14 . « TITLE OF THE INENTION | REPLE CA N
SW TCHI NG NETWORK AND 5 BACKGROU égﬁggéggh$ENT

present invention relates to a pag <& -%Wmlohl mgg@ysf.empaged ‘1'é‘
particularly, to a packet switchipdSamen whipaged 4. 10 paged STAD

recei ving packets over ATM (AsynchidBrasingspnpigd ... 1o pahfic—| || nes,

swi t ches t h@IBREKOF sTHEsENVENTIAN .IZ’A(bktmcer nebageaoﬁé RIAEAE routd ng

pr ot ocol . Recent year skhs gQn .3 FraTte df_packet
communi cat i ons bm@tmnsw:ra*cmmﬁmrsmm [PRCKETD SHITGHING AND  of
novel applications such as the WW (Wrld Wde Wb). IP packet

swW t chi ng WasCgetr sSRETOHINGOME®RODONAl |y on a 15 packet -'by- packet basis
with reference to a routing table prepared according to the IP
routing protocol. The sw tching was conducted primarily by software,
and it was desired to I ncrease the speed of the processing in the
face of an n of traffic. 20 One way to
address theBﬁgggRﬁﬁﬁﬁ a%ﬁﬂé‘gegﬁ%@r"@g@éa ng has been proposed in the
formof a packet swtchin ste . Fl ow Label ed
1B A Connct | on e ERRREs ST %relatﬁ&eapee%eltnm%ﬂ?lwaﬁ 3
pp. 1-10 and Japanese Patent ai d-open (Kaqkai) No. Hei 8-125692. The

proposed pa@R8y moze P%%%ng§9e%m%§¥lmlﬁﬂoﬁﬁ§§@§ -which, in

packet - by- packet
sending and receiving packets over ATM (Asynchronous Transfer

Mode) lines, switches the packets based on the IP (Internet

10 Protocol) routing pfotocol.

Recent years have seen a surging traffic of packet
communications based on the IP thanks in part to the introduction
of novel applications such as the WWW (World wWide Web). IP
packet switching was carried out conventionally on a

15 packet-by-packet basis with reference to a routing table
prepared according to the IP routing protocol. The switching
was conducted primarily by software, and it was desired to
increase the speed' of the processing in the face of an
ever-swelling volume of traffic.

20 . One way to address the need fer high-speed processing has
been proposed in the form of a packet switching system by P.
Newman, et al. “Flow Labeled IP: A Connectionless Approach ATM”,
Proc. IEEE Infocom, March 1996, pp. 1-10 and Japanese Patent |
Laid-open (Kokai) No. Hei 8-125692. The proposed packet |

25 switching system combines two processes: packet-by-packet
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A .processi ng based on a routing table, and processing of

I ndi vi dual ATM cel |l s using ATM sw t ches. The above packet
switching system has a packet processor caI led I P controller
connected to each input/output line of an 5 ATM swi tch. Wen | P packets
arrive in the formof assenbled’ ATMcells, the cells are sent to the
| P control | prorgssinghbpged on ayrquthagArRbieit and pRecessingt P8l I-er
reassenbl es the cells to a | P packet. The destination of each packet

to whi ch théndividue#l A¥Macellsausinygl AMMi swdechdsd by referring to a
routing table 10 as has been done conventionally. The cells are again

assenbl ed fiemabbeeppatieé t vl tieing isgstem Add & \pdoket prokesaoirput

l i nes bound for their destinations. If a specific

condi tion i gai®kd(£p Q:on*drfolale&r ééﬁhébﬁbaeéo each 1%%@%&5&3256&50@%' ng
the same part of header have arrived), controll | ocates a

ﬂﬁ?i?ﬁf@ied%‘évkﬁéﬂéé o EH 2P paaciskeot% ‘qﬁ%ﬁpéﬁalékte‘?’é gt B adseELEd, |
| | | | VPI
Path | dont | 5187 eng gel 150l FEFu i AP LR, B

line for the | P packets in_question, as well as an_qutput |ine_nunber
and PRGN LR héhRitiR cantyoller reassenblisthgy CoL1sof
the I P packets that have arrived at the i nput interface, those whose

headers aretpapt TBI P§ckak. sathe destinatiion qrfogacll pasdiedt £9 sihdghl &hea
fl ow hereunder) are switched 25 in the formof ATM cells by the ATM
switch w t hcellpass mgassembdbkd is decided by referring to a routing table

10 as has been done conventionally. The cells are again assembled
from the packet and sent via the ATM switch to the output lines
bound for their destinations.

If a specific condition is met (e.g., if a predetermined
numb‘ef of paqkets having the same part of header have arrived);

15 the IP controller allocates a dedicated VC (Virtual Channe1.)
to the packets that were hitherto multiplexed on the same VC
as ot;,her IP packets. The IP controller then informs the input
interface in the ATM switch o.f a VPI(Virtual Path Identifier)
and a VCI(Virtual Channel Identifier) of the input line for the

20 IP packets in que:stion, as well as an output line number and
a VPI and a VCI of the output line.

Thereafter, of the IP packets that have arrived at the
input interface, those whose headers are partially the same
(this group of packets is called a fl_ow'hereur'xder) are switched

25 in the formof ATM cells by the ATM switch without passing through
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.the I P controller. The switched |IP packets are placed onto the

out put line bound for the destination (this operation is called a
cut-through hereunder). This elim nates the need for having to switch
each packet by referring to the routing table, whereby 5 hi gh- speed
packet sw tching based on the ATMswitch is I mpl enent ed.

SUMVARY OF the IRwautngiler. The switphed I pagkeys ane piacsdontrddssary
for a plurality of 10 packet switching systens to allocate dedi cated VCs
t her ebet weeputput line bosnid fookhe dpastisatinhef(tkks opemrgtion &s called

cut -t hr ough. Therefore, where |arge quantities of packets need to be
processed, faheutethuoegh diermnnider) berhissehimdhitenatie nded for haviingr e
are the follow ng problems to be solved in the prior art: 15 (1)

Throughput i3 sitéRGach packet By Féfel- PPN toERE vk 10y easfe AM
needs to have connection informati on set for each flow Under S§i ze

t t t t t I
const L% 1t BN BRaRADRRRRR AR NGl WIS BN ! shleegectl g 2
Del ays in the gedl o t%d VC resource aI I ocatlon prevent the

cut -t hrough dlng any appreci able inprovenent in per f or mance
for packet transfers of short holding tines. (4) Were packets are
transferred through a plurality of packet swi tching systenms connected

ina multi-stage structure, no 25 significant inprovenent in performance
i s attained Si‘-'ll‘&ﬂ&afeoé'f THE INVENTION

Conventionally, it has been necessary for a plurality of
10 packet switching systems to allocate dedicated VCs therebetween
for each flow of packets when carrying out a cut-through.
Therefore, where large quantities of packets need to be
processed, the resource aliocation becomes a bottleneck. And
there are the following problems to be solved in the pfior arts
15 (1) Throughput is limited. |
(2) The input interfacé of each ATM switch neéds to have
connection information set for each flow. Under size
constraints of the table permitted for the input interface, only
a 1imited number of flows is handled by cut-through operations.
20 (3) Delays in the dedicated VC resource allocation prevent the
cut~through from providing any appreciable improvement in
performance for packet transfers of short holding times.
(4) Where packets are transferred through a plurality of packet
switching systems connected in a multi-stage structure, no

25 significant improvement in performance is attained if none of
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4 the switching systens perforns a cut-through. On the
other hand, a way to provide an idle VC table for retrieving unused
VCls and set a direct channel for transmtting and receiving ATM
cells sharing the same destination by setting 5 VCs correspondi ng to
transm ssi on demand has been proposed by S. Patent No. 5,452, 296.
This way brithe swidighiding, systems Rﬂﬁiq%@gw%qfk;mqh-t he inside of the
ATM swi t chi ng system and | essen a switching delay. However, since the
direct channel  On the atdiexsbandn sawhy she thtovige pax dlei V@otable sfan i ng
tinme, there 10 Is still the problemto be solved that there is little
ef f ect retfrleagiarnungs ad VQIa andistetha dd reettayhammé h€ogtxr aresmeititiialy ng
net wor k. It is therefore an object of the present invention to

provide a | yPreapacihy 9N kel 15VEREP1ING tHess st WEsLMas diby setftingmal |
del ays in cut- through and has limted constraints on the nunber of

flows that R ik nggetféﬂ Jﬁﬂé’i@ﬁ' Aaddr has been PIoRO &? ¥ here

carryl ng OUt e I nvention according to one aspect

;icﬁﬁi’%hgffjrﬁ’é R e SRR ?R%%ngobrwsﬁeigﬁ%%?&ﬂﬁ 455

destination determ ni g ansfor g‘Fter I n g tJnatlo of a
packet on a FUmSHRP nside 8£a E%n%ﬂ'lr@"’

reassenbling ATM cell s to a acket cel | assenbl i ng rreans for
assenbl i ng ARd éﬁﬁﬁgnﬁr%‘é‘ﬂﬁ)’a%éﬁiaVPC However Piincehe tlﬁeSGrﬁ’F&RI}%)

setting neans for setting up a VPC 25 anong the packet switching
systens; andis/oct (9@t ingldchhewitching system without a setting time, there

10 is still the problem to be solved that there is little effect
of 1es.sening a total switching delay. in the entire switching'
network.

It is therefore an object of the present invention to
provide a large-capacity packet switching system which has only

15 small delays in cut-through and has limited constraints on the
numbef of flows that may be handled by the cut-through action.

In carrying out the invention and according to one aspect
thereof, there is provided a packet switching systemcomprising:
switching means accommodating a plurality of input/output ATM

20 lines; packet destination determining means for determining the
destination of a packet on a routing protocol; packet
reassembling means for reassembling ATM cells to a packet; cell
assembling means for assembiing ATM cells from a packet; VPC
(Virtual Path Cénnection) setting means for setting up a VPC

25 among the packet switching systems; and VCC (Virtual Channel
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Qonnect.ion) allocating neans for allocating an idle VCC existing in
the VPC to packets sharing the sane part of header. The packet
swi tching system may include input and out put i nterfaces, an ATM
switch and a control processor. The ATM 5 switch conprises the
above-nenti oned sw tchi ng neans, and the control processor conprises

the remai ni ggnAe@Bion] kA lotRiting means Fodld Fscatingaatiell deteesistiag nput
ATM | i ne -connected to t he packet switching systemand the ATM swi tch.

The output jpn thel Vbériacﬁabﬁe{:QC%S?iﬁgt PRENshhe pHERUbrARMalERE connected
to 10 t he packet switching systemand the ATM switch. The input

I nterface changespy \ ’q%“] e | L.nt.o
internal cells a?&i%]grg%ggsét}-%%%ﬁ%%ét g\?d F’ggiué%g“’b&@ anoduto&tj:knﬂrt
interface tuyrns _the intern cel |, rom.the ATM switch i ng,0 ATM cel | s
and sends t FBHEL a‘fﬁﬁ’_oﬁf‘pg MA‘TWF‘?‘Fﬁe.anfinat 'FiQIA\:/Ifg‘:iyl PEBS&FFBFTO&Q%QT%
Loy % nE ok RCh e ofeS e FhnbRrpint Sned st chine e aes e Fbes
nanmel y e et , e S,
and packet switching systens - positioned at the transit points, nanely
the inner p&pntrgl phecessor gemproiiesi theprewainaggt mgans: R sinpwlp

Gat eways are provi ded between each of the input and out put poi nts of

.the network iaterfheecilgclocatted Hétween cvlny input M line monneetiedptb part
turns incom ng packets fromthe input point of the network into ATM

cell's and sehdsphbReteblitEénihfesgdgem and thedaTMogRtiiedhat THe ouyptit part.
In the description that follows, 25 the gateway at the input part wll
be called ajpea¢irBgesSisli€located between the output ATM line connected to

10 the packet switching system and the ATM switch. The input
interface changes incoming ATM cells from the input ATM line
into internal cells and forwards them to the ATM switch. The
output interface turns the-internal cells from the ATM switch
into ATM cells and sends_ them to the output ATM line. In theé

15 description that follows, packet switching systems. located at
the input/output parts, namely the peripheral part, of a network
will be called edge nodes, and packet switching systenis
positioﬁed at the transit points, némely the inner part, of the
network will be called transit nodes.

