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this node i fofkeL5 eeéff.é, ?c m J:rs sabifohed BOYNESH o NeSSind b N 6
stored in Nggg phifdrEdurce daamﬁe SRichl. I FRRUS, 8 s nbadabebediblé hdabddR

the link w gy Enbﬂethaﬁbmdeésa& utr& 408 of WHaR dEhgramsl e s&naﬂsmnmd%)ﬁmbsd he
best |ink i softeISMANHLE| ARHARYDSMARELE databraMe) TRE AiolsHatagrain® inbd?pdidte the appropriate
Accor di ngl Yinfoleatith feduiidediio dgdsa Banhéctiorsifuctdids in thedbddsagtolidwsnk t o node [err]. In
step 70 the processor in node [err] reads the datagram and determ nes

whet her node [err] is nomnated as a circuit node by the datagram In this

case it is noggpipted, but if not step 60 wouly gaxeat ed and t he datagram
sent to the next node as_det ermned by its LI&“{ DPhE( iéfp t he call
i denti fi%r of CAlfe IBRYBIBIER: agram |'s conpar ed Cokd # F i dentifiers of

any connecti OSOURCE MODEUABDRESS al ready st or ed SOURCEONGDE ADDRESSEach connection
structure cor ent circuit ' deed by a

uni que call @%ﬁﬁ%ﬁ ﬁ?@ ﬁﬂgﬂgéfound t hat Pﬁgeh?g? ggﬁlhpﬁer of the
BUALD da&agraﬂﬂﬁ@sﬁmﬂé‘i@w NODB ABBRESSt ep 90), SWSEINHIPE NODE ANDRERS to a
duplicate BU phaviais GoBE apbresydy received at phierous (OBECKDDRESSr natively to
a loop inthe circuirt. The node determ nes which of these two possibilities
- has occurred by Inspecting the upstreamlink in the stored con- 50 nection
structure containing the duplicate call identifier (step 120). If the
upstreanglink leads to the circuit node fromwhich the BU LD dat agram was
sent then the datagramis a duplicate BU LD and is discarded (step 140).

O herwi se the BU LD datagramis attenpting to forma loop in the circuit so
It is converted to a soft DISMAN- TLE datagram and sent back to the
previous circuit node (step 130), i.e. node [err] In the case of Figure 1.
The funo®ion of the soft DI SMANTLE datagram|s described In nore detail

bel ow, but briefly the function of this 55 datagramis to cause the
previous circuit node to make a further attenpt to establish a circuit. The
BUI LD datagramis only duplicated as a side effect of special circunstances
involving link or node failure. For exanple, suppose that node [err] has
nom nat node [err] (Figure 1) to be the next circuit node, and has sent a
BUI LD datagram via node [err]. Node [err] would have sent an acknow edgnent
to node [err] and would 7 EP 0 398 614 Bl have relayed the BU LD
datagramto node [err]. Such an acknow edgnment need not be described in
detail. Now suppose that the acknow edgreent is |ost and the |ink between
[err] and [err] falls. Node [err] has no way of know ng whether the BU LD
dat.agram was successfully transmtted or not, and so transmts another

BU LD datagram In this nanner, two copies of the same BU LD datagramwi ||
arrive at 5 node [err]. Accordingly, this possibility is catered for by
steps 120 and 140 |n the flow d| agram of F| gure 2 Returnl ng now to step 90
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inhted as a destination node by the datagram (step 100). Since it is not
nom nat ed, the upstream|link, nanel ET‘&% (#1 g4/ i Nk between node [err]and
node [err] is incorporated in the B atagram (step 40) and a connection
struc- [err] is the next circuit node and in step 60, the BU LD datagrami s
sent over the link to node [err] en-route to node [err]. In step 70, node

Eﬁrr] I det e[rr:‘i NPEME bptmgmsm?sm%onom;jnat eg atshm" OF WRRNSMIgsIONd acc?Ldi Ingl i
e algorithm s to step and sends ver elin
to node Lerr] ﬁﬁ-@}fsﬂ The al gorithmthen pr O@E%%%%&g%s 80, 90,
100,. 40 and 30TIMESLOTS FOR[DATBAGRAMode [err] det BORVCOUNT t hat the next circuit
node\rs ND. In , It finds that the route with the |east delay to
node [err is via node [err]. In step 70, the algorithm determ nes that node
[err] is not nomnated as a circuit node and accordingly the al gorithm
returns 40 stegoMOpESMANDER'DS t he BUI LD dat agr EXTENDED GOPT [HDSMANTEENOde [err ]
t hen i npl enent t 0, 90 and 100 of t a } and since it is

i ndeed t he des@@a?ﬁ%ﬂzﬁ@, sends an ACKNQ/\LQ%&EE%‘%%@agram back through
the circuit coBQIRCEi NOPENADRESS err]. The functS@mCBfNQDBi@DBES%gr amis sinply
to informthe EeajDREEs that a cir AirgBs i shed to
node [er®] so ?@T& dn?g ]tr@gnsm sgéon from nodﬁgl'g; 'di' to % IS ! can

begi n. Unl ess SURDBSTINGRTON HORE, ADDRESSor k have @ 5 q’fg 9&(

datagram wi | | pREVgOUS a0DD AOBRRSSr ough t he net WPRBVIOVS: NODE\ADBRESS path at D as
was traversed t gram Accordin I, tormsl cessary to
describe the tféﬁsﬁf&gﬁéﬁﬁg is datagram i n% Q#ngw}?me
repeserff at i onTIME SWSaF@bDMRGRA&s gi ven i n FrEia 8LOTS| BOR; OATAGRAY | deal i sed
inthat it is ggs that the links L have sydg cgifgnt capacity to enable a
circuit to be esta I shed getween node [err] and node [err] or any other
pair of sourceTpénﬁGHé'sFMﬁa TRIHE R FALSEh the network. In practice, this is
not al ways possible and accord- ingly the network provides for three types
of dismantle %@Wml y SOFT DI SMANTLE, EXTENDED SOFT DI SMANTLE and

HARD DI SMANTL The various datagrans incorporate the appropriate
30 informati GBRALLEIPBNTEPIERO process connection structures in the nodes as

L1 s o s ouy 1ot B
ADDRESS DESTINATION NODE ADDRESSSOURCE NCDE ADDRESS DESTI NATI ON NODE
ADDRESS SUBDESTINATION NODEESODRNSS! ON NODE ADDRESS SUBDESTI NATI ON NODE
ADDRESS - UBIESTI NATI ON NODE ADDRESS 40 PREVI OUS  NCDE
ADDRESS TIME OF TRANS PREVI OUS NODE ADDRESS 45 50 55 8 EP 0 398
614 81 PBFMVE OFPIRR/ASIGYE STRODATAGRAM TI VE OF TRANSM SSI ON RE- LI ST
TI MESLOTS FOR @QTWN 5 TI MESLOTS FOR DATAGRAN HOP
COUNT HOP COU SOFT DI SVANTLE EXTENDED
SOURCE SNANTLW&E%@**'"%mcﬂE@mm incorporates 4 lenng OISO HRERE APERTIRATROfet
DESTI NATI ON NODE ADDRESS 15 SUBDESTI NATI ON NODE
| NATI ON NODE ADDRESS PREVI OUS NODE ADDRESS
TRANSM SSI ON TINE OF
ol sEOR DATAGRAM TIME SLOTS FOR
DATAGRA% Hc;h@gz,bn\ngODE ADDRESS HOP COUNT TRY AGAI N FLAG
(TRUE OR FANSEDEFRARENIESIBNSMANTLE CALL | DENTI FI ER SOURCE NODE ADDRESS
TIME SLOTS FOR DATAGRAM

HOP COUNT
The call identifier, source node address and destination node address do not require any further explan-
50  ation. The subdestination node address is the address of the next node in the circuit. The time of transmission
is utilised to enable datagrams to be ignored if they have been in existence for so long that their function must
have been completed if it is ever going to be completed. The identification of the time slots for the datagram
is required by another layer of the network and need not be described in detail.
The hop count is simply the number of links traversed by the datagram since it was generated. If the hop
§5  count exceeds a predetermined limit (which must be less than or equal to the total number of nodes in the net-
work) the nodes may be programmed to ignore the datagram on the grounds that it has gotlost in the network.
The function of the BUILD datagram has already been described in detail. The function of the remaining
ACKNOWLEDGE, SOFT DISMANTLE, EXTENDED SOFT DISMANTLE and HARD DISMANTLE datagrams



