁedmehmf thephesaiagh t he

all ocated communi cq However, this is nerely an exanple of how
comuni cal'E“i’CBHO'h%IB%t g"b@'sdﬁsﬁf?%yed in a nationw de or worldw de network

and enboqpemnt s of Atdeadifg @98 RIbodiMeRNA conm@i@tib®hodei2thdyeebnkmit iias 1 espect .
[ 0025] According . to an enbodinent, %%ﬁnﬁum cation node 2 may éﬁnsmt dat a

t
10 t olflar oY a%%qsf”?*?é‘f’i’ BQI“‘BB‘F%WP oy royghin 'ct%%&@ﬁmawa%m nod

comuni ¢ adyitARsniGHe ddta oY% cbmAnAFhtidn RehndP4 A aQBmMENUGREIBH PadiPdimersigthannel 4 in
a communi Cati on path dinension. The adjacent comruni cation node 2 may then

forward tThe adigsest %mwcaflﬁ@n%s?tmw&b‘?rbﬂ?rwvééﬁhﬁﬁﬁfiaé%wweﬁsﬁ@atzonon a
subsequent,, ﬁ&mwtrq]%@hé Qiansgmaﬁlen&oﬁahmaamech§m4 Rbng @ik bike gnt

communi catl on path di mensions. forwardi ng comuni Tation node 2 may 15
sel ect orth;ffm%nt&Olpmunlaéltlomwatbfdlmwmh|B@tfpmr@wwlwlt’r@nqd@ﬂ\mm t he data

to a Fsubsglg&e b of %@{J?gﬁn}f C&QMA&‘?xtch%elgg%fzo?@Qd% M tUQtst',ldseciulaﬁt dat a

reaches t est comuni cation no However, this merely an
exanpl e cikijab@m/cd)mmurdeatiannaqe and so bn el ietdatadeachesahaidsstinatian i on conmmuni cat i on

node throu interme i.c n of the
present i ] g}%‘{’i% ' Og M m@a 'S%érgﬁlag Q’%gejn ?ee@%w‘;g?%g% Be,SAccor ding to
enbodi ITEﬁfansrﬁltted)m’mﬂ%tﬂﬁtwmdfbnﬂmd‘ﬂ!caﬂommde(Ilﬂ'm][g’nl 1stemhendga|teccdmnurmahmct a

communi cati.on gha nel 4 to forward data to ) ation communi cati on node
based updiRIEsH@ ﬁ(?g?‘ﬁ?}ﬁ'?tf P&)e BrFsei“hF’é?rﬁ}QH PE"8 (':'Bﬁ‘iﬂlﬂ g]:‘sarteisrgﬁt nodes 2 to
forwagd tibgeflat a According to embodiment, a communication node 2 may comprise logic to
select a communication channel 4 to forward data to a destination communication node
based upon the availability of intermediate communication nodes 2 to forward the data
toward the destination in one or more communication path dimensions, or an ability to
support a service requirement associated with the data. For example, a communication
25  node 2 may receive status information indicating that an adjacent communication node 2
is inoperable or incapable of forwarding the data toward the destination communication
node in one or more communication path dimensions, or is incapable of supporting one or
more service requirements associated with the data. The forwarding communication node
may then select from other adjacent communication nodes to forward the data. In other
30 embodiments, in addition to having status information indicating the availability of an
adjacent communication node to forward the data, a forwarding communication node 2
may also have status information indicating the availability of other, non-adjacent

communication nodes to forward the data toward the destination communication node or
6



toward the destination in one or nore comuni cation path di nensions, or an
ability to support a service requirenent associated with the data. For
exanpl e, wWoO®anmsmi cati on 25 node 2 may recei ve status i nf @CFaSODZR237

i ndi cating that an adjacent comunication node 2 is inoperable or

i ncapabl e of forwarding the data toward the destination communication node
in one orto moeta seoipsueuiramen asspeinted siithwhesdatin Baseskuppos thisie EFARIS. f supporting

e oni c ABrAAL ARl S ARUR SIRPROMRLR dohllhAdiR fal @ The | orwarcl ng

communi cati on ma en sel ect ot her adj acent communi cation nodes
t o f or warcdmirtueicaticnachanngl Hroferwagbthe missueromers, the destieption cCOMMERYCHIRNI ng st at us
i nformation ingi cating. I Ll j A%yypi cati on node
to forvvarnagef %’eguocgt% as,Elgglo%g'r% \ngg:dgﬁg%%dﬁ%ﬁ%%@?%ﬁ%ﬁgﬁgﬁg&mnﬁy al so have
st at us i rforovandathe data tatle datinatign toremanieatioalodd ¢na noihinomheymbenoh- adj acent

comuni cati o des.to forward the dat.a towar he I (el

comuni cﬁ?%ﬂed&gﬁvélrdd?g 181%%7 GOIEAA BT %Zﬁﬁ\%ﬁvﬁ?%ti %5%%6%5 servi ce
requi r emeRhAmpissetoat 2fdrwirdilg tdnendtdtasion Badeeshyuploer anfhijgcannf or mat i on, a

f orwar di ng conmuni cati on. node can .sel ec n.adjacent conmmuni cation node and
communi ¢ é‘gWBWnl?ﬁtéWe p f%f%f%e}r%ﬁg 4o #é@%%&%“’?%&é‘%"& S?altllés 'Btlé’rsni’ 4498t i on
communi cahil embsdsent2of the!pidscht Bedrtioh kremoniyitdaein idseepetpon, for exanple a
shortest expected til;ns,to Srﬂ%&rward the data to thg estinatipn

commuli ce{f“?ﬁh nodelndhe Wusratadsmbediet e spmmupisaian 0qdes & AfRTEASE 10t er medi at e
conmuni a4 b Arre @St Ny hiree toBMENiadtdN FEth AirkensRXEOY 08 z@hd flel a

forwardi ng communi cation node may sel ect an adjacent conpuni cation node to

ay S
for forweeamgicasannodsmay Beassesiaied Bith psYEardrs (SfterancoPiingie it Y-on, and

enmbodi rrenlt).sﬂg: alB6rdRHaRSSHEm Ay @BhpNR aftlofigin @l (0 0,70) (&8, ddtrelgdnging @fReCt . 10
[0027] In"the illustratéd enbodi nent, the communi cation nodes 2 are

ar r anged 4 ‘sorer” sommgnigaticamgenerherethoerprdipestpgyduve dimegneioatues? teat h

di mensi ong X n n : Wof- 2! i Re4ea9spci ated with a
corr e?po%g‘?aﬁg %aﬁ?‘&é%’a%“go@?g?wgt&% {x, bg?lmeg??é}gﬂgrﬁ%%gog?égi nate system may
conpri se apposite iegdsronatco(@on @,codrylings.pgir (e.g 08 firstgromnainiagtion rdde aq(0y ¥.gd ner "

communi cati,on node) where the c di have §f values (0 to
o SR SO AS SRIp E B AA
communi cabb@imatqdesmy b¢ dircophpasipted bg adsmomnigatporvhomeld gobtidi that e pai r
(e.g., a first, comuni cation node, at 590, z d e nﬁ/ ni cation
node at (CXW,“”}?E‘O'&‘)O%W@WQPE’/OSQ% & A4 'W?fﬁ toao%c?natﬂ%r' %cc ?)(())rgg‘ig a@gm;;i r) may
be di sectdopnfiditali@thdays A opuInieride atal aansatiedunedireétlohe tiatert he
communi cati on nodes_ 2 at omoosi te ends ar gd'hacent [0.0ne anot her .
Accor di ngpc}pperg{g&qu of an intermediate communication node 2. However, this is merely an
example of how communication nodes on opposite ends of a network may communication
directly independently of an intermediate communication node and embodiments of the
present invention are not limited in this respect.
25 [0028] Figure 2 shows a schematic of a communication node 102 according to the
embodiment shown in Figure 1 in which each communication channel 104 comprises a
data communication channel 110 and a control channel 112. Each of the communication
channels 104 enable communication to an adjacent communication node in two directions
along one of three communication path dimensions x, y or z. In the illustrated
30 embodiment, each data communication channel 110 and control channel 112 comprise an
ingress communication channel to receive data from an adjacent communication node and

an egress communication channel to transmit data to an adjacent communication node.