20 Gateways are{ provided between eéch of the input and output
points of the network and the edge nodes. The gateway located
at the input part turns incoming packets from the input point
of the network into A’I‘M. cells and sends the cells to the edge

node located at the input part. Inthedescriptionthat follows,

25 the gateway at the input part will be called a sending-side

5 ' .
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gateway, and the edge node at the input part will be called a

sendi ng-si de edge node. The gateway | ocated at the output part turns
the ATM cells received fromthe edge node | ocated at the out put part
i nto packets and forwards the packets to the output 5 poi nt of the
network. In the description that follows, the gateway at the output

part w |l bgatewagd and artss \ddife siode at thegdhpud)partdville bedgalnedeaat
the output part wll be called a receiving-side edge node.

Since a VPGgéfid2h§L808€ ddye2iBAE . PAFHE as;%?hwaaﬁaétastrrﬁne&t d@yﬁabe
I nvention, the tran5|t node perforns VP (Virfual Path) sw t chi ngonly

and does nokupRS faidnat Sieht Ofe1 Vbl Sfﬁ@%%eadge nodd Nlcatdd akr ik ded
anged rge

in the VPC are unc ere ore, acity swtc |ng can be

{he. number SPCPRBEALY §aE8 B45kE apa E?%%%trégc%%aé%ﬁg? ﬁil%”éé WBart

of heager are ocated o a VCC and then treat ehd co ctively, an
easy Eﬁf‘n’Eh?Bugh ecagtyerkes 1y e description TS { t he

packet swi tching systemof the i nvention has nmappi ng means for
mappi ng cor gatpwanieatetber Abput 2part awphlt ke eeliedar i Becehwingyrle This
produces an effect of rapid setting of a VPC Mor eover,
it is desirgateway, tard pthéecedgevinade mt Hhet emtput pagt widli heepalded
switches the second and subsequent packets of t he packets sharing the
sanme part o0& heedivingisbde edgernedélion

Since a VPC is assigned ub among packet switching systems

10 by the invention, the transit node performs VP (Virtual Path)
switching only and does not perform VC switching. This produces
that VCCs provided in the VPC are unchanged. Thereforé, large
capacity switching can be realized in the transit switching
system thanks to few constrains on the number of flows.

15 | And, since packets sharing the same part of header are
allocated to a VCC and then treated collectively, an easy
cut-through can be realized.

It is desired that the packet switching system of the
invention has mapping means for mapping correspondence between

20 a packet destinati;)n and aVPC. This produces an effect of rapid
setting of a VPC.

Moreover, it is desii:ed that the packet s‘;vitching system
of the invention switches the second and subsequent packets of

the packets sharing the same part of header without intervention

25 of the packet destination determining means after having
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25 of, the packet destination determ ning neans after having

transferred the first packet by use of the packet destination

determ ni ng neans. This produces an actual cut-through.

According to the invention, the control processor of the sendi ng- si de
edge node nmanages the VCCs in the VPC established 5 bet ween edge nodes.
Each seri es tafansPepaeldetheshirstpdditets B use of Phe tpadkdie bt imad ivant

fromthe sending-side gateway is transferred over a different VCC
Therefore, \$efRrmifihy fleans. TRES§KBFo@hcasSEhi 86t@h1 Peskethrbegrl | ocat ed
an idle VCC, the need to report this VCC to the receiving-side edge

node s, oLi M nal ogkcoripg WeNERel ibyabklony dife BERRILT prbctbegual Al o

speed, i.e. to sw routes at the e node (to process

‘the fi ’ . f ol.| owed. b f h
e 100 congReld UL DR BN el B G S
o 1 2B LA "l o 45 e ity B

arrangenments requiring packet swi tching systens to allocate a
dedi cat ed VRaxd efchepder and senie fapay kbien Senddngaslide FALEWRYndSsystem
of the invention I npl ements the cut-through by sinply making
necessary i riransflerred ovest i djffeTent ¥COni fTherefgre cotras tdel digsitn
cut -t hrough oper ati ons. ~ And, since VCCs set in the
di rection ofpawketesfia/segies of patketsecllgaliodatadanuidielecgdthe need
collectively in a VPC, there is no need to set up sw tching
i nfor mati on tabpehorBeRi¥Fe@sothe receiving-side edge node is eliminated.
10 Hence the ability to perform cuﬁ—through at high speed, i.e.,
rapidly to switch routes at the edge node (to process the first
packet followed by transfer of the second and subsequent packets
by the switching unit alone).
The inventive constitution permits allocating a VCC t6
15 each flow, i.e., a series of packets sharing the same part of
header. Unlike conventional arrangements requiring packet
switching systems to allocate a dedicated VC to each flow
therebetween, the packet switching system of the invention
implements the cut-through by simply making necessary internal
20 settings. This éignificantly reduces delays in cut-through
operations.
And, since VCCs set in the direction of an receiving-
side edge node are multiplexed collectively in a VPC, there is

no need to set up switching information about each VCC as has

25 been the case conventionally. Switching information about the
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25 been the case conventionally. Switching information about the

8 VPC mul ti pl exi ng VCCs need only be established, therefore an
appreci abl e increase in the nunber of VCCs sw tched by the transit
node can be realized. ' Accordi ng to another aspect of the

invention, there is, 5 _ provided a packet sw tching network conprising a
first packeVPC multidplexanpggVers: BaedQRLY RS Ja?*b%orﬁ’ﬁ%e an

SwW t chi ng system (transit node), the first %acket SW tchi ng system

i ncl udi ng: SBPTEsiakleeincreasemidd dhienguabery ofl VCFEsoswitched hyuthsut put
ATM | i nes; packet destination determ ning nmeans 10 for determning a
desti nat i ont¥angifadrede eanabeoreaddzedot ocol ; packet reassenbling
nmeans for reassenbling ATMcells to a packet; cell assenbling neans
for assenbling ABR¢amtding reananother gmpeait of/Rbesdinvent imandhfesre det ting
up a VPC anong the packet swi tching systens; mapping neans for

mappi ng cor peepidednacpadket sweittdeing nedeloatk dempiristingna afidrssts pammkebtt he
VPC, and VCC al l ocating nmeans for allocating an idle VCC existing in
t he VPC switehiagk eysteha(iedget hedejmandant seicondagackerngwitehiagond
packet swi tching systemincluding: swtching neans accommodating a

plurality ofsyistiest /(@uapneti tAhbde))etheadd r¥RCpacikieitn gwitahdnigosys2em ,
setting up a VPC anong t he packet swi tching systens, wherein at | east

one transit i$RaQdd nRacC kel teWinghmeadnsy acednnddattifigs Ae@luralithebween a
sendi ng-side first packet switching systemand a recei ving-side first

ﬁgft\g'ﬁ kS\Mt Lgmp%&/%)ﬁ%b%%‘ A‘TM lines; pa&két dé‘@tiﬁ‘é‘@ﬁﬂ \efe Rk 1 riyVide@fisN 0

10 for determining a destination of a packet on a routing protocol;
packet reassembling means for reassembling ATM cells to a
packet; cell assembling means for assembling ATM cells from a
packet; VPC setting means for setting up a VPC among the packet
switching systems; mapping means for mapping correspondence

15 between a packet destination address and the VPC; and VCC -
allocating means for allocating an idle VCC existing in the VPC
to packets sharing the same part of header, and the second packet
switching system including: switching means accommodating a.
plurality of input/output ATM lines; and VPC setting means for

20 setting up a VPC among the packet switching systems, wherein
at least one translit second packet switching system is furnished
between a sending-side first packet switching system and a
receiving-side first packet switching system.

Over the inventive packet switching network, the

25 sending-side first packet switching syst'em inputs packets to

VPCs, the transit second packet switching system performs VP
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25 sendi ng-side first packet switching systeminputs packets to.

VPCs, the transit second switching system perforns VP

(Virtual Path) switching, and the receiving-side first packet

swi tching system sw tches packets on a flow by-flow basis. The
arrangenment allows the transit second packet sw tching system in
whi ch a | ar qvintobér Path paskitich i, andceherrécsivingssidelfirst pagketous
fl ows using a single VPC These and ot her objects and nmany of

the att enda%mtcnmgaégvm@%iteheb danbha riblilbperl eadidsisappirael at ed
as the sanme becones better erstood by reference to the follow ng

iiéih{ozﬁy?ﬁé‘; aBlkaRa m&w’%ﬁ &%@%&%ﬁ%ﬁ&%ﬁ%@w%
Fi 1 : Fig.. 2,1
sygt em bfogﬂ'ndﬁéﬁ?g ag.F nBP@B% % ?‘t Sﬁge %nce?'%r%?%h %5‘”?‘%9&? I on

I's applJ ed; bl ock dlagran1of a typical transit node;
Fig. 49s anHW8€?u3|§§PHﬁlﬁFlaﬁ Pnﬁ&?g Bt ¥PFace incl uded in the edge
node of Fig. 1; Fig. 5is a schematic view of a header
conversi on tabl e Thepe QQQﬂQPh§¥|Qb]ﬁﬂ§ﬁlﬂ%ﬂﬂ@@@'@ﬁ Fihg a;tendant Fi g
6 is a schematic view of an internal cell format; Fig. 71s a

fl owchart ofdvaatagesréHrihel ibyentdonmpill be.readily appreciated as the

same becomes better understood by reference to the following
detailed description when considered in connection with the

10 accompanying drawings.

