;e3e$L(t &6THt z[ 1 30 June 2004 Description Method for formng routing
information in an ATM comuni cation network 5 If a source switching node S
in an ATM comruni cati on network whi ch operates according to the principles
., of the PNNI protocol of the ATM Forum (ATM Forum Techni cal Conmmittee
Private Network-Node 10 Interface (PNNIy Specification, Version 1.0)
recei ves a connection set-up nessage froma termnal which is connected to
it, an itemof routing information nmust be determ ned in the sd&0duhe2tidhal
for the entire route through the network as far as the destination
swi tching 15 node D to which the desired destination termnal is connected
or at which aegpuntptormto another network is to be nade and the said item
of routing information is to be added, in a formin accordance with the
PNNI protocol , to the conpectjon set-up nmessage be gre being 20, passed on
to fol | owi ngMePPEhi AFY nobeX™ e FUF APV CBHTIRR AT on® et Wor KS can be
structured i gbemadires olsn sadnveinkor ks (" peer groups ') conprising physical
sSwWi t chi ng. nodes and physical connecting lines ("physical links"). In
accordance 25 with- PNNI protocol, the nodes of (? (hé'eerarchi cali\,}( | owest)
peer group fromits &&ntfe BRVEF i nBYat SOt | S ®presetit at Ve Aode (" peer
group | eader thrtihebat 5y eaenwsrk hehenhi repepeer sgragpidd nghecd othgof a
single, |ogi caI e;grgl fykﬂgd%Nﬁ;{I ﬁ%rgt%%otlocﬁs 3L "AA9i g&ul@r oupynode” or
ic

even "parent F AeGs* hi"érarc her, peer gr oug ﬁ\ g gr archically
hi gher peer gp@um |sTﬁ§hﬁE@a$ron¢%l“Tbﬁﬁe£ i tf‘ﬁ‘f"aé?t?ch PAFERE“ADDRS and t he
connecting | ifRgsrvhieh (pRiYOr épddiemcpniemonrestiong 1. bhergtbogesak |ink")

representing 35 a lo |caII forned S 11 p,gﬁgaaphm cal g¢gnnecting
li nes whi ch CORREEE? g%r?/e bourda SQ/ ﬁfodpq‘{s %f 'tc e two adj acent

(hi erar chi caldopnleoned tehitd" 911 pilegm g?%uTﬁ%u‘Pdlgoﬁé‘fé’ﬁ’B‘PﬁéF’naHHSﬁaP% been
provi ded Wi t kie@Rymiged0 sHUNGL004: & deetingabli dent iftierefrefer redteo as

"aggregation éﬁrkenﬁy BéVBFg]wg;éﬁt%%f’ Lon. Tr%’fésa{l xlgglngw@ggﬁlﬁgcurm vely

in further rou ader selection can 5 al so be
made once:srmmeadlen lvheohlveh:a:rfchtbal Id;ﬁsmrgﬁerd%:ﬁférnagfl@@p tefelTieler 1§r oup
| eader sel ected Rereqsr 6pr esehi c80al Rurich ibhe thi ehatbbircakkyonkxtshi gher

peer group, the entl re hi er archy area whi ch has n degit, as if
this hierarchy "’é{f@ &si%hgice e ° l%I A h tq%% ééﬁ%rﬁgﬁgg here are

agai n | ogi caldo ekemald&eyl cdrmeat ifreg™ | Fes aﬁé@ﬁééﬁcévé“rlytht V\bh%df"%ént nodes,

such a conne;.;?gorgg)clollne Eeghgsgggh@gﬂ@nt%@_@, lagistajd pelfferaetesnhset of
all those physical. connectl nﬂol | nes are Eounded by in each case one

15 physi 881 SAISER RF ABdECT FOYHE aﬁi’]’latcc hi’&F&rchy areas. The
hi erarchi cal exenpl amyienesabd k XTor danfustication: BeEwewisi G#7gr P8) in

accor dance W L/}, [he BN s prot acalerbas Mg canplete bypadd fw’ofu@rst’hler 20
g

purely | ogica connectln I nes, the so-called '

| i nks"™.
accor dance WIHRHELPANI Rt Ycﬁlﬁ?&l R v Py ‘%) ABdes p(hﬁ;%m cal ly - if
the node at tdwrdeawdhgendimés t He‘p&nglsunlall slmlﬁﬁﬁy)m cal Imodecor@ancEgi cal | y)

from peer,.gr QuRs, OE,PTQFf ng&;gcﬂ er agghi ﬁ@ées% Jdeevgl s ﬁ&ﬁl&;}ﬁ&&ﬂh@f For

exanpl e, 23n uplllnk rredto as, "initial g}lnk Ieads foromthe
boundary nodelaess)hi BRE¥ cHTOMR yEFofestt SheEF T Du S ST ER™Fs Tonnect ed vi a
a physical camedd ﬂrgal:lliel’ﬁénh:@tavbommr y( md:e igT cap 3¢aadrdcenthigder group,

to a represent aDtlJeve %de h he;ensC g@ll ap U , 1h- echet oftjlga,t of a
represent ati Ve ‘node "ances arent ndparent node"

or grand... g¥iamdsar en%OS‘PGEPel) ofe‘f?fépleﬁtﬁﬁ’éceﬁ?d%ouz %rﬁ%% ichSs a
d'rECt|YB@dJaﬁf&ﬁldﬁqdeg&@uﬁreﬁbﬁ@+y ®he even “parent node”) in a

hierarchically higher peer group. A hierarchically
higher peer group is formed from a plurality of such
parent nodes and the connecting lines which network
them, one connecting line (“logical 1link”) representing
35 a logically formed subset of all those physical
connecting lines which connect every two boundary nodes
of the two adjacent (hierarchically lower “child”) peer

groups to one another and have been provided with an



35 specific ancestor node of the boundary node on this side in a conmon

hi erarchically higher peer group. Such an (initial) uplink results in al

t he ancestor nodes (of the boundary node on this side) which however each

. belong to a hierarchically | ower peer group as the 3 30 June 2004 said
common hi erarchically higher peer groupzeach contribute to the hierarchy
structure one uplink (also - referred to as "induced uplink") to the

af oresai d upnode. 5 The hierarchical structure which is ultinmatdllynbased on
correspondi ng configuration data of the individual nodes can be handl ed
very flexibly here. In particular, the individual nodes of a grand...

gr andpar ent pﬁﬁﬁngk@ﬂp Q&&nh&%&edifﬂekéﬂkrﬂdnbEbS ak 10 agugheiceracohy | evel s
t oget her wit S peet The exchange, in accordance with PNN
pr ot ocol , qﬁ%%fpg nﬁ%?f%yﬁéékets" and PNNI topology state data
packet s (PTSPs) vi a §@ecéhﬁe@rﬁbUtFm@tiguéénﬁﬁéPréh&ﬁhéléneﬁ§ﬁF§§rthat

every physi calj SMAGR %m@e of aa duear %%u;saléadélomesnepeedsngteup
acqulres (1 SAIP KOOedue, i hyregard oy {he L ogologu-ef, Lhacaad o oup

and of a1f t groups-a ove i erarchy,
i ncl udi ng al]petelrre gploupks, 2Dhanddar addiorponlaedel r e lawt eshmiekRow edge

with regard txoegllg%e%eupgggynratl% Othellmtéﬁmdeampd FoMestigagr! i nes
contained theréin as wel [~ as the same know ge Wt h reg?rgito t heir

properties (RIESsTHPIR1y! Lhe aSRBRFFL i raF& ures? % PRE"t opol ogy
know edge V\/msaeh: [ spaoqmmdlcan dye sfordds nhiéneaifajmn efea greph &1 in a

node. It jwoul gEd thqﬁltgglges§@ggl besgﬂér§vmgfgn RgaRgde (the
one whi ch has create ph GL for. 1tself) is marked in gartlcular as
t he source nd&@%?ayﬂ)?%e%P%%ﬁﬂn9&&“?ﬁﬁﬁﬂ%n¥&P%%)??ﬁ?%ﬁﬂnﬁeeﬁ d&Y8xpr esses

the wish to heicewectedids) tdweht er omlexfing dpeei fepreesntnagi on addr ess,
the data exchariged, by ENML1§ oULLAR.AT QLocol Mkeaii PRSSLDLRacdsterm ne

in the graph ht strn |on no eclfied
acceSS|b|I|tyCQﬁnqqﬁénaeéﬂmﬁﬁtW@ﬁcbeﬁﬁﬁnépuéﬁad BYtHB §3ﬁ§ F?ﬁ@ F8fongs to
the hi er aschigald edionesti tpasagbl fopeerigr otipe Tdik aAEMtFohimrEechyi cal
Comm ttee Prlvate Net wor k- Node-I nterface (PNNI) in the specification, 4
30 June 2004 ¥€i%ion 1.0, Annex H, does not, however, provi de the
possibility here of &h$o |ﬁeﬁﬁérﬁ§l¢ﬂ1thee¥%mR4%ﬁ§'seéﬁ&Wogﬁvant§@€ous

alternative rimmﬁﬁtﬂﬂﬁidﬂne QrdﬂﬁéﬁsD@ﬂrggidnuEhVuddbﬁamumenwﬁmhthhepeer

group which aIr been pas ed thr h,
someti mes not ossFEl fuf?ll a smf%mﬁﬁ%g §%§eg§{opr|ate Y. The
obj ect of20t hepumstlhod é@eer:dilng TSR ingvent Paﬁsr s th*let &G 188 opt i num

connecting patlpikdr=aKi Rhilcht Olacgeaat:d&:h@e exist i Conupaetdoalle
information relating to

e n and. connect i of,¢this
graph Gl aqugﬂaﬁﬁ}|?N%F%CE%%nP°?ﬁe qP%VSpg?%fes a@ﬁ&#ﬁé HS?ﬁefaexpressed
requi renent s wie t hewpr essdt ofi dhhef ovphivonhece alysdr@li;ede conPérting the

i nformation whi fba!ﬁﬁetﬁfdm ngge i NEQoaPsi WeM i fledéhkNhid¥faromidzan in such
a way that tl;]r id |nfornat|o§?sat|sf|es the PNNI protocol specifications

and can tiver EbéCbF8€|888t dhg with the connection set-up message on
the path to the next F2@ cexsragld.onanodiclife dbjeet refezelrievied BY neans of

the method onsifig shasi sppinthe pegagbleaf Had erbukbaiy hdde neans of its

dIStInQUIShIr§£g§§¥CI¥%%11y lowest peer group which is connected via

a physical connecting line to a boundary node in an
30 adjacent peer group, to a representative node, the so-
called “upnode”, i.e. to that representative node
vancestor node” (i.e. parent node or “grandparent node”
or grand...grandparent node) of the adjacent boundary
node whick is a directly adjacent node to precisely one
35 specific ancestor node of the boundary node on this
side in a common hierarchically higher peer group.
Such an (initial) uplink results in all the ancestor
nodes {(of the boundary node on this side)} which however

each belong to a hierarchically lower peer group as the



A graph & is determ ned which is obtained fromthe graph GL in that all

t hose nodes and connecting 25 |lines which do not conply with the aforesaid
conditions are renoved fromthe graph GL. Then, an optinmum connecting path
,1s determined in that alternative routes via hlerarchlcally hi gher peer
groups with subsequent return to hierarghically 30 | ower peer groups which
have al ready been passed through are also taken into account. In this
context) the exit nodes and re-entry nodes for one and the sans(paee 200bup
are different, otherwi se such an alternative route would constitute a