The data communication channels 110 may transmit data between adjacent
7



20 conmuni cati on nodes at opposite ends may transmt data directly to one
anot her independently of an internedi ate conmuni cati on node 2. However,
this is nwoaBywomas exanpl e of how conmuni cati on nodes on @ppasor/e22snds of a
network may comruni cation directly independently of an internedi ate
comuni cati on node and enbodi ments of the present invention are not
linmited icomphvnisatianspdesto be forjvadedio aRleginatiorpcantnomication sedsrahe eonyypl a

CO”m”" c hhr%@ls’l??%a%%nsﬂﬁ?%&géﬁﬁnx{fg ften?een @59?;996155‘?1@% ?&QWmHEatE igure 1in

ch each communi cati on channe rses a conmuni cati on
c han nel hicﬁmpla,chnavmahtlnt)od)f anh anmete cimewnEataxm oflestth forweridataitcat i on channel s

104 enfablﬁjgstma 10n crg)lmcn?‘l}nllc% 0%nt mﬂ%c?lp&at r%EQWe'E!' ﬁ%t (!: 8rn mcr)]r%%?thCQtaEu\QD

directio one 0 &e "o ni cation K P hERSiCONS X, or z. In
the ilsl us:harm*ekadla(iheeafdnmhmmnbn naeiad 2 day sclmaﬂatammamumuatmhamt-l 1]1![10 and

control ¢ nel se..an .S co n channel to receive
dat a frorﬁ%”’%ﬁﬁf'ﬁ%éﬁ? mﬂ(@%‘f‘?%‘ﬂgﬂ%a r giééfergommnl cation
channel tcomiuaieation nodat Howevea thigdjnieenhn mmplemfmawlamtmmde:auonmwe dat a
comruni cation channel s.110 ymay transmt. data bet adj acent 7 WO

03/ 009547 EIITRGEAS 2970 U BHATG FTEATT EAOR BB STD FIal BBt o

dest i nat|,mnﬁ@{mnbamlte@mmmpea{he control channels 112 nay transmt
status channel s bet ween comruni cati on nodes to . indicate, for —exanple, an

avai | Bbi 1109291 of onéhefoMmicatRshanrelsi0i aray comaLEse 3y Bt def¥edlat a to a

dest i nat ifpRsFQIFHAEGRLE PRILBRESor BarSH, w@?a &%E@af@&ﬁh\’s@n@n%dﬂﬂﬁ or nore of
the status 5 channels 112, tRe comunicati on node 102 may sel ect a data

comuni cdtaclbporemurension ehapnelmeny cPBPYES Adiinels Bedivm Pomaltiplsgrediaioi on _
communi Caf} Gkt 88991 GG Wo 3 AGIASHan oSO LERRLAARARN HOWGver, T hi S

is nerely an exa how a conmunication node may conmunicate with an
adj acent dimensioni émon@mmémnhdmtlmﬁﬁmmsn@fa mayerpyidsdadataj nvention are

not Iy m tc%gln{unlcgpér%chaﬁ%mefbtand%Qntﬁoqgl?a%hel-ll_hf’ Epe%ﬁ)to}jfﬂﬁl achannel's 104 may

conpri’se an transm ssion nmedi uns 1 nc ng, for exanple,
copper orcomptunccaﬂnortmﬂm&hi(klsnmon&adwmata Eavhurcatinuchaoag! il bharshrenmell nmay

conpr ' S€ ﬁﬁ%gﬂ gﬁg ggmxlgﬁ n!%rbsgléssgp ggedlumm?l-%r g‘xa{[ 0ple Eheadnéngoﬁlgu% cgtldnn either of

two dire comruni Ca I mension. I n one
enbodi nerdhann@i Bitiana ortfohcianhe 3 il Dmayrbeliiae nmwpﬂnxed/mdhae tdnenatat a 15

communi cati on. channel 110 and trol channel - her enbodi nent, a
communi céfqnﬂﬂls%?fh'ﬁﬁ‘gl'mié‘gte%g}ve yoﬂfi diagaéogmd'altcgw& ﬁ?ﬂfﬁﬁ@@ lnnel 110 and
contrfl  channel 112 may be multiplexed to concurrently occupy the transmission medium.
However, these are merely examples of how a data channel and control channel may be
implemented and embodiments of the present invention are not limited in these respects.
[0030] Also, respective ingress channel of a data communication channel 110 and
control channel 112 of a communication channel 104 may be provided on a first
25  transmission medium while respective egress channels of the data communication channel
110 and control channel 112 may be provided on a second transmission medium distinct
from the first transmission medium. Alternatively, the ingress and egress channels of a
data communication channel 110 or control channel 112 may be multiplexed in a common
transmission medium. However, these are merely examples of how ingress and egress
30  channels of either a data channel or control channel, and embodiments of the present
invention are not limited in this respect.
[0031] Figure 3 shows a schematic of a system 200 for managing communication

traffic in a communication node according to an embodiment of the communication node
8



channel 112 in common transm ssion nmedium For exanple, the data

communi cation channel 110 and control channel 112 may be tinme nul tipl exed
i n the cowommg/ooesaansm ssion nmedium Alternatively, the dataTamopemstTati on
channel 110 and control 20 channel 112 may be nultiplexed to concurrently
occupy the transm ssion nmedium However, these are nerely exanpl es of how
a data cHaaskdwreindigon?.r blthcilasired embpdinent, pmpitisaldransndisaerimediisdi ment s of
the present .invention are n i j S Al so,
respect i VEOYIHS B MINAALS" %%’mlaells g%lggt(‘:&]g%%gegﬂ& gﬁ]q@ﬁﬁal?lartllgp L@%gmajmd control
channel Xki2adpcest commmiitiomtiodes (obtahomeh). Each crmyminécapiorochiadied 26hmay f i r st 25
transm ssi on nedi um whil e respective egr a

conmuni c PRI AHAR S and f‘(irﬁssé:ﬂﬁm(‘:lg'ﬁ téoglcq%rﬁlgﬁ%)g?a%ﬁ%gg ?r%{‘/)&baép“g? g‘\j}{l ded on a
seconds t reaAg6N ch&ineninAedintmidhtidni pathtdiménsgom tHoevetdry this i$ menelranssarople medi um

Alternatively, the jngress and eqress . channels of .a data communication
channel 1f O%POE'HWPPBW%HC%WEIWY%E CRERICHR 2 O mUpicaca Olgfhanéi comon
t ransni sSipadimaislomNheipsemenventidiesenarieniee irethis respearpl es of how i ngress and

egress 30 channels_of either data.chapnel or cq ol. ch |, and
enbodi ner®®2f  t he TR B8k 200;a150 SAPPTHKS 8‘&8 ‘Wo?tpqﬁqf{éhcqaﬂ“e?ﬁﬁg respect.

[0031] Figuped & shB@Wmore RIEORETREIKS otdevite B BWRAD DdtDimay B @gismited
communi cation traffic in a comuni cati on node a,ccogcg‘%grg) t}(i)%)gan enmbodi nent

of theo cdminesneacdgsd/Mefmanel 31 4wndrny/adiseess 2omirtnigasen o ug @ hown in

Figure 2. . \n dh&bd Lastdi &f G ot HRREmRRtatiARKAREIsQ84. 1K ABRNse&bPN Medi um
provi des six communi cation channels 204 between the present conmunication

node and ubodautinaderrdge BRrehminelail bromisise an pitisel convw catieBpdieB Avfuni cat i on
channel ZtQ%S%ngn cPa'iaOt\)/eI't\ge%n oEr%u?\ﬁ:ﬁti%FrQ)gﬁ Of EHS e HRTRHIIEr ieNcshannel for

each of a annel and a contr annel 1m a conmuni cation path
di mensi onHowiones ids is nidnélg an examplesdfhowredgeeatpdrss orgleviiesmaremmingaici on

channel s be coupled to a.co ni i de;.204d; odiineofs of the
presefht i %‘iﬁf%‘ﬁ“‘&?@oﬂ 8?‘% E}nﬁiepg}g% Ilnrell%gl h{: tgg P%gepglgt : '[088%3'] li’ﬁg syst em 200
al so conpthissespecdge i nput/output (I/O channels 214 coupled to one or nore
edge networks or devices notf Shom%g’g D\%tea rr%%e rpe§w(gr[(%p§nrrei gé ?ﬁ i 0 between
an edge | P& PhannePasmay ARV SFoma sles JPV et SR SA' Fod8" Thr ough a data
conmuni Cagrapftl 8 NARNES folh oPita pckdth@hich areua be foiwatedthanogingti®04. 1 n t he
illustrated enbodinent, the edge I/C}? hannel s 213 0 i n gptical
communi cadsseRteevithpRoFSF CO“E"P'.'&‘H%"%‘P‘E £e g%Hal ‘g’taorgf"x}\}%e ﬁ??r}qgirgg MR‘?"E gt i on node
and the eslge,Net UMLK Bre@ andifViséRfited fiber function 222 may comprise logic to decrypt

the received data packets if a decryption key is available. Otherwise, the data packet may

be forwarded to a fabric interface memory 224 for forwarding on an egress data channel of

a communication channel 204. In the illustrated embodiment, data packets may be

forwarded through the fabric interface 220 to a communication node based upon an IP

25 address and/or an address identifying a destination communication node. The fiber

functions 222 may comprise logic to associate a destination name in a data packet with a

destination IP address to be appended to the data packet received from an edge device or

edge network with information identifying a destination communication node. The data

packet may then be forwarded to fabric memory 224 before being forwarded to a

30  destination.
[0034] According to an embodiment, the fabric interface 220 may select an
adjacent communication node and associated communication channel 204 to transmit data

to a destination through a data communication channel. For example, the fabric interface
9



However, this is merely an exanpl e of how edge networks or devices may
comuni cate 15 with a comuni cati on node and enbodi nents of the present

i nventi orwares/onwi4 | i mted in this respect. [0033] Data negrarsoz/wye3from an
edge device or edge network at an edge I/ O channel 214 in the form of data
packets which are to be forwarded to a destination associated wi th another
comuni caRiamyroneriseSuabriciatket dizextintestieat a data eatymuni¢adon banad(to 20 214 may be
encrypt ed. and assocjated fi i ise logic to

decr ypt dfPﬂ’\éa“? garc}%fe\%’&eddg?%mbea%fﬁgESJ%%? fda&hggnce%t“ iq%%n {/Egllqts avai | abl e.