30 'DESTFNATI ON: NODE ADDRESS SUBDESTI NATI ON NODE ADDRESS TI ME OF

TRANSM SSI ON 35 TIME SLOTS FOR gpiyhoshyald4HOP COUNT It will be seen that

each datagramincorporates the follow ng | nfornat i on besides an indication

of its cat- 40 egory: CALL IDENTI FI ER SOURCE NODE ADDRESS DESTI NATI O\I NODE
\

ADDRESS SUB™rE& %set ) %@%Vﬁ&ﬁ? gt ﬁeﬁ%@%?ﬁ# "‘?Smtee
trahdimir

TRANSM SSI O ; U e as an end-to-
*ng, &%Knmq%ﬁnﬁyge B 5

node addres&"
is &s-

explan- 50  at r'i §ar=

next node i gk vﬁthrtﬂe% Fres g'Co ﬁ&ﬂ%'@n’ﬁ%ﬂé& alt 1dd tifeh%@ a“ﬂe @6}% At
dat a\gfamS ! RNBRLESEES: hcad %8 ARFPACKNOWLENEE ldtliretn doRtbiniRg 4 G iehtif@iwhich
theirfuncti ggesibih g:ﬁemlmma.l iRhry@f thé sthrbd Cohn&HisH StalSturRE cduSeshGARDTHR AN
The identi f irg@doiveBedt to didifanid thEerfon&dus cifcait bding@ckhdiviadied T HisSsitlAEN bdn@RBeuP ¥ a circuit
anot her joay @kesdo 1dnf & eflipWRit the 3Biicd tAgddo s6dlip dnaaltelnstive. I ThE ACKNOWIEDSBE ldatadriif foR hp
count i s sSi fistairciitvell subssentiydte rbdeivédsant Eahe fisEditeditynutibe ddmbrigd)am si nce it was
generated. |f HtheTihamt &biresdeafors theAACKNOWEEDG Bdatagminds etaived thea thie Soufesinoddassanies
be | ess t hathatan esguimb otcorrddnThetcivtultlsetiup mibfer is dbarerbhydise Source banding & HARD DISMANTIE.
nodes may b&heSautye thamisies dgein wifnanew BUND detagramaadwitivthe AQKNGWE ERGE Titmaoit reset. Anaw
got | ost 15i n Celhidentifienigowritten intedhef Ganoaction Stryftuneand BenewBY LR datactam. When the Al

been descr i EPGE Timeputexnires angtthe Sourpendde makep anqther atiempt tp pet 4P ACIKNDER sSsoyiateddRefry
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dat agram COQﬁfﬁéléM&Bacﬁy Q«%Ldabnkfdﬁa&i it. # i HappandiRéth BUILIS 18 borRériaa heb  SOFT DISMAN-

| dentifier ir0E,&8YryAbaird M isSdettb BALSEQRAME bdtadvantib BibPalcHédbaclkahe Povidus chdaibnddb IHEVN-
TLE to be s&OFT bisMANFUEatabamidisMarties e EirEback to tHéinkighbdiring ufktrsanduicaitidadiso that i S
situati o Cadhchedael b diffbrest liok tb Cantikue 11 cirdutkes so long to set up that the
Source tries twhesetircuipnoieiregditesa SOF T DISMANTHLE thaTy\geih fidgEngpattaif iasdt ' TRUE ¢hen
first circuthe samd link evayieddadegain, go the SOETRIEMANTLE datagram {sicenveritaddd a BUILR datagram et
be di smant | digpatchéd to the @arTe dowoaineane sirsisit ede thatfwas ehosdndefo@KNINIrERGHD flda isseftaifALEE
recei ved t hthan %ﬂmeﬂdmu;ébemwen (eswWilbedescribad below) and thesJORTRISMANT LR is einpilariy pesverted
circuit %et ULD and disached. Ethere greipg linkp avatizhlethen the SRAT AGMANFIABagRB iptkFatehed
The Source t aptje;thecirguiffuretyi t h a new BUI LD. dat agram -and with the
ACKNOWLEDGE T;THe8fT JHeMRANTLE j uprdo dismantée part ofjagirqyit vithavjewitadrying H@Wm#w@e
Connect i on EF E:QﬁPPé" ad' ﬁ‘é’cﬂb%"BNE‘B“H‘Q? §8FBH\SM0\HBHF i HransmitRAiren 2 cifetitgode

Ti ngout gxp “% o nmakes 200 erleaa %hen‘ﬁl} ato Q’:?@ rQeZt it
circuit, ? heckta e Saurce 19 pem
then It is a%& gifgﬁ Eg‘égﬁ? 1%#@2 Mﬁﬁ'ﬁittﬁe%aa lsﬁ:%pgtgﬁdt ards the

Connecti on ﬁé"‘% w&ﬁtn t;,é D‘é%l Eé trubtheSd the ele{ege network are
informed. T h En% SQ&UJ‘IeoéMe he IERTEN SOFTDISMANTLE it HaKES afdifer Lttdniﬂh‘é‘%ﬁtrﬂ@t“@”
t he Conngct Lirgit. frikeliekry Courlt feablie 2dr&ien thE Bontictiol StritfurdiE dbi&tbdand Righdl BFotoes? wyéls be

chosen by aame@omasd manager according to the nature of the particul ar

net wor k. As a whéhéler a St nodekaR 1td sead a Edntrél @atddrdr fo/ ahothéticRdult Agile tHBa GRIEGEBEL T thens
for Local Areesvingaiod®is kattehGt®thel Siibgestitationfield ixfhirethé detagrih iCdisiatchéd. Ti@G@drsss of the
Met hod" sugtrasiting inade ishwritten iatothedsayivadNode fislip ("PREVIQUS NORE ADDRESS'TIN the ldbedf pages
retries,ssi hcandtib)itthewdatdgoames 4 BWLP ort SOATIDIBMANTBE.NSt occasi onal short
duration fai | U\l etthesegentiordatagrdes traMefromiene cirault nade tp ambtherdy thoshortestadiitewith respect

Not e, howev terdelay, inpitnegensarily by the directiink igipiag the tyrngdesc ol . The same paraneter in
BT s "The above description of the construction of data circuits in the network of Figure 1 by means of the al-

gorithm of Figure 2, utilising the BUILD, ACKNOWLEDGE and various DISMANTLE datagrams assumes that
55  each node incorporates in its memory means a list of other nodes in the network and a LIST 1 of the best hop
countlinks to each of those nodes and a LIST 2 of the best delay links to each of those nodes. Such information
can either be stored permanently when the network is set up or it can be updated by arranging for each node
to communicate changes in its first and/or second lists to neighbouring nodes. If the nodes are arranged to
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It* shoul d be noted.that an anal ogous argunent applies to the communication
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deligy 3% \?gﬁ“‘l‘séa?& ? Bpepi “e"‘ "t‘t‘ ‘

o ‘?‘ |°§‘§H‘ ‘ha
the Pﬁ?ﬁ?er “‘% Mm .é'?%@t,"wt’ﬁ" r;:%i% il R ﬁmwggﬁ;ﬂém

receives th &@/&But\gmec ol he
RE is r%:e'n\é erfoll M%{fe@cr on cbrﬁr%ﬁaoﬁfh@n% bfe'aﬁl% fcﬁfl [ TART oL}
RI P contai %&&l\ﬂ”ﬁs%mk%u Qg,m;,a,gsp adivély: €Nt node e not ed
that each RE &R haworR mchgﬁ‘ife@lrébl&ﬁ ndae Pétio RahSmits'Himing pa&l@ge'f‘t& R heibRbduridgiABde

al gori t hm GRét&dr bakeasurd e deftly to thtGe AefdhbdtrintnoliddeAdameliy\Buck Rbdb Réeps a/rBéord dfithe Efak
and in r espRetcad¥ingvapdtityir eatbloritsthiees whet her the routing table contains a
desti natss On NUHESInfORiation iCRGréIH PR Ghlitabloin bhvh cise (e tkdtlestablegformide NNis aifelldwk:.
The al gorithmthen proceeds to step 180, creating a new row in the routing
table with the requiredqg@ggijnati on node entry (step 170) If necessary. In
step 180 the algorithm I'n'C'r'E'rTEnts the hop count In the RE, adds the delay
due to the link over e delay given in
the RE &d substitutes ttiekresul tii ng vagues in link colums of the routing
tabl e. Exanpl es of suchde;%k coI s arg sho as the three right hand
colums in table 2 on p (wh WI|| bed cribed in nore detail bel ow)
but at this stage It shdpare be n(Xted thlit eadh link colum is a list of
hop,_+ delﬂiay conbi nati ons capssity given link fromthe node in which the
routing table is stored to the various destination nodes listed in the left
hand colum of the table. As will subsequently be described, these |ink
col- 50 umm entries ar deighbouse®lto umgate INgsts 1, 2, 3 and 4. The