hi ghly superfluous | oop and 35 would not constitute an optimum connecti ng
path. Even ifsgver Wdiimda Whiiekatohiously s leogioent rateed groalt eenahi ve-type
routes) it is i eratlv n tq overI t fQr nor mal
case in whiclf IaﬁFlﬁU%P 3&1 raré%y(%y£§6E?3%e%§%oxp§!?grAgﬁfées i's
avai |l abl ) t hefreetriedd &ocoasi nblncblq% upke Ak dn BP so- e ndfMsifeifout e and
equal Iy corregtlygforms the corresponding routing information for it. The

resulting optirmumroute can in principle conta ny _d | er of
junctionsSfroma hi er&fchEANY ﬁF@rCHerstF8c5uﬁ| erar Cﬁl éésl ﬁlsi l%%t%ligte)

group) and cauesselan frosreedperddnghi calnij gugaeiono éahﬁer gtchit&gl | y

hi gher peer gJ[n%Rfld'u%&V\’@o%QsCE§ﬁ bp. BERAPLE! fe Py oBiied Havsher 1o
zero, one, t 102 hi erarchy I%vels%ftﬁ ge Skl ed at each
ocol

i ndi vi dual | RREGIGW1aEN ace®t danrBe Vi EHeT he "BRRF pr routing
information igraldgRarRnevigad; gscap sequericeveof dihf eremit i onmbéem@tfs

so-cal | eq ' degi,gnated ansid 18 | i:glodbator mki-on eloafraksveDllseks, al ong

with the connec I"on "Set’=up ‘'message a preceding information el enment (repeat
i ndi cator) irgf®e®ms-ng the stack-type handling of these DTLs (push and pop
operations). In thi sm@n@&&hangachlﬁﬁhcb@f@amimmlmﬁntpmlns the 20

description of pregase!]ﬁ% ]B?t mr)oqtfglg #Jg%ggg,m selyy eher hltqyﬁlgyycal peer
0 re no

group in the $o air i cations and .a pointer
whi ch refers strtgne dfta hesrchfide | W@Pﬁ%l rs"’lafl'he’sCf"(ﬁf’tleled]esc,’:rf“?“‘&éfﬁi1 by the

upper mosty sDTLed A, 1Bt Qhealerdiurefs thetsStaak2phegics heriedtinghe source
node S and contains, only, indi cations n GIRNRG ng |ines
in the hi erar%‘?f?ecé?q Ya I%\ﬁeT S ég?% igwé‘é% ge%P gpcs&gpproplrl atgC with the
i ndi cati on ofsame uptawiledgds cmuhematr@l &9 LF[é’#‘?ocfé’P&t o OF e rGdce

continues, 30,spgcidifabs yaiil the weyrgeseiddiad imidgre nmedr Iowerpsst acked
DTL. Each next | ower DTL | ed in the st a&k

nt ai di gati for in
each case one®RVR et htBu§ et SRPEFEY ehitcal P?‘ﬁ%x{%lgl gthl{é L;Fj%errﬁ%foup, in
whi ch cas® t heya bisgiandiitilort keduidesathensahet Kooy kagre tYvid! 35 %Tcest or
node of the sQureg. neésup&@é}s' bhyef gkl aned e fpddieradideorarkconnect i ng

line indications fromthe sane peer grou d.a SSi bI di cation
as a terninattifs T‘Fl%mf%’v%esdt ﬁ{rqjﬁltﬁ% g?ggk co%’?lal ne ?en:}méa%i%od s relating

to a route theoiigh tegard6 3 Jumbe2004 prameartdisiscal K gcee ezl itaqui r ed

peer group, b b \@Sthftelgg Eggl catsed of the respecti ve ancestor node
of the sourceg%% g%ci’ a ose hierarchy,

node i n
dest i nat i%n node V\/ltﬁ””cehé ﬁ’é’é’t 6‘05 88§?|%\gff%nl?e‘?c Ha |s ocat ed. The
descri bed deségsred nimcels daoce ofth ghepPNSL pnotaomde of Ttheryrd st ack

nitially O v, Le.APRCaRaRCE ehale Jlas s N el HirghatRs 1 ed

sectuences of tﬂéwégé:$ﬁ¥th ha; %r%gt%gd QEgrSEQBhCSi'¥br itself) is

marked in particular as the source node S.

30 If a terminal connected to the source node
expresses the wish to be connected to the terminal of a
specific destination address, the data exchanged by
PNNI routing protocol make it possible to determine in
the graph Gl that destiration node D which specified

35 the accessibility of the destination terminal and at
the same time belongs to the hierarchically lowest
possible peer group.

The ATM Forum Technical Committee Private

Network-Node-Interface (PNNI}) in the specification,



10 | ower nodes may not be taken into account, and that it is indicated that

the algorithmfor searching for an opti mum connecting path shoul d be

configured in such a way that routes with such sequences (that is to say
.With alternative routes via hierarchically higher peer 15 groups) are

elimnated fromthe outset, as is the case in the specifications of the

PNNI protocol, Version 1.0, Annex H However, the nmethod according to the

i nvention solves the problem of representing such a route whict302Dné¢ 004

associated with alternative routes and also forns for the route routing

i nformati on which satisfies the specifications in accordance with the PNNI

protocol . |t veseGhar acteristn«x off, t Heesolndtti,onhaorordi nIgrQ‘oiciiEhethﬁventi on

t hat an equi val ent .seguen f d 5 apd)gepnhect] ngHd nesytsngeri ved
froma pr escrpoﬁed%sgqg nclggo h#}grgﬁcsél caﬁ{EI . %ﬂer and hi er alrlch?%lal ly

| ower nodes: iseawivhc iRSYPREARSORE oft FET IR F a’r'%‘btq'lsav‘él‘i‘ o°Pe Pas88E°t hr ough
in the down e@r F&Edd oRicmhireBueguiveal em pegrenpeupeverichunbasn a

descendi n ner 30 with respect oth rchy e f the nodes,
that is t s rieadyhi k&%elhpPFﬁEEgnev% ﬁave E\Tg)éj‘b(e‘ig aa!sséggaﬁgoué; ?% t he

downwar ds di reenteitomesBynod rpoes dflenhae ifeidéRi eﬂ/eéwb‘ycﬂﬁl% r@ﬁéeﬁﬁd t he

sane hlerarcg%&g%%¥lgtg@ er (l ogi cal) node can occur repeatedly in the 35
sequence (| oops

ng to the co nect| ines in is
unanbi guousl y ensur eah?ha‘f’gi?l‘ét exit é gﬂ?% ‘E)Cuonrcf{j ;?a %es %’n t he
respective chirhv@npeern groups adeeeaiminays a@h f¢1e¢16mm aphedcuing mapehy 7 30

June 2004 ,meqry ]%;%at qne, and.the sanenphysicatl inpdesksuperey passed through
nor e than once. dleterm natclgg—ln of the gest Ili]%)te in a s%vl t chi ng node

whi ch det er niifdsrRé ipgut &edfd e 59 outihg ia or 3 on"?3*BxpFfarned
bel ow. A gr aplorG2dtinder ivess f rcdm thés abmmegtentilonand gregdin®, irRot hat al |

the ancestor nodes, of . }lgﬁrsoglt%elnﬁc% Sagrewgﬂmvgg @ al&kpablskhe

(hori zontal) connect i ng ead away fromthe said nodes . 10 and
whi ch woul d | %&b ifegerpee6is &hg tP|¥§§§n5n&’é§Porfoﬁo&e§otn6‘ef:ﬁéf’? adf’ Scent
nodes i nighe &@rdm&cﬂn@g dneernaff(blmeallbya Whgher ipedetgroaped asteel | as

all the induced L@I i nk % %hfor omt hesg, ancgsiotnhpedesei n the
ance 'w

upwar ds di rectt on; o151 n" accor e PNNI protocol, an OBIEII mum
route i s det eaiched iTfEMAtoRR mamiEaSEE6M t héhSour M ode PGS
destination rg&&l@ﬂa&%@@nanahhecsﬁapheﬁaﬁozf@rbeem‘qﬂﬁadsmrlgmtghw@hj kstra

routing algorlth ich ¢ sethe raph G3
do not have td'be ?r?ré vgh ndlsfef renty Lé’Pardo 1lﬁ{%e ot e$8 liﬁgrgl %%r}ftgal)

connecti 2§ | |crrefgle<:1‘-h@nb€5?cder .out 'é‘heb Req il® aacs*é"cﬁ}’&?cebf—'lmfiﬁna §éner al
notati on: nodad( wBknhoki Nk Nthe. - bAWHE- bFL, thé nlprieamblli N4E 1 Pa2ént

de-1(=S | t th t f t t thmthat th
aspect ] ve beS bt &Y S<RBPoPh Red ROt iy 1A SrAGLE - peci e

destination node D, ButcralbboGRoigldetprmiveriesWiich He RRNHMES f&ifanong
whi ch 30 the yut rg\ghc@g si0f that emast , tHoe exadPs e ahd tdwnrdestingat i on

node D, is bejng h fterwards. .In this
initiall >?5det]elrr?ﬁsn %1‘# e o ﬁ1°8?l¥he E}éqﬁféncegﬁ %atﬂi cac{n%%tﬁoltn%e

Di j kstra al goxid hmm@3sethdmomt hbesgrgpnc@ i s t ur ned round and the sequence

F2: node-1(=S), | i nk- hhpen, | ifiKk-dpt itR@E-dothectinkl Rieth Ks nbsteexu(izied i s

f or med.
in that alternative routes via hierarchically higher

peer groups with subsequent return to hierarchically
30 lower peer groups which have already been passed
through are also taken into account. In this context,
the exit nodes and re-entry nodes for one and the same
peer group are different, otherwise such an alternative
route would constitute a highly superfluous loop and

35 would not constitute an optimum connecting path.
Even if everything which follows is
concentrated on alternative-type  routes, it is
imperative not to overlook the fact that, even for a

normal case in which an optimum route without




8 30 June 2004 The physical source node node-1=S is naturally of the
hierarchically | owest |evel. According to the invention, all the other
nodes may be as often as desired hierarchically higher or hierarchically

. lower 5 physical or |ogical nodes in sequence. In particular, the
destination node node-n=D does not necggsarily have to be the

hi erarchically highest of the nodes occurring in the sequence. A link
link-i proves to be horizontal if node-i 10 and node-i +1 are as¥ilgned0O®dt
the sane hierarchy level, that is to say belong to the sane hierarchica
peer group. A link link-i proves to be an uplink in the upwards direction
(or respectiwekygrdewhwas dssdevetlabphy, i fhe heehiet archyrdionvel| toftidde node-

is lower (or 15 E@%Bﬁ(:tailﬁgl ¥ ihiaghen); & hatddeati eégﬁgm’ﬂ eyeleof1yode
node-i +1. Accordi ng to the invention, a sequepce F3 in ich the nodes
never descendoFASt hBS pFeBteF I NEqdeHCE di tR-PEEPRT™ t'$% Héi'r hi er ar chy

l evel is 20 derived trhomrshkelseqgenge ikdm Srdiwhi npgnnadespandciphks of F2
may be replaced by ot S el l re..s1o thisend, i1 1,be
assuned tgatcgﬁtS%Qi[gg ﬁyggfﬁggﬁe,rﬁgF%?neéjfo _erelas Curf%nthb%eLevel,
whi ch is ini hiigrpzebdiesthy t RAgRSThiter apciiiarerenisr e YW nBERE 1=S) and
a second Boolganpauxhhi 2enveaskapl erohebeniedatohheiElyaslower to a