O her wi seominimicdasranddac késb, tirafabrib padkerdivactdeay engprisalogicdo forvandfda@e nenory

224 for forwardi ng.on an eqgress .data channel uni i channel
Soa. Tn tREecn o i esh duf SR RRRoR sfPREDE: o cofnGRTIILERhAB CIENTE
the fabrig ahadjedcheemmdikation fode oman Birestdaaromenigichimnetannpbof azacdn® 25

address and/ or  an addre jdentifying a destinatipn.comuni cati on node. The
fiber fUBIREHSLSD aﬁ%f‘j%%%ﬂ%weé'é’fhdg‘is@efe %{B%E‘ipgtoéggwaesti nati on name in

a data pagkfiuntiatibh Rode@RS1stBAh ajadent @ti@s@tibonde tafopesrd@satoa t he dat a
packet received from an edge device qr edge neh,v\nrg,wihth i nf ormati on

i dent i fyidegtingtigeand srzhod BRenE O HASAFSERLIBNENHRIRES NOFAEN RIS SERREt nay t hen be
forwarded[objsaf abr i gheBIRE YackediRabomsy Leicnafhoiag 8gessidataa 30 desti nati on.
[ 0034] According to an enbodi nent, the fabric interface 220 may sel ect an

adj acént wommmdation Fheanel efiedaimehanad 364 basedunog etHiigimabian seelvetkl 204 to

transm t ?ﬁrﬂ% e Hn@reﬁil'%?ésis foPEhah MY RniitiRatSTeRSt0408ughannel . For
exanpl e, e fabric imerface 9 WD 03/009544 PCT/US02/ 22237 220 may

conpri se sathsipfirmatiaoket ineliides fr example, dhe availability af epe O6ARIFI cati on channel to
forward data receiyv t > ; an adj acent
ndnicagon g%leg EoWZ@?%%to. R %%E@% &{?Q BIRRHR 2dhil o

comuni catlon hode. ric E) ~director may conprise logic to
forward detairenfeatassacizdedowittathe datg packst. Jét fabeio pakal digetoviher briashel of a first
conmuni caj i on channel , 204 5

dat a &d ﬁ‘i"?fglt“lg S%rem cgfmngt t())agé’j“dﬂI @%gjag gfﬂ%&teg 95%%’? iof":‘zhto.b?’rbr mgﬁxeggtean egress

secon onmruni cat1 on chann 4. However,
this i s ngnghyhicios Kedekereath ahlewiratiorcanmmumictaon owlen ddternatimelys sdcbct  an

ebod; merfSom ARt BERH 0T sapae © arer ST S Bl
[0035] Thgatf BbhicgreRadhismielstif et @lir dbbrynumehe@t noded. OTheditdic pgcleydies®rdat a to
O G O e et formardg tarca: é: hacnorr]nenhun%c%ﬁonbcahséﬁr(ljel g;?sgc? usgnaz}n%i écpefdor mat i on
recei ved may then select a forwarding egress data p p
20  delay to arrive at the destination communication node. However, these are merely
examples of how a fabric packet director may select one of a plurality of egress data
communication channels to forward a message and embodiments of the present invention
are not limited in this respect.
[0036] The system 200 comprises a local processor 218 to perform local
25  processing tasks such as, for example, handling exceptions, executing network processing
functions (e.g., controlling routing of data packets among fiber functions 222 according to
a network policy), and accessing local databases. The system 200 may also be coupled to
an external processor (not shown) through a hublink 230 to a data bus (not shown). The
external processor may provide commands to the local processor 218 through a control
30 interface to implement one or more network policies. However, this is merely an example

of how a system may employ a local processor and external processor to control how data

is transmitted in a network, and embodiments of the present invention are not limited in

this respect.
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fromone or nore ingress control channels of the comunication channels
204. Such status information may include, for exanple, the availability of
one or nowe 03oesmuni cati on nodes to forward data to a desPCRASODZR28T an
ability to nmeet a service requirenent associated with the data packet. The
fabric packet director then select a 15 forwardi ng egress data channel
based updno3f) expethesysiemRAdO furdier tampsises datd meemenidingine (OMEIAfhiccat i on
nodes to rea a dest | i i ! t i uch

tatus. i VO Ak Psemay Bpg e RN Rk, PE R PHCINERmad ed del ays
i n forwarstiragne ctatiae data pokets ebshateanhetenbifiedrad tianunited toerdatimpea® i on nodes.

The fabri C jrectof f r.di e s data
comuni cd‘gl?‘graﬁhelélﬁ&lﬁ?gp "Bagsdg{?yl%%%'ﬁ}dgﬁ%é‘gg#eﬁ; %ﬁ%@ggée@?ség%%lea(%ﬁie at the
dest i nat i gaBket RSN of adlated dnopreketbiobeverer, thihsseerey en erampleyo hexadyt es of how
a fabric packet director. ma | ect one of | ur al i (o] [ess data
cormuni c a3k MK BR FFETPOTrly T%Fagc}rgu%rer%oscgséw‘ %gﬁ)crfu%eﬁ%ofta%(”r%éﬁdgg%f t he present
i nvent i onges@aBoMaid dmbsidingetsiof thepraent édpetidn arg A 3i6lited nethisyssper 200 conpri ses
a local processor 218 to gerfor m.| ocal 25 F%.essi%g ga?ks S th as, for
exanpl e, 8311 i ng &easdr@mackebaraysal AP HBIUAR BPECR 8% (NG UFURH ons
(e.9-, confol @bdihMtbn'sQeH dsH e@fc Rdkcd (R EhRtg @FRBYr ddshtitioh bnai tdps 222

according fo a network policy), and accessing local datahases. The system
200 may aketworskcanplp e Edge I/éﬁehéwteé?ﬁ‘aﬁn ﬁ%%%%%w ?%18 O%ﬂgm through a

hubl i nk Zggmﬁaﬁtgaepgl?gtﬁhé’&'ﬁa £0MdirahO WM dncrybkisn k%ﬁé%hdiﬁ%@QE&&@é may provide

comrands processor 218 through a control 30 interface to
i npl enent destimtion. Hthe fibertfuwstiRn PR3 qaonas gssosidigdheaeceivepatavdthdaeddey an exanpl e

of how ahi%ﬁt gim% N&dess rﬂ% ﬁyeré%r{cggr?in%%ﬁ)@a% th@lgka S&b@fﬂ@kin@ RECH/RFSOr to

contr ol IS transm I'n a’'network, and enbodinents of the
present i maemitiaonessage torht Idckliroasskor 2l 8 to dquest e dgeratinatiog ofydetnahio544

PCT/ US02/ 22237 0371 The f r 165682 GesH@kidn MOVenent
engi né> ( es%ZEllet%ca Pr&g%ss%f:%%fgkgg]élégggar%ﬁlgﬁr%emr R Tobe forwarded to a
dest i nat i gidiresd be®MnAicer ivfyrmatiboinghadata packetindécativgt of aglagtivetien. ifii ch are to

be conbined and transm.tted to dest i nation. 226 may del ay
f or war di nﬂ‘cBﬁéie%ﬁ“a‘i‘ﬁS’rgdﬁéﬁ‘éloﬁéts‘ié?eglc’?%p@ﬁ%sﬁ‘?rez %@!ea g}enép%g%t anal ysi s of
rel at ed dadsanding kedrsss thimeraceived i1 i theDNE i 226 axddnigibte the how a dat a

packet may be tenporarily stored for future pracessin fore being
f or war dedtrasmission @6 the daeipaskebindg d@ﬁﬁ‘é@ﬁ"r?é?ﬁcgte@fw'ﬁ’ﬁﬁe mpgg@ﬁtag@rﬁ% ntion are

not ligit %3§]n t hi §, fRSARERted embodiment, a data packet may be forwarded to

destinations according a destination address in the data packet. Accordingly, fiber
functions 214, DME 226 or fabric interface 220 may access and maintain databases
associating destination éddress with other information in a data packet which is indicative
of a destination. Thus, if a data packet without a destination address is to be forwarded to

25 adestination, a fiber function 214, DME 226, local processor 218 or fabric interface 220
may other information in the data packet with a destination address, append the destination
address to the data packet, and initiate the transmission of the data packet toward the
destination.
[0040] Upon associating a destination address to be appended to a data packet in