al gorithm then determ nes whether any of the best or second best hop

ordel ay gentri es have—chenged—as—a—resttt—of—thRe—rew—+a+ormati on stored in
the routing table (step 190) and If no changes have been made, exit from
the process (A énry30denotedlarinkidws afafitity.n0 updating information is

transm tted awheaoutitgteblé ofdbdetNeds dscfallewate out dating information in the RIR 55
I f however any of the best or second best hop or delay entries have
changedf t he al gorithm considers the links to adjacent nodes (step 200) and
in respect of each link, determ nes whether that link is both the best hop-
link and the best ‘delay link to the destination node whose node address is
given in the receive RE (step 210). This is to ensure that best hopI
information is not sent over the best hop |ink and that "best delay" in- 11
EP 0 39% 614 B1 forrratlon is not sent over the best delay link, In order to
avoi d upi ng-pong" type looping. (If a link is both the best hop l'i nk and

t he best del ay I'i nk (i.e. the link over which a datagram shoul d be sent
fromthe node which has received the RE in order to mnimse both hop count
and delay) then the routing table of th#® node is ex- am ned and a new RE

wi th the second best hop count and second best delay to the destination
node is sent 5 over that link (step 230). If the link is not both the
best hop and best delay link, the algorithmthen considers whether the |ink
is nerely the best delay link (step 220) and if It is, since it knows from
step 210 that It |s not t he best hop I|nk it |s free to send an RE with

1. a e 1 . g, . "~ AN\




| f* the ‘link exani ned by the algori.ithmin step 220 is not the best del ay
link the algorithmthen exam nes thg 443 6} ing table to determ ne whether
the link being examned is the best hop link (step 250). If it is, then the
al - gorithmknows that it cannot send an RE with the best hop over that

| i nk and accordingly it sends an RE with the second best hop and best del ay
(step 280) to the destination node oRABLEZ2 [ eceived RE. If the outcone of
step 250 Is negative, then the algorithmknows that. the link it is '
exam ning i's nerther the best hop T'ink nor the best delay link to the
destination node of the received RE. However it may be that only 1s the
second best hbgsté.nd Best Hopent2nddiop n Beat roudndhg t aBeRy Relay Eomddukl in

whi ch case th g new b%b hop, pagsy depayyi nformation to be sent.
S
S

emt checke I ] r{i’?'gm:gf)ne(ﬁs‘i :}‘imﬁriél& Enlgrf r%lmvt hé nodeI \?\:ﬁl ch

rithmthen prBR%eds
has received the RIP gstep 290). |f the answer to the above query is
negative, then an RE wth the best hop and best delay Is sent over t hat
link. The algorithmconsiders each link in turn in this manner.

Because of th®lspeci fli Elhmnner 3i@whi ck (He RE EXhre H detidt o *WF!E out goi ng
| i nks from each node, any node which receives an RE can deduce fromthe
link over which that _RE s recegiygd an ti IS, ilts ting
tabl e which of¢its oﬁnai nks w&l(a pr ovgd thergﬁ% s?'&delszdgéa owest hop
count to any given destination node. This will now be explained by way of
exanpl e only th refe ce toaFiygure I gurge a) ngjgper K

conpri sfhg nodes Ni, lNngNS, Nz “ﬁd NOjt (v%/lﬁth noégiNS ﬁgg\lljvtsl'?o be con- 25
nected. The follow ng description will concentrate on the routing table of
node N6, whosgglinks jL{®) nei gfqgow)l)ng goges Nk (kP ans,x\4 mxe ryxbered 1, 2
and 3 respectively. As in the (E @Vﬁ in Figure'l, each node periodically
transm s a timng package to'rt ei ghbouring node in order to neasure the
delay to those neighbouring nodes. Additionally, each node keeps a record

of the s pare ﬂﬁtrélmﬁgﬁlétflé/éoﬂﬂnﬁaﬁéﬁbffﬂstuﬁétlo@ﬁdabs 101, N.,IN3 ahd Kd<Bhich38h be reaciédifiom N6

| nf or mat i Ornd fourgiéte&HRWing the Best dvilabls Rdp.éBunt £a bébt dvailebRablayAa6eeh of TeSs debtiktion Abdes.
tabl e for e eanies in bhackéts fefek toQnSlink fadidling fibm3iode N6 which must be traversed in driiéil ko achieve

1 30 2 the indicated bd3edragcond best hoplor delay value Kor example tife IBpest lop count fromiode N6 to nodé

X 40 N2 is 2 which may be aGdqyad eithgr HyidiagandingLiink 1 bilby traversing IINS2 from nodd/N64Singarboth
entry of Xtueselnkelsadiothesainabencouptidhetfarmner is ligtadin the best ey counttblemoMISTd ke thégraudsa s
foll ows: 50heBthe tobte which iacigded Yds 1Bk HasBriowrndilay tiansheboule Which iRludes liRlod For theyehke-ofp

Best clarity howpver the delayggnd Ilmoa'ysppwng tq these delays g1 notiiggjsated specifically ipghg routing

Del ay 3 Ddables bytgeaimerely reprpsented gs X er{tnp_qsét wulgye no(eg thet thQ’eomg, bgst hap coynt from node N6

2 3 g N4is Sandthat ttrsﬂay be achieved egh 2 exiting frony ng ygo node 4a n traveﬂ_in%o nodgs %
% i , \ ,

R A °:f,::z,,.,.caz,;;z;;::.t,esmm, S
NUL\L, I\l4 not Do nthe
ST, Tﬂéﬁé‘ %3 gm i g 5?;% el o

unt,

o Tanre B ko e

avai | abl e lyggy)G@id ﬁa!ﬁlo itQ ndk B RE ( ‘?S)E)'td"ﬁ:hé 6! 1t
nodes. The v e%lldd@hé?fh@%ﬂ@é §re5:%§eﬁ{s tﬁeQ-:dB df h&!@ N5AHS FHideRDs thé RSP BGH Fromivdde

whi ch mgst NaQe Add8 e afdifle VelleOd (Whikh M(Pbe?@ﬁ&eﬁ\f& tl%(llmetbbiﬂg)llm 86y Idmi}BEd N node
second bestnshiddae M6 tHiR Listtited iid rdiing l2BI6 titkeGIWAgt he | owest hop count from node

N8 to node N2 is 2 which may be achieved either by traversing link | or by
traversing link 2 fromnode NO Since both

50

55
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t Hese IFinks | ead to the same hop count, theforner is listed in the best hop
count colum (LIST 1) on the groundé,gg\%g 14y route which includes this
link has a | ower delay than the rout Ich includes link 2. For the sake
of clarity however the delays and |inks corresponding to these delays are
not indicated specifically in the ro%gng tabl es but are nerely
represented as X entries. It wll be that the second best hop count
fromnode NOto N4 is 5 and that this nmay be achieved either by exjting
fromlink 1 to node | and then travelling to nodes 2, 3, 8 and 4 in
successi on, exiting fromnpnode 2 and then travel lin o node 3, 2, 1,
6 ahd 4 in su&eégé oﬁes%%ﬁEe 1¥88 Hiop e B88% ot ey | | Hﬁﬂe%ﬁi@' Sarigk) ay,

both entries aagibd ad gt ed togepher i DeldyoT 3pelByt they will not both be

To 1 he ot vor A8 adbFHF 311 AkHte iR AP L houn?in Fidure 4().