BRIEF DESCRIPTION.OF THE DRAWINGS
Fig. 1 is a block diagram of a typical edge node;
Fig. 2 is a system block diagram of a network constitution
15 to which the invention is applied;
Fig. 3 is a block diagramlof a typical transit node;
Fig. 4 ié a block diagram of an input interface included
in the edge node of Fig. lf
_Fig. 5 is a schematic view of a header conversion table
20 included in the interface of Fig. 4;
Fig. 6 is a schematic view of an internal cell format;
Fig. 7 ié a flowchart of steps performed by the input
interface of Fig. 4, detailing a cell process thereby;
Fig. 8 is a block diagram of a control processor included

25 in the edge node of Fig. 1;
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interface of Fig. 4, detailing a cell process thereby; Fig. 8is
a bl ock diagramof a control processor included 25 I n the edge node of
Fig. 1, 10 Fig. 9is a
schematic view of an I P routing table included in the control
processor of Fig. 8; Fig. 10 is a schematic view of a transit

fl ow managenent Fig. 9tiblacschehnati®d view bf anriP ebupdiagetsasivle dincliugledd; 5
Fig. 11 is a schematic view of an | P address/VPC mappi ng tabl e

i ncl uded i njinhheheoBbhekolr peoeeskoef offi #igl: 8; Fig. 12is a
schematic view of a VPC managenent table i ncluded in the control

processor of Fi g/FV%' 10 is a schenFétgl Adw oF g“f‘f&'ﬁéi 4 S¥VnidhadRment

i nput / out put VPI mappi ng ta Ie I ncluded I n the contro processor

of Fig. 8 aBlle 1nclud§hg Hég%}gcg?ﬁggggﬁﬁw 's%\ﬁl gff i"}.g' dlBQ VPl

managenent ta PS5r5ce5s0r Fig. 8;

Fig. 1 Is a sch VIeM/Of an ATMrauting tab | ude i.n the
control processo&mi ;Il scfsematlc vigy 6% {(g ﬁ%ﬁé{l’%ﬁ@p&kn& an

| P addr ess/ATM addr ess ppi ng table incl uded in the control
processor ofapilg ipcluded in the FPatre pyogessrEneli Eigi-efiof a typi cal
format of an IP packet included in the control processor of Fig. 8;
Fig. 18 is a fl ovligar tl 2ofissteepchamatganatiaw aha (R maAnagamentprt@ddssor of
Fig. 8, depicting a packet process thereby; Fig. 19 is a
fl omchart ofinslededpénf theedohyrblleprocessbr of Figro8e¢ssor of Fig. 8§,
detailing an | P packet transfer process
Fig. 13 is a schematic view of an input/output VPI/VCI
10 mapping table included in the control processor of Fig. 8;
Fig. 14 is a schematic view of an idle VPI management table
included in the control proceésor of Fig. 8;
Fig. 15 is a schematic view of an ATM routing table included
in the control processor of Fig. 8; -
15 Fig. 16 is a schematic view of an IP address/ATM address
mapping table included in the control processor of Fig. 8;
Fig. 17 is a schematic view of a typical format of an IP
packet included in the control processor'of Fig. 8;
Fig. 18 is a flowchart of steps performed by the control
20 processor. of Fig.l 8, depicting a packet process thereby;
Fig. 19 is a flowchart of steps performed by the control
processor of Fig. 8, detailing an IP packet transfer process
thereby;

Fig. 20 is a flowchart of steps performed by the control

25 processor of Fig. 8, detailing a VPC setup message transfer
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t her eby; Fig. 20 is a flowhart of steps perforned by the
control 25 processor of Fig. 8, detailing a VPC setup nessage transfer
11 process t hereby; Fig. 21 is a flowhart of steps
-perfornmed by the control processor of Fig. 8, detailing a VPC setup
reply message transfer process thereby; 5 Fig. 22 is a block
di agr am of @rocn550thpr@bgssor I ncl uded in the transit node of Fig.

3; Fig. 23 is a block diagram of a typical gateway;

Fig. 24 is a schangdi Qlviievaoflewchatte oflls tepsapentoirmedbby the contiaiuded
in the gateway of Fig. 23; 10 Fig. 25 1s a schematic view of an

i nput flow pRokeeEeof Fig. §,286€aiNchydedpt Belthp ﬁ@ﬁwﬁéssagél&an&eﬂnd

Fig. 26 is a flowhart of "steps perforited by the gateway Fig. 23,

detailing a Q i,ng thereby. 15 DETAILED DESCRIPTICN CF THE
PREFERRED Eﬂ&%%%%EN$§ %%ﬁ§ Preferred enbodi nents of this invention

Fio 2%hows a tfp%{sﬁ‘lh%e%o% At B § Sonhor bhecorss! MR, | o

applied. In Flg 2, referenc gerals l.la and I b 20 stand for edge

nodes; 2a, 2 Frapsit pg néd¥s; 33a and 3b for gateways; 4a,
4b and 4c for networks; and 5 for a network nanaqfnent system
Fig. 23 is a block diagram of a typical gateway;

Fig. 24 is a schematic view of an idle VCI management table
inciuded in the gateway of Fig. 23;
10 Fig. 25 is a schematic view of an input flow management
table included in the gateway of Fig. 23; and
Fig. 26 is a flowchart of steps performed by the gateway

of Fig. 23, detailing a packet processing thereby.

15 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMEi\TTS
Preferred embodiments of this invention will now be
described with reference to the accompanying drawings.
Fig. 2 shows a typical network constitution to which the
invention is applied. In Fig. 2, reference numerals la and 1b
20 stand for edge noaes; 2a, 2b and 2c for transit nodes; 3a and
3b for gateways; 4a, 4b and 4c for networks; and 5 for a network -
management system.
Fig. 1 depicts a typical constitution of the edge node
1 (la, 1b). In Fig.ll, reference numeral 6 (6a, 6b, ..., 6n)

25 stands for an input interface, 7 (7a, 7b, ..., 7mj for an output
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Frg. 1-depicts a typical constitution of the edge node 1 (la, 1b).

In Fig. 1, reference nuneral 6 (6a, 6b, ..., 6n) 25 stands for an input
interface, 7 7a, 7b, ..., 7m) for an output '

12 interface, 8 for an ATMswitch, and 9 for a control processor.

Fig. 3 illustrates a typical constitution of the transit node2( 2a,

2b, 2c). |rimterfgesf 8r forcanddMabwdteba, and, 9 for a gutrohmrpdessan

i nput interface, 7 (7a, 7b, ..., 7m for an 5 output interface, 8 for an
ATM swi tch, and 1Pigor3 dldastralktes a typicakcomstitution of the grahssiitows a
typical constitution of the input interface 6 (6a, 6b, ..., 6n). In

Fig. 4, refegiqnee ( rza(}eml 2@} st PRdS g. 3, refferehce PERSEDL 6 )‘eb q .header
conversi on tabl e, 63 fo? 10 6‘1} cell buffer. (aéa

5
outlines a téip)l %Q:Ian%”%ﬁa gﬁl d{S f‘f@é@r 7 (7a, 98OVELS Si Oﬂnéa@or an

Fig. 5 reference nurrera for an |nput V=)

Insﬁtl;tervgl 256%&#; an Olﬁ\é[lz)%lﬁ% C g?%g afSAT% S%%Jhortagllrja[ 9{9 | mcg%qﬁor t he

nunber of arrlval cells. Fig. 6 depicts a typi cal format of an
i nternal celBE9%£S%T  internal cell is constructed with an out put
I nterface nunber added to its top How each cell is
processed by the Fagutd ?h?ﬁﬁaEﬁPBC%IqOHSZG-tuW 9t thesipppEdinfaxface
reference to Fig. 7. After receiving an ATM cel | (step 500), the
i nput i nt er flacbas $tor es -théneceIneBig. 4, xeference mmq!raahfqlerst@sld(ssee
Fig. 4) (step 505). The processor

for a processor, 62 for a header conversion table, and 63 for

10 a cell buffer.

"Fig. 5 outlines a typical constitution of the header
conve:;sion table 62. In Fig. 5, reference numeral 621 stands
for an input VPI, 622 for an input VCI, 623 for a_VP switch flag,
624 for an output interface number, 6'25 for an output VPI, 626

15 for an output VCI, and 627 for the number of arrival cells;

Fig. 6 depicts a typical format of an internal cell. BAn
internal cell is constrﬁctéd with an output interface number
added to its top.

How each cell is processed by the input interface 6 will

20 now be described with reference to Fig. 7. After receiving an
ATM cell (step 500), the input interface 6 stores the received
cell in a cell buffer 63 (see Fig. 4) (step 505). The processor
61 retrieves the header conversion table 62 using the VPI in
the header as a key (step 510), and checks the VP switch flag

25 623 (see Fig. 5) (step 520).
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61 retrieves the header conversion table 62 using the VPl in t he
header as a key (step 510), and checks the VP switch flag 25 623 (see

Fig. 5) (step 520). 13 .
If the VP switch flag 623 is found to be 1, the received ATM cel |
shoul d be switched over VP. In that case, the processor 61 (see Fig.

4) reads out the Dfityhe vienswitehefDaghe23 Gt fauthd to beol) pthe YeceGred
substituting the output VPI 625 for the VPI in 5 t he header of the

recei ved ATiqeetéll 8hoR1a3b swiltBReBRFESYPL 1In thaéJeaas;@Sthé@x@ae%br

I nterface nunber 624 to the cell (step 540) to create an |nternal

I I ds ghh I .
gﬁe thzeﬂursrbster? %a?ﬁva‘f %‘M e gﬁgﬁufgu‘:sliﬁee?g%é?s%gﬁoﬁ% In t
Lo 08 CobRtely Vs s%é’ﬂ)su%%%maufg Skt il n a8 gﬁéaéazfrfzm
to be 0, th ATM cel hIdb t ched VC. In thi
case, the pRBEcEEBHer of the TREEAVERcTRER T (RERe 3001 - cOTRRRSOGERE] o 62
usi ng a VPI-VCl 15 pai r (step 535). The processor 61 reads out the

out put 61; addsfke aulmy isrerfacepnumber 624 tangheuepll (Ahem3d0)o
substitute the output VPI 625 and output VCl 626 respectively for "the
VPl and VCl tioncricatiecadeintérnhd cetdi vednddMbeltelkbtttp the ATM BG)itcind
adds the output interface nunber 624 to the ATMcell 20 (step 540).

The processqistep 6423, eandninditememts dg)t lonentheenmmbeerof arrivds eeillsd

above, sends the internal cell to the ATMswitch 8
627 (see Fig. 5) (step 545) in the matching entry of the
10 applicable ATM cell in the header. conversion table 62 (see Fig.
4).
If the VP switch flag 623 is found to be 0, the received
ATM cell should be switched over VC. In this case, the processor
61 retrieves again the header conversion table 62 using a VPI-VCI
15 pair (step 535). The processor 61 reads out the output
interface number 624, output VPI 625 and output VCI 626 to
substitute the output VPI 625 and output VCI 626 respectively
for the VPI and VCI in the header of the received ATM cell (step
536), and adds the output interface number 624 to the ATM cell
20 (step 540). |
The processor 61 creates an internal cell in the manner
~described above, sends the internal cell to the ATM switch 8
(step 541), and increments by one the number of arrival cells
627 (step 545) in the mai:ching entry of the applicable ATM cell

25 in the header conversion table 62.
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(step 541), and increnents by one the nunber of arrival cells . 627
(step 545) in the matching entry of the applicable ATMcell 25 in the

header conversion table 62. _ 14
The input interface 6 checks periodically the nunber of: arrival cells
627 in each entry of the header conversion table . 62. If the nunber of

arrival cells in By ispguty intelrdfaiaet 6ochecks perfloditdallyptite iminbdrmoE 6
informs the control processor 9 of 5 t he applicable input interface .

nunber, inparrifial &8RUE 647 .in each eéntryRSwWheChebliag doisretdidmhaeapieber

of arrival cells 627 is found to be 1 or larger, the nunber is reset
to 0. - 62. If €ReAIMBELISP Sripes1 Reén1d)in CH?{)W&&H‘%A rfoearﬁaaltoce' !
to an output interface 7 of the destination on the basis of the

utput | nt eEkhe SHISI24Rldadokog! (fraRid dhe LOfrkBMlbracessot ™ i 20

6. The output I At ér Ce RUTD rom

the int | . cel f t ATM cel | th de.
Fig. B Ehondhs PYBLLSALEnLOPREL 10) e%?amnmmmfi@t Vi @%V I

Fig. 8, reference nuneral_ 90 stands for_ an rouyting table, 91 for a
processor, @R VP swhtekeflafble- 85 the nunplmr &F A?Wﬁé&p?ﬁll%rﬁz-’ is
processing unit, 94 for a transit flow managenent table, 95 for an IP

address/VPCf@Npﬂlﬁ@ bgblleorgdarger, the aupbermisagesedt toabl-e, 97 for an
I nput/out put VPI/VC 20 mappi ng table, 98 for an idle VPl nmanagenent
table, 99 for an The ATMAEMitahtBn(pealﬁieg. 1Q0 fomwazdsi the iflerm=aipbcell101
for an idle VClI nmenory, 110 for an I P address/ ATM address mappi ng
tabl e, to an output interface 7 of the destination on the basis of the
10 output interface number 624 added to the cell by the input
interface 6. The output interface 7 deletes the output
interface number from the internal cell before transferring the
ATM cell to the next node.
Fig. 8 shows a typical constitution of the control
15 processor 9. In Fig. 8; reference numeral 90 stands for an If
routing table, 91 for a processor, 92 for a packet buffer, 93
for an ATM adaptation processing unit, 94 for a transit flow
management table, 95 for an IP address/VPC mapping table, 96
for a VPC management table, 97 for an_input/output VPI/VCI
20 mapping table, 98 for an idle VPI management table, 99 for an
ATM routing table, 100 fér an idle VPI memory, 101 for an idle
VCI memory, 110 for an IP address/ATM address mapping table,
and 120 for an assigned VPI table.