Bel owHi ghest ReachedLeve i.ch is initialized with , used. In an
iteration | odpSatic ﬁ%ai%%p é%%%lo?e?ﬂesggﬁﬁﬁng%EFiﬁﬁ#ﬁg F?%Es gﬁd t he
nodes) 30 ar @riwnipheosgh, dssared ngumbesout ce- NBHREC nodes 1=8¥and; - from ti me

to time, peplaceentsqoor LANGRIAIAL | Doge B enpor fy NBRippée@e atheedoh| owi ng
al gorithm Bel owH ghest ReachedLevel .= FALSE, 35 current_node .= node-1,
~/d.h. = SouF@@lﬂéaéag ST eti™NodeLevel . Hierarchy level of the current
node; for i:=1 step Intoacecdrdnce 9 W3 un&e200WNIf mrekafehy |ehel of

node-i +1 | ower, thap GHerentNodeleyelitbepridi el owkd ghestieashedbevel =

FALSE t hen Determ ne that gncestor nodqggf QﬁdQQ§+l mh%sg_g thrglchy | evel
is equal to CRECEBRFEARNoBLERSRTS: RefT a0t 49%k- iICSHiTER e ah*Upt T nk, passed
through 18 thdsdewnfiardst tbm ecéliementsr o(RfLg e aszbeiat editiorigdatal |ink

(wth the sa tigactokenyesEQgehow t Biraceannhe damsrmseeosubt ask-1
after 10 thiggh ggﬁggﬁnlg%gpﬁgce ﬁgde§?+lng£?h fhe ggces%gg ode whi ch has

been det er ni §8TERE| oliFRATESt RBEEHREPEV e P PALCRRIRY i AEEPE i nk- i
and node-i +1 ¥ahamihbe cseqihenec DTERI Eush idnBghawbrpgrest ReaechedLé&vel = TRUE
then this context, each DTL information element contains the
20 description of precisely one route through precisely
one hierarchical peer group in the form of one or more
node link pair indications and a pointer which refers
to one of these node link pairs. The route described
by the uppermost DTL information element of the stack
25 Dbegins here at the source node § and contains only
indications relating to nodes and connecting lines in
the hierarchically lowest peer group and ends, if
appropriate, with the indication of an uplink which
leads to an upncde at which the vroute continues,
30 specifically in the way described in the next lower
stacked DTL. Each next lower DTL located in the stack
contains indications for in each case one route through
the hierarchically next higher peer group, in which
case they begin with the indication of the respective
35 ancestor node of the source node, possibly followed by
further node and connecting line indications from the
same peer group and a possible uplink indication as a
terminaticn. The lowest DTL in the stack contains

indications relating to a route through the



Repl ace link-i with that assigned (induced) uplink 20 or el se horizontal
link which starts fromthe | evel given by Current NodeLevel and | eads to the
node-i +1. For how this can be done: see subtask-2 after this algorithm

., Node-i+1 is retained in the sequence w t hout being 25 changed.
Bel owHi ghest ReachedLevel := FALSE; else Retain link-i and node-i+1 in the
sequence without being changed. 30 end &urrent NodeLevel := Level of the
node-i +1; end Next i; 35 30 June 2004

- 10 30 June 2004
Subt ask-1: The associ at ed hori zontal link in the hierarchically higher peer

group is to g'lrhe%%treﬁ‘ﬁﬁn?g E%EBES taq}gefcédu éé’g( §OT%e %@thﬂghas m

links (horiz n togeth er e nunb g fromthe
set 1,2,...,micéngthet wtrtﬁslcétp@iﬂntoér the tII%HeﬁFéP’ﬁataPSﬁSE\BFCHO § 8? i nt er est
with regar d . Prepisel yloggeahﬁ nknd {9 £xaampieid tin iveste tyieiradicbst i ons) .

In particular, 10 it wll  be assurred t hats t he S bl atk@nTbl with
m el ements. &%l efbfits PRPrELEM R het;%sm gn%g%ttl c(kglﬁ_'a}lliérgll fr%gﬁﬂehe initial

upl i nk t ost heigzosisishlipni nduoedalipls rﬂ@catt@dt he uplink which nay be induced

fromit anew, etc., i@t %Mﬂ%@nt@ési MK, ihndueeddane®m ivichnth® a

hi er ar chi cal | | gher peer p Re | onTb [] ] re is no

val ue k fromgllmio PEV\F?‘FP]R’eI 8 ?‘{é 2 lhrlltlall’y %{Vé;nl Hﬂgl upl i nk

2D Rel at i onThipddaSankce: =tha Eeha&son-imlcl'{J f:c'n?lst JOrf oY atSeSATse [~
= js% 25 Rel ati OQ]T:%' (J; SLleraPchMﬁyShgghéfe%ndl i Hikerdrchizadnyupl i nk

and i nduces 15 I.s an _upli.nk and i l,éces |0 n?atj Z,.30 |ink-

js_, is &R uplavse Mq%me§49 Me. §a&en iRt @SSR T ho PP Yot Al Mink.

is indicated that the algorithm for searching for an

optimum connecting path should be configured in such a
way that routes with such seguences (that is to say
with alternative routes via hierarchically higher peer
15 groups) are eliminated from the outset, as 1is the case
in the specifications of the PNNI protocol, Version
1.0, Annex H.
However, the method according to the invention
solves the problem of representing such a route which
20 is associated with alternative routes and also forms
for the route routing information which satisfies the
specifications in accordance with the PNNI protocol.
It is characteristic of the solution according
to the invention that an eguivalent sequence of nodes
25 and connecting lines is derived from a prescribed
sequence of hierarchically higher and hierarchically
lower nodes in which uplinks from it would also have to
be passed through in the downwards direction, which
equivalent segquence never runs in a descending mannerxr
30 with respect to the hierarchy levels of these nodes,
that is to say in which uplinks never have to be passed
through in the downwards direction. By virtue of what
is achieved by this, one and the same hierarchically
higher (logical) node can oOccur repeatedly in the
35 sequence (loops) but, owing to the connecting lines

indicated, it is unambiguously ensured that the exit

and re-entry boundary nodes in the respective child

peer groups are always different, which ultimately




[l 1f there is no value js_, from1l to mwth RelationThl(js_,):=s but
there is an entry RelationTbl[js] . O; then js is a horizontal link in a 35
hi erarchically | onwest peer group. Assuming that the link-i to be replaced

. corresponds to j9 " then the table RelationTbl is run through until
RelationThl[js] . 0. js identifies the jorizontal link to be used. 11 30
June 2004 Subtask-2: For all mlinks of the graph GL there is a table of
the type: 5 LinkLevel Tbl[k] =l owest hierarchy |evel of the tw Béundag§o4
nodes of the link k; for all k=1,..,m link-i is designated by jQ 1. The
table RelationThl is run through starting from RelationTbl [jg_1] in order
to nove on f meamenecHdtnkohe tda nek¢ Isiamle apllysimtalt hpodand s10neY e,

Cur r ent NodeLevel. ks £opangd, Wik the entries in LinkLevel Thl.
Assum ng tha?}\ét% Savg%éﬁ@%ﬁ Current NodeLevel is equal to the val ue of

Li nkLevel Tbl [jr_1], Then feterminpdntd®i &€ t &9 i fRSwhi ERYFS bet ng® sought
and which is si@tegphacenddék-+hicls Betwkhinde assunmedutlkat andsetyence F4 is
formed fromthe _seguen . for. I ows: for i:=1 step 1 to
n1 do ifol ﬁl?-uit”:“gu%) i?%ﬁ‘]":%%le‘;rn‘{)iﬁeig%?gﬁ%? atgggjﬁc'estor node behind i nk-i
from source node S whi gFapk &8 tie daRe e ef BPRh{ P FECPVEESRDUBZFS1. In
turn, insert ghghihndait ibhatahosizonhal ahtsktbirwhbabsi sfasségnedrte the
link-i by virtue of, the identical agqregatio 5 en {onTbl is
run through SE&Fti g BESj | r%m?‘u’%‘é'-i g%Snolg‘ﬁ—_ejsr}"]'uzls th‘%nd)‘g‘ggﬁégﬁ!’é%’ i: 30 It
will be assumednehating sdéqeencericth DRtad | awiyr FEE@Tf thd PR PRAAESt he

sequence, f3 i$,qbr gkean URRAki Ndegacherii i eange gy Didhdsdf onfattoor el enent

with syntax which conplies with.PNNl_protocol .is forne r
sub- sequence "G8REr atRd FHF¥hi AT E wHIRHT 535 HesThT bé:gr%(%%g}%?g%/ t he
task, accordinigreocthealhyehtigbar Peert beospar c@snad 1S.asactbt diFRg to the

invention, alQoRel NIEIE Ofnibe MRERO.A6E oo tieddieahBysbtOn an
alternative route via one or r%e peer .groups with return to a peer 12 30
June 2004 gr G@HeRhPEhtREsURYF RNV IFEST IF ssed through, at a reentry node

whi ch hassnot yet been passeddtéhreughjtiantbe i BNUdenretvenclf tae

information elenents @l Lher utepg; LohoraRLi RRoRhenkhhbedsyomagnen when
the 5 connection set-up nessage arrives in.a ph\éél c%l swi t chi ngtﬂgde whi ch
is to be pas$&#rCHr (% r BRsFPenGEEF InFhien| SO8%pIPai st betdDw i t h

reference todhaehar ceval fet aegempket iwnirget -ue nesSgkgérian rhetingst
physi cal S“‘%ﬁ%%@&tﬂﬁqeﬂﬁ J%ﬂ@ﬁ”égééﬂéﬁé'Mpiﬂ%@§tr@@£inﬂébgiﬁuahe
20 graph G3 do not have to be treated differently from all
the other (horizontal} connecting lines.

The best route obtained is a sequence F1 in a
general notation:
node-n{=D}, link-n-1,..,node-i+1, link-i,..,link-1,

25 node-1(=8}.

It is in the nature of the Dijkstra routing
algorithm that the respective best route is determined
not only to a single, specific destination node D, but
alsoc to all the nodes of the network from among which

30 the route which is of interest, for example to the
destination node D, is being sought afterwards. In
this context, this route is initially determined in the
form of the sequence F1 by means of the Dijkstra
algorithm

35 Then, the sequence is turned round and the
segquence F2Z:
node-1{=8),link-1,..,1link-1, node-i+1, .., link-n-1,
node-n (=D}

is formed.