Node 4 sends the RE (4, 0,0 ) to nodes NO and N5 to indicate its existence.
Simlarly, node N5 sends the RE (5. 0, 0) to node N4. It will be recalled
that each REis in the form (node address hop count, del ay 3@ Node N4 then
knows that nod@ N5 i slddd hop Bviy frorﬁ‘l(i so % (Xbndsltkhe (FULL X)) to
node No# It w II be recalled that the value 5 represents the address of
node N5, the ue 1

Val e X (whi o 11 b8 (anor calt@ the K100 befnld) i o T derkay TEBm node

N4 to node N5. Node NO then updates its routing table to the foIIovm ng: 50

56 13, EP 0,398 614 Bp)TABLE, 31 Des'lt_% (x)Besig tep gqp Hox [ﬂi’gt

2ng_, Hop, Del ay Li nk nati‘on

Del ay node (List 1) (List 3) (Li st 2) (List 4) 1

3 10 N1 1 (1 3 X X x NULL
S 21:4(1§ ) 1 (3) , (252()1) Xx>(x() ) X (2<)( )5x 1528 ’13,x et
N3 s 1(2) 3 (1) 9 (2) x(X) x(X) 3x 1,X NULL N4
1 (3) 5 (1) X (X) X (X) 5, X 1,X 5 (2) 25 N5

2 (3) k(-) X (3)_ 1(-) NULL LL X anges
In the routi nﬁt abl e -ar(g)under-l-lr(n-&d xs(lgt;ul d= '\tjot e@t"h he—‘e-nt ri es of
-1 in the second hop and second delay colums (Lists 3 and 4 respectively)
f or dessa nat i CHanges thethd\puting @ableakecundériined [ksh6ld Ibe iokedithat the esteesaificl il the isedonhopnd
second bestandissicand dblay ¢dumns ¢bistsi8fdnd # tespeciively) fot deetineticdnhoderNS\areotaken taiodiaatsf thad the
node N4 t o sééond bésttep bl setrad besbdetiy td NficardJafinits, i.2. thexd is buly eredmds fidd redelNAR NSwhi ch
t hen notify niadeNGihen ddpdsdheRE (5.126%) tdnadasdi3iand Niawhighdbaninotifprpde NB Niode N2dhan kinws s

vi a node N&canmechnersNSindpus hens g gode3, ﬂEé& wforependgthetRE (5306 tonpde N dhessame RRE
3s is # sds alepentionadp ya. Nage NAGWa seuds tha & (3811 nededNORrhqss ragting)takie)s Apfaliowse,
whose r out i(dhgngeabaing upderlipgd)i o| | ows (changes bei ng underlined): 40 45 50 5C

14 EP0398614B1 TABLE 4 Desti- Best Hop 2nd Hop Best 2nd
Hop, Delay for Link nation Hop Hop Del ay Del ay
e . |
45
50
55
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node  ‘(List 1) (List 3) (dist.2) (List 4) 1 2 3 10 NJ.

1 (1) 3 (2) X (X) X( NULL 15 N2 2 (1)
2 (2) X (¥  x (X 2X B ogeeduab X 1 (2) 3 (1)

x (X) X (X) 3,x 1,x NULL 20 N4 1 (3) 5 (1) X (X)
x (X 5, X 5/X 1,X5 (2) 25 N5 TABLE & (3) 6 (1) X (X)

X (X 6,X NULL 2,X Then node N3 Sends the RE (5. 5, X) to node NS,
whose tabl e tmmﬁm——%sﬁ*ﬁwbp———iﬁd—hbp
Best 5 2nd Hop, Delay for Link nation  Hop

DeI &y . El)gl a 1nedﬁ.— Bes%-nd;i 1éndsud 3 SBes?)  @hd St Z)Hobl-lnétl.afr)foi L.mk X
NULL 45 nation ]H?&’ Hop " (o)Delay XXD%QY *—(-;e———-g-x——z X
NULL N3 1n@d5 (List?l)( 1)(List 3) (Idsk 2) (Ddstx3) 1 3,X2 1,X3 NULL 50
N4 w0l (3) 5 (1) X (X) X (X) 5,X 5X 1K 5 (2) 55
NS 2 (3) (1) XX XX |0 ]y . 262 15

EP 0 398 614 Bl Now suppose that the link L fromnode NOto node NI fails.
As a result, th¥Lnetworkk(shown i3n(E) gur ex4(Xp) i (Epnvelfrd 3& t heyLor m
shown in Figure 4 (c). Since each node Is arranged to nmonitor each of its

i nks td?®a nei ghbourl ng node, node NS detects the failure of link 1. 6
Accordi ngly the¥%outi ng {kbi e of2 hdHe NOXi Elipdak 68) as 2% | 0%t TBLE 6 10

Desti - Best Hop 2nd Hop Best 2nd Hop, Del ay for Link

ti Ho I Del t
(Li !S?n?,) CLis¥2) (Lt Hffh) 3 are ayx (’9 ¥ RPS 3x 14° 1‘“]‘%' (2)
1(-%v X(X) X ( NULL 20 N2
-Q) X(1ng X(3) 5 (1) %Qx) i ,\ax 5% ( i

X X

I5(?%2) x8 xg% ' 5 (2) 5 X 1,X so ("3)2 (3)
6(2) 2 X() X (X) 6, X 2, X Changes |nthe l'i st

tri I d t l}.\b h t b S t t
ﬁgd(ra!selea;ﬁdurl\ll abgecﬁg{%eh a\rllmé {-lr?ate fﬁ cgn te éfdp Eﬂlﬁ‘ie r ngdes

N1, N2, N3, N4 and N5 have changed. In accor- 35 dance wth step 190 of
Figure 3, theSenabderNpasndsitie REY5TS,X) 6 Adde te whosd isnid Wshmcdrb:ghbour i ng NO,
nanmely sodes N3 and N4. It should be noted that in general, changes in the
list entries of a node which result frﬁmﬁhg receipt of an RE via a given
link radiating fromthat node are not itted back over that |ink since
t he node at_the other

35 Desti~ Best Hop 2nd Hop  Best 2nd Hop, Delay for Link
nation Hop Hop Delay  Delay '
node (List 1) (rist 3) (List 2) (List 4).1 * 2 3
O
N1 1 (1) 3 (2) X(X) X(X) 1,X 3,X NULL
45 N2 2Q1) - 2(2) X(x) x(X) 2,Xx 2X NI
N3 . 1(2) 3 (1) X(X) x(X) 3X 1,X NULL
m .
N4 1(3) 5 (1) X(X) X(X) 5X 5X 11X
5 (2)
% N5 2 (3) 1 X(X) X(X) 66X 66X 2,X

[ )

15



end of ‘that link will alreadybe aware of the relevant information. 40

The transm ssion of the RIP's fromgiyfeeiigand N4 i s governed by steps 200
to 290 of Figure 3. Thefollovvrng REs aretransmttedto node NB: -1,
-1) Node NO s best route to e secon est
oute vau iy Bl ot urtgnvds N i3 ¥l o pon i sl
NO s best i‘

best route tlo 'ﬁ"cgdﬁch SWEELER® Im°nf?r °r}gsg""mtl}l§fTe'q§b°"gnﬁn'8des'e°88ﬁ%jd mms%a"ure

i nfor matr on F@}ggguﬁ,@gabmu%g EE‘EEF& sBﬁo he i nfornati on sent t o node
no

3. Hovvever there secon est an SO the negative RE is sent. Node
6 als0 sends a RIP to node N4 containing the following RE's: (1, 3, X) 50
(2, 2, X) (4, 5 X) (5 6, X). It shgatlgdgbe noted that the RE's sent to
node N4 via link 3 from node NO do n-or—rncl ude the node address of node N3.
Thi s i sqsbeca G . A Aged
whi ch nust tbegtﬁ,f-oreaeaﬁ Hdpe Qadtxap/er Bebe beszmhop cd'lup.t Dlelalkfbn tdoke N3

d th 260 th I In F 3) which
ot 11 ok 3 bAFEPni 7R pa Jy T o AL A TR
node NO has hedd ed didstil)l Jbdsk )i tdﬁiﬁmtzi)n@jtsﬁwblaccora ingdy and
communi &ate any changes to node N2 in accordance with the al gorithm shown
in Figure 37710 EP U 398 014 9L 1T 1S a prererred reature of the
invention that each node Is arranged to store in its nenory neans, in
respect of emrh of iX¢2)inks~1¢-)ist of (Ppi nt®r(X}to stored, XonNELL i on
structures In whichthat link Is an upstreamlink in a data transmni ssion
cingcuit ®hassi ng throu?h that node, and a |ist of pointers to stored
connection s¥2uctur @&{2h whi ilthat |i%kX) s a8 d&nst ream Rikk N¥LIg
datatransm ssion circuit passing through t hat node, the node bei ng 5
arranged to detect failure of n of it i nkg, osearcht s of
poi nterg rel B3 ng td é?lijj f ai < nk, xaiﬁ tolie(ﬁé dat agra h*‘ ach
remai ning link of the connection structures i ndi cated by the poi nters
relating to e failse i nk con jon tieyct ure i nglldi an
upstream | i n{!DWni chll §3LI rect-sgggrowar S soufrc(gﬂnode andg kldoﬁ" Stream | i nk
which is directed towards a destination node each said datagram which is
sent via an @h- streapy)ink eypp arrgn togi(gytruct theg, mssopyated
source node to atterrptm’to est‘aEﬂ’?sh an gﬁier nat(r ?/e circuit-10 and each
sai d datagram which is sent via a dowmstream | ink being arranged to cancel
t he downst r ea@hapass in theistentrieare uideriogdranditvit be seen that thebest Hopteptriesia npdep N1 and N2
failure. T changedand that the sesens bpat hepestries to aeflep Y. N2 N3 N4 and N§hpve chgnged. In accor-
ref erene tdanceNih SR aRAf Kiowe 3. fhega phangas aragpmmyipicated tof Aeighbayring NG, f‘@“eét’r"éd%
connect i on t@@rw‘t ures stored in the rrerror rreans of node NB
connectron t at if