Fig. 9 depicts a typical constitution of the IP routing

25 table 90. In Fig. 9, reference numeral 901 stands for a
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apd 120 for an assigned VPl table. ' Fig. 9 depicts a typical
constitution of the IP routing 25 table 90. In Fig. 9, reference
nuneral 901 stands for a ' 15
destination network I P address, 902 for a mask, 903 for a netric, 904
for a next hop node I P address, and 905 for a next hop node ATM

addr ess. destinatioh metvdrk Pl addsess | 9pR2cdr aomstk t A0B diomwéa metarifor,ansi t
5 fl ow managenent table 94. In Fig. 10, reference nuneral 941

stands for ®odegbirnatnedt hBpancdesEr aWdresel, ando3s eEdPadfldkeSfop node 943
for a port nunber, 944 for a VPC identifier, 945 for an out put

i nterface nygheragd4gsf,or an output VPI, 947 for an output VC, and
948 for status. 10 Further the port nunber is given to each

packet in TCP/IP Flg'Da]t agram s chﬁm f%or@ﬁ%o’d e Fi:rh%t sq.rt

UDP/ I P (User protocol so as
hi gher yank | i whi h i he rr serV| ce for :?g each
packet . 5 £l wi—lg\ﬁé’\'?gg H&gn# Onufrésfqu' If@ %ed“n‘%? gr but
15 can adopt an ggy | catlon identifier to |dent|fy %a%‘gl cation '
for general 55308 5% A %ﬁ:ﬁ%‘fba iRn [P addness, ﬁﬁﬁ'? IP address, g
kind of the application identifier. %m 11 shows a typical
constit uti of43f fona partaaymbes), \B3 for a VREpsient ifien 945 fiar #n gutput
ref erence nunmeral 951 stands for 20 a destination |IP address, 952 for a
port nunber imde3 flace nunber, 946 fomdentodtp.ut V934 947 far antquutputweﬂ[f,ace
nunber, and 955 for an
and 948 for status.
10 Further, the port number is given to each packet in TCP/IP
(Transmission Control Protocol/IP) protocol or UDP/IP (Usér
Datagram Protocol/IP) protocol so as to identify a higher rank
application which uses the carrying service for the each packét.
However, the invention is not limited to the port number but
15 can adopt an application identifier to identify an application
for general packets including the IP packet. The port number
is a kind of the application identifier.
Fig. 11 shows a typical constitution of the IP address/VPC
mapping table 95. In Fig. 11, reference numeral 951 stands for
20 a destination IP éddress, 952 for a port number, 953 for a VPC
identifier, 954 for an output interface number, and 955 for an
output VPI.
Fig. 12 indicates a typical constitution of the VPC

management table 96. In Fig. 12, reference numeral 961 stands

25 for an ATM address, 962 for a VPC identifier, 963 for an output
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This Sheet Has Been Replaced

AU




ouwt put VPI. Fig. 12 indicates a typical constitution of the VPC
managenent table 96. In Fig. 12, reference nuneral 961 stands 25 for an
ATM address, 962 for a VPC identifier, 963 for an out put )

16 i nterface nunber, 964 for an output VPI, 965 for the nunber of
idleVCls, 966 for a defaultVCl, and 967 for an idle VCl pointer.

Fig. 13 gi vemntenfgge aunberst 064t fon auf oultputnBRI, 026pufior the nifbev L
mappi ng table 97. In Fig. 13, reference nuneral 971 5 stands for a
recei ved VPIidXyeClis; 966 oriav@dfdlt VI3 &nd 987 for an idpevCInpeidtcae,
nunber, 974 for an input VP, 975 for an input VCl, 976 for status,
977 for -a flow pop§eri3 gives a typidaD-cobfbtSKAItHHIS oF tHEI Diputcdigdtut i on
of the idle VPI managenent table 98. In Fig. 14, reference nuneral

981 denot es ypfyve iy S ace BHTREG ang, F2rLepResaiietn Ighe VP

poi nter. epicts a typi constitution

routing t a 9. Ln Fi.g. re ence nuneral_ 99 ta or a
desti na?i on s&ﬁ\ﬂ‘%d?‘ro sg, r3§§l?8filgpﬁéx§ﬁo€° 'ﬁ\/lrraé&? é’seg, Q7533*3 9?2 £o¥oqn an
out put interface nunber, 994 for an tput VP, and_995 for an output
Val . input gnlerface,gyEbgry y%-% OL: BRs LPPHEI O7E o 1 EOFPAR dfiRits

[ ATM address mapping table 110. In Fig. 16, reference nuneral 111
denotes an Ihdd LA F Sefidas REEE 20 Fig.
17 illustrates a typical format of an |IP packet. At the time of

initialization, tRégneldusietehesardypical constitution of the idle VPI
management table 98. 1In Fig. 14, referencé numeral 981 denotes
10 an output interface number and 982 represents an idle VPI
pointer.
Fig. 15 depicts a typical constitution of the ATM routing
table 99. In Fig. 15, reference numeral 991 stands for a
destination ATM addresé, 992 for a next hop ATM address, 993
15 for an output interface'number, 994 for an output VPI, and 995
for an output VCI.
Fig. 16 showé a typical constitution of the IP address/ATM
address mapping table 110. In Fig. 16, reference numeral 111
denotes an IP address and 112 represents an ATM address.
20 Fig. 17 illustrates a typical format of an IP packet.
At the time of initialization, the network management
system 5 establishes an ATM signaling channel between the
control processor 9 (see Fig. 1) of a given edge node and the

‘neighbor control processor 9 of its neighbor edge node 1. The

25 control processor 9 receives a destination ATM address, a next
i




system-5 establishes an ATM si gnaling channel between the control
processor 9 (see Fig. 1) of a given edge node and the nei ghbor
control processor 9 of its neighbor edge node 1. The 25 cont rol
processor 9 receives a destination ATM address, a next

17 hop ATM address, an output interface nunber, an output VPl and
an out put V@iop AfMraddress plagh onftputi gntkrfigcehaumiséy, andosepat VPI-andhe
reported data to the ATMrouting table 99 (see Fig. 8). The

control processatpltiven répuraed thrdughf tVelsigialimy ehhahed , cxed sedts
reported lines in the idle VPI managenent table 98 as well as to the

idle VPl nergyey r%%&rt@& dRAVE the ATM HBRAGHY Qb1 90e 3R $igl.0BgS I N
the | P address/ ATM addr ess mappi ng tabl e 110 the correspondencé

bet ween ATM addr %{Scc%&gro]a.proéggséf gd%ﬁsﬁ?‘fééig £ Oof‘l\;]? des on

t he reported networ _ ral1zation conpleted, the
control process.(lrab ocesses tge}recel ved gack Sk‘} t he nmanner to

be desc?ibedVat oPdf a bet Fﬁﬁ’?FEF ﬁgeﬁrbﬂeg Bd Pet manggement: 1 ol

processor 9 periodically gener ates IP routing information and .15
transfers tH@bBL% I8n@fi BRLl A% Hee &t dsile VEdenenpry 190 ndrurthermarieghpor
node. How each packet is processed by the control processor 9
wi Il now be tdes confa@lnprecessorefAcstoseri §n the IMaddrens AAMY addressgn
internal cell fromthe ATMswitch 8 (step 800), the control 20 processor
9 del et es f mappimg tablet hk0 ithieecorkrespondénce beiizan ATM adduelssies @ndhe
cell by the adaptation processing unit 93 so as
the IP addresses assigned to all nodes on the reported network

10 4.

With initialization completed, the control processor 9
processes the received packets in the manner to be described
below and transfers the processed packets. The control
processor 9 periodically generates IP routing information and

15 transfers the information to the control processor 9 of the
neighbor node.

How each packet is processed by the control processor 9
will now be described with reference to Fig. 18. When receiving
an internal cell from the ATM switch 8 (step 800), the control

20 processor 9_deletés from the cell the internal interface number
added to the cell by the adaptation processing unit 93 so as
to reassemble the ATM cells to a packet (step 80l). If the
received packet is found to be an IP packet (step 810), an IP

packet transfer process is carried out (step 820).

25 If the received packet is found to be a VPC setup message
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tq reassenble the ATMcells to a packet (step 801). If the recei ved
packet is found to be an I P packet (step 810), an IP packet transfer
process is carried out (step 820). 25 If the received acket is
found to be a VPC setup nessage

18 (step 811), a VPC setup nessage transfer process i s conducted
(step 840). (stepBYkxeiavVHCpsekep messdge naransfiert priveessVEE conducted up
reply message (step 812), a VPC setup reply nessage transfer process

is perforned(écépmBAL) . If5Sthe receivéd igi-kas dasctupaedadubaso peoyewpt o be
a VPC setup request (step 813), a VPC setup reply nessage transfer

process | 5. caethdreply nébade! EREIYI2| [ 4 Nod SO L BBk SHeddadound O

be I P routing ormat i on 814 an rou or mat i on

process is transféxf:géfgg?éétf@ﬁé@ﬂomé@ & the recei ved packet is

found to be a resour ithe gateway 3 (step

815), i f oryed gL7). i th
ookl vel packet  dR8S: Cgreggaxedf%n& ﬁﬁgaﬁ@o%?éftﬁéb”%ao‘é@%%ﬁﬁp guest

categories, the pack IS subject to other processes suitable for it
(step 818). (i"seP313)v a%&%ﬂﬁ@%ﬁﬁ@ﬁ%ﬂ%@s%ﬁ%ﬁ%eﬁ isceaprHed
(step 820) w Il now be described with reference to Fig. 19. Upon
recei pt oubf( sitiep §80 bac it tlietmgredyed pasckepriscfovnd toibe dify reweing he
transit flow managenent table 94 using the destination IP addr ess,
source | P adilnfesmainiompofsten rdiar) ( smeIP82dhttiagc hinfbrmdfionvwhettesst he
tabl e has a matching content (step 823). |If a mat ching content is

detected i n éPfedtdd e(Sdep L8116 ps ocessor 91

10 If the received packet is found to be a resource allocation
request from the gateway 3 (step 815), a resource allocation
process is performed (step 817). If the received packet does
not fall into any of the above-mentioned categories, the packet
is subject to other processes suitable for it (step 818).