If the instantaneous hierarchically | owest peer group is left when a
connection set-up nessage is passed on, then the respective uppernost DTL
in the stack must previously be renoved. |If even one specific 15 hierarchy
.area is departed from all those DTL information el enents which are
uppernost in the stack and which contaig route sections through the
respective peer groups of the hierarchy area which is to be departed from
must previously be renoved. If a 20 hierarchically | owest peer 3§rioop2lie
entered anew when a connection set-up nessage is being passed on, then new
route sections nust be determ ned and new respective_ DJLs forne? The
pointers in the indiWhﬁuahyﬁﬂf§lnﬁ%Fr%?WQQQEbB g%flaﬁdlﬁnﬁéauf8 Ward in
such a way tha tem2b A caraatlyi %h&e;h:- Uevedssagecisrdieaei vedthbe
pointers of all the recei.ved Ls i t de_Li ir ich
contains eit H&YSPHa° récé%%%ngE%h sica B%Fg%afgﬁﬁcggl a%o&ggﬁéhoaghor el se
one of its amesstred ruderrc30cTh deUﬁﬂé$y %%délFsﬁichh%a%HﬁrQOHBHe into a

further pger p@g@ligald%ﬁrerl%ﬁgﬁlanBQWSOQ'hI ReBuEAUE e saat ipaxtasullar, as a
n

destination e he,destinatio o] r he node

link pair whiH FSEFORETTRRL" ‘g |nkn gglér%elsn%% n%%fts\/vﬁ?g%{' ggbé

upper nost in ttd]éaesttanekh@{erahehma;bl}r gekghast @rfd Whe WedeR Pﬁ@uF§§B§CtI ve

poi nter poi nt;s, t;nfe EQHﬁehée not possible because the poi nter i s already

pointing to t ast oellnk pair, the sa |eS| atlgntothe

next |ower DTL in th® &iBEkiIDK 133 BV ozg%?ﬁ%&zop |s WI PRPR the sense

of the i nventdn@n riddet-it-he aEhINlaspngnedoltopltézscraab@s hilkgarebphieveland entire

correspondencs, al <o, { 0ot iy Aseldiedl. Lbnlerndiend | and-aaemldatiopehe node
ive.

node D is arrived at |rrpe gﬂto arrive

Any attenpt xa%ﬁ
there in an &F&WPbet t&r 1\%/& ddaka Ly iRHYSE bk t BF FBut’“E’is]é‘gi coul d
al so |l ead at dﬁ%@rﬂ&m:.&‘EHElbﬂ {be héeparcively emwweprdsediagdcbyonhe

destination ngde.p. nglberng entenedoat e epubsagedsboundar y gede from

10 where the con i Aua he connectlon set-up could _end_in ﬁ blind
al ley. TRt imespecsayelynhaghrei ofbes B9° t%’eeqﬂi?‘!%%on%ea‘fe% ink PPAR-to-D is
al so det er m nghe-kiiknk-to-D is taken fromthe node-link-pair which is

associ ated with that DI r!i %/mtgh L[gﬁrL_sLn{,QIq@{&g agd éeQ;uJe 2cehieh the

respective pointer p0| i I'S recelve oundar\é ode S

whi ch takes iwhitishacddent rtoﬁiésf adeveRat deEcesdontiy atﬂ"leanﬁrtesﬁ& or the

present connegddemceet wiphW sdeputdt t hat theirecelemdrdift SteaeR 20sis

i nconpl e ther.efare_for a pos uced ddhezhasis of
ésap g. ?%ﬁmrn%he Aii&étﬁé% 9 SWSeRA 5 er VMﬂ%P a

its own oWws

és - toget | i nks
with a hier arlc-hvts eve| FRhiwmdy | @ehlﬁié]ract%n Br ‘?53‘4%3 tor t KETHE éiﬁﬁchy | evel
of the node [Pe.are refgveghisomddie 2% gwaph Ge bidsuthed t sdlafc | snnot,
neither are thosg .uplinks for._which D _ig_ap uypnodg, and \gh ar ggat t he
sane tine asd4med & the VBFARTES:D . TRat TSt o say the foll ow 0g test
will be carn&drmntthdleLa‘i&lupl ik hahi &8 have thalagedn Upkdte: 36 As in

subt ask- %5 a 1iGparcdl) beewsSHi gFedc ko &iaadlémhcﬂcke 145 Wi khabes aseeord t hat
tabl e RelationT |srunthrouhsta.r gfro t el [] Q1] up to
cg_r?fﬁ,i [J%L]xg, Ihr% taC} Egpé %—S

an entry Rel &t rréspon 10 to-D, then the
upl i nk may ra@leghEheRgaapth@@, i@y wiise |3tn3|t§ar1ér¥1?\¢edeF§k| ng GL'

as a basis, tfs Gf aphsR\5aRd G3' 1Ar eafior ps-atdd elnonalsagoughy to the
way in vvhlchthe source node S forned t :
descri bed abdRIPRBEE Sfackei §°HBERI R ﬁgdgt%gkis%%usmar?g%d t%ﬂ?%%une 2004
30 are run through, starting at source node node-l= and,
from time to time, replacements or cancellations are

performed - see the following algorithm:

BelowHighestReachedLevel := FALSE;
35 current node := node-1; //d.h. = Source Node S
CurrentNodeLevel 1= Hierarchy level of the

current_node;

for i:=1 step 1 to n-1 do




the function of S, and D assuming the function of D (see description
above). Al the DTLs, with the exception of the last of all (which contains
D) are transferred fromthe 5 resulting DTL stack, and the DITL stack which
.1s to be passed on is thus conpleted. An inclusion of the abovenentioned

| oops in the nethod according to the inmyention requires that connecting

i nes exist which are connected to different 10 boundary swi tchi ng nodes of
the first subnetwork or different representatives of the subnetdNduks20d4 a
hi gher hierarchy level; this is the only way that alternative routes are
produced. If it _has been possible to deterpine nore 15 econom C

al ternatives toc 6ﬁf%§£h¥col‘§?vee§ fooé ng%géﬁﬁ?c??‘éﬁrt%h?lhe desired properties,
routing infornehroanphdédleont dihen i ndications relating to the connecting

| i nes which have Been.sheckaddsraenerated. rhfist hendet hod according to the
i nvention) no know edge 20 of the network topaol ogg of the further
F%%%Jslj‘ it

subnet wor ks (peer U§ e TRLt PRCED-Say Hifsi Sovhrt tor ¥HR%° of t he

hi erarchysin the Bwetshtimg hedel whschkgpelf opnsheh&€fraematiodal.efet he route -
is necessary. Ho it. kS, ess ial;th cear e t
connecting 25 Ii \rll\ggsli%%%n 3:1?'1?]? e?eﬁ{?{%lgu%\%_a% tsl\?\nggglr{n nEaﬁgagsgg%O% first
subnetwork to at Feasheofevptdifrerd SiRsitetRor Il;.hr?ﬁé’hngf‘ﬁoasa%b?ﬁ?ﬁg to the
invention can be nealizethi nide Sduhcehewshrndi aggrepetidn tdadkesour ce

swi t ching node angd_the q,eséﬂinsat%glq swi tehing node a,_%gbgaosgg_slso%%@égd with
the sane subnetwork  and the Fou rnginformation is Tornmed with one or nore
| oops toXfurther Shbmedd@Pkithnn this context, the formation of routing
information for arepnAESt hoéBe S€t1 UPiPESEREEaRadsbEr PetdorwBdchinssly by the
source swi tching Qode %or aiC%nSe onnection set-up. However, as an
alternative it is possTBr& 1or the sourc a switching node formng the
routing informatiBalevEiehestRfaahieslerehod=a€BV¥¥ding to the invention to be
itself a transktiggommunication system so that the connection set-up nmessage
i's 15 30 June 2Q04 recejved and, the routi i nformation contained therein
is furthd® proces ﬁﬂcﬁﬁ et c?ﬁléidnfogilg'tlﬁé ?g?‘f‘owengs?%uuetnecet'o t he

destinati on swetidhing node. |If the source switching node is associated with
5 a first sublpgtwork and the destination switching node is associated with
a further subnetwork, detectabl e bottleneck n_|ikew se be avoi ded by

i ncl udi ng | oops iﬁe\t(ﬂ‘%H’r%‘?%FRqalcrie%&ﬁé?gi Bl gRﬁgttli‘%“i ncl ude connecting -
lines 10 between Bephatewlkskof wigr edet Fasignkdgiendorddl plimle route

s_earch bi’o using a,gorgmiL a%%&&%%ﬂ&lcﬁﬁirﬁ&t @hibRr S phy a'firB)h ofnhgonnecting
lines. This neans_that the |n%l usi on of further sulﬁgetv\or s in the route

search is |inmted 8¥eSp8eVrhc Pir SAT ISR IRESHERREr GRY JE3E5 (1R Wi
conmuni cati on netwod&-i4f.it iBomssumwed tthist sabnebeor Bsnare sts@et ured on

the basis of geographigal., clé Iy F QULE$SERRChes over geographically far
di st ant subnetworl%s are rgﬁttb% ed,lswh' i i i

( | I Ch permts an upper limt for the
expenditure in telNRgeot+ e%%u?%%%&%ﬁﬁaﬁﬂjqﬂﬁu§EHBFnFﬁewggaﬁﬁﬁigéé§%enditure
for a commection-sekingedito be prescribed. According to a further
advant ageous refi : cordi o the invention, further
subnet wor ks can bgggﬁgﬁiééﬁggg%%gﬁﬁgﬁgv%gy'thggﬂgé?S subnetwork is left
repeatedly or ELS® |oops in further subnetworks are pernitted, w thout
which | oops it woRkdahotlbek ppsaidlmodeori aiheéncahrecearnte edbkcabout with
the sane conditio It of this expansion of the test to the
presence of connegg?%€5?$%%§%¥3o connections in which the route resources
and swi t&hing €BPacities of the first subnetwork are highly restricted can
al so be realized. churéhenodshvanilageousvdevekoprenisdefi e net hod accordi ng
to the inventiondcan be found in the rest of 35 the subordinate clains. The
formation of theé routing information in swtching nodes of an ATM
communi cation network is explained in nore detail by way of exanple with
reference toyEkgurkes 1 to 3. Figures 1 to 3 show one

35 e e m e m e c e memmm e e e mm e m oo e mmm— o



16 30 June 2004 and the sane ATM conmuni cati on network for a route search
and formation of routing information, but viewed fromdifferent swtching
nodes. 5 Figure 1 shows the ATM comuni cati on network fromthe point of

. view of the source switching node A 1, Figure 2 shows the ATM comuni cati on
network fromthe point of view of the §gansit switching 10 node B.2 and
Figure 3 shows the ATM comruni cation network fromthe point of view of the
further transit switching node C. 1. 15 The hierarchy structure 38flunhadrm
conmuni cation network i s shown by three subnetworks TA, TB, TC, by way of
exanpl e. The first subnetwork TA conprises the physical nodes A 1..6. The
node A 1 is tS¥@I888rdé switching node and the node A6 is the 20

destinati on sw tchi nghsodeagsetcideedonnentizomtsdt - upiokder isonstder ati on.
However, the d ti ot ted in

t he sane pee?l%éa?r%%p ? gg% %Si% #2 Fﬁegi usg](?éﬁtﬁgI tgertrfl;tel?%eh%gt?g!ég%gn al so
only be effedicadat preaghiaedr itkinode. A 25 further subnetwork TB

conpri sessthe nodes Bhd. gpapRdcanhaddint ilanal f(oirheonsabnglwos kad€

conprises the 4. The pubnet Ks I p g S t he
| onest hi er ar“@ﬁ?“%@v;"‘)]ke b e RO gd o\rll\q; hi g@g -Eﬁr )(ér g?(r?ﬂly TCXQ%O forma
network group /BAB.(p=er coroup BEDf 3a BPGREET hi &P artdify |1e\#er~’5nafaﬁanare each

represented Rya ogi cal AdecAe Bichl :8qsthl kohpsbersbipranehyihvel . this
with the further adgrtronal

net wor k group TAB gr.oup co
subnet work TCHEF F&QWP; néfﬁo%‘ﬁeﬁ’rb@b ﬁ’}lt%(fatd‘qngdr ‘calPnEG& ARt &bt esent i ng
the 35 networik gwillp bé asbighér thiaer ately lieved TABlan&edaksghéhl node C

representing ke, fmu”lgﬁr[an ddi ttﬂ@%lm V@ﬁ‘re@@nt—”ﬁ%en@@@.ﬁgﬁﬁ\énﬁonneCt ed
to one anot her )y rreans o p ysi cal connrgtctr ng lines ks)