na
((:g)rrir _rlr_it :_ (é gg?%% : . i H?tt'iaf}j? *?%@8%@*%"@“‘8 ‘:ﬁthT"e 7

CoNNECTRON

0] 5o N ko ,nw%@%nrﬁmgmﬂ

'S are tra b 1o node N3:
STRUCTURE (1,-151 Node N6é’s best ‘ A node N1 is nowvia node 3, ane ge%g;ﬁ\% best)route u%gd Mﬁgﬁylo
1 be sent and there is not now.
1 @ -1, -1) Node N&'sbest routet notl8 N2 is now via node N33 1 40
3 4 (3,-1,-1)2 3S Node N&'sbakthrditefo fdde NSWESME IhK'E aktidell i RGN bR WRFhABRRGS

pointers for Iink | Changeacknd Would thbrefarel ble ke ihforimationdent BSAodE 8.MRowbVak therd is now no
connecti on struct ur esecbhd lbsichnd &b thémbghtive REG@entst ream | i nk i n connecti on
struct ure 30.Nddes aldesentideeRIE kdSibge N4 tontaifiing thevanlowing RE's2 r out i ng t abl es of
tables 2 t@,8,Xthe nenory of each node In the network of Figure 4 incor-
por at es®a 2.8tX)of all the |inks other than the best hop, second best hop,
best del ay ®Ad)second best -del ay |inks which can be used to reach each

listed dest®fefi on node. It so happens that in the case of the networkof
Fi gure It should be noted that the RE’s sent to node N4 via link 3 from node N6 do not include the node address

of node N3. This is because only the second best hop count from N6 to N3 has changed which must therefore
85  be sent over the best hop count link to node N3 (in accordance with step 260 of the algorithm shown in Figure
3) which is not link 3 but link 2.
Finally, N1 will also have learnt that its link to node N6 has failed and will update its routing table accord-
ingly and communicate any changes fo node N2 in accordance with the algorithm shown in Figure 3.
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40 4 the additional list woul-d be enpty In the case of each node, because
the nodes have insufficient |inks; Ebldgygmg\gqr if the topology of the
net wor k changed, for exarrpl e as a result of the creation of a link between

lr)lglgllel :\Igdan_cli_ g?de th n t té’;liddltl nal Mt in tt&e marmr of nodeeans nrev;gecltd

ln icl t finki
al ternat LIVE % nsmls IOI'I | é)sgsﬁg h d node, om‘estr sﬁore conne srTctr%(es:h%St
or second b dsmé?,@m. ﬁm

from nodg 83M hq 5'

i st of Ups Jne%;&dmsrz, §ch9é &ﬁ i uﬁé?é.% t..tg%the
connect i on ﬁﬁéﬂ%cﬁ%o ru re..iaou n%pztre(nﬂ mkaE ﬁ:snrr&fe@mfdsw@aa

send a HARD, bwabfridrhlikx A ABHR A GUHo el et AR oo SGAER daldHstagra WhicH 18 S6He R arnfp.
connecti on SidaiBikbeg dfbhgaunsinatiubttsé mamasmammmmsmsaeﬁ SHSineRBircuit
downst r e@m hrdebichaid ditadraswiaehtis sefit viRQABV@RErbanilink beirg @iraliged td Ggncel the dévihtreamDortion

di smant | e t brehechirsuit whick intatrided by eHasinicrbilukdle respective circuits | eading from
t hese two coniTais feature will niowcieldeseeibed By way af kkaynpletwith refarence Bl netwrk of Fig@ad ¢d). Itiie
| i st of dowmssurbéd thas thereare 4ronnettion stnafuréEaloted inthe gmarywieansofinddetNScnaplely cormeaibe
downst r eam gtuictutee0, 20 30 and FB.lohch daTinediby a differantrginbinatinmeef upstream and dEW(FERIDHEGK. BEET

DI SVANTLE dare akpwain Taple 7 [:ough upstream|link 3 to the upstream portion of
the circuit corresponding to connection structure 30. In this way, data
circuits which rely on a failed link a mantled. It may al so be
necessary to dismantle a data circuit %e alink in the circuit has

I nsufficient capacity. 65 As a consequence of the dismantling of a

cirguyit 2npl o@mc@mtsTMTmumsj inks, it may becone necessary to
construct an V it by sear chi ng the stored list of all

possi ble i nk@%#@ﬁ %ﬁﬂﬁhﬁ 3‘% lised to reach a given destination node.

This is reflected in the.connectlon structure format of preferred

enbodi ts of t [ ' | o

Oonnec?f%n Structeurﬁge% ﬂ%ﬁ% DSM LI NK m Wé&@m BEST
HOP LI NK BEST HOPTRUCRIRErR HEHK(vy OR N)INIQND BEST HOPPQINGER 2ND BEHETERIOP LI NK
TRIED? (Y OR N) LI le Li ST 10 31LINK UST THRI ED? (Y OR Ny NODE TYPBg( SOURCE,
DESTI NATI ON C@ VEDI ATE CLRCUI T NCDE)3 The cql?) identifieridentifies the
circuitaad the upstteam and downstream | i"nk entri‘es ifrdicate the |ink over-
which the data is I38ing recei@ed at the dode in question and the link via
which the data of tggat circuig is trans- gmitted fromthe node in question.

The best hop link is the link appearing in LIST I of the node in question
for 15 the destination node of the circuit. The connection structure al so

r ecor ds ¥ihet hdpble Hpkshepsdhe ypgirpamiangdownpsirepra peinters foplipk i of nade NG; T‘@ﬁ’gﬁ {s@n upstream
construct t 'H\E '“@P'F’E?}P{‘ s"“‘S‘i"f?F f' '\d 0 ‘E’Wé‘ 35"8‘(5'!??[&’%‘% i %E‘*‘P" ’ﬁk“’t(‘?ﬁ Sapides de; '-ﬁ"Ts

LIST 3) is " g’rt ho I’bebﬁ

st r”.,eﬁigt Y;%@:é:@:'f e:tzﬂ" ?E 5‘%«% “phis: ;ﬁgﬁ«%,.suaﬁamgﬁ @f
gresult he atnon
LI ST TRI ED’?andn é ﬁl;s“h i

e’ﬂﬁ%‘nﬁm
' ink list igeafo éHaLl@ Qrp&teltngt.\&%i {olﬂs Esd & in'tife'dvdnt amffi.m%ﬁﬁ(esm eeemr deél%i