15 How the IP packet transfer process is performed (step 820-)
will now be described with reference to Fig. 19. Upon receipt
of the IP packet (step 821), the processor 91 retrieves the
transit flow management table 94 using the destination IP
address, source IP address and port number (step 822) to check

20 ‘whether the table has a matching content (step 823). If a
matching content is detected in the table 94, the processor 91
reads out the output interface number 945, output VPI 946 and
output VCI 947 (step 835).' The processor 91 assembles cells
from the IP pécket in question using the adaptation processing

25 unit 93 (step 836), sets the output VPI 946 and output VCI 947
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reads out the output interface nunber 945, output VPl 946 and out put
VCI 947 (step 835). The processor 91 assenbles cells fromthe IP
packet in question using the adaptation processing 25 unit 93 (step
836), sets the output VPI 946 and out put VCI 947 to the ATM
header, adds the output interface nunber 945 to the ATM header,
creates intaonahecRMsheader sedds the cuepttdinterfadennambeic 8450 tthet he
ATM switch 8 (step 837). What follows is a description of how a -

plurality ofan¥fleader, read@discdriternaa dRllsckend seadsnghchersaredheader
part are mul ti pl exed on the VPC set- up between the sending-side edge

node | shalthdinediaceivy Resind @RI (dten ahg packet route.

The processor etrieves the transit flow rranagenent tabl e 94 using

i e e o WhAE F s W LLEPIBEESR of how ANFLARE 10y BEcCd |

the table 94 has ing con proces trieves the

L e B N W el v b P AL B

i nterface nunber 954 and out put VPI 955 corresponding to the
dest i nat i on MPA tspiaxed an&%ﬂ’c set- up hehaen theseiding-side edge nodf, o

processor 91 then retrieves the VPC managenent table 96 using the
read VPC i del idncdertigs Fecaivigg-¢ ideaedde: nadehdib on theypacked woutesss

and default VCI 966 (step 825). A check is made on the nunber of idle
VCl's 965 (step 826Bhe pP6cessor 91 |fethievesbehe dirams it \flow imardfagemento be
0, the processor 91 sets the default VCI to the output VCI (step
827). The table 94 using the destination IP address, source IP address
| 10 and port number. If the table 94 has no matching content, the
processor 91 retrieves the IP address/VPC mapping table 95 using
the destination IP address and port number, in order to read
the VPC identifier 953, output interface number 954 and output
VPI 955 corresponding to the destination IP address and port
15 number (step 824').
The processor 91 then retrieves the VPC management table
96 using the reéd VPC identifier 953, so as to.read the number
of idle VCIs 965 and default VCI 966 (step 825). A check is
made 6n the number of idle VCIs 965 (step 826).
20 If the numbeir of idle VCIs is found to be 0, the processor
91 sets the default VCI to the output VCI (step 827). The
processor 91 then registers to the transit flowmanagement table
94 the destination IP address, source IP address and port number

of the received packet; the VPC identifier 953, output interface

25 number 954 and output VPI 955 read from the IP address/VPC
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processor 91 then registers to the transit flow managenent table- 94
the destination |IP address, source |IP address and port nunber of the
recei ved packet; the VPC identifier 953, output interface 25 nunber 954
and output VPI 955 read fromthe | P address/VPC

20 mappi ng table 95; and the default VCI 966 read fromthe VPC
managenent tmippisg,tabléecds heandathes ddBaudtsSeCIf 966 "dedduftom the WL

bei ng assi gned" (step 831). | f the nunber of idle VCIs is found

to be at |eapindgenégt fablersmesmdledthdestatast $48 s BebebrofdedheliCl s
965 by one (step 828) and reads out the idle VC pointer 967 (step

829) . VC beid&€asslénddt {@ggﬁygﬁ) .contains in a list structure the
idle VCls that nmay ge use%nfor hi s~ VPC. }The starting address of the

96,V 15 oS Ml YR eLa B 86 plh RSE0kE)

reads one idle VCI' from usi ng

poi nter 967, in order to.update the |ist st.ruc e of the idle VCs
"1 the Pl e REPCREREF o L188erepentadgje Runber of Id1e RS sBs beBne(Step,
registers to the transit _flow .hanagenent  table 94 the destination IP
address, souB2®)|and xeadgpesthanidberVChupdtrtey 6L (2P 820 backet ;

t he VPC identifier 953, output interface number 954 and out put VPI
955 retri ev@bef idhet Vel nemary d94/ vPatadpgi by a ddisd ssrugkyrehthedl e
VCl read fromthe idle VC nmenory 101, while the status 948 is set
for "dedi cat dl&/WdEs nthaismagnee uded cior88h)is VPO. The staWtiingt hddeesse
data registered to the transit flow managenent table 94, the
processor 9lofegtgls iMlle MOIsOUlsPWiritten in the idle VCI pointer 967. The

10 processor 91 reads one idle VCI from the idle VCI memory 101
using the idle VCI pointer 967, in order to update the list
structure of the idle VCIs in the idle VCI memoxry 101 (step 830).

The processor 91 then registers to the transit flow
management table 94 the destination IP address, source IP -

15 address and port number of the received packet; the VPC
identifier 953, output interface number 954 and output VPI 955
retrieved from the IP address/VPC mapping table 95; and the idle
VCI read from the idle VCI memory 101, while the status 948 is
set for "dedicated VC being assigned" (step 831).

20 With the above data registered to the transit flow
management table 94, the prOCessor 91 reads out the output
interface number 945, output VPI 946 and output VCI 947 therefrom
(step 835). The processor 91 assembles cells from the IP packet

in question using the adaptation processing unit 93 (step 836),

25 sets the output VPI 946 and output VCI 947 to the ATM header,

i
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i nterface nunber 945, output VPI 946 and output VCI 947 therefrom

(step 835). Theprocessor 91 assenblescells fromthe |IP packet I n
guestion using the adaptation processing unit 93 (step 836), 25 sets the
out put VPl 946 and output VCI 947 to the ATM header,

21 adds the output interface nunber 945 to the ATM header, creates

i nternal celhsppimgl tsablies 3%e andatieel defaubial VCE| 966 treddefAdM the -VPC
switch 8 (step 837). This conpletes the multiplexing of the VCCs on

the VPC set mgndgéieee tdif1é 9w htiledenedgeatasd®d i setafdrt hgefault
recei vi ng-si de edge node | b on the packet route. How a route

changi ng op%@tggﬁ%iagsi%ﬁ%ﬁn'lt{g??ghgﬂf_ - carried out by the edge
e ed.

node 1 will now escri | P packet in question neets a

predeter i ned cONdit 10D Lyt oc saEES P e SHTEaYHHE 12 the

pr edet er mi ned val pr ocessor rieves

i nput/out put VPI/VC pRi hg tabl e 7 _(sge  Fi 8 13). usi t he
recei ved VPI P’éﬂﬂe?%‘éﬁ{@eae ments tlgeepup.ﬁe{: r%teﬁl;egigs ﬁggg@f (%nﬁ“ g??%%t

upon receipt of the IP packet .ih question. In so doing, the control .
processor 9 B2Blsandcreads oypihe; ket Rel PRABERT 097 | (FEFP B4 When the

| P packet was input 15 fromthe gateway 3 to this node as well as the

i nput VPl 974 Theahdlepe mgdiory730decontaine M\ ddiSt s&zystuze the
time of the packet input. The control processor 9 then infornms the

i nput igdlervere thatomagspentied) fior thdsi VIPOt iTheestact ingnbddress of
the output VPI 946, the output VC 947 and the output interface 20
number 945 (§eerke dididvald dgakedttent hhsth€ idDevehedindr 967. The

10 processor 91 reads one idle VCI from the idle VCI memory 101
using the idle VCI pointer 967, in order to update the list
structure of the idle VCIs in the idle VCI memory 101 (step 830).

The processor 91 then registers to the transit flow
management table 94 the destination IP address, source IP -

15 address and port number of the received packet; the VPC
identifier 953, output interface number 954 and output VPI 955
retrieved from the IP address/VPC mapping table 95; and the idle
VCI read from the idle VCI memory 101, while the status 948 is
set for "dedicated VC being assigned" (step 831).

20 With the above data registered to the transit flow
management table 94, the processor 91 reads out the output
interface number 945, output VPI 946 and output VCI 947 therefrom
(step 835). The processor 91 assembles cells from the IP packet

in question using the adaptation processing unit 93 (step 836),

25 sets the output VPI 946 and output VCI 947 to the ATM header,

20 .
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VPl 974 and the input VC 975. _ G ven such information, the

I nput interface 6 stores the out put interface nunber 945, output VPI
946 and out put VCI 947 whi ch have been informed into their
corresponding regions in 25 the header conversion table 62 (see Fig. 4).
Fromthis setup 22 onwar d,
a cell whiclonvamhsadceilt whishnis \Bised bn/GheasdmiecePI and VOI tamd stede

i nput interface as the I P packet in question is forwarded not to the

control proags3tie $adnd inmputhdntidrfdce as theI¥ packet Gor iReRYIdNNdst 0
t he out put interface nunber 945. 5 The edge node 1 carries out its

route changi & It to the EontTdTRHIVcARYy iPeht HoRlheS oudput

cut -t hrough ce transfer wi t hout the intervention of the control

P1OCESSOT 9 4icpsage, ESFRRLENRALRY 1S I SIMAL UL SRERILLGS o1
Bel d f _hqw Wi | | d
S 150 e B 0 LSS 515 e

registered in the transit flow nanagenment table 94 with regard to a
gi ven | P packetthgrmappesdascgaiiesd | odat ks i gut-through,eell é%r@r@ﬁqrr st
inforns the control processor 9 of the input 15 I nterface nunber, i nput
VP, input VGithew: Whesdinteirviendgose®f the condaelripyoc®ssior & fisct when

t he nunber of arrival cells is O. In response, the control processor
9 retrieves aduwnplpshedutyyutthe switcliingVan it ooempy itsdlnge the (npatFi gs. 8
and 13) to read the flow poi nter 977. The control processor 9 then
reads the VAGteXFace dghioutptit 94rterdaceut7 dnd Mddr and tem gut VGl 947 from

t he

10 Below is a description of how any VCC, allocated to a series
of IP packets.and having become unnecessary, is released. The
contents registered in the transit flowmanagement table 94 with
regard to a given IP packet are deleted as follows: the input
interface 6 first informs the control processor 9 of the inbut

15 interface number, input VPI, input VCI and VP switch flag 625
(see Fig. 5) in effect when the number of arrival cells is 0.
In response, the control processor 9 retrieves the input/output
VPI/VCI mapping table 97 (see Figs. _8 and 13) to read the flow
pointer 977. The control processor 9 then reads the VPC

20  identifier 944, output VPI 946 and output VCI 947 from the
transit flow managementltable 94 (see Fig. 10) pointed to by
the flow pointer 977. Using the VPC identifier 944 thus read,

the control processor 9 retrieves the VPC management table 96

(see Fig. 12) and increments by one the number of idle VCIs in

25 the corresponding region. The control processor 9 also adds
S S}iialilailfﬁﬁli{leﬂlim




transit- fl ow managenent table 94 (see Fig. 10) pointed to by the flow
pointer 977. Using the VPC identifier 944 thus read, the control
processor 9 retrieves the VPC managenent table 96 (see Fig. 12) and

i ncrenments by one the nunber of idle VCIs in 25 t he correspondi ng
region. The control processor 9 also adds

23 t he onward, \Llceldadhichmishbasednent thé ovame nRje et VCabhnd9fed

to the end of the list structure in the idle VC nenory 101 pointed

to by the idte Mié HOMEt BApPS 7inEEEraeé cdesthidereopdekét ofntdpgestion is

transit flow managenent table 94 pointed to by the flow pointer 5 977.
Thi s conpl et &g SfthdecHtrdPabrbSesbot 00USEL to thdesEsht
What foll omsf?g&élf%escﬁ%ﬁ on o?e%ow aV rse?up request fromthe

net wor k managepen i AR d %\V]gg . ' p et is
found to be n%%%%ﬁ%%r@(gq%&g?t rgﬁstiﬁeth 0 é\g‘?mﬁtl(err?aa;\cgegg#e}ﬁﬁtgrség em 5,
the control processor send . VPC setup nessa to.the node, .
corresp8ndi ng to thHE g?i'?ﬂf? ﬁncarrlesAcI; a Eget'sosu%%%glfnﬂd‘ngs?ﬁﬁf?gﬁoﬁ
VPC. The VPC setup request .. fromthe network managenment system5

i ncl udes suchnifi®omppesndescribedengihat 46 08 FtrEhERwah cellpransier

i dentifier, a QS (Quality 15 O Service) type and an assigned number of
VCl's of the withoutethe¢ninterventiton of the contypbnproeesse®e? ¥ VPCs
needed on a given network is 65, 536 or less, a VPCl (Virtual Path
Connecti on | dectmplishedskey the switchihgsupitl copprisihg MBE injpwtifier
can be used directly. If 20 the nunber of VPCs required is 65,537 or
greater, othght¥P€ace 6, output interface 7 and ATM switch 8.