30 the DME 226 as discussed above, the local processor 218 may transmit one or more
messages to update data in the fiber function 222 (for forwarding data to the destination at
the located destination address), or update data in the fabric memory 224 (for forwarding

data received from adjacent communication nodes to edge networks or devices coupled to
11



[ 00381 When a data packet arrives at a communi cati on node to be forwarded
to an edge destination such as an edge device (e.g., an edge device or

dest i nat iwp oom0®m edge 1o network) coupled to an Edge |/ ®Cthsonzd23214, an
associ ated fiber function 222 may attenpt to encrypt the data according to
an encryption ke correzs;&c))ndi ng] to the edge destination. If the fiber

f unct i on thoBdged{thehanpasdid)-alf éhetlpeal proeespar Sd%ﬁsalo‘;/\ho@%e axh ededinatigdst i nat i on
addr ess, afdhéssflh%rmbm% 't@lo%ﬁro&?ﬁor‘cﬁg%&gﬁ%rp%e%{e%ai b @tgighe 226 and

transnmt a nessage to | ocal processor to request a determ nation of
a desti neatdabrbu;slﬁsuahiwr%eg@ dathws) Q:sélabllqkr%@e(sslmtlfszm dnaylattldneﬁddlsﬁeealféﬂlﬁ DDR
nmenory 2 r t t4on in the
data pac Jkrg%e atg? b g@%lbﬂgdl csﬂ'g ?iﬁgtﬁllﬁ%%aa%?%swwﬁh% ngFna{ IF}n {Sig‘[%nthé;ddr ess i s
| ocat ed, lb@épﬂooﬂzssdrr 238 ovg spdate thd BDRe/ 6twiththagdystmaion hédresd gwniimiaate e addr ess
tother V, 6and ni.tiat transm ssi on
of the data 5’§gf£?&fto for‘%met{] % ?’gﬁé %gts'%a(%:if”éf]ccar ngttﬂ tl}eh(geStgﬁp%nnded addr ess.
20 [0039]adtinessr,hmiu;jdhtleslauaarttbdﬁbmfmthtinmmZorandﬂtfaabrmauﬂn&try payfobe forwarded to

dest i [ d [ d th ket .
Accor o ngr e digars PREEreERY BT CRRSShERS Pty T ERRPREce 220 may

access ar]ﬂodwdontaamat ld@teatbaasﬁnanas sddresafthe\@edl sdcessad 2 18Mmaadahanisawi t h ot her

information in a g%]? gag m:l% |dS|nd|cat|ve of a destination. Thus, if
a dat¥ pd&%&geﬁﬁ 'thﬁ lca“%r f PALPibERdcasH mEsageon @l comMuBICEIaNFBapnels o5 o
desti nat i208 to Rleitifh @dedtiAEdni ddresldsoctadd wathGhe de@@aéd data0 CRERAmicddéh or fabric
interface 220 may other information in the data packet with a destination

addr ess, t@sﬁéﬁ@l\t%thaégomiwa&m%wge 51y thea Queny tfteﬁéewaqtae gageidsticesfid initiate
the tran%@g@%@&k@tm& Uéﬁ&anmsclfﬁous@wdésdn@@on Aarkd mg‘& bORwd @01 Upon
associ at i a destination address to ended to a acket in 30
the DVE Zpek esheilosdl sesessorabi@y dhe topad PFQ§é$§PF Baeaydhesrappag thﬁa dresgiesmit one or
nor e rwar di ng

dat a o ft ﬁ@@%@%&%ﬁkﬁ@fﬁﬁg@% e%tzrgdtlé}clig &ué#%;&lkagﬁ t%i%? ess§n Bgr updat e
data in t2Hé ﬂllabfunctlmveZiZ@rayd chbtic Qiﬁmpryfliﬂ\ﬁa‘rfdiurﬁgdatmm@t prcessimgds f r om adj acent
conmuni cag. (510‘i es to edge networks or devices coupled to 11 WO 03/ 009544
PCT/ US02/%%3%% 83 e Edge |1/ O channels 214). If the |ocal processor 218 does
not Iocat[90451q1ch a Egstelmowmschadatroe:s“s packet dieecODBOR4c6ordingdo drocal pr ocessor

bus) or L RIERoa S RRAP R TR S et Al B T2t e r aceived

dat a. 20UpaRmineRaNOMghasietdB 18 itespledatd liffersidr Eash buffers ihaagmbiataial

rocessor, the
P one or more transmit queues for data packets to be forwarded to an adjacent

communication node on an egress channel of a data communication channel 310 coupled
to an adjacent communication node. Each buffer 312 may also maintain one or more
receive queues for data messages to be forwarded to a transmit queue of another data

25 communication channel 310 or to an edge device or network through an I/O channel.
[0042] The packet director 300 comprises a processor 314 for each data
communication channel 310. In the illustrated embodiment, each processor 314 is
associated with an ingress channel of a data channel 310 and comprises logic to forward
data packets from the ingress channel to an egress channel of another data channel 310.

30  For example, a processor 314 may examine a header of a data packet in a receive queue of
a buffer 312 to determine how the received data packet is to be forwarded. Upon
evaluating data in the header, the processor 314 may select an egress channel of a data

communication channel 310 based upon rules or data packet forwarding criteria. The
12



5 local processor 218 may update the DDR 216 with the destination address
then initiate the DME engine 226 to forward the data to the destination
accor di ngwoe3pbs44est i nati on address, and update data in rhe/dsobz3function
222 or in the fabric nmenory 224 for forwarding data packets received in
the future as di scussed above. If the external processor cannot |ocate the
dest i nat i pocesshd B Bsmay thbe fdreard pogticocefshareader andvpaylaad gfithwirecelyed datgressage to

the fabric interface . t LIGaki on
channel s Pt <CtoPEEARE Py S GLATRE R IRTRAORAT oftcs TR

recei ved gladed in Osamsmitiqoatei afthe assodiated beffaidl? fig tiahenivioadeasdjateessage nay
then query their .respectiv d I . e ks through 1/0O
channel s.yoln}mulnbcﬁmﬂ n dﬁghra‘égglttlﬁen% ‘;’lc%ﬁ\éggg(?né@émﬁ%%gBlé%(g)l\rlﬁmg'r ded back to the

| ocal {propesgor 213ccortiag koomadmbpdinces s aansdiiGquesy/oftafest dappend the address to

15 the dat f ing to.a destjnatj d, update.data in th
DOR momor iR Sebee o RLErbrs 998 Pt Locrarory BNy e

packet pre&ReSsinges@shanth] sfassast dboommun@add chergls B). 4 plocsssordl$chemat i ¢ of
a packet director, 300 acc(ﬁr ding to.an rrbocfl'é nt %f t he ﬁ%/stem 200 shown
in Fi gur eassociaedopithuihe seegpq dala gommugrcation any m%@h ELHPEANTHREAS s 310 i s
coupl ed t&tagpat%ke‘tﬁr% Fhén offfaGT hemdren 130l IR Yirfb@ cahMunieRn@harier € transmit
gueues for data pacﬁets to be forwarded to an_adjacent communication node

on anlegr&dds efamrdace dre raceived data paskatin dgiragsmit AuNReMeaMiolinl ed to an

adj acent BEQM??@HS%%OQ% thEREn DL QImrddicalBY clith S 3MWinay dorfin@Ne OF Nor e
recei ve queues for data nessages to be forward 0 a transm.t queue of

dt .
anot her dfereardiBg daiamankeie &e ptber desArBRIs31Q Hpr chss%rr? ldageciaiedivge ¥ net wor k
t hrough aﬁrélléfgf oaETAl ati(()jna%}QlQﬁQk 10T Bgy ﬁ’i@i?ﬁ&ffy Qierp?(%iﬁﬁr BAQs&RAREIWERS A

processor or eac a conmmuni cation channel 310. In the illustrated
embodi nenthe seachdair crwssueatian dhansel 35& when the steredidata pagke| Mg kesrstrigydnnel of a

data chan grlﬁ ﬁlgeljt%rg;nrgerggrgeﬁ& §1€d§qﬂl}c@9 '019 thg?raﬁs%i el ofdl ﬁrsE@a@%ﬁfalﬁneﬁ.r om t he

ingress c an egress channe anot her data channel 310. 3o For
exanmpl e, ROMJOCeSSAccEithgnmyn entaxdinmat, thelreomtesorsc¥l 4 magigbmppsedhgie ti n a recei ve

queue of a buffer 312 to determ ne hg he receive is to be
f or war ded‘.’al'%tﬁﬁa‘:i@@é?cﬁa'ﬁ?ﬂ‘barbﬂg%?sﬁ a'ﬂ"ﬁﬁoﬁ;%gg%F?mTH%ga;Sgg%@@%%@tm may

sel ect angeghesdicaBamdsicy @bdea CRaY ncludediimiin makdt OIf tich@R@ éd th8 i@a based upon
rul es or data packet forwarding.criteria. The 12 WD 03/ 00954lﬁann Lo