Links 17 3Chfdde E50u $fL subné ﬁo?ﬁ?gggeyaégfiﬁ “E@gend:
Initial |etteampliak heo uzhbl: ttzﬂt:vxﬂenwm)dles mafy dokli tindngednddraadditi onal

i nformation. I I| ) r ni l-eWPlei-Bl, 1ENduged uplink
pbl , hbl , anda‘i‘%"s gt QE Eﬂge}slégg%?{‘/%%,mkmﬁd JrisRcedPler pb3, hb3

respecti ¥8l y,a éﬁ&rﬂb’s aﬁalbﬁlhlwr REEF P&SPBCtively and hel and pct, uc2,
Uc2 and hc2, respectively) are identified with a respective identical

aggr egaton takells ntqy jof exaunle. s Fhenaodess fobhehe | ReckgH! L N9

i nfornation i's or e ’accor ures 3 are seer; in each case
only by the peer groups which are out FPn@dWG\FPhR?HWIW%s %t & know .edge
base stored |n the respective node compehses iisndncahtonslrephinig to these
peer groups) tea f e physical connecting lines 2D which |ead out
fromthegﬁr erRaerlc hi-Cal PQ[F‘UQ\Jest r;éer group, they see the uplinks which are
respectively -assi-gned. Only the respective boundary nodes thensel ves know
about this asggrertrbibyt they {de not communi cate this know edge to the
ot her nodes of the 25 peer group. A route fromthe source node A 1 to the
destination node "‘A. 6 is sought. The connecting |ines pas, pa6, which would
permit a dirdstlatdgn@bflidmk he= shurce node A1 to the destination node A 6,

are 25 RelationTbli{j,] := 0;

which signifies:
link- j, dis an uplink and induces link- j,
link- j,., is an uplink and induces link- j,
30 link- j,, is an uplink and induces link- j,
link- j, 1is a horizontal link.
// If there is no value J,, from 1 to wm with
RelationTbl (j..,) : =], but there is an entry
RelationTbl{j.] := 0; then j, is a horizontal link in a
35 hierarchically lowest peer group.
Assuming that the 1link-i to be replaced
corresponds to J,,, then the table RelationTbl is run
through until RelationTbl[j,] := O. j, identifies the

horizontal link to be used,.




30 bl ocked. The physical path which the connection set-up should take is

i ndicated by a thick line. 18 30 June 2004 Activity of the source node

A . 1: The graph GL will be assunmed to be stored in_the source node A1 in the
.formof a list of linkstogether with their boundary nodes, i.e.5Gl(A 1) -
see Figure 1:(pat. A 2 , A1), (pa3 . A13 Al), (pad . A4 ,A5),(pas :
A5, Al, (pab : 6 ( AD5), (ubl: A i B), (ub2: A3, B), (ub3: A 4,
B),(ucl: A5, O, (ch : A6, C.10(hbl: B, A, (hb2 : B, A, 3thlude20@!,
A,(Ul: A O, (k2: A, O,(hcl: C, AB), (hc2 : C, AB))The block lines
are renoved, specifically(pas: A5, Al), (pa6 : A6, A5), andl5the
graph (A 1) is deternined (pat. A2, A1l), (pa3 . A3, Al), (pad . A4
,A.5), (ubl: A Sota )o(ub2: A3, B), (ub3 A4 ( B, (ucI A5 O, (uc2:

A 6 , O.20( ), ﬁéhbz . B (hb3 : B %Pr . A. O (Uc2 :
A( QO ,(hcl: C, ABJor(Ré3 mcllnk\B) Oﬁllt}tl?\egéa"ﬁé’ést HB%% tiSget her with
t head; 0| ni ngtlabmgsogr@hé enpyed, speC| fically25(hbl: B, A, (hb2 : B, A,

(hb3 : A cly ( :

AB) and i ?‘rﬁg‘%"e&%ﬂk@"ﬁ % rtc‘:)errcr}rj‘l ne {%l %%)2 '% (pa3 .

A .3 ., A 1), bppadaryA mpdeg0ACS) t}e@bllwkz 2:ala 3k= 13) ‘(‘ub3: A4,
B). (ucl: |A S&lﬁ%rl(Q%gdesﬁgﬁateénbﬁhg ?pplTﬁétt@Bl@fRém&tfbthIrﬁs) ) c
routingal gorithmyie eque atd.on uc
ucl , A S, padX'R & 58%9% Sﬁfﬂft“% meﬂrét}%ﬂﬁﬁf E)ﬂt?ﬁc Jmhegg ?%%el ﬁ\\:/cgrted
sequence = FRois: SoufcemNode S Ito pga mext diink Bndubst ARG, SpAG,

A S ucl, gﬁ)ucgumé 6 Cu£¥éﬁﬂﬁl?ééme|‘ﬂ0d§s alwgygs 3%&&15%%@%11% sreuence F3
i s deterim ne Al pat, A.2) B, hb3, A Thefsequence

, A
F4 is deternERédieA &1 pTaltnk%V TE% AASﬁB‘f‘an% ﬁB%t t%ﬁcl h2
hc2) AB. Thecdurtrentmbieneetenmenis of eibelDTL tst ackher e dezlued t@Erefrom

The sequence E?‘lkb@vé?’!{‘lhi{#"p jaf Tt%(ene§0h L4 o ke snd t@qfé Rher gatkanigl ement
DTL is formaé' rom eac the syb-3€ uencegagro uced, as they are 10

transmitted P6iFAeSABRt ARSI EHICHhdfe FOTREPHBFRt &1 Points to the x-th
br acket ed5node link paiwill. béDTd.ssx{mhdL tipal)s, seAavenceb¥y, ipofarwed2 2. DTL:

A, hbl T, hcl C, hc2
EAB X' 02) 00 (%Q%OLh pmﬁ%%ll ct F&?{ ﬁkggnggﬁeatprg%lsi(é%lode ?3 2((entry) node

in the further subnetwork TB). 20 The transit node B.2 receives the
foll owing rogbirng:Lnfiost@piDned in-11.doDTL: (A, hbl), (B, hb3), (A Ucl),

poi nter=2 2. DTL: cl). (AB, x" 00 00 GD 00), pointer=1 25
Node B. 2 has the néfﬁ%?g l c#clé%c%éleseen 12% it stored Jn t he formof a
furs

graph G1E8.2) - see Fﬁ%e%'ﬁl Glhaéut"a‘WﬁEr‘Fg’ﬁ nt hiad phinkg 1569y | (pbs:
B.1,B.5), (pb6: B.4, Bobyce(pbde &Sﬂ&é&) i6phE the, BaBd, h3erbuahy B.2, A),

(850G (W3R b L g el ol Al B4
' ’ , ‘that horizontal link which is a551gned to the

link-i by virtue of the identical aggregation
25 . token (the RelationTbl is run through starting
at j, = link-i and H= j, is found).
end

next i;

30 It will be assumed that a sequence of DTLs is
formed from F4 in that the seguence F3 is broken up
behind each uplink and a DTL information element with
syntax which complies with PNNI protocol is formed from
each sub-seguence generated in this way - which

35 describes —completely the task, according to the
invention, for the source node 8.

’ According to the invention, a loop (in terms of
the method according to the invention an alternative

route via one or more peer groups with return to a peer




Because this is transit traffic, GLl'(B.2) is 35 forned, in that initially
D(B.2) and link-to-D (B.2) are determned: D (B.2) = A Link-to-D (B.2) =
hb3. 20 30 June 2004 All the nodes fromthe hierarchy |evel which is

. greater than or equal to the |ogical node A and the respective adjacent
l'inks, with the exception however of DjgB.2) = Aitself and of those
uplinks for which A5 is the upnode and which are correlated with |ink-toD
(B. 2) =hb3 , are renoved f romthe graph GL (B . 2 ) in the30rJans2@04
node. The graph 61' (B. 2) is produced: (pb4: B.1,B.2), (pb5: B.1,B.5), (pb6:
B.4,B.5), (pb7: 10 B.3,B.4), (pb8: B.2,B.3), (ua3 B.4, A Slncethe
transit node @®our swiroth Meablfe%@w beere kagesed gE APPNS (B 2% Zegr aph

&' (B.2) appld r?csfysh{% Neh A e84 O nbed étobebheszlseaar&hlieubuHI&eh away 15

LIr Scrn: E hm Wlm% Fgcﬁ‘g‘ﬁ‘syl é')IeBs &3 ggﬁer}é'%o = %OFB %emé,&@st (gf %ﬂ%l ngb7

B.3, pb8, B.2=8iB) imfothmetinuersed oftkledt s yigsids Pz@enzotSE(B 2)

=B. 2, pb8 B. &t B 4’sé£a%p A‘I%s(:f& TQﬁrﬂp@é at § gns af Orpﬂy%rlﬁbmg F3 do
not yield any crhanges i.e. yence zeSeguen etF3 S%qu nce F4 is
fornmed from sEHUEHTE@SFFOWS "§“( 23S —EOZ p SS§ 3\ RIPreRR @7 483 B, hb3,

A=D (B. 2) Thmm.) inf'Dhmtmnegbémane@ bélbhewnoht mn@erﬁﬁ@# nepei (§hl8r| are

f df ' g =3agBb? 4,
pglr g?er—rZOg]Os ‘?ﬁ ahb% A-ECt(l%{g €p8%)%l Elnlltéer§ %9 oo g% (fl%f) DTL of

which is not Rfetsdsedd SWERGSinghaoRs| Pgmﬁnﬁl?ﬁ%ﬁ‘??ﬂg‘:aﬂrﬁyoﬁ?é{ﬁ SonPEFTi s sent
in the Dtlp Stgfil(-‘dﬁ gormat fromthe entry node B.2 to the further node B.3 in

e, funier stbnetogl T by Cll UL BL G 200 pil s 007

(B. 4, ua3), pointer= recerve cesse hbl), (B,
hb3), (A, Uclgzoymi Aser:efg, wivRR, Pec%‘i’%falrﬂi“fﬁlelthéla dF%%?ﬁ?edl

passed on, then the respective uppermost DTL in the
stack must previously be removed. 1If even one specific

15 hierarchy area is departed from, all those DTL
information elements which are uppermost in the stack
and which contain route sections through the respective
peer groups of the hierarchy area which is to be
departed from must previously be removed. If a

20 hierarchically lowest peer group is entered anew when a
connection set-up message is being passed on, then new
route sections must be determined and new respective
DTLs formed. The pointers in the individual DTLs must
always be set and moved forward in such a way that when

25 a connection set-up message is received the pointers of
all the received DTLs each point to a node link pair
which contains eilther the receiving physical,
hierarchically lowest node or else one of its ancestor
nodes.

30 The boundary node (S’), as entry node intc a
further peer group, determines a new optimum route
section as far as a destination node D’. The
destination node D’ is to be taken from the node link
pair which follows that node link pair in the DTL which

35 is uppermost in the stack of the DTLs received and to
which the respective pointer points.