10 Below is a description of how any VCC, allocated to a series
of IP packets and havirig become unnecessary, is released. The
contents registered in the transit flowmanagement table 94 with
regard to a given IP packet are deleted as follows: the input
interface 6 first informs the control pfocessor 9 of the input

15 interface number, input VPI, input VCI and VP switch flag 623
(see Fig. 5) in effect when the number of arrival cells is 0.
In response, the control processor 9 retrieves the input/ output
VPI/VCI mapping table 97 (see Figs. 8 and 13) to read the flow
pointer 977. The control processor 9 then reads the VPC

20 identifier 944, c;utput VPI 946 and output VCI 947 from the
transit flow management table 94 (see Fig. -10) pointed to by
the flow pointer 977. Using the VPC identifier 944 thus read,

the control processor 9 retrieves the VPC management table 96

(see Fig. 12) and increments by one the number of idle VCIs in

25 the corresponding region. The control processor 9 also adds
22 .
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l.dentifiers may be used. The VPC setup nmessage has information

el ements conpri si ng a destination ATM address, a source ATM address,
a VPC identifier, a QOs type, an assigned nunber of VCI's, an assigned
VCl region, 25 a default VCl, and a transit node ATM address.. The
processor 24 91 (see Fi g.

8) first se®s (dem= RIN. Aiffdyst sbes\VRE iAfenadd@ress, the VPQORdénpES b,

assi gned nunber of VCls of the node 1, and the ATM address of the own
node whi ch gos tiypd BﬁdVEé‘s§%ﬁé'@ IRFAISL VCIs of egReablee] y ardd thBeaTM
destinati on ATM address identifier, 5 QCS type, assigned nunber of

VCl s and so T. p E?é%

many VCl s ués%(gf?or tﬁdﬁ;és&n Vdce a‘gh]f % gﬁ%l%’ﬁg‘?ﬁ%ﬁ%@%é% Eg#?d’ sets
t he val ue t a d P</ARS t he
basi s of thgeég &:tl%le]SX‘i ﬁ §§ Q\#%\figgégg Af’ﬂ rr;gste%sg igg'g?}f%]éé t he
ATM 1 routing table 99 ee Fi and 1 to read the next hop ATM
addr es€ 992920 %u'fgﬁ’fr" i M I %‘i ‘?RH‘FB%‘F @83 SRITR A %cﬁfgress'out put
VCl 995. Acell is assenbled fromtheVPC setuprressage and the read
output VPl 994 afhecR¥pressey Ybihen assigng agamany VCIgaysed fokchhrbEessor

91 further adds the output interface nunber 15 993 to the cell before
sendi ng t heVe@|as tthe assiguiedwnumheg. of VCIshand \sRts;dthgp vadueae the

transferred to the control processor 9 or 10 of the nei ghbor node
correspondi agsignédaQiesteigian in the setAiifVmeddages. Ohithe byslist of the
processi ng of the VPC setup request. 20 How t he VPC setup

nmessage tr agés€in Pt DOESHTN Sddréd) tle processor 91 retrieves the ATM

10 routing table 99 (see Figs. 8 and 15) to read the next hop ATM

address 992, oﬁtput interface number 993, output VPI 9%4 and

output VCI 995. A cell is assembled from the VPC setup message,

and the read output VPI 994 and output VCI 995 are set to that

cell. The proéessor 91 further adds the output interface number

15 993 to the cell before sending the cell to the ATM switch 8.

This VPC setup message is transferred to the control processor

9 or 10 of the neighbor node corresponding to the destination

ATM address. This completes the processing of the VPC setup
request.

20 How the VPC éetup message transfer process (step 840) is

carried out will now be described with reference to Fig. 20.

Upon receipt of a VPC setup message (step 841), the processor

91 checks to see if the VPC in the message is enable to be assigned

(step 842). 1If it is enable to assign the VPC, the controlier

25 91 retrieves the idle VPI management table 98 to obtain an idle

—_—

i
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carried out will now be described with reference to Fig. 20. Upon

recei pt of a VPC setup message (step 841), the processor 91 checks to
see if the VPC in the nmessage is enable to be assigned (step 842). If
it is enable to assign the VPC, the controller 25 91 retrieves the idle
VPl managenent table 98 to obtain an idle VPl of the out put
interface co9l geeeniigg 8 ) fiiretl sets ddrea™M address, theeVeCuidentifiexr he
own node (step 843). Fromthe idle VPI managenent table 98, the

control | er 9dos aagse andi 44 ©idikd IR of VCIs B thidshogethe aindl en¥TM
poi nter 982, the controller 91 reads 5 one idle VPI fromthe idle VPI

menory 100, | JTRIGY
100, and aSSI gns ﬁ df%id Sc%"g% rrlmec%/ee?li/ilé'fﬁ 'tgole? ﬁi:‘-% 1%5'!%:‘)(@;8% e%péfg1 4tilﬁa d

The processoyg e ﬁc}%{ S VPC
setup rressag’ée%%? e‘g%%? Cc'lgft%’% d% %I na%égnrhﬁ% %Sa‘dfggejéqseffgl#%%\d to
be that of the own node, fhe proc ssor egiste

managendnt t28% etHRSt RS SHIN ‘g €]‘€CIS and %ﬁg Nl?fa}égfreaﬁ?d
default. VCI of the VPC setup nessa e t he out put_interface nunber and
assi gned out put VBhetBropessor 3l then agpigns ﬁﬁé&%‘i‘lbﬁ’qrss used LRy ks

assi gned nunber of VCls in the 15 VPC setup nessage (step 850).

The processoVPQlaprihseadsignedephmber of VOEs: And \Agts the Vﬁéﬁﬁr'yol'dle
list structure of the VCls indicated by the assigned VCl region in
the VC set ugsskgsed a/Chregiens ihhehetsatipnmessage.adin agwe dastiseco¥Gtet o

the idle VCI pointer 967 in the VPC

destination ATM address, the processor 91 retrieves the ATM

10 routing table 99 (see Figs. 8 and 15) to read the next hop ATM
address 992, output inte_rface number 993, output VPI 994 and
output VCI 995. A cell is assembled from the VPC setup message,
and the read output VPI 994 and output VCI 995 are set to that
cell. The processor 91 further adds the output interface number

16 993 to the cell before sending the cell to the ATM switch 8.
This VPC setup message is transferred to the control processoxr
9 or 10 of the neighbor node corresponding to the destination
ATM address. This completes the processing of the VPC setup
request. |

20 How the VPC éetup message transfer process (step 840) is
carried out will now be described with reference to Fig. 20.-
Upc;n receipt of a VPC setup message (step 841), the processor
91 checks to see if the VPC in the message is enable to be assigned

(step 842). If it is enable to assign the VPC, the controller

25 91 retrieves the idle VPI management table 98 to obtain an idle

24
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20 “managenent table 96 (step 851), thereby creating a VPC setup

reply nessage. The VPC setup reply nessage includes such I nformati on
el enents as a destinati on ATM address, a source ATM address,- a VPC

i dentifier, assignnent availability, an assigned VPI, and a transit
node ATM address. 25 _ The assignnent availability is set for

"avai |l abl e" ist,h&he setup reply message is made with “enable to2fetup”-angl the
setup reply nessage is nade with "enable to setup"” and t he assi gned
VPl is put iulleatbdgdEq BRI Uis pa) ¥ntosthg VHC seftup replPidssadee (stepce
address of the VPC setup reply nmessage is set to the ATM address of
the own nodgsand frhe seskddaldaesadgdeaate vee setép&%pl';j)mbﬁgageu:[é?%e,t
address of the VPC setup nessage. The VPC I 'dentifier and transit

de ATM ad ' f ' i s ' t
noae a q:rC\e/EEeai'fM %‘&%‘;ﬁ@? Bfrﬂﬁé“éehgls%%%e ( Saﬁfbﬁgh@& £ End e adeEsget up

nmessage. The setu informed to the control

processor 9 .or 10 of he source nei ghb ad step.853). .10

P Ehe R ARIPEEsPo the gopkie AT £2e A3 MRS P S huipeBsdad | me'vpe
destinati on ATM address i.n step. 845, .the processor 91 . .registers the
VPC | dent | { SR Rk PROBERPR LE edR AMEadErsss are copied fobm thedr
assigned VPl table 120 (step 854). The ATM address of the own node is

added to th@qmnarﬁédeimm&a&?ﬂe%tu%mesﬁﬁgﬁe The ¥RE upetvr seeply
The processor 91 then retrieves tthe ATMrouting table 99 on the basis

of the dest message AsMthewr énfosmedstootheacontrol processar oA addr ess
992, output interface nunber 993, out put VPI 994 and out put VCI 995
(step 855). thee sowmees wighbor node (step 853). '
10 If the ATM address of the own node is found to be other
than the destination ATM address in sfep 845, the processor 91
registers the VPC identifier and assigned VPI of the VPC setup
message to the assigned VPI table 120 (step 854). The ATM
address of the own node is added to the transit node ATM address
15 of fhe VPC setup message.
. The processor 91 then retrieves the ATM routing table 99
on the basis of the deétination ATM address so as to read the’
next hop ATM address 992, output interface number 993, oufput
VPI 994 and output VCI 995 (step 855). The processor 91
20 assembles a cell from the VPC setup message (step 856), sets
the read output VPI 994 and output VCI 995 to the cell, adds
the output interface number 993 to the cell, and sends the cell
thus prepared to the ATM switch 8. Thereafter, the processor

91 transfers the VPC setup message to the control processor 9

25 or 10 of the neighbor node corresponding to the destination ATM

26
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20 assenbles a cell fromthe VPC setup nessage (step 856), sets t he

read output VPl 994 and output VCI. 995 to the cell, adds t he out put
i nterface nunber 993 to the cell, and sends the cell t hus prepared to
the ATM switch 8. Thereafter, the processor 91 transfers the VPC

setup nessage to the control processor 9 25 or 10 of the neighbor node
corr espondi nkp & Gheheetivpt reply oressige is made with “enable to setup”.and
27 address (step 857). If the VPC in question is found
unabl e to betls sisygiehedVPI is pit[ind4?2theheP@rsxngs aeply messagée(step
‘assi gnnent availability of the VPC setup reply nessage for

"unavai | abl eg52 § halrheSsotbge idifesd of tREIVPOBELAGEr &S YRS sWiglehis Wbl e
to setup” (step 846). In that case, the processor 91 sets the source

address of tfie YROAT addiid'Be ERLYOUIERIARS ARalR AEMaddisen Maddis own

o]
node, and sets stination address to the source address of the
receive .. VPC se IR VPE . depbif i [‘]‘%ﬁr Sit M
10 adlress% eetcgéi{ekgg ro%%tggfi(ri;‘[ggﬁn$€r€&%r 9%bi én&g"llé éa et’upTHg%cA
nmessage. The, VPC seifup reply nessage.is_then sent to the control .
processor 9 Hfenpitye r?é"gé%fi‘eél?iegaﬂﬁoémﬂcﬁn%‘fﬁ%ﬁ%ﬁr&gfpl?ﬁi grom their
conpl etes the VPC setup nessage transfer process. How t he VPC
setup repl y FRERERIPIFEH I thR ORG SeUP Messags | o Thed VESt EFLBBOFERLYI now
be described with reference to Fig. 21. Wen receiving a VPC setup
reply messageessage BHmMhen infommes hooddes eongrodhprreesaerd@ser nk iah ATM
address (step 862). If the destination ATM address is found to be
t hat of the tive source nmelghlidie node egstoep B53hecks to see if the VPCin
t he VPC setup '

10 If the ATM address of the own node is found to be other
than the destination ATM address in step 845, the processor 91
registers the VPC identifier and assigned VPI of the VPC Setup
message to the assigned VPI table 120 (step 854). The ATM
address of the own node is added to the transit node ATM address

15 of the VPC setup message.