PCT/ US02/ pasefjs ngyvalidated e packetlinoctoragy Frmi A RSSHeT PORLSRYS £ " Hddder and

payl 03¢ OfhelhlfigicehEERin@Hcafidh Rode that transmitted the packet to have the data packet

resent. If a packet is validated, the packet director may transmit an acknowledgement on
an egress channel to the adjacent communication node so that the adjacent communication
node may delete the data packet from memory. However, this is merely an example of
how a communication node may validate a CRC on a received data packet and

25 embodiments of the present invention are not limited in this respect.
[0045] Figure 5 shows a schematic of a message transfer signaling system 400
according to an embodiment of the system 200 shown in Figure 3. Each of a plurality of
control channels 410 may comprise an ingress channel for receiving status data from
adjacent communication nodes and an egress channel for transmitting status data to

30 adjacent communication nodes. In the illustrated embodiment, processors 414 may collect
process status data received from adjacent communication nodes on ingress channels of
the control channels 310. Additionally, the processors 414 may perform the function of

the processors 314 in the fabric packet director 300 described above with reference to
13



packet to a forwarding processor 314 associated wth the sel ected egress
data channel and placed in a transmt queue of the associated buffer 312
for transwongsioms44 0 an adj acent communi cati on node througlTiuse2/seBect ed
data communi cation channel 310. 5 [0043] According to an enbodi nent, a
transmt queue of a first data communication channel 310 may be

t enpor ar iHigure hatlased woa thestatus datd atcgivph tRithe ewowphabennelsdddathen i ngr ess
channel qfi,2s3RCANhHALBer GRBIURIdERCh AR FREN 3 4

associ at &d V\Ilstﬁ the agecor% g%?% dg%r%mnfc(g%i’gﬁ%ﬁ%%ﬂ%ﬁ“&f@%@?é%ﬁ% store

t he receil@dhovduindigyackdo farward apeneivied date padkatto ian adiesror oponBdiiaation | t he fir st
data co i I ] | 10 310 is able to place the received data packet
in the %ﬁiﬁ%}ﬁﬁ%ﬁg@%ﬁ/@anm |l e, the processor 314 associated with the
second dd0@46¢ onmunAdatiricepmocesanthiél ma/idefinewulasdort forwaeding datagackiétng dat a packet s
to other d I 10., A proce r.314 associated with th first data
cormuni cat ?"tésﬁda%ﬂ‘%’M‘f“%ﬁﬁa“ (r:rhéli}ne{? beaﬁed?]%t% i'f f}‘"&“ﬁ’g‘ %0?18% OsbsedP\B%Tﬁmﬁg E%ci ated with
t he seconhke glateasacofifuntion ptdcessing haadess of 34t pudken réchivedbivsreidgdatdatapacket may
be retrieved 15 fromth abric . 316 and aced on the transmt queue
of Lhe 1 B ARPOT TS o7 SHAStAE TR a0t S ASEAFGOArIEHe . ¢ he

pr ocessorsgppdiderides IV AIBSvilRd pGvdtdnetwarks, dabmnacket Red)esainved on an

i ngress channel (of a dat %conquni cati on channel 310) roma cyclic

r edunfandyy™esiieelce ey be fitphligead By then extpraplpsecesses suchas, Erexamplee” dat a

packet i exRffal M\%l:és%t(@% tht BReMAG Sessdt Eple@ko MBYubIMRPIThS delcriRESAgE on an
egress channel to 20 the agjihacent communi cation node that transmtted the

packet t ovilaolranpetodiguse padive fulesrraayethen be trangmiiad kocthe processars ik iedn t he
packet dikRGLAE fF4t do'bR RSk fo@@alﬁﬁ\lé%ﬁfgﬁtpggﬁgqggéjacgﬂt cofhfifafigiendabannel to

the adj acent conmuni cation node sot acent communi cation node
may del eton egiges diat conpritkaatiof ¢ghametrenory. However, this is nerely an exanple

of haqw ni call . i i a packet
and 28 entiiTren: e InERaR BB ABbRAST e R T RART
respect. aspedrabgver witlpre togiguy J for iag ipeerttr ansf er signaling

af 0BdB}edrb ittbre&dnames todigwrd € feg .| oredrdiag remsd] f i i
system 40Q accordin o ap_enbodi pent. of the system 200 sh in Figure 3.
Ehch of By gs el BreS s e g SRy B B g r oo

channel foasedupoeitatungcatvait fiten sthidcantfcommunizdfieomdes and subjeut eathe on nodes and an
egress channel] fqr transmtting.status t o 30 adjacent copmmuni cation
modos. | RERDI Pt aRebr b SRR Sop Dl Gt Sy Emia 40 PUGRA it pr ocess
stat up dahs di@aetheeehtd pRReME B RRlded QMBLRiIHA6N MMGEREPRodeRFRERS Channel s
of the control channel s 310. Additional the processors 414 may perform

: onal | y, €SS0
the functiiiigran expesigdhdstays dbis may patail A slfidion abt fEwdiRedI2EM ect or 300
descri bed,ARRMRat¥nidddE FhRA RIAGRIZ the expected number of “hops” to the destination

communication node from the forwarding communication node. However, this is merely
an example of an extensible rule to define how data packets may be forwarded to an
25  adjacent communication node based upon status data and embodiments of the present
invention are not limited in this respect.
[0048] According to an embodiment, the processors 314 and 416 may define an
extensible language to support service classes and quality of service associated with data
packets. Data packets may comprise one or more words relating to routing, services and
30 commands. The processors 314 and 416 may interpret the words to implement a network
policy for providing video, voice or other types of services. Such an extensible language
may be implemented universally among communication nodes in a network as shown in

Figure 1.
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13 WO 03/009544 PCT/ US02/ 22237 Figure 4. Based upon the status data
received fromthe control channels 410, the processors 414 may sel ect an
egress dawe whessnel (e.g., an egress channel of a data chaamalso2/3267 shown
in Figure 4) to forward a received data packet to an adjacent communication
node toward a destination. 5 [0046] A fabric processor 416 define rules
for forwdP#lIng dat“aafp%[&l%@!f%e"wlWl@@?@%@‘ﬂ‘ﬁt“é"%@ﬁﬁﬂ‘?ﬁsé%ﬁ ‘Eﬂﬁ‘p@ﬁ%nel s based

upon a n@&%ﬂﬁ tfcaPBh bmné@mbﬁreé Emﬁ,ﬁﬁm&heﬂpm diftdhAGioRy 05 QR8 26§l fteshen
ng

processi ers of data packets recelved on an ingress data
conmuni cd:tomwﬂb referaege to Eigpres k and?.dor exampleahe minipupessible numest ghy def i ne

rules t Oh (BE tdeé?ﬁl“é&l%’%ﬁ(ﬂ% tiEkee diM@hd onayfnﬁttrlﬂ%hthﬂ{ehy ahGolf %‘6@&'6&3

e- comer ¢& V|ces a 1o network polic be established by other
ext er fhal mpy b@‘é@@msﬂesilb& ladding the diffeconagsph the Xl an Q@M‘Hﬂcaﬁp@éﬂiésor (e.g., the

external 4 LRAGRAarifid meefgr&aﬁ) ihBEortithidaflbn £l RS ilGRGRblGA i th reference

to Flgure e transmtted to the processors 414 in an
ext ensi btenrhgrigatipn tl@detie gu gedlumherqu inigrmddiag cdmmanisatidaarodes s hoptjiacent

communi cat t\gpthggglﬁéoalgﬁloggaﬁ%ﬁggﬁkﬂs C IR R RPin an&dnﬁn JALQULPOMI

Accor di n§f® pro essors 414 may torwar ta packets as
di scussedodabmpwnwIendsejnarcenm@ntcoorﬁmglurpelrdre(deegly cofipledvby @i ng to an adj acent

commup C;&I@ﬁ&mgag%ahaﬁm 1o R R 33 mqggmg&?%r#%gﬁ%g@ﬁno% noQETHRLGAL | on

chann®| us -‘recei ve cormmuni cati on nodes
and subj egdortntoré Mltl(ﬁﬂt@ﬁtﬁglﬂx%ﬂb&dl@hﬂdﬂtﬂhﬂiﬂdd Bymtahreuté &l diceciiorocessor 416.
For exanpl e,_ an _extens|ble rule ﬁ rr%lg d& ct atte tgagnQatna packets are

f or war def™aYoom NP RGP MIBINGHPL I 8RC AR AR IREES i ni i ze an

expect ed gfh@Meatibh hedd 8., &iWadd 4 n@leaeihe céridoof e netwhrk) m»étéltmgromd j acent

comruni cati on node which m nim zes the expected nunber of %‘g to the
dest i nat M8hINCHFRAGPMELRIFIPN SRNaccopRHNE KaMMYPIgRAIAT; NQaes @b PRI foh node.