If this is not possible because the pofnter is
already peinting to the last node link pair, the same

applies in relation to the next lower DTL in the stack,



21 30 June 2004 (AB, hcl), (C, hc2), (AB,x'00 00 OD 00), pointer=1 Activity
of the transit node A.4 in the first subnetwork TA: 5 The node A. 4 receives
the following routing information ri: 1. DIL: (A, hbl)) (B, hb3), (A Ucl),
. pointer=3 2. DIL: (AB, hcl), (C, hc2), (AB,x'00 00 00 00), pointer=1 10
Node A. 4 has the network which can be sgen by it stored in the formof a
graph GL(A 4) which corresponds to the graph GL(A 1) stored by the source
node A. 1, see above and see Figure 1 (outlined with thick |inesp.juis2004
Because this is transit traffic Gl' (A.4) is fornmed in that initially
D (A 4) and link-to-D (A 4 are ermned ink-to-D (A 4
= hcl. 20 ALEYhe nddes o"lZ q'ber éfv[g;hevxﬁl ﬁn)ts}oar § %‘ﬁan f)r :

equal to the ENNT amciordcetel pmést)r(.hﬁeﬂ) th{t ancbmhiee tree s pect i @@taeﬂeacent
| inks, but W%&ﬁé&%o@&%ﬁ@e' o Of Po('%l'@ regei'&eﬁlel fiiard 1Qfd1tc}&Q§%nUp| i nks

for V\:hIChD' E I's an upnode and V\/mc are 25 corrg ated wi.th
li nk-to-D (ATZF)meJﬁ’cI boyi e thenpedef r OM%€he Pgr apf GREALAFY GPhph &F (A 4) is
produced: s( péh'[mpen%t.tav,e A Bny (@aZmptA. Ior AxBrplépado. akrdve AhBYE (pas :

"By (ucr Wgglen, ety et yiBhy tohettel, el £

A O The bl RE@dan iRy aFeui@nsyés ér?@dt s 9b%| &§m35 NS €2 LR 4): (pat
A2, Al h:(élf&?rchyA a¥ea &éﬁres(diﬂ:‘éd W dche AdB}tifarbion An@dé BY, (ub2:

A3, B, (ub noct %elﬂg Bgﬁtér CA at tgé g}l\rlsaggd?’goﬂ}ilggr}zogéde from
10 where the continuation of the connection set-up could

end in a blind alley. That is to say, in addition to

D', the horizontal link link-to-D’ is also determined.

Link-to-D’ is taken from the node-link-pair which is

associated with that DTL in which D’ is located and to

15 which the respective pointer points when the DTL is
received.

The boundary ncde S’, which takes into account
the fact that it is only a transit node for the present
connection set-up wish and that the received DTL stack

20 is incomplete, therefore forms a possibly reduced graph
Gl’ on the basis of its own graph Gl, as follows:

211l the nodes - together with adjacent links -
with a hierarchy level which is higher than or equal to
the hierarchy level of the node D’ are removed from the

25 graph 61, but D’ itself is not, neither are those
uplinks for which D’ is an upnode and which are at the
same time assigned to the link-to-D’. That is to say
the following test will be carried out for all uplinks
which have D’ as an upnode:

30 As in subtask-1, a Jj,, can be assigned to an
uplink. It will be assumed that table RelationTbl is
run through starting from the RelationTkl[j,,] up to an
entry RelationTbl([j,] := O. If j, corresponds to the
link-te-D’, then the uplink may remain in the graph

35 Gl’'. Otherwise it is removed.

Taking G1’ as a basis, the graphs G2’ and G3'
are formed entirely analogously to the way in which the
source node § formed the graphs G2’ and G3’, and, as

described above, a DTL stack is determined, S’ assuming



(hbl : B, A, (hb2: B( A, (hb3: B, A, (Ul : A O If all the
ancestor nodes still contained, together with the adjoining connecting
lines, are 5 renoved, this yields graph G3' (A. 4): (pat : A2, A1), (pa3:
A3, Al), (pad : A4, AD5), (ubl: A2, B), (ub2: A3 ( B), (ub3: A4,
B), (ucl : AS, C. By neans of a Dijkz%ra routing algorithm the 10

foll ow ng sequence F1 is determ ned therein as the best route fromthe
transit node A 4 to the representative C of the additional furtRdnne 2004
subnetwork TC. D (A . 4)=C) ucl, A'S, pa4, A 4= S (A 4) By inverting the
order, the sequence F2 is obtained: 15 S (A 4) = A 4, pa4, A'S, ucl,

C=D (A . 4) Si Iﬁ(ﬁe tﬂiﬁlc&aq;uemfe §2 asdneverasgesdendithg wWdrrtriegaref t© t he

hi er ar chy Ie of egh}e é’%v%h occur the operations for formng the
sequence F3 F any anges: = F2. 20 The sequence F4, nanely:
S (A 4) = A 4) pa4 YATE, thel DR HAITD cs_*e (X EPLienoBEar REALRAFBIPE he
sequence F3 aihe f@hkew ngobliidnf asnat ion elementerebdt héroaut thy
|nfornat|on ri are.deriyved fro t he .seque (A, 4 pad),

(A 5, ucly, p6t Hﬁgﬁ llz"\fim""'L ABa“ﬁcl%% ?%EL 255‘664(00% ﬁ%. nter=1 the
| ast (=2.) Diiasefed\AhnchS|shmtccall‘£c1@;5t6§d Thus, the follow ng DIL stack
contents are 30 tranﬁﬁeﬁﬁéﬂuéi&méﬂﬂﬁtﬁé %Edden%@&oﬁeé tL@obBGmOdBeA S 1

DTL, newly forned: (A 4, 4), ucI) i nter=2 e ved and
further proc8&§segd (ﬁcc}%%)mg(B Onb3 ©( {?flejslorbm ﬁ%%“i 6%5 gﬁ
recei ved and chunehetngr mcesseelxzns(uAByhm )are( CoreR)ed( AB, ;algge@gn'go 00) :

poi nt er neg [ ' Of, £t r nggen K bhe
addi ti on% é?’%l% at ubn%?év%élr %%ITC%N_%' e fr?gdgﬁlé 1%?§%§¥%a€%ﬁﬁﬂo | owi ng

routing inf ordﬁétfieaﬁnﬁ . TEPYESEALIVAS  1fE) FhEC 0® 00 00),
poi nt er =2. Ttmegrmem‘e 13 dr hashiyvt heewiel mwor ktlwhs chiscarhebecséyn Wy i thatored in

theformm_c gg G esea fi Hcag. 10 (pc3: C1, C2), (pc4:. C 2
3. (pes: % Zg &% %%£e§%%;p0551b1e to determine more

15 economic alternatives to loopless routes for a
connection to the desired properties, routing
information which contains indications relating to the
connecting lines which have been checked is generated.
In the method according to the invention, no knowledge

20 of the network topology of the further subnetworks
(peer groups) - that is to say outside its own branch
of the hierarchy in the switching node which performs
the formation of the route - is necessary. However, it
is essential that there are at least two connecting

25 lines from different boundary switching nodes of the
first subnetwork to at least one further subnetwork.

The method according to the invention can be
realized in the source switching node if the source
switching node and the destination switching node are

30 associated with the same subnetwork and the routing
information is formed with one or more loops to further
subnetworks. 1In this context, the formation of routing
information for a connection set-up message can be
performed firstly by the source switching node for a

35 connection set-up. However, as$ an alternative it is
possible for the source switching node forming the
routing information in terms of the method according to
the invention to be itself a transit communication

system so that the connection set-up message 1s



(uabl: C 1, AB), (uab2: C. 4, AB) (hcl: C AB), (Hc2: C, AB) Because this is
transit traffic, GI'(C 1) is 15 forned in that initially D(C 1) and
link-to-D (C. 1) are determned: D (C 1) = ABIlink-to-D (C. 1) = hc2. All

. the nodes of a hierarchy level which is 20 greater than or equal to the

hi erarchy level of D(C 1) - AB, as wellb as the respective adjoining |links,
but with the exception of D (C.1) = Citself and of those uplinks for
which D (C. 1) = ABis an upnode and which are correl ated w th 30 June 2004
link-to-D (C. 1) hc2) are renmoved 25 fromthe graph GL(C.1). The graph

Gl' (C. 1) is Olbt%caé «:-(19:93thec }ou&r?%’lx(f)&r%a&o?n c%r?t)aln@acﬁhege%n C. 4),
(pc6: C. 1) (uab2: C 4, AB i nce the node C. 1 does not find any

bl ocked connett i AT FPRES P("Pﬁ§§ée§r &% 3 e Ipnst tf‘férf tRet DRSNSk TA),
61' (C. 1) = GrdGd)o Beeadserhnaancesseitdlodes noaleat i ng to node C. 1 can be

additionally renoved nefr 5 ' ) nl) Using
the Dijkstra routing Itafjlqg:o% t%@:eé S“%:‘a C?‘,gl nOd?Ilsdeaf%es:angllr?egéhg(lsgequence F1
as the best rouférsp (Stljbm?ﬁmk uabg, t@eq casEgnatierSSWELERing22°8% June
2004 By inverid ngsga%lat_eer,wmquanceufgnéﬁ ehiakbnedrk, Sie(t@ck)a}alpces C. 4,
uab2, AB=D (gbc%% Si nc t he sngL ence F2 is never. descen regard to

the hierarch sttﬁ-?‘nn SN So e S5 Eh &Y oplenrcgll ons for%Tsorn‘i ng
t he sequence H3 We nwtutgi.el d any changes: F3 = F2. The sequence F4,

specifically: 10 S (G¢l):zCosthe @t d&abﬁ'xﬁ:d&zccﬁ&egtﬁggl)ll‘n%som ai ned
fromthe sequence F3. The fv?I I ovmfﬁ% DTL i nf or mabion el enent s . of the routing

i nfoor mat iXon P AT eF iRRRF S eBuEACE AP shi9nHT OTEEE 1 2hce)
(C. 4, uab2) o nterse? s&arlb‘ﬁva( Gshog) 2 ¢ABps 08s TG00 )chapwiareer =1 t he

last (=2.) Dli,0f, V‘gh 1&690&&9839&@ %hi’§me§ he fgkLowengsDHnast ack is
od Furt

transferred fromth node. C.4.in the 20 additi onal
further subne‘f%rl&”Féus}onDTE n@ﬁ%}"efrorﬁé’ﬁ’ne(:ﬁoﬁ(spcbﬁ the 4TW462)

poi nt er =2 search is limited to specific areas of the hierarchy of
15 the ATM communication network. If it is assumed that
subnetworks are structured on the basis of geographical
criteria, route sSearches over gecographically far
distant subnetworks are prohibited, which permits an
upper limit for the expenditure in terms of resources
20 and thus for the economic expenditure for a connection
set-up to be prescribed.

According to a further advantageous refinement
of the method according to the invention, further
subnetworks can be included in such a way that a

25 subnetwork is left repeatedly or else loops in further
subnetworks are permitted, without which loops it would
not be possible for the connection to come about with
the same conditions. As a result of this expansion of
the test tc the presence of connecting lines,

30 connections in which the route resources and switching
capacities of the first subnetwork are highly
restricted can also be realized.

Further advantageous developments of the method
according to the invention can be found in the rest of

35 the subordinate claims.