" NODE TYPEGinkHdt &@his, o BRERY thd i WAIR 1/fBm ALRYIn Eidurd (bﬁn@pmamn&eﬂewoad
dest i natds ONseareA the Nst ofiPstredin@binerd bftaBle 7 {b) &rdiwould heiEbe ditedtedl tb sbhfectidh striidturéSio\shd K
may mean t hzdin trdbRr7a). TheProckaBrg@iid Zheh S6Hd @ HARDDISMANTLE Batégaik down S dévnbiPeath link
dest i nat i onz odspectdficotnettidhGttidture #0) ARt wdiid séi s HARD DISMANTTLE Ghtegram tdwheiovastheam
wi | | event uiink B ¥in tegmectof adnndcliorsstrutture 2@) inodrder tdrdismantia s doRfastream pdriions diiie réspedtice
recei ves a d¢iiciksdeadingfirom thepedwormgeection striiurdsoSimiidriy, thiestdessat wanld seapchahe Iist of Jowhh e
sour ce rfodestreem @dinters obiTaBEN [b) BhONAIdTthdrebyl dricatg dewnstzenh pointer 3linTiable Tof). It @buld then at
est abl i shi.nepnd AEEXTENBEP SORERISMANTEdatagram netiesughvupstrean link 340 the upstreanupartion of the
provi ded i neiigyirerrespending trponneption pteheles 30of attenpts at establishing a given
circuit in eadhipwaiedaty sicyits whish islyrnefafediticiare diepagtedait may sisode i"%“@ﬁFaW gisfgantle

sour ce ngdea%“i‘f'ﬁ’wbau rﬁ%ﬂ Qr*'i‘ﬁ‘ﬁ‘f@ﬂhﬁ'fﬁé'ﬁlcleﬁtﬂ"aﬁyte 30 N 5%!'\ ransm SSI on ;)f
a BUI LD at a

fo it
h-bake.of ST, et o0 e ot sl

above- descr Tlg)elv%go:g:l lji(%;&:s follows:
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tion structure -format have not been described. However they wll be
apparent to those skilled in the art gppasg didgsprecedi ng description. 35
Clainms 1. Adistributed comruni cati ons network conprising a plurality of
nodes (N) which ar ch capabl e of acting 7) as source (Ns),
sub-desti natd % '@f MY destination (ND) nodes, the nodes being

| nterconnectﬁ%.rb |l i nks(L) and each node having | ocal processing
and nmenory g@@h node Including inits nem ory neans a stored
l'i st of esthgﬁ_,bgrg_,mp es in association with a first stored |list whose

entrires di r ggklruopLNKFRIESSIoR Nyepr esent [inks to its neighbouring nodes,
each destinahb@EshPee L& Ng associated with a re- spective entry in said

first store@nbipkbT HOPSINK TRIEIRSY 0K Nyeans bei ng arranged to send a datagram
bet ween a sqnkagsmode and a destination node via one or nore successive
sub- dest natLINKUISOTRIED? (Y oOReg)ponse to 45 t he source node calling a
renot e dest iINODIE TYPESDIRCE; DESTINADONR: ORINRERMEDIATE DIRAWT NODEjet er m ned (50) by
t he entry sel etteedl ifentiter Blantifies the dicuiahdthe opstreart and dovinateasdiok entriesipdicatethe link ever-
the case mayhisktheldatais heing roeivadgt the hodd instupstian anditherlipkida whidhghedatanhthit dieliitisgrans-
char act er i senitediromibe node inlnuestiore The hest hiop litkusctbeslink apnearingdn 1431 efthe niode infavestion for
entries @i r dherdestingtioninads of theckrauit. Top panaectien strugiirg alserecerds whethgihis best hag linldee geen
t he dat agr afiieddn avattampjéaroprugidy drpiit milarly the geqondsbagihop link {appepring jp L§d 3} is feerdedn
nodes as ci @Bt & indisefediwhettar this seqopy hesthpp linkhas hean treq. the ligklistentry is simplyajigtofall pos-
means of t h&PEliPk{Tom e in auestiep ‘ﬁ'l"i“ea‘f'? betitlised éPsﬂSEB‘rsPE'ﬁPFg“‘ [demiipd by the call iden-

t empor ar citifign tfor d n et he source and destin
nOdes) vi Sal d emp co?ﬁru iqﬁ% pdf;[ Cﬁlﬁ:bl ngﬁgmg m Ee%l{ﬁgl‘gifg 'Ji m

whi ch I's notg 1 nbde R el }ntRJ Lan

node (N9, NCX ak Ei ﬁcflg?t ? SA ae orn¥'o on-
stored |ist Q,lglpam ) tm%) Snd\t ays:2SSOCI "ated wth the
next desggnat ﬁas&%neceao mﬁos irig ﬁ@ﬁr @Béﬂﬁéﬁmmﬁ@d the criteria
for 55 A&y 196 BdurdeMBdd rBRivesd SO DISMANTER stadrarh &id tR IRimB& eBtessHt S¥tbshing BleS

in each node adiRuittiaé tdabifeltl apRdetbrimie fimit. A\BBUNEEP is PRVIdEBAAbIAErAS EolihtUsd ridbétof Sfbingits
data in sai d tfemaslisting adiven dirduit mieech@dldd. TUM est abl i shment of said tenporary
circuit, respelNoyACKNOWLEDER datag@df isrdebivEd bythesvecé hale wibiin alpredeteemiciéd time limit after
| DENTI Fl 8R UPSnEARSidn dlK BDIDDMaa§tam khd thédkaimum BinHér dfictics hadbeBir@dchelP L1 NK
TRI ED? (Y OR Njor thalBekgESIartiORe ddilionhile BeEing fdies|td adeonridaiBthe ¥bgiR-dpferibed/dsnnec-
LI ST 10 LI Rih sthetpretpyraDave hot GpenidpschIBBEHOWEIRE tHeS@UREEPPaRRTY eperkillpd idkhe art from
| NTERVEDI ATthe@reredipgrdes@@iphion. The cal | identifT(rCdentifies thecircuStand the
upstream and downstream link entries indicate the |link over- which the data
i s bei ng®¥received at the nod in question and the link via which the d at
circuit is Claims. mtchd fromthe node in question. The best hop link gs
the link apqea

node~of the'ti 8@% é’gﬁiéo ;gf%‘%ﬁ:&;eg'@ ’éy%n gsc( emegld:‘;m ?:cfu:g
L

best.hop,l i nk FAI 33.; g‘agh nits
{. m.lea.. ﬁ&ll
i s indicated wgShdiatuyt elﬁﬁﬁi@ Bn eE'lS t %ﬂn gas are-

Slmlarly the 3§

list entry is glediNeXnthyihbad firSstordd! ustn@&pm%s ghebhs Hefhg .mga& Sant @ d4tadréin between
question whi chaggusetholiCandlaldestmatibn hédeSfalond br ntdle SuBsséive sublidstindiEriiiddbd iR FbspBhss 18€
call ides- tif theisbirce ndde calling & Fgnotecdebtimblion nbdd, Bdch lslibddstihdtiolrhbdeibBiflg dsdrMfmed (50) by
whet her it hastheeatly ssfu@d Sram\saitl Girss stered st inlthieosogiee hdnie of, iagi the icade rakyibs, imA preceding
attenptt const subedestinatiani node, ke natwelfki baing thardeterised in thdl leach nbifelifso ThERIEEs d sedind atored
whet heri t he nolistwhase guidies-diredtiper indirectly mpresentiinkedalits nejghibburirtainndesi thadatageien isarranged

| nt er medl at e ctordesignateas past sgme ofisaid sub-destinatinn npdes ae citcuihnodesand to stdre circuitdatadn the
no | onge® a romewmonymaatsef thp cieshit Rndes: eald direnlata gstablishing: (1098 emprrary dieculbiatHata trans-
circuit cannot '“Eé'°'&%“’°°§tﬂietf@l”§‘!ja"d1’ﬁi§'"§ﬁﬁf‘?f@s M srid gffcuit nodeseprach ApdeNd, Ne) travesged
this in one of 2§ hﬂ% g not ‘he e pde (E‘e)df‘%éesﬁ'?é'%ﬂ Rpde (Ny) peapsireu ppde (Hvﬂﬁ
d Tegative RE Egptesmine j‘ﬂ%w éfm ‘?ﬂiﬁ‘g‘e?'%tﬁ'éf’ gading n
SOFT DI SyANTLE 8! m@f%ﬁ?;% ! E‘Eg;}%‘g dst Ea&*“ ‘f%]; g eé"‘e"a for
circurt as fr eﬁﬁ ﬂ ins | ﬁ CI de%aftlrj:gs%tﬁ er??of crary

to count the n ‘?res
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at establishing a.given circuit in each node. (ati) No ACKNOALEDCE dat agram
is received by the source node witlgphaggpiadetermned time limt after 30
transm ssion of a BU LD datagram and the nmaxi num nunber of retries has been
reached. For fhe s of darlty, the additions to the Routing Tables to
accorrrmdat% ? #8cribed .onneo- tion structure format have not been
descri bed. ey w il be apparent to the abovedescribe art fromthe
precedi ng 6W'r 35 Clains |1. Adistributed conmunications

net wor kgor QB&tﬁbﬁ‘?Nﬁ p|i<ur ality of nodes (N) which are each capabl e of

acting as apgf 6p UNRIRIEDY Br GIER) | natlon (NeNc) and destination (Nprt nodes,
t he“riodes bRb BEsT HéEOARNNect ed by & 40 i nks(L) and each node havi ng

| ocal procers BEST RORILINR TRIED? (WorR) (M, each node including in its mem ory
means a st ongaidti st of destination nodes in association with a first stored
i st wh@seLNKILISTIRIBL?EORNY or indirectly represent links to its