However, ehbsohie mt@é lecRD 2BKAFRNVEIRE caRmaXkaRRIilBliemayinen iy dehi ne how
data packets may be forwarded to an 25 adjacent . commruni Catlpier node based

upon st atemprisathg fa‘M‘tﬁt@lﬁﬁ'&?dPﬁ%“rﬁ?@e%hopﬁ h’éo‘ﬁ?"ééé‘ﬁﬁ is MeRIBAR PHAPPEY not 1imited
|0 U1 S £ 600Gk o kRO ARSAG R0 <8 ERARCHPRBhard R R0ROFESSOr S 314 and

416 may Ine an “extensib uage to support service classes and
qual i ty déstlezemlcoenmssmna@é@aw odigtteats op the leessant iMgRtipnPECAEIIMitRdy conpri se
one or gs relating to routing, services and 30 commands. The

processors gﬁfpand 416 may interpret the words to inplenent a network
20  [0050] Also, a data packet may be transmitted from the forwarding communication

node in any of several paths to the destination communication node. However, one or
more intermediate communication node may be inoperative or unavailable to forward the
data packet in a particular one of these paths. If information indicating the inability of a
communication node to forward the data packet in a particular data path is reflected in
25 status data received at the forwarding communication node, the processor 414 of the
forwarding communication node may select an adjacent communication node capable of
forwarding the data packet in an alternative path.
[0051] According to an embodiment, the processors 414 receive status data from
adjacent communication nodes on respective ingress channels of the control channels 410.
30 The status data from any one adjacent communication node may comprise status data
regarding the ability or availability of each egress data channel to forward data packets to
a destination. Additionally, the adjacent communication node may forward status data

received from other communication nodes adjacent to the adjacent communication nodes
15



policy for providing video, voice or other types of services. Such an
extensi bl e | anguage may be inplenented universally anobng comruni cati on
nodes i n wormstwsak as shown in Figure 1. 14 WO 03/ 009544 PeCS0S02322237

[ 00491 In an enbodi ment in which the comuni cati on nodes to be coupl ed by
communi cation channel s in three conmuni cati on path dinensions x, y and z as
i | ust r at(®@- apreEENYiGaHOR Badss Emoed Fomithgressnt compynipationgodey AWpl e, t he

m ni mum Q%%'dgla%d}%%clﬁe s&%%aﬁ‘%ﬂm&%ng%%mmqm%bﬂﬂ &Qg?e’% &fea

di mensi onal matrix arithmetic. A routing distance be determ ned by
addi ng t lsbanielsoé Hharelesmpig) ecemynicafiongngdgs ré@mﬁsirfr@athp@rﬁsmt h di mensi ons
separat ngmﬁlcﬁt%me“ e § ! re&we%n AR Hr R0 ahfl§ ofE SIntrOPdhafRI
comruni cat i on node (e.g., e nunber of int I'ate comruni cati on nodes or
hops i5n %@myéfentbhéh@%mgé@mrm@sq@aﬁﬂ4dTh@fa@rn@n@yessorﬁlémaemodl ment in
whi ch co nate pair are
directl y%@%ﬁ%k%%ce&§gqﬁ4%a gl%(?gtﬁ]:f%ﬁlacﬁg%ﬁlg% I nﬁ%ﬂen ent F%/rqdof an

i nt er medichsteictiomsi(egi ddtrimediatemddes throersweavailalde® forwandbdata ardable emal rout i ng
di stance 1.ned-fr ' fromthe

f or war di %e@g%%ﬁﬁgr%éﬁfegﬂﬁﬂﬁ. I@,\'Sgﬁr}l%arﬁ1 ath’Bq? ¥ g?nm%égét (:jeﬁg.l%’(? {c;)}(r)\m n% fini"cat i on node
(e.g., toeoard chameld(ﬁ'omtadjahmt'bemﬂ\hmodtlohlnedersend\ﬂm:k)adjwmr @rﬁdnmwaoum e my

include a cation channel .cou i cati on nodes .at opposite
ends B BB En bRt o d CRVB rdlE o PR F B PPRGS i s cat | on
node nmay tlﬁrb@gh tﬁayoritﬂaﬁcfhanﬂeﬂ)sfmml srae tdmof ehamrsdls nunﬂw@ramftraﬁgme@etbaggihg)ps :
However , th i g/ &rwg g how a forward geﬁ‘gommni cation node
may sel ed? O%T“ql’(?[}la% ?tﬁﬂ’ i bmif ing datg packetsdlrpyghths BWeSnmuni cat i on node
and enbodpgmpt s of Atdbeding @S8RMbbAMERL ihe Borfof cidfheld 4 101 ofrisd dxrdshi S respect .
20 [0050] Al so, a data packet may be transmtted fromthe forwarding
conmuni cééma@hannﬁksa%fqrwaraﬁsatwatg M%Fmﬁamﬁ@ntcamﬁ@dﬁegﬂw pats gafa
commupi CatdyQidm ?H@datﬁ‘éﬁ@&ﬁé the%mtﬂrr aviiRbBin) SHREH G 8 lifa CRRAR T fRt 1 on node
may be |nopera ive or unavailable to forward the  data packet in a
parti cul @cseeommunisatinn node tedforward datg packeds fodrfleptingtiemt Adsifianally.i nabi ity of a
conmuni ¢ 1 I data path is
reflect egﬁdlllﬁ%%qggg% cérﬁéﬂé’gl é%:%lﬁ\?%ﬁ;(ﬁ}{ %h%a?‘?&s@%“?‘ ?tﬁé&%:%gnérﬁﬁl?catl on node,
the procedpent ddvmuiicatios nodes onéngtisnehapminefithcaniroehawgts 4ty Teel ect an
ad) acent GRTTRIE AL SARPRLE oflorn L LIBLALAN (MR ROPRGKET 11 an

20  to enable the selection of egress data channels for forwarding data based upon status data

regarding the availability or ability of egress data channels of non-adjacent
communication nodes to forward data packets to a destination.
[0053] In the embodiments illustrated with reference to Figures 4 and 5, a
communication node comprises six ingress and egress channels between each of six

25  corresponding adjacent communication nodes. Therefore, such a communication node
may be modeled as having a “cubic” structure as discussed above with reference to Figure
1. It should be understood that the embodiments of Figures 4 and 5 may be scaled to
communication nodes modeled as a higher order polyhedron (e.g., having more than six
faces) such that the message transfer signaling system 400 comprises more than six

30  control channels 410 and processors 414, and the packet director 300 comprises more than
six data communication channels 310, processors 314 and buffers 312. However, these

are merely examples of how a communication node may be scaled to be modeled as such a
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[ 00511 According to an enbodi nent, the processors 414 receive status data
from adjacent conmunicati on nodes on respective ingress channels of the
control cweneds4410. 30 The status data from any one adjpararsp2/22237
comuni cati on node may conprise status data regarding the ability or
availability of each egress data channel to forward data packets to a
dest i nat i dvgheperderrobhadrpy and ¢nebodimentsead theguesaitinveationate pgdamitegin thisr war d
status datg.dieceived from other comunication nodes adjacent to the

adj acent coﬁnunlcatlon nodes 15 WO 03/ 009544 PCT/ US02/ 22237 (e.g., two
comuni cat[DQﬁ‘H nodesWhderthgeschas b@ﬁmlﬂlﬁéﬁw arsbdescripodrwhatiaccpresntinode) . The

Stat s dalSndifedb 80 LATHR A (R e ANGALLD R 1o BIckddot 0
avallablllt egress data annel ree nDre conmuni Cat i ons
nodes rse rmiwzsd sl{lfl@hmttlimearpth@yemus octtwmmduﬁc@ttqn@mambdmadew@ suaklgsts daya

recei ved r . t hen be
shar ed angﬁéagﬂg&%rgﬁgggg Rﬁ%iﬁm¥ﬁeﬁﬁp%m cmgﬁggggggg %%@nﬁg¥y”£s abl i sh
how pr ocesswlificattdd meyybesiele 0 adapior paeticulan sigatén asherteMmIggoflhepleseances and
obstructions (e. Q.. Lnter t e ble to forward data
or unabl e 't n‘(‘%‘e‘githoa‘i& géeor (/t?ggmf%etﬁe ce%galsln{e)nﬁvef%mep?a SSr?br?gt%F Sh may be nmay be
derived f riherefressiig@sendad thatthe pnakencinammah sotfbredimied tethe pirticdamuni cat i on

o A HRGHA RS SR AR AT RSO £ o7

channel s 43pe of i apponidedtlaigRannel s 410 nay al so transmit debugglng
information and status information for tracking data packets through the
net wor k. [0052] According to an enbodi ment, the control channels 410
conprise egress data channels to forward status data to adjacent

comuni cati on nodes. The status data 15 may conprise data regarding the
ability or availability of each egress data channel in the present

comuni cation node to forward data packets to a destination. Additionally,
mai | boxes 418 may conprise logic and nenory to organi ze status data
received from adjacent communi cati on nodes on ingress channels of the
control channels 410. The status data in the nail boxes 418 may then be
forwarded to adj acent comruni cati on nodes 20 to enabl e the sel ection of
egress data channels for forwardi ng data based upon status data regarding
the availability or ability of egress data channels of non-adjacent