The formation of the routing information in
switching nodes of an ATM communication network is
explained in more detail by way of example with

reference to Figures 1 to 3. Figures 1 to 3 show one




2. DTL, received and further processed: (AB) hcl), (C, hc2), (AB,x'00 00 00
DO, pointer=2. 25 Activity of the re-entry node A .6 for the second re
entry into the first subnetwork TA: The node A 6 receives the foll ow ng

. routing information ri: 30 1. DTL: (AB, hcl), (C hc2), (AB,x' 00 00 00 DO,
pointer=3. If node A 6 detects that thdedestination termnal is directly
connected to it, it transmts the connection set-up nessage al ong the
respective UNI 35 interface (no longer PNNI interface) to the sS&ilane 2004
destination termnal, in which case, in accordance with L1INl protocol, no
DTL i nfornation el enents will be transm_tted as wel |l he route s

termnated. 27%5tPRt dime Afh SETHUIRE C260871 TSt HSd FOF br APRGSr out i ng
i nformati on (gdardhn aad AHSMnaomnwﬁarqammmwtmﬁd«ma@omm diuhg véewedhi ng

nodes 5 (A 1. s t:43h dPmeLonnection setup message froma
source svmtchlr?\jg r%oéfe?in% < ldestI} néetl on switching node (A.6), - the

swi tching nodes (A 1..6, B. 1 5 C.1..4) being assigned in each case to
subnet wor ks (FEAurEBa Iﬁbwanthé.OAlmi nganmeirmnak&dnt aaneranofhem tvha

connecting lines (pal. ém@ BCl‘fleQ) gad hei ng up ingQ%EL'LX conbi ned

according to an ascendi ng &rar chical order to form subnetwor ?TAB) of a
hi gher order, which subnet wo?%s %arle further conbined into~subnetworks 15

(TABC) of th@l@@ﬁe bi ghewsofler ATANEdnhuMiiceh 1At hed wakk tfeot opakogy

information is taken i nto account yi a.connect I ine t br anch
of the comunication networR°Hier 8¥cﬁ’>}e\Wh|%£r:1 {:Fartga?l%%)xn\: tshwéqg\b\ngﬁéhl ng node

(A1, B.20 B.4, A4, AS Q(dde &4 amd ch 20 perfornms the formation of
routing inf orgg%tdrgna £akwh hend onmmt I&j’imQ{nlrcglﬂtlbﬁg dddwerat £ 8sm | Bhkhe
ascending direction with respect |tpl% the co glatl qgtwork hi eEarchy in
accordance with_the privat ep%erl* nSUEY prot o %NT\TI Br ot 688FY" and 25
i n Wii ch net hod even advant sgeoaisirutddeg d. @ops are taken into account via

one or nore subnetworks (TB, TC, TAB, TABC) of any hi erarchl cal level with
different exit and re-entry sw tching nodes 2, A 4, A 6) such a

way t hat 1€onnecting FPRes (PIEFaT5LY) |ns‘f’ﬁ‘éc5‘&'secendf°ﬁg 306 rec |on with
respect to themomivacdathi aetvetrkor kshi gianchpyar ehads o subcletdetdkby t he

swi tching nodg, (A oo, AySkaihigh Lo d outeRg EnbOE MBLbABL LY - Ta

comprises the physical nodes A.1..6. The node A.1l is

the source switching node and the node A.6 1is the

20 destination switching node for the connection set-up

under consideration. However, these source and

destination nodes do not need to be located in the same

peer group (subnetwork), the use of alternative routes

can also only be effected through a transit node. A

25 further subnetwork TB comprises the nodes B.1..5 and an

additional further subnetwork TC comprises the nodes

Cc.1l..4. The subnetworks TA, TB (peer groups of the

lowest hierarchy level) are combined on a higher

hierarchy level to form a network group TAB (peer group

30 of a higher hierarchy level) and are each represented

by a logical node A, B. At a still higher hierarchy

level, this network group TAB (peer group) is combined

with the further additional subnetwork TC to form a

network group TABC, a logical node AB :epresenting the

35 network group of a higher hierarchy level TAB and a

logical node € representing the further additional
subnetwork TC.

The nodes are connected to one another by means

of physical connecting lines (physical links). Links



25a 30 June 2004 2. Method according to Claim1l, characterized in that the
swtching nodes (A 1..6, B.1..5, C 1..4) operate in accordance wth the
principles of the private network node protocol (PNNI protocol). 3. Method
.according to Caim1l or 2, characterized in that the formati on of routing
information in the source switching nodg (A 1) includes the routing | oops
for a connection set-up nessage. 26 30 June 2004 4. Method according to
Claim1l or 2, characterized in that the formation of routing i Mdunagdeh in
a transit sw tching node (A.5) includes the routing |oops for a connection
set-up nmessage.. 5 5. od accaqr di to one of. G ai i_n which the
source Swi tc%ﬁﬁg Tidde ('”‘53\ 1) RBfid ggég??ﬁat 59 eEwi t Chi ngad?ii&&éoflﬁlm bel ong
to the sane sufimetomontks( aAp aashgrtr@d raodditnigoriadf dndetineniéni) is forned

i ncl udi ng ongbe%rer;g)re | oops to formfurther 10 subnetworks (TB, TC). 6.

Met hod accor to one of Cains 1 to 4, iin which the source swtching
node (A 1) andiTiéldd€tifati on RWRBHIG Inddsk¢ A 6) do not belong to the
same subnetwork and the routing4d nfarimemicad ¢ihk,is 15 formed includi ng one
or nore |oops to form subnetworks :qf: any hi gggf(chy | evel during the course
of the progression of the connection set -u% Met hod according to one of
Claims 1 to 6, characterized it HASUSEIEREERY |ines (pcl, pct) 20 between
subnet works (TA TC) starting froma prescribable hierarchy |evel are not
taken into acgau for t eformatl f t he raou i nf n i) which
i s subject téﬁiol g‘%&) c‘Jt]ha ‘a %o %rbri%aszmresl}?gnt C a?/ac?lkga}ﬁsﬁdeglgrm ned
for a pl dfal inbp é¥b3comﬁ§@telcﬁg\’2$¥ll nasd SUbR/Et Rod apeérdi R§lto &Ré of

Cains 2 to Hedfhanackarl zadai nnépatakde ;s@ytl HQ:?J nf /oAt =@ (hl::)z i's
structured i nto [ nfor tion el errent%em(%[%L the starti ng AT

swi t chi ng node €ome i nFBT mat l(?lderre‘h'{‘ DTLA. . H¥FE TG reor med for
the first sublrmnkmdal( Toprapdtior wwtdn orftdewaof 0§ubnem;b¢ ks (TAB, TABC)

included in the rOUtQ'he nodes in which the routing information is

NS NN I N 1 LTI N NN NG NG NN TN g

L(() 000x7z773:‘d%>eF\’>on>l?5t @ x s$hied péleca)ajusd cellbd] cateapoaléapdapdshcal cal cal
ca] ca] ca] ca] ¢al;cal caj salcal @@Lga] %Jacqqlee Lcalpakcal saleal @BBaBIEBBBBBBBBEF9

FSFFHHHHHHO KL NNNT UUVVV{ v Ca a cal ca Ca cMa]calc
a] ca] ca] ca] c SR VE] 51%5]%05]):% 1: %aa ’]LOJIJC e]&rf]t]&é'\’ I°]Z R l\4f 71‘ Df ]rrm
ngnot t t uuzzz 2kl WSHupsn ngb]li(]sca?da@taﬂ:héa@h;aq:xxa]lcac]cam]m]l@g] d’ia]aea] calcalc

I r P
e
] ca] ca] ca] ca] & &) chie¥] Sf<al EﬁYp‘Tﬁ’ {h&ﬁ f af ﬂe% in ﬁé’a] ca] c”a]

ca] ca] ca] ca] cajsiajed)].ca] ca]ccﬂ]yca] th¢ ca|eagmaltdakca)] bajedd va] capdeal c”a] cal ¢

>, 1{ ~B
e S Rl led ool sl stpielon ol
1098 () - +i 10%PRTUIRICEE e() ° of PEUTETENF: lee%g& e - ©hst 8: Bz X!

10% & (ps+! k% group.
A zroute from the source node A.1 to the
destination node A.6 is sought. The connecting lines
pa5, pa6é, which would permit a direct route from the

source node A.l1 to the destination node A.6, are
30 blocked. The physical path which the connection set-up
should take is indicated by a thick line.
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. the source node A.1

10

15

20

25

30

35

Activity of the source node A.1l:

The graph Gl will be assumed to be stored in
in the form of a list of 1links

together with their boundary nodes, i.e.

Gl(A.l1) - see Figure 1:
(pa2 A.2 , A.1), (pa3 A.3 , A.1), (pa4 A4,
A.5), (pa5 : A.5 , A.1), (paé : A.6 , A.3),
(ubl : A.2 , B), (ub2: A.3 , B), (ub3: A.4, B),
(ucl : A.5 , C}, f(uc2 : A.6, C).
(hb1 : B, A), (hb2z : B, A), (hb3 : B , A),
(Ucli : A, C), (Uec2 : A, C),
(hcl c , aB), t{he2 C , AB),
The block lines are removed, specifically
(pa5 : A.5 , A.1), (pa6é : A.6 , A.5), and
the graph G2(A.1) is determined:
(pa2 A.2 , A.1), (pa3 A.3 , A.1), (pa4d A.4
A.5),
(ubl: A.2 , B), {ub2: A.3 , B), (ub3: aA.4 , B},
{(ucli A.5, C), (uc2 : A.6 , Q).
(hbl : B , A), (hb2 : B , A}, (hb3 : B, A),
(Ucli : A, C), (Uc2 : A, C),
{hc1 C , AB), (hc2 C , AB).
A1l the ancestor nodes together with the
adjoining lines are removed, specifically
(hbl1-: B, A), (hb2 : B, &), (hb3 : B , A},
(Ucl : A, C), (Uc2 :+ B, C},
(hel c , AB), (hc2 C , AB),
and in this way graph G3(A.1) 1is determined:
(pa2 A.2 , A.1), {pa3 A.3 ., A.1), (pa4 A.4
A.5}), ,
{ubl: A.2 , B), (ub2: A.3 , B), {(ub3: A.4 , B),
{ucl : A.5, C), (ug2 : .6 , C).
The application of the Dijkstra routing
algorithm yields the sequence Fl:
Destination node D = A.6, uc2,C, ucl,A.5, pad4, A.4,
ub3, B, ubl, A.2, pa2, A.l=Source Node S§.
The inverted sequence = F2 is:
Source Node S=A.1, pa2,A.2, ubl, B, ub3, A.4, pa4, A.5,
ucl, C,uc2, A.6 = Destination Node D.
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The sequence F3 is determined:

A.l, pa2, A.2, ubl, B, hb3,A, Ucl, C, hc2, AB.

The segquence F4 is determined:

A.1l, pa2, A.2, ubl, A, hbl, B ,hb3,A, Ucl,AB, hcl, C,
5 hc2, AB.

The information elements of the DTL stack are
derived therefrom. The sequence F4 is split up after
each uplink and an information element DTL is {formed
from each of the sub-sequences produced, as they are

10 transmitted to the next physical node. The pointer
points to the x-th bracketed node link pair.