nei ghbouf i NQDE THRE (SOBRCE, DESTINATIONIOR INTERMEDTEQIRGUIENODE)t ed With a re-

pecti ve ent r yrhbcallgantifiefidentifles e circeitiand ihe Lpstreéneand dowsseamiigk antriasipditats thejink over-
arranged t whistetheldada id beingreceiveda thamede isquestioe amigiidinkvigiwizichitbesdatarofithat@incuit isdensy i a
one or nor @itted frore theingde i guestive.SThe best hop linkistie inkiappeating FASTE1 of thengde in question dor
sour ce fodéhedestingtian nage pidhanireuitdEhe conpegtivmetrualyrealso ragerts whetherthis beshhop finkhapbres

bei ng det e¥lef inap aiteyp} to st’%‘“éﬁFP'SfSB@F’Hé'teéa"q“i’?ﬁﬁ@&l"ﬁ@@?a@"& in LIEh B)dgre¢orded | n
t he sour ceaMdyeindicatedydethertnisss hﬁ& tink hag,beg "FP kgt ey isgimplyiaistof Y pos-
node, the ﬁ'E'PWS‘F f{°'BEt°Hgdedt1%H°§t9t' Whighgopd f’?r“tt"ﬂ’& EE'F?"HE B’“El"%‘?ﬁ'f‘PWI"EFo‘EE"‘%P
spondst or e “?11

st I\/\Qe dlre r |gd|ereect r rese v Q
geetgghts)gb“dg%ﬂfg -Ec u| nall v%g,dﬁ td‘ %gﬂg ether r:%;ie%rrltglqﬁg:-()f