communi cation nodes to forward data packets to a destination. [0053] In the
enbodi nents illustrated with reference to Figures 4 and 5, a conmunication
node conprises six ingress and egress channel s between each of six
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25 correspondi ng adj acent communi cati on nodes. Therefore, such a

comuni cati on node nmay be nodel ed as having a "cubic" structure as

di scussedwelwemedswi th reference to Figure 1. It should beprPomdsSozetned t hat

t he enmbodi nents of Figures 4 and 5 may be scaled to comrunication nodes
nodel ed as a higher order polyhedron (e.g., having nore than six faces)
such t hat GIwIM®ssage transfer signaling system 400 conprises nore than six
30 control cha d processors 414, and the packet director 300
conprises nor ewqﬁgﬁc@iéﬁata communi cati on channel s 310, processors 314
and buffers 312. Hodewatiod cohmpeging:are nerel y exanpl es of how a conmuni cati on
node may be sc . ) . L LS02/ 22237
CLAI VB Vhat | < Er S PR 3, B Chnukiatitade Bl tabliatat o

t r ansmisssicompesinga fi¢stisatiop @macinted avith eseqvod egmmirdcatian aodes hadmitssi on 5

conprising_a_desti ,0n i W . |”8§H‘ niggation node, the
first co% mrrﬂugiac El%ﬁogg8%r§€r§sﬁ%ralapglﬁglé&n§%%?%F %ﬁ??@gxgﬁ gz‘a | aggsgt conmuni cati on
nodes; recei vi ngewingtstasusdiatadronr @oh edadenammaoeivhticomde tirosghiaconim@dde t hr ough
a control  channel | ed, bet ween the first c ication node and the

2df acent BTRGHTRER Brveruae b Farneniaet b A5G BRs et e p iR GEof f or mat t on
for at | easle,tiestagy deaidinpisiaestas indirmatiéh foeadéasnheadjaieniivde aid #an node

adj acent to the adjacent node,; .and sel ecti ng ap adj acent conmuni cati on node
to forWar deashene, g &W@Ht‘%‘aftoge aql?cﬁﬂtéﬂfﬁ?éﬁﬁe"gﬁ‘%%da'@pon the status data

recei ved from tdlectinghRe@idenCRmMinicané @e PdBSard thé reckived gmhhod of claim 1,
wherei n each of .the comrunj cati on nodes  adj aceg} 15 to the first

conmuni catifaHisHeEbasFEuReE dhrStaLys tavEF%eh"eS%’é?mdPe JasepteamMURICEHONOF i cat i on
pat h di nensions. 3. The method of claim1l, wherein the nmethod further
conprises selecting the adjacent conmunication node to forward the

recei ved data 2ranskhesrbed efeidn lupbrreiaradridierepmpnicatpniadesdjacent -
communjcaty, g PALERRRRUERholid e 3&bESEE FitRhESEHuRY 8f aRsnifiGitiofet er m ni ng

t he conmuni cati on ngﬁe associated wth the destination. 4. The nethod of
claim 3, hatrdinansidne. st at us i nformati on conprises availability information
i ndicative of an availability of one or nore comruni cation nodes 25 to
forward the data transm ssion, and wherein the nmethod further conprises
determ ni ng 3. The method of claim 1, wherein the method further comprises selecting the

adjacent communication node to forward the received data transmission based upon an
20  expected number of communication nodes between the selected adjacent node and the

determining the communication node associated with the destination.

4, The method of claim 3, wherein the status information comprises
availability information indicative of an availability of one or more communication nodes
25  to forward the data transmission, and wherein the method further comprises determining

the expected number of communication nodes based upon the availability information.

5. The method of claim 1, wherein the status information from each adjacent
communication node comprises status information of at least first and second order

30  adjacent nodes.

6. The method of claim 1, wherein the method further comprises:
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t he expected nunber of communi cati on nodes based upon the availability
information. 5. The nethod of claim1l, wherein the status information from
each adj awenB/ooase4mruni cati on node conpri ses status i nforneCirarsopg22at | east
first and second order 30 adjacent nodes. 6. The method of claim 1, wherein
the met hod further conprises: 1 WO 03/009544 PCT/US02/ 22237 receiving the
status i nf or mardceiningtthe stsus infosmation whilin fissa earomunientien hedsrrasnedshadj acent
comuni cat,j Bnhibd f; 1®hs ks b SAuRl ed bet ween
the first ggﬁﬁ%ﬁﬁ@%ﬁ%ﬁnnngdggt;dg ﬁs de%cg%?&%gﬁﬁﬁgﬁgggﬁgn node; and
formardinghuhemdanamumawdﬁwsbhﬁmh%@mwh@ﬂmekénme@d@@mﬁun|cat!on node on a
second S 11 el dblraflighfie @a farfiRl Ao tiine RLALoRELNBRID s oh h3beond

conmmruni cati on no i e conmmruni cat1 on no e : ?he met hod of

cl ai m 6, Jietdibits bhedaebusedutfied behegen tlonfpsticomsunicatimi node gndethd sebestbdast
nmessage frogma first j acent conmuni cati on node on a data 10 bus coupl ed
bet ween tﬁngWHWt“%Bﬁﬁgn|cat|on node and the adjacent conmuni cati on node;
and forwardi ng the broadcast nmessage to adjacent communi cation nodes ot her
than the first co ni ¢ of .claim 7, wherein

t he met hod fur?he %%1ﬁ%1@ﬂmnﬂgiWP%e%ﬁﬁﬁn%ﬁ¥g§8&ﬁchp%$8adcast nmessages
forwarded to aéfcaiomgta Eeudvashimesshgedrom mﬁdeaijacamcbomumma@bnn@dé oii waitali ng

recei ved hroadc ness pr evi aus) r rde acent conmuni cation
odes. 0 RS CopRmED Yo T T AT 0P O C RS G ERiEP D | <o
enqueui ng gpihe recei ved data transm ssion for formardlng t hrough an

adj acent communi cation based wupon a quality of service associated with the
dat a transni ssf@pard mthﬂbroaﬂcwwgw@#@mﬁw@nwww 8p¢eg otheigprthe o recei ve
a data trapshetiuRRat L Si ng a destination associated with a second

conmmuni cati1on node logic to receive status data fromeach of a plurality of
adj acent communi cation

15 8. The method of claim 7, wherein the method further comprises:
maintaining a record of broadcast messages forwarded to adjacent communication
nodes; and
suspending forwarding received broadcast messages previously forwarded to

adjacent communication nodes.

20
9. The method of claim 1, wherein the method further comprises enqueuing
the received data transmission for forwarding through an adjacent communication based
upon a quality of service associated with the data transmission.
25 10. A communication node comprising:

logic to receive a data transmission comprising a destination associated with a
second communication node
logic to receive status data from each of a plurality of adjacent communication
nodes through a control channel coupled to the adjacent communication node, the status
30  data comprising status information for at least the adjacent node and at least one
communication node adjacent to the adjacent node;
logic to select an adjacent communication node to forward the received data

transmission based upon the status data received from the adjacent communication nodes.
19



nodes through a control channel coupled to the adjacent comunicati on node,
the status 30 data conprising status information for at |east the adjacent
node and WO oB®aesst4 one conmuni cati on node adj acent to the a&djrarsent228nde;

| ogic to select an adjacent conmmunication node to forward the received data
transm ssi on based upon the status data received fromthe adjacent

comuni cation nodes. 19 WO 03/009544 PCT/US02/22237 11. The conmunication

0 o ot o . PEECL AR BABGLEALIOR, RRGEN 5 AURRIRGabPade iU

to each of a plurali ty 0 comuni cati commuini cati on
channel , ead*ptmnommtonaobmampbrahlme@frag;acapadnhmuméatlbn am&a‘byhl ng data 5

in one of nicati R mensigns...12. The

cormuni cat {SAiBRaldtennet SRR Bh bl A il CURIAP R SH % Pl ¢ her
conpri ses liogiecoftaplhgdliteg of canmaundmljiarc gatli dieensiotzi cat i on node to forward the
received data transm ssion to a destination based upon an expected nunber
of communi cation 10 nodes between the sel ected adjacent node and a

conmuni cati on né2le abisooimatuaitatin fode bEclaithelD Whertin@k coldaunidaBorcRydBUNI cat i on
node of cl g.lrm%lZ wherein th s information conprises availability

i nf ormatio GFYRTISGLIoF toa??%éi?/ti{ fﬁef"i GoJpryIcafian Rpde frsfopvard thegersirsd cat i on

nodes to fcdamradsnmhworaataaiestmmrﬁase@wan atdiPebER AR SMRnEAMBdRbcat i on  node
further |c to determ néaeﬁ;tnge expect ed nunber of conmmunication

nodes lBas 3’8W°?’P1 e So/s59dadiacsnt o Pr?ﬁ@f“ﬁﬁ‘catﬂ' noggasseedaterLivite®ei on node
of claim 1Qestivh@sngi N the status information from 20 each adjacent

communi cati on node conprises status information of at l|least first and
second order adjacent nodes. 15. The comruni cati on node of claim 10, the

conmmuni cati on negle fiHeldRnunkBN dodd Blaidd 2! RBdrEin iR sfa%qht}ﬁﬁm{tf&ﬁ stat us
i nformation fromeach adjacent comunicati on nodes at iIrst field of

bits of a Gemprisseavailakiptyaeformationindicd|ieecalinn avadkabilityi o ané mrmomde and logic to
forwarq t heoda ?ﬁcﬁt[oﬂ%%?@s%é%%arﬁ%etﬂ& tﬁaﬁ%rﬁg&ﬁ A aﬁé)mghe 2 %2 uniez n‘?ﬂ(jgl 2atl on

second |eId o ata bus cou tween
node and t hede fyghercomgrise fogigrié deteimome thc)dmect&ﬂ)number of communication nodes

based upon the availability information.