DTL: {A.1, paz2), (A.2, ubl), pointer=2
DTL: (&, hbil}), (B, hb3}, (A, Ucl), pointer=1l
15 3. DTL: (AB, hcl), (C, hc2), (AB,%'00 00 00 00),

pointexr=1

Activitvy of the transit node B.2 (entrv node in the

further subnetwork TB):

20 The transit node B.2 receives the following

routing information ri:

1. DTL: (A, hbl), (8, hb3), (A, Ucl), pointer=2
2. DTL: (AB, hecl), (C, hcz2}, (AB,x’'00 00 00 00},
pointer=1
25 : Node B.2 has the network which can be seen by
it stored in the form of a graph Gl(B.2) - see the

thick ocutlining in Figure 2:

(pb4: B.1,B.2), (pb5: B.1,B.5), (pbé6: B.4,B.5), (pb7:

B.3,B.4), (pb8: B.2,B.3),
30 (uai: B.2, A), (ua2: B.3, A), (ua3: B.4, A),

(hbi1 : B8, A), {(hb2 : B, A), (hb3 : B , A),

(Uci : A, C}, (Uc2 : A, C),

(he1 : ¢, aB), (hc2 : C , AB).

Because this is transit traffic, G1'(B.2) 1is

35 formed, in that _

initially D’ (B.2) and link-to-D' (B.2) are determined:

0o’ (B.2) = A

Link-to-D’ (B.2) = hb3.
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All the nodes from the hierarchy level whiéh is

greater than or equal to the logical node A, and the

. respective adjacent links, with the exception however

of D'{B.2) = A itself and of those uplinks for which A
5 is the upnode and which are correlated with link-to-

D' (B.2)=hb3, are removed from the graph G1{(B.2) in the

transit node.

The graph G1' (B.2) is produced:

(pb4: B.1,B.2), (pb5: B.1,B.5), (pb6: B.4,B.5), (pb7:
10 B.3,B.4), (pb8: B.2,B.3),

{ua3: B.4, A)

Since the transit node B.1 is not aware of any
blockages, graph Gl1' (B.2) = graph G2' {B.2) applies
Since no ancestor nodes of the B.1l can be further away

15 from it, G1'(B.2) = G2'(B.2) = G3’ (R.2) applies.

The Dijkstra routing algorithm which is used
yields a sequence Fl: _

D' (B.2) =A, ua3, B.4, pb7, B.3, pb8, B.2=5'(B.2)

In the inverted order, this yields F2:

20 S'(B.2) =B.2, pb8, B.3, pb7, B.4, ua3, A=D’(B.2)
The operations for forming F3 do not yield any
changes,
i.e. sequence F2 = sequence F3.
Sequence F4 is formed from segquence F3:
25 & (B.2) =B.2, pbs8, B.3, pb7, B.4, ua3, B, hb3,
A=D’' {B.2)

The DTL information elements of the routing
information ri are formed from seguence F4:

1. DTL: (B.2, pb8), (B.3, pb7), (B.4, ual3), pointer=2
30 2. DTL: (B, hb3), A=D’(B.2), pointer=1l
the last {=2.) DTL of which is not accepted.

Thus, the following routing information ri 1s
sent in the DTL stack format from the entry node B.2 to
the further node B.3 in the further subnetwork TB:

35 1. DTL, newly formed:
{(B.2, pb8), (B.3, pb7), (B.4, ua3), pointer=2
2. DTL, received and further processed:
(&, hbl), (B, hb3), (A, Ucl), pointer=2

3. DTL, received and further processed:
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(aB, hcl), (C, hc2), (AB,x’00 00 00 00), pointer=1l

. Activity of the transit node A.4 in the first

subnetwork TA:

The node A.4 receives the following routing
information ri:
1. DTL: (A, hbil), (B, hb3), (A, Ucl), pointer=3
2. DTL: (AR, hcl}, (C, hc2), (AB,x*00 00 00 00),
pointer=1
Node A.4 has the network which can be seen by
it stored in the form of a graph Gl1(A.4) which
corresponds to the graph G1l(A.1) stored by the source
node A.l1, see above and see Figure 1 (outlined with
thick lines).
Because this is transit traffic, G1’(A.4) is
formed in that
initially D’ (A.4) and link-to-D‘ (A.4) are determined:
D'(A.4) =C
Link-to-D’ (A.4) = hcl.
All the nodes of the hierarchy level which is
greater than or egual to the hierarchy level of D’ {A.4)
= C and the respective adjacent links, but with the

exception of D’'(A.4) = C itself and of those uplinks
for which D’{A.4} = C is an upnode and which are
correlated with link-to-D’{A.4) =hcl, are removed from

the graph Gl (A.4).
Graph G1' (A.4) is produced:

(pa2 : A.2 , A.l1l), (pa3 : A.3 , A.l}), (pas : A.4 ,
2.5), (pa5 : A.5 , A.1), (paé : A.6 , R.5),

(ubi: A.2 , B), (ub2: A.3 , B), (ub3: A.4 , B),

{ucl A.5, C),

(hb1 : B, &), (hb2 : B , A), (hb3 : B , A),

{Uc1 A, C)

The blocked links are removed and this yields
graph G2’ (A.4):
(pa2 : A.2 , A.1), (pa3 : A.3 , A.1), (pad4 : A.4 ,
A.5),
(ubi: .2 , B), (ub2: A.3 , B), {ub3: A.4 , B},
(ucl : A.5, C),
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10 following seqguence Fl1 is determined therein as the best
route from the transit node A.4 to the representative C
of the additicnal further subnetwork TC:
D' (A.4)=C, ucl, A.5, pa4, A.4= 8" (A.4)
By inverting the order, the segquence F2 is obtained:
15 S*(A.4) = A.4, pa4, A.5, ucl, C=D'{A.4) '
Since the sequence F2 is never descending with
regard to the hierarchy level of the nodes which occur,
the operations for forming the sequence F3 do not yield
any changes: F3 = F2. ‘
20 The sequence ¥4, namely:
S'(A.4) = A.4, pa4, A.5, ucl,AB, hecl, C=D’({A.4)
is cobtained from the seguence F3.
The following DTL information elements of the

routing information ri are derived from the sequence

25 F4:
1. DTL: (A.4, pa4), (A.5, ucl), pointer=2
2. DTL: (AB, hecl), {C, x'00 00 0C 00), pointer=l

the last (=2.) DTL of which is not acceptegd.
Thus, the following DTL stack contents are
30 transferred from the transit node A.4 to the node A.5:

1. DTL, newly formed: (A.4, ©pa4), (A.5, ucl),
pointer=2
2. DTL, received and further processed: (A, hbl), (B,
hb3), (A, Ucl), pcinter=3
35 3. DTL, received and further processed: (AB, hcl),

(C, hec2), (AB,x'00 00 00 00), pointer=l
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information ri:

5 1. DTL: (AB, hcl), (C, hec2), (AB,x'00 00 00 00},
pointer=2.

The node €.1 has the network which can be seen

by it stored in the form of a graph G1(C.1l), see Figure
3:
10 (pe3: C.1, C.2), (pc4: C.2, C.3), (pcs5: C.3, C.4),
(pce: C.1, C.4}),
(uabl: C.1, AB), (uab2: C.4, AB)
(hcl: C, AB}, (Hc2: C, AB)
Because this is transit traffic, G17({C.1) is

15 formed in that initially D’(C.1) and link-to-D’(C.1)

are determined:
D’ (C.1) = AR
link-to-D’ (C.1) = hc2.
All the nodes of a hierarchy level which is

20 greater than or egual to the hierarchy level of D’ ({C.1)
= AB, as well as the respective adjoining links, but
with the exception of D’ (C.1) = C itself and of those
uplinks for which D’(C.1) = AB is an upnode and which
are correlated with link-to-D’(C.1)=hc2, are removed

25 from the graph G1{C.1}.

The graph G1’ (C.1) is obtained:

(pe3: C.1, C.2), (pca: C.2, C.3), (pcs5: C.3, C.4),
{(pc6: C.1, C.4),

(uab2: C.4, AB)

30 Since the node C.1 does not find any blocked
connecting lines (these are located in the first
subnetwork TA}, G1'{(C.1) = G2'(C.1).

Because no ancestor nodes relating to node C.1 can be
additionally removed therefrom:

35 Gl’ {C.1) = G2’ (C.1) = G3"(C.1)

Using the Dijkstra routing algorithm, the node
C.1 will determine the seguence Fl1 as the best route:

D’ (C.1)=AB, uab2, C.4, pcé, C.1=5'(C.1)
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2. DTL, xreceived and further processed: (AB, hcl),
(C, he2), (AB,x'00 00 00 00), pointer=2.
25

detivity of the re-entry node 2.6 for the second re-

ent intec the first subnetwork TA:

The node A.6 receives the following routing
information ri:

30 1. DTL: (AB, hel), (C, hc2), (AB,x’'00 00 00 00),
pointer=3.

If node A.6 detects that the destination
terminal is directly connected to it, it transmits the
connection set-up message along the respective UNI

35 interface (no longer PNNI interface) to the said
destination terminal, in which case, in accordance with
UNI protocol, no DTL information elements will be

transmitted as well. The route is terminated.
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- the switching nodes (A.1..6, B.1..5, C.1..4) being

assigned in each case to subnetworks (TA, TB, TC) and
i0 being networked to one another via connecting lines
(pal..6, pbl..8, pcl..6) and being unambiguously
combined according to an ascending hierarchical order |
to form subnetworks (TAB) of a higher order, which
7 subnetworks are further combined into subnetworks
15 (TABC) of the next higher order, and
in which method all the topology information is taken
into account via connecting lines within that branch of
the communication network hierarchy which starts from the
switching node (A.1, B.2, B.4, A.4, A.S5, C.1, C.4) which
20 performs the formation of routing information, for the
formation of réuting information in the ascending
directicn with respect to the communication network
hierarchy in accordance with the private network node
protecol (PNNI protocol), and
25 in which method even advantageous routing locps are taken
into account via one or more subnetworks {TB, TC, TAB,
TABC) of any hierarchical level with different exit and
re-entrny switching nodes (A.2,A.4; A.5,A.6) in such a way
that connecting lines (pb3, pc2) in the descending
30 direction with respect to the communication network
hierarchy are also included by the switching ncde (A.1,

A.5) which forms routing information (ri).
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private network node protoccl (PNNI protocol).
3. Method according to Claim 1 eor 2, characterized
in that the formation of routing information in the
source switching node (A.1) includes the routing lcops

for a connection set-up message.
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4. Method according to Claim 1 ecor 2, characterized
in that the formation of routing information in a
transit switching node (A.5) includes the routing loops
for a connection set-up message.

5 5. Method according to one of Claims 1 te 4, in
which the source switching node (A.1) and the
destination switching node (A.€) belong to the same
subnetwork (TA} and the routing information (ri) is
formed including one or more loops to Zform further

10 subnetworks (TB, TC).
6. Method according to one of Claims 1 to 4, in
which the source switching node (A.1) and the
destination switching node (A.6) do not beleong to the
same subnetwork and the routing information (ri) is
15 formed including one or more loops to form subnetworks
of any hierarchy 1level during the course of the

progression of the connection set-up.

7. Method accerding to one of Claims 1 to 6,
characterized in that connecting lines (pcl, pc2)
20 Dbetween subnetworks (TA, TC) starting from a

prescribable hierarchy level are not taken into account
for the formation ¢f the routing information (ri) which
is subject to loops, in that a common assignment
character is determined for a plurality of connecting
25 lines.
8. Method according to one of Claims 2 to 7,
characterized in that the routing information (ri) is
structured into infcormation elements (DTL1..3} by the
starting ATM switching node (VK1), one information
30 element (DTLi..2) being formed for the first subnetwork
(TA) and for each order of subnetworks (TAB,TABC)

included in the route.