sw”r, oG teaa : .Bd it tr?% Ly ndal
nnot be o::or]~| e

the 50 nol r‘E& it destihafibn
estab'lshlga. Pt nrr; to %anctﬂtansar@s bl sl ot e
source gnd dej ‘i‘ﬁe%&rb@r@cm &FRIP\coftaininl £nelgative RE for @ d&stnatiBfdde.n0di  (NE, NF)
traversed by (pahdsothds Rk %%rwah%bFTQSMMTL‘EQ%MEM%MQSWGN&}WSatté'%bhshing the
destination rmm héd¥Blchéd a fedatefmiibbdlimR.ACtBuritdnRNrovidbein 9REAS EButah rufBer of¥tempts
sel ecting t hak estdblishing b Gi0éN ciruiitth sacicwwael stored list in the imediately
precedi ng nodqi) NACKNOWLEDSE QetdgeeirEisirevdiiel by thesonrx hodd evithin# prodetbridinédtiniellimpafie | N
t he patda of tthaesniissionagf ecBUILDadathgtalmaand the inaximam hwribebdd retries hastsberanghad.Nng t he
entries for darthe $ake eficlagiy.dhesaeiditiond todbeRotingl Taislesdo accommodete the abaye-deserited doragd- NCt
and bi asedtiensivacture foppatihanempt heendendriberl. Howeyér they iwill be jappragentio thesgxrksilled iy the it from t
and opt i mutheemcedingideserittion. of said tenporary circuit, respectively. 18 is~
~~~~ 1112111111111 11 EP O 398 614 B1 2. A distributed comrunications
net wor k¥as clal med in Caim1, wherein the criterion for determ ning the

entries i nClP% said first storedlrst i s that the entrres arethose whi ch
mnlmsehp t |nthec rcuit betvven de5|na ND)
nodes. ? X&\Li W@Y d s 'ﬁﬂg H’

wherei n the c oc ?%ﬁ& ansr(‘\“ %

stored li st | as gﬁng ‘Q,
the datagram ar dird .meqa,té.rérg fo%ﬁﬂg\ﬁ@deg'Ja X trn g Sl ltha g

Adi stri but ed %&WEHt&ﬂéaﬂ'ﬁFstéi&Ld’lQ{ ﬁ%ce@iuﬁdrﬁ@% Belhg mtgsen

node (N) is ag&anreashelafd AldtddaBonHdde via one of Mord éd’o&JssiﬁtsQB-G&trﬁdtlSﬂ nddEh ih %Méﬁ@ to
hop- coust | nf@é Saukde ABde’ @R arBifloté déafiatibn fodd, dadhBLISBRMALIh REeDEIREdetdinnéY (6) bRt €S
t o hop-count {aebmeasslettbdfronlidFhe@tared N in A6l Sourts dodd offiab the Raselhil e liMa praéeding
net wor k each subdestinstion oda) theuriak being lchetdctiiEsdtin thit@adhmpdeCasiclulés e tont stovad
from a nei ghbistwhoseentriasldireatlydr indirectly napranent duketo ¢ 2:@hbdtibig)notdsthe dataganiis dverled
hop- count t o totesignataarleastsogielotaaidisniydestircition nodds aa niycyit nades ghd ¢h stdre cliouit dath in the
comruni €at i onwempsy meanik ofdhe cirguitinerdes said cicChitdata egtablighirg (¢00ha lempdiary cicait fordataitrgns-
arranged to upesiandeiwesn the seureg and destingtidningdes via spid cifsuitodes; each pode (e, Ni) rveessd on
recei ved (1500 seiddatagram whiefhip el thersgurerytede (Na) i destivatipnnads (Nohoriaigiscuit nededMaNg i on
del ay bet vveen'sf’??%[f"'"ﬂ%‘is H’M&‘ﬂ?‘*‘ hqﬁaﬂefemaesqcerﬁ’@toedmaaﬁhq ipmedigtelyprecpgipgnode ac h
node’ bej ng ar‘f"&‘ﬁ' def"g"%%"ﬂ““l*f‘%?gﬁh%&ﬁ“}ﬂﬁt é? "t‘ﬁédtaﬂﬁﬂh’l"f“ﬁ’ﬁal
del ay ( ) ass th qt sai %t% IE 1% 1 fowards

i nkfrom the %k 1“l§'H ’g["lsﬂ&"ﬁ%%"e ‘b“ °;5‘}'?§’ﬁtt 'g'e})mt}s lIspraery BRI igmeRsery
total delay i 1 or‘rra‘t on'to Its other nei ghbourrng nodes (if any), and to
nmeasure said additional delay by transmtting and receiving a tim acket
over the link (L) via which the delay MAformati on was received. 6.

di stri buted comunications network as clainmed in an to 3,
wherein the nodes (N) are responsive to conditions y‘“mumelmﬂmﬂ[m updat e
their first and/or second stored |ists (180), each notle Bei‘ng arranged to
comuni cat e changes (200-290) In Its first and/or second stored lists to
nei ghbouri ng



25 “ nades *fand to nodify (480) .its first and/orsecond stored lists in
response to updating information regﬁgmdﬁfg.pm i ts neighbouring nodes. 7.
Adi stributed conmuni cations network as clained in Caim6, wherein each

node (N) f%rt er .ncludes t er oyt t& ored L\ tr i es
directly o i Afsbues %ﬁﬂe i e ri 0% detomining the
dest 1 nat i on 'négi o s qb g arsé%r s -G o i

associated w t respem% 6) mae'% ' "S3Fd third and fourth stored lists,
the criterig QuuisMbled o&rtmtraatoﬁd RBwok ascintbdlifCikith 2 WRerdiPthe titeroh @ Béleriminfb Shedl €
basgd be Ng dieftribd 1§ bach Baki Q64 tololt Ak Rthat 10\ GHLELS aRTRke WiKh niikiilsé the B ErtaReni 6t theO
sai d~data i n watagharh a0 Bétyeehisictbdsive Sifedit i@y (NHRALL MUM est abl i shment of sai d
tenporary circuit respectively. 35 8. Adistributed communications network
as cl ai med 4 n Adistiibyiedcompgarigations netwerk agnlaimeddn Glgim @ wherein aaqh nedei(h)is agangediq updatet
represend subJte et st listdp reeronsn o herrpuat infamatio repeiyed {169) frarp a nefalibqureg nedk whicks
In each said faistphae 'Eft‘t’qeg that'ts P@E’éﬁt““@&ﬁdb "i‘r%ﬂde ithpnetwarkagach node being
dat agram to t @3RMpd BdacRme {t "B'I‘P PR tp feEmueste (298

9. A distri b REeNEIRMIHIP '%?P|°8W§"°r'f§ r"R'g'ﬁ’ ﬁ“’ﬁ any of claims 4 to

8, wherein LaGyRBCe: doudicitiohs netlstk ik dd .mm %Q.%&xﬁa&h@d%%%sa&g&@a ®9Phate! N
I'ts sai @ fir st adaidQoreaBst @ 1esporisd toidiay hﬁin?aﬂ&ﬂweo%ﬁla flo § hélibodRRg HoaEenishasle s

i n dependence |dea@dhd tihsMiBslsH d3rdy mweh &t derghtotrﬁngs\aaétn b Fefote RO iPthe ARWAK Gach
stored |ists, ngRGBingaRMG&Rdo Sal(T0) tB B4idGanERSdN teeing BddRidha déldyad) abkdsigted Wik t O
nei ghbour i ng RrewlRshedelag ifofRatibdiveraly Ihemdafthéinsighbdufiinode)loftidnsmit 200.200) the resulting
distri but ed cCaErdéaydsformaiim tdies ot@r heighBoudihgriodesd(if aiy), @hdifo Medsurecsaid ieqiknal delhy iypon
aaim7 %r d aranmaniitingshdreedivingaaiting paditet oyér}heilisk (Eyviaanhigk the ielaydidornititn o@s$ ©ceived.
changes (200-290 I nlts said first, second, third and fourth stored lists
to sel ect ed néidsHibued somyupieatiens "P‘M’% dipimeship anyne Pfr?l@'"t?dde? éﬂe’@ﬂf'\er"@‘?s (N3 et s
said first, sé??B‘H'ﬁ"’e 'Pﬁ?'}dd'm&d’dthf B‘ESY"E’ﬁ oupdate-theiy firat %ﬂ?h

ded t getrﬁ ig flrstandl
(240) via t LZI i;g O R S ?rsdgagtsmserr# "t’%ﬂ% o ©
entry in the 'gmd 4 (5'"%? #%d 'ist and each amended entry of the second

and third st ongirbitsd SmhGrhicilors ASHRER hs cldfiRddiCiAin 8 Whedindadhinade élh)lfﬁlrh:en(rhc)ud&sctmﬁ
nei ghbouri ng BRFKBuriMatoRdd listS whdaB erties @RdcN & Shaedily éprésantlie toiRinGighbiolirh nédes ik
list. 13 A didgstirdtionheae (NP WM Stdhet isth Beshiktiviiciesibing habosReH wih respctiaf enfrledins
4 to 10, wher ghithth@ddadd foueth etofelists, the @fiterialof Rvgickithe entfsaNMBail thimtafd fojrthadtdrétdists are

I nf or mati on ( B&4ad Béhiy)distict andibgihdinased togards@eropfirum trghernitsich@f dalicliata insaid teripbragyt
and second st oiragitiardinséroptingan establjsbraeént ofgait! teimpomuytcirait, réspeativelyc omruni cat ed

W t hin router i nf ormati on pack- ets cont ai ni ng at I eastone routein

o S o 5135%%&@"‘”%% I i i g 0 g ogugbn bah o o
11111 ~~~~~~~ I es
for that node %?ffg ﬁ;.fg]d'"fel %?P °<§ﬁ'1f detagEm o é’?ﬁ %’ﬁ‘”‘f"f’ﬂ‘?ess{vﬁé'r'be?zgﬁ‘?g
nost one rout &F nt corresponding to each node address In a single
roLrL,er ng, i rf OVAQiﬁ,Eribﬁ’ch QA REationsetwdrkChs Safnlol i ¢! of CRITELH b 8 e RMaBErlodO (N s
claimed 1 n O fdngackd coniicats BraRgys (200.296) MM Raid Bifz) ankiSr 2Ednd 8GR lidhs to selectedinBigh-

| ndi cate i ts BYUrifd AIIESIn tigpehdeRice LPbXRO Gpdated Gntid IS shitifinst dhM/oSBshd B@retl st eadh

i denti fi cati oamérled ity Geihd domunicatddioflvipthodedibks CaxiehboniingGodes Whith'dd nofdRespond
address (5) amdhamitry.es of zero for the first and second stored lists. 13.
A di striguted communi cati ons network as clained in any preceding claim

wher ei n sail@ Ajdistribyuted epmmunigatignsnetwprk as claimed|in Claim, gy dependsphuppn @aim;7<or Slajm 8,
from the sour ¥Berpipgnreh (“N@ N)I '?ﬂ!@ﬂﬂfé? %BWHE‘E?P 93%(?‘{?09(98% ‘e‘tﬁ said 8?&&?@%‘“%?1‘#

Brr srhngda cal f°"T“d@?ff sts'% ""€° °§ ‘F H‘(g }‘ Ejéred
y the dat agr ﬁ% it
nodes Wi ch a ﬁg'Bg‘ e "F' phig %t$ g

he sal I| tan e ame de entr seeoln d hirds red list eng m
currently bei dv(hejp A i e 50 id LtroY
node bei ng arL ange 0 chec § e ca l'er curren
bei ng stored by the datagram does not correspond to 15 an Identlcal

cal | I dent il adistibiitePedshmahicationd netivolklag tiaifbd 1 dhyl of DIBithe 4 td 10EWIHbASINLREPRBAO @) 13Gir-
arrangel to upigddao éormunicanPAstingMfosiation 20200} teEelyhbautingModed Sor LiidafingBheR EaHERTst
successi ve nodabsetand sthwed lists; said updgtih@Binlialifn bslng 8dbymunitated withid raitelng informaedion pack-
communi cat i onstskertaininglatieast anb wuteipglelermentivhich inclid®s a nivie pdiirass (ABC,DIFF. &9:4.28.41569t
said currently visited circuit node (N) determnes that the call Identifier
currently being stored by the datagramtoes cor- 20 respond to an
identical call identifier already stored In that ci rﬁlM“MI‘U{ImU“
currently visited circuit node Is arranged to check

connection structure associated with the al ready-storéd tal 9 i"den- tifier

and In the event that the upstreamlink of the stored .connection structure
does not lead to the circuit




node | ast visited by the datagram. |Is arranged to cancel its status as a
circuit node and to return the da- gpgdegigydgy the last-visited circuit node,
(13) said last- VISIted CIrCUIt node being arranged to re-send the re- 25

t ur ned datagra ‘éern tive sub estlnatlon n de In an atte

t t ia Tntr dre tsi thet;g‘ Pgﬁt F'P% %éﬂ:temg
gggﬁru:nugat ?orct§ oMt quterRPe. "gcqf’ g?cﬁ'@?]j: aﬁ ‘iﬁ"@g@%%?@?@ﬂﬁ" P8%®r ei n each node

(N) is ar- pangReibbed mt.&rumtsmawams aalﬁtaa A Claith 11 byl AR W Abd ONS A Ean G
I'ts |inks and g ifdidatd8ts 8¥i&sHce i fﬂboﬁrﬁ& RAd¥& N4 PoyEBidiHg e o &idhtifRatloh Ritltein infoh
circuit node Ridtiontpakefiarpfiding e va hdal alidlesh (8} afid énfriéks of 28R FEI3heITrEtARY ssobiRGtoRM
t he “30 deé.agr am has i nsufficient data-carrying capacity, is arranged

to transmt a datagramto the source node to Instruct it to attenpt to

est abl i sh 48 Adisteibyled qommunications netwerls ag dipimegidmany praesding cleit deherejuByid cirpuit data stored

di stribw ed c&hihedategmam Wich isaeptfgmthesaures nade (Ne) inclydegieonnagtion lrichire informptien com-
wherei n each RE¥ a(cﬂﬂ "’?"é'ﬂ%h‘”h'c? i3 HRjaug tq 'B"MN‘F"F'F@‘SWGF the datagramyand also the up-
nei ghbouri ng ﬁ%@‘s‘" °"'9“ ”fﬂ‘?&tt"e'gﬂ ?{“?Wdﬁ’R“"'fséfP?'%“ 35

to update its"® ‘%‘: ’t?P“Vsb ren 'd E‘? c % ging arranged
i ® (?°f t
conmuni cat e t§£§§,}{, Q #}% %%M ,('h% s npdeaEaClﬁ

tht |t
first ardl or
Adi stributed communi ca 1 ONsS ne erszﬁs eﬁs' °

node (N) i 942RARIBEEY domnishiGtins! netwotk&s QBRTRE ) dmaﬁs whidbin, iNthb BVeRERdt said cidRtly Of
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Eiqtr adlingen zwisshaheielkibwhi(NLNC) Gaes pietirmiea (N dierish R3rBer, WolieNdie Krio®h bBarch Weginaeigen
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