. The processor 91 then retrieves the ATM routing table 99

" on the basis of the destination ATM address so as to read the

next hop ATM address 992}, output interface number 993, output
VPI 994 and output VCI 995 (step 855). The processor 91

20 assembles a cell from the VPC setup message (step 856), sets
the read output VPI 994 and output VCI 995 to the cell, adds
the output interface number 993 to the cell, and sends the cell

thus prepared to the ATM switch 8. Thereafter, the processor

91 transfers the VPC setup message to the control processor 9

25 or 10 of the neighbor node corresponding to the destination ATM
) This'lsillietIlliii[lsei]i{e[iliced



20 replay nessage is enable to be assigned (step 863). If it is

enable to assign the VPC, the controller 91 gets the assigned VPI
fromthe message (step 864) and registers the route i nformati on about
the VCCs available within the VPC to the header conversion table 62

(see Fig. 4) of the input interface 6 for 25 which the VPC in question
Is set. Theutegssfoalowa:is carried :

28 out as foll ows: : The processor 91 regards the input VPI
621 in the headerrhe processver Sioredgabde e (npatFveI 621 akn tihe hesdemed
VPI, and regards the input VC 622 as one VCl previously assigned to

this VPC.  aonviedsiBh t4Hre 63 &tdFQ% Bt ay@he §261 ﬁédm,g@ﬁdi reqarist al |

val ues of the VPIs and VCls for the VC input fromall input

interfaces f tllﬁ_ﬁ GeNYEP! %qfse%it%r X@Idh{.ggg_oﬁggip Qé‘é’l?g%’éh?d thlS Vchhe

output intertace Rurber S the output”inter nmber
corres ond| to tg o roc (zé ) h‘gq

pr ocessbr BRE glﬁ ?%h@n b%\} ggY { éf&éna%?n ass:.]é)nec? Isc{/Ct,I s'—=l aSSI gned
to the VPI |n guesti_on Fgste rogessor roceeds_t ., check
whet her t he Veptess ofn kb eVPgsbénd VCISa§9FgﬁQ§ ' P‘HE“Q?P g g‘ir PPy
message (step 863). If the assi gnnent is unable, the network
managenent dydesfagessto the contsoicEToREFERF 9 differ from gpe @pother.
destination ATM address is found to be other than that of the own
node in st erhe6autpht intexface Mimber6R4 i® set as the oytpwl ipieniacenabl e
to be assigned in the VPC setup reply nmessage (step 867). If it is
enabl e to agun®ert korYeepondding to the control processor 9 (step 865).

10 The processor 91 carries out the above registration on
all VCIs assigned to the VPI in gquestion (step 866). The
processor 91 proceeds to check whether the VPC is enable to be
assigned in the VPC settip reply message (step 863). If the
assignment is unable, the network management system 5 is

15 informed thereof.

If the destination ATM address is found to be other than
that of the own node in step 862, the processor 91 checks to
see if the VPC is enable to be assigned in the VPC setup reply
message (step 867). If it is enable to assign the VPC, the

20 controller 91 geté the assigned VPI from the message (step 869).
The processor 91 then sets the input VPI 621 in the header
conversion table 62 (see Figs. 4 and 5) for the input interface
6 of the VPC in question to the assigned VPI, sets the output

VPI 622 to the VPI assigned previously to this VPC, sets the

25 VP switch flag 623 to 1, and sets the output interface number
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2Q controller 91 gets the assigned VPI fromthe nessage (step 869).

The processor 91 then sets the input VPI 621 in the header conver si on
table 62 (see Figs. 4 and 5) for the input interface 6 of the VPC in
guestion to the assigned VPI, sets the output VPl 622 to the VPI

assigned previously to this VPC, sets the 25 VP switch flag 623 to |
and sets theowtitasitfollawd ace nunber :

29 624 to the nunber corresponding to the output interface for which
this VPC is set (gheppBdfessor 91 regardslikbecshpet vihe2W dneshernddder aces
t he VPl assigned previously to.this VPCinto the VPC setup reply

nmessage (St éfonvers iy thb1anéh ;(Ebéiﬂ/ge.ssf) hes SRV I grun vBP! amPrégepasi 9s-
8 and 15) on the basis of the trtansit node ATM address 1 n the VPC

out put_i nt er VR Sio622 86 T8he ok Wy A sk ibraH BothER VI
meetaged sol SSTREC (ERP Ap RRA/AMISF Yoo deBueracregesiod 89 phaffatly |

and adds the output interface nunber 993 to the . cell (step 873). The
cell thus prephied 95 e VRES tand Meiswiexthe VC npuh Lm0 E\,ﬁc%‘é&‘ﬁp
replay nessage is transferred to the control . _processor 9 or 10 of the
cor r espondi ninkerfaees teotibe(ceriral procespor 9 diffgnLyameassanobiexhecks
the VPC setup reply nessage for the availability of VPC assi gnnent
(step 867). ThetdwpitCinterface nwmbée 62 lis aeti gpdhe phtpptoirtenfadéd
del etes the corresponding VPl registered to the assigned VPI table

1020 and nufilsels ¢heresperidihd/Ro tithé heonthsl \ftodesesy 900sf«h egpBEHS) .
10 The processor 91 carries out the above registration on
all vCIs assigned to the VPI in question (step 866). The
processor 91 proceeds to check whether the VPC is enable to be
assigned in the VPC setup reply message (step 863). If the
assignment is unable, the network management system 5 is
156 'informéd thereof. |
If the destination ATM address is found to be other than
that of the own node in step 862, the processor 91 checks to
| see if the VPC is enable to be assigned in the VPC setup reply
message (step 867). If it is enable to assign the VPC, the
20 controller 91 geté the assigned VPI from the message (step 869).
The processor 91 then sets the input VPI 621 in the header
conversion table 62 (see Figs. 4 and 5) for the input interface
6 of the VPC in question to the assigned VPI, sets the output

VPI 622 to the VPI assigned previously to this VPC, sets the

25 VP switch flag 623 to 1, and sets the output interface number

28 f
" This Sheet Has Been Reﬂlaced




20 the basis of the transit node ATM address in the VPC setup reply
nmessage, the processor 91 retrieves the ATMrouting table 99 to read
t he -next hop ATM address 992, output interface nunber 993, out put VPI
994 and output VCI 995 (step 872). Theprocessor 91 then assenbles a
cell fromthe VPC setup,reply nessage, sets 25 t he read OUEPUt VP 994
and out put vEhegoutpyt: hRteE fcegn 8ps993 to the cell (step 873). .Th

30 the output interface nunber 993 to the cell (step 873). The

cel | thus pregalethussprepared ihsent\te whechT)s switeh fe apd theVRT setup
reply message is transferred to the control processor 9 or 10 of the
correspondi ngepdyghessagedes (txtaays ftiied T theoopherel processmxr WPGrsk0up
reply nmessage transfer process. The VPC setup nessage and the

VPC set up replfytie svagesponding neRghpooarsde(skepuses pf teisAcdinplenasi ng
protocol . How I P routing information 1s processed will now be

descri bed.  bhel bfcr seeu;s fepagkgbsbagboupdnt ecbeptbetonting 10

i nformati on (see the control processor 9 sets

hop ?33263?2'52”98 VBRGS0 Bl anfooh ik, gBEAE' feply mestaeint D

the b f the |P f ol | owi i
(he pasrs of e LELgu 19 BR<PE ot ponATlzs 1onaLiRS; REPHSSP By out i ng tabl o

90. The contr ol processor 9 first retrieves the_lP address/ATM
addr ess mappi ng t 9% 1P Foudagriipfoymatdong)is, pregesgednsidl now bgyn node

| P address 904 to read the correspondi ng ATM addr ess
described. If the received packet is found to be IP routing

10 information (see Fig. 18) (step 816), the control processor 9
sets the destination network IP address 901, mask 902, metric
903 énd next hop IP address 904 in the IP routing table 90 (see
Fig. 8 and 9) on the basis of the 1P routing protocol. Then
the followihg process is carried out on each of the registration
15 items in the IP routing table 90.

The control processor 9 first retrieves the IP address/ATM
address mapping table 110 (see Fig. 8 and 16) using the next
hop node IP address 904 to read the corresponding ATM address
112. The retrieved ATM address 112 is set to the next hop node

20 ATM address 905 (see Fig. 9).

The control proceséor 9 then retrieves the VPC management
table 96 (see Figs. 8 and 12) using the next hop node ATM address
112 to read the corresponding VPC identifier 962, output
interface number 963 and output VPI 964. The read VPC

25 identifier 962, output interface number 963 and output VPI 964
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112. The retrieved ATM address 112 is set to the next hop node 20- ATM

address 905 (see Fig. 9). : The control processor 9 then
retrieves the VPC nmanagenent table 96 (see Figs. 8 and 12) using the
ngxt h?p node ATM address 112 to read the correspondi ng VPC

i dentifier 962, ou nterface nupber 963 ut V 964, . The
read VPC 25t elBgﬁgpFléPt9§§a08uPBﬂpan %?f%% rﬁéh @gﬁ &f Ut puhep
964 are set respectively to
the VPC i denpeﬂ;leth%pre@aﬂrﬁdt is mentf hedhe ATM sWiasd 89naihed ‘FR%ﬁ?tVfPI
955 of the corresponding registration items in the I P address/VPC
mappi ng t abl eeply(mess&ggsis &xamksferred 1) théhcontvopl precesser IPoroddi ng
i nformati on process. 5 How a resource allocation request fromthe
gateway 3 isof the qurakspaitliid heighbbe nisde r(istep 874 )t herhis eomplepasket
S found to be a resource allocation request fromthe gateway 3
(step 8%/; sefeFwdc 4&tupt Be qgﬂh@@ba@éoeeaagfee pebsedB.i dl e VPI, a
cut-through VCI and a deFau F for the line to which 10 t he gateway 3

i s connected for sgpd %

regi sters tthe I\/PI 62cult"?’t&h$§‘ﬁgﬁ4 saaé?sgefg%q}lac setugoféf fs.%ei %éﬁgrgn 4
conver si on e connect e
to the gat evvg? ?rofﬁ% §s$?’n3&%ﬁ &%‘ P‘I‘ﬁp51gnat]”18gf 8{-‘0%8
corresponding to each of the jnfornation . el emants . t to the
output interface fifther® & %‘matlon 6 BROSSSHTH ’;‘50 %ﬂe

Qut put VPIs 625 and out put VCI S 626 are assigned and set so that all
val ues of thdegprdbgdd \Efsthe receiyed jpacket pbitfqunsntq |bg FFurouting

interfaces to the control
10 information (see Fig. 18) (step 816), the control processor 9

sets the destination network IP address 901, mask 902, metric

903 and next hop IP address 904 in the IP routing table 90 (see

Fig. 8 and 9) on the basis of the IP routing protocol. Then

the following process is carried out on each of the registration
15 items in the IP routing table 90.