14.  The communication node of claim 10, wherein the status information from
20 each adjacent communication node comprises status information of at least first and

second order adjacent nodes.

15. The communication node of claim 10, the communication node further
comprising:
25 logic to receive the status information from each adjacent communication nodes at
a first field of bits of a data bus coupled to the adjacent communication node; and
logic to forward the data transmission to the selected communication mode on a
second field of bits of a data bus coupled between the first communication node and the
selected communication node.
30
16.  The communication node of claim 15, the communication node further

comprising;

20



16. The communi cati on node of claim15, the conmunication node further
conprising; 20 WO 03/009544 PCT/ US02/ 22237 logic to receive a broadcast
nmessage fworsaodsi4s st adj acent communi cati on node on a dat ®Chosozzazpt ed to

t he adj acent conmmuni cation node; and logic to forward the broadcast nessage
to adj acent conmuni cati on nodes other than the first adjacent

communi cat i on nlogis to Begive Thigadcasmeniaeafrpon fiigddjacdt corammidasion néde on

communi cat hg&a'ﬂgéj&)upfé{itmga C%WO Jﬁgatl(gnotg)'dg 3%8 maintain a record of

br oadcast nessages ftorwar ded to a j acent conmuni cation nodes; and 10 logic
to suspend for wegdithipriverd dhatmerdbrsbmdsagstto adiseag@mmuninatiousddes ptbenar ded t 0

adj acent c I ety communi cati on node of claim 10, the
SHETUR 6800 Off iR anidlfion 1R,

comuni cat1 on no nprising logic to enqueue the received data
transm §sion for forvvardl ng through an 15 adjacent conmmuni cation based

i t h d
Systom to transhrt dnrsonptaREkAbac AR Ak s Pl R ABRREIREY of

comuni cat tonprisoges, at | east one of the conmunication nodes being 20

coupled to the des |na1: to, receive data trapsm ssion at a first
corrrprunl cation ng gtto Al af']%r'ffor%g Sggle?%ﬁesff%v r‘gﬂ e a plurality of

adj acent cmmmmumbhaaddgcuﬂ;es | ogic to provide status data to the first

com‘rum catl on node from dj acent ni cati on node through a control
channel' coupl ego%‘&t‘?/\%’éﬁ’?"gﬁ%rw?% re‘i?b"ﬁﬂﬁfﬂagw §rBgssagospisyaeshafeavarded tadj acent

comuni cat hfiren@deminit@tis&d des data conprising status information for at
| east the adj acent node and at | east one comruni cati on node adjacent to the

adj acent node; and logic to select an adjacent comruni cati on node to

forward the recgl vedhdabdmuhibARds Ab&SIFRRirh 90 B AGRIMiGRbA Qcmegﬁr?l%ﬁ upon the
status data received fromthe adjacent 30 conmunication nodes
comprising logic to enqueue the received data transmission for forwarding through an

15 adjacent communication based upon a quality of service associated with the data

transmission.

19. A system to transmit data to a destination comprising:
a plurality of communication nodes, at least one of the communication nodes being
20  coupled to the destination;
logic to receive a data transmission at a first communication node, the first
communication node comprising a plurality of adjacent communication nodes;
logic to provide status data to the first communication node from each adjacent
communication node through a control channel coupled between the first communication
25 node and the adjacent communication node, the status data comprising status information
for at least the adjacent node and at least one communication node adjacent to the adjacent
node; and
logic to select an adjacent communication node to forward the received data
transmission to the destination based upon the status data received from the adjacent

30 communication nodes.

20.  The system of claim 19, wherein the first communication node is adapted

to be coupled to each of a plurality of adjacent communication nodes by a communication
21



20. The systemof claim 19, wherein the first comuni cation node is adapted
to be coupled to each of a plurality of adjacent comruni cati on nodes by a
conmuni cawioas/009%514 WO 03/ 009544 PCT/ US02/ 22237 channel , eacit/csommeat cati on
channel being capable of transmtting data in one of a plurality of

communi cation path dimensions. 21. The system of claim19, wherein the

syst em f urdhherel, cashmomseunichtign channg! Being¢apahle offeanguitiingedata iz oANA cati on node
to fOr“arﬂﬂﬁgﬁ?cﬁ?&hMﬁﬂcﬂ%ﬂgmﬁ%ﬁﬂ§ gsion to the destination based upon an
expect ed nunber of comruni cati on nodes between the sel ect ed adj acent node
and the comuni cati on node coupled to the destination. 22. The syst em of
claim 21, wheregjn t |ty
information in |cat?5%§% Bgﬁcggg??q@¥‘Qﬁﬂﬁggﬂ%ﬁﬁ%%mw%nﬁﬁﬁsl nlcatlon
nodes 10 seleruthe abjacdent chaimainica@orsnids &i fbrwaramd revhigediata riremgsseh eotheur t her
conpri ses ermne [ n nodes
based uponAef%ea%gs/g&llsF(g%éqn 4 exPec{eP g?'ﬁé i€ %m%% éaes @gtksptggnm g?el S m 19,
wher ei n t heljsst@tnude anﬂfthrrcrmtrmmmaﬁasromndeamkplaidp deelattinat@nmuni cat i on node
conprises status information of at |least first and second order adjacent
nodes. 24. The system of claim 19, wherein the first comunicati on node
further 20 compri s&ke S}lstégi of claim Qe,oﬂiev@n thb etagiik &itforenatiod confiseson f r om each
adj acent c ication .no at irst..fi bits of .a data, bus

coupt el + AIRP s S BRHOL BRI 5B DAL o el Mg £ B R PFhe dat a
transni ssi@forfnard the dfetrasinediof W eal thosysradRrtd campsRs Rl thi el d of bits
of a data bus coupl ed between the first connunlcatlon node and the 25

sel ect ed cdstRmmHIcARR Gxpertsdgyabenes °°‘T‘H’é’"§§/‘§’c“é¥?fj‘?§f asqdppR 918 aViRBYISI n t he first
communi catih,Rpmaape further conprises; logic to receive a broadcast nessage
froma first adjacent conmmunication node on 30 a data bus coupled to the
adj acent conmmuni cation node; and logic to forward the broadcast nessage to

adj acegy - commury;cat irRhs/aRMAGE AR 9, welink Bk irtSinaAGk AGR RhcrRTUA! cati on

node.
communication node comprises status information of at least first and second order

adjacent nodes.

24, The system of claim 19, wherein the first communication node further
20 comprises: '
logic to receive the status information from each adjacent communication nodes at
a first field of bits of a data bus coupled to the adjacent communication node; and
logic to forward the data transmission to the selected communication node on a
second field of bits of a data bus coupled between the first communication node and the

25  selected communication node.

25.  The system of claim 24, wherein the first communication node further
comprises;
logic to receive a broadcast message from a first adjacent communication node on
30  adata bus coupled to the adjacent communication node; and
logic to forward the broadcast message to adjacent communication nodes other

than the first adjacent communication node.
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WO 03/ 009544 PCT/ US02/ 22237 26. The system of claim 25, wherein the first
communi cation node further conprises: logic to maintain a record of

br oadcastwoessegses f orwarded to adj acent conmuni cati on nedeajsoam3d | ogic
to suspend forwardi ng recei ved broadcast nessages previously forwarded to
adj acent communi cation nodes. 27. The system of claim 19, wherein the first
comuni cation R8de &bnpsiend clajimygd.cvherrining fiesy eommunicasioninodadfutbara

transm ssiQmofids: forwardi ng through an adjacent 10 communi cation based upon

a quality of 'service associated with the data transm ssion. 23
logic to maintain a record of broadcast messages forwarded to adjacent

communication nodes; and

5 logic to suspend forwarding received broadcast messages previously forwarded to

adjacent communication nodes.

27. The system of claim 19, wherein the first communication node comprises
logic to enqueue the received data transmission for forwarding through an adjacent

10 communication based upon a quality of service associated with the data transmission.
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