The control processor 9 first retrieves the IP address/ATM
address mapping table 110 (see Fig. 8 and 16) using the next
hop node IP address 904 to read the corresponding ATM address
112. The retrieved ATM address 112 is set to the next hop node

20 ATM address 905 (see Fig. 9).

The control processor 9 then retrieves the VPC management
table 96 (see Figs. 8 and 12) using the next hop node ATM address
112 to read the corresponding VPC identifier 962, output
interface number 963 and output VPI 964. The read VPC

25 identifier 962, output interface number 963 and output VPI 964
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pr,ocessor 9 differ fromone another. 20 The control processor 9

al so sets an idle VPI, a cut- through VCI and a default VIC for the

| i ne connected for recei ving purposes. The processor 9 inforns the
gateway 3 of the VPI, cut-through VC and default VCI. This conpletes
t he processi ng of the resource allocation request fromthe gateway

25 3. Fig. 22 shows a typical constitutidn of the cohitgol2?2
shows a typical constitution of the control processor 10. In Fig. 22,

reference nugpédbsfdrsi@ndsid aigg 22, reledeRt e nun®Z 410912 sRaaket £Byf er,
93 for an adaptation processing unit, 98 for an idle VPl managenent

table, 99 foﬁroéess@fbned %é# %a ?éﬁg#e%uffgffo 328t dhf QE%BEQGPGH and

120 for an assi con processor operates in

B8 LGRS 3 T Y gl e i 9 5577

processor 10 is_located in the transit node 2 e ocessor 1% does
not rec@ive aRyATH IPRYIRT tabd &red Q9 F@ﬁuégtldle VP%nm?W9$§nJ or

i nformati on. Fig. 23 depicts a typical constltutlon of t he
gateway 3. an asshgppd VBB takleys cfhe somtrsll Prosesseyr fl&r opeppsessibr

32 for a packet buffer, 33 for an adaptation processing unit, 34 for
15 an i dl etW€l s ame agpement atsatuhe, cebtrol pnocepsorf$ ovhem e VPGt setup
table, and 36 for an idle VCI nenory. Fig. 24 illustrates a
typi cal consmébshgenopivedeseéetihs reply médsapaaigemadeivdd £ BécauseFthe 24,

ref erence nuneral 341
control processor 10 is located in the transit node 2, the
10 processor 10 does not receive any IP packet, VPC setup request
or IP routing information.
'Fig. 23 depicts a typical constitution of the gateway 3.
In Fig. 23, reference numeral 31 stands for a processor, 32 for
a packet buffer, 33 for an adaptation proéessing unit, 34 for
15 an idle VCI management table, 35 for an input.floW'management
table, and 36 for an idle VCI memory.
Fig. 24 illustrates a typical constitution of the idle
VCI management table 34. In Fig. 24, reference numeral 341
stands for a VPI, 342 for the number of idle VCIs, 343 for a
20 default VCI, and 344 for an idle VCI pointer.
Fig. 25 indicates a typical constitution of the input flow
management table 35. In Fig. 25, reference numeral 351 stands
for a destination IP address, 352 for a source IP address, 353

for a port number, 354 for an output VPI, 355 for an output VCI,

25 and 356 for status.
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st,ands for a VPI, 342 for the nunber of idle VCls, 343 for a 20 def aul t
VCI, and 344 for an idle VCl pointer. Fig. 25 indicates a

typi cal constitution of the input flow managenent table 35. In Fig.
25, reference nuneral 351 stands for a destination |IP address, 352
for a source | P address, 353 for a port nunber, 354 for an out put
VPI, 355 for an owmtigut 22Cshows5a typdcaibcbastitatieon of the control

33 At the tinme of initialization, the gateway 3 outputs to

the control ?t@@éﬁﬁ@f o of mqqui.mm%fbx%ﬂc%qmteﬁaqr dihetands for a
allocation of a VPI, cut-through VCls and a default VCl. The VPI, the

cut-through ef g4l r betvveen~
t he gat evvay n%ggﬁg egyekﬂ%/(% éé@]\ﬁﬁeﬂuffér %bé {f/écr a%lhgaég%éﬁtﬂgugh VCl s

and t he def ayl| g % ocat e V. t‘}},& L, 0 r
gateway 3 sepggf:% Lbﬁ ‘éﬁ fior éfrh l‘ﬁ ?n%'}; eerqr{é"n%%%’%%l 334 See
Figs. 23 and 24 %}f VP etsthe fb i dle VCls ﬁé o_the
assi gne nunﬁBrg‘beorou n‘i/élasbleam&oz)etf?rt AB ﬂg Su ?f\ﬁm%%' ta‘d’dt 0 %ganed
def aul t VCl. The gateway 3 then stores a list structure of the
assi gned an %‘@Fégpﬁ@o"?ﬁe"—@}éﬂ% v@heneentyods prosessoy 1P3ppegages in
regi sters the starting address of the list structure to the idle VC
poi nter 344 thet bamedhanna astrigesontrodbprogéssoxrs9d when thge¥PC setiupel ow
with reference to Fig. 26 is how the gateway 3 processes | P packets
recei ved fronekbagecbrOVRCibetup reply dnesdippe isameqeiwvdd.anBePapsekthef rom
the network 4b or 4c (step
control processor 10 is located in the transit node 2, the
10 processor 10 does not receive any IP packet, VPC setup request
or IP routing information.
Fig. 23 depicts a typical constitution of the gateway 3.
In Fig. 23, reference numeral 31 stands for a processor, 32 for
a packet buffer, 33 for an adaptation processing unit, 34 for
15 an idle VCI management table, 35 for an input flow management
table, and 36 for an idle VCI memory.
Fig. 24 illustrates a typical constitution of the idle
VCI management table 34. In Fig. 24, reference numeral 341
stands for a VPI, 342 for the number of idle VCIs, 343 for a
20 default VCI, and 344 for an idle VCI pointer.
Fig. 25 indicates a typical constitution of the input flow
management table 35. In Fig. 25, reference numeral 351 stands
for a destination IP address, 352 for a source IP address, 353

for a port number, 354 for an output VPI, 355 for an output VCI,

25 and 356 for status.

32 This Sheet Has Been Reﬂlaced




5R0), the gateway 3 stores the packet into the packet buffer 32. The
processor 31 (see Fig. 23) retrieves the input flow 20 managenent tabl e

35 using the destination |IP address, source | P address and port
nunber set in the I P packet (step 552), to check whether the table
35 has a matching content (step 555). . If the input flow

managenment teables3from thenfleteivédelP packet dBingi tife cCaddptatidme- gat enay
3 reads the output VPI 354 (see 25 Fig. 25) and output VCI 355 (step

570) . The 0{8¥BY¥sIngdHIWLES(see Fig. 23). The retrieved output VPI 354
34 cells fromthe received | P packet using the adaptation

processi ng g g& &&é@?%&l gag%%{e'he‘{ é%\ﬁg&jg%%cﬁg}(ygé%%) ofo?a?lﬁg

out put VC are Int eader (ste eac

[T the i mput SFI0 BetABeeRtoTans 58 e iy sEinho ¥, Bge boad Tlsrep .,

mat chi ng the received I'P packet in step 555, the processor 31
retriev@s tha’fdre VC managenent table 34 (see Figs. 23 and 24)
(step 556), to read the VPI 341, nunber of idle_ 10 VCIs 342 and default
VCl 343 (step 5570f the input flowimanrgenemieitadrle 3beals/mps fopnd $ofhavel to
be 0, the default VCI 343 is set as the output VCl (step 561). The
gat eway 3 seapy item matchingnpbe féceivedaliBnpackebbin Step WeEbilesthanat i on
| P address, source | P address and port nunber of the received IP
packet; 15 preodssbe 3ltrpetridresdhentileeVal imavidgenddtr cabler 34 {Seei dl e

VCI managenent table 34, while the status 356 is set for "default VC
bei ng assi gngdgs(six*anabdd) (step 556), to read the VPI 341, number of idle
10 VCIs 342 and default VCI 343 (step 557).
If the number of idle VCIs 342 is found to be 0, the default
VCI 343 is set as the outl;ut VCI (step 561). The gateway 3 sets
to the input flow ma{nagement table 35 thedestination IP address,
source IP address and port number of the received IP packet;
15 and fhe output VPI 341 and default VCI 343 read from the idle
VCI management table 34, while the status 356 is set for "default
VC being assigned" (step 569).
The gateway 3 proceeds to check the number of idle VCIs
342 (step 560). If the number of idle VCIs is at least 1, the
20 gateway 3 decreméhts the number of idle VCIs by one (st.ep 565)
and reads the idle VCI pointer 344. Usihg the read idle VCI
pointer 344, the gateway 3 reads one idle VCI from the idle VCI
memory 36 and updates the list structure of idle VCIs in the
membry 36 (step 566).

25 The gateway 3 then sets the read idle VCI as the output
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The gateway 3 proceeds to check the nunmber of idle VC's 342 (step
560). If the nunber of idle VCls is at least 1, the 20 gateway 3

decrenents the nunber of idle VCIs by one (step 565) and reads the
idle VCI pointer 344. Using-the read idle VC poi nter 344, the
gateway 3 reads one idle VCI fromthe idle VC menory 36 and updates
the list streoellsefodmi the dtsivedt P packet nesimg Ghe (adaptHtion - 25

The gateway 3 then sets the read idle VC as the output VC
(step 567). pghecEssenganit 89i cd&¢ FilgQ 2B, | MM refteWeved out IO YPIEDS4
table 35 theﬁdesti ngi??on | P ad(glér ess,bgourge | P address and port

nunber of th j y i t I r 0 e
idle VG nangggmﬁfgglbg g%;g%% St At RY (ATH neaddP (Séep ) LEOSAENT |

menory 36, (‘Q@t#ﬁ%@%ﬁ&?tﬁ‘&@?@ éh%Uﬁells ad skt ¢ {gﬁg@ néady! (Prep.

assi gned" on—corpl et on of ata regi

to the input %ow managenent table 35, the gateway 3 reads the output
VPl 354%and 372)- out put VCI 355 (step 570). The gateway 3 assenbles cells
from 10 the I P packet using_the adaptation processing unit 33 (see Fig.
23). The output VAE Bhe Jé}mltogiﬁwtmmg%ﬁ%mélté 3P nis Retafqund to haggder
of each of the cells (step 571), before the cells are sent to the
edge node 1 @syeptem2ipatqhisgcthel veceived PRBcracket in gkepe’3Pngths the
gateway 3. 15 When ATM cells are received fromthe edge node 1,

t he gapevagssSor edlb seaty beved ethee cel dee VAIe Man sigement! Rapdekdd (seag

Figs. 23 and 24) (step 556), to read the VPI 341, number of idle
10 VCIs 342 and default VCI 343 (step 557).
If the number of idle VCIs 342 is found to be 0, fhe default
VCI 343 is set as the output VCI (step 561) . The gateway 3 sets
to the input flowmanagement table 35 thedestination IP address,
source IP address and port number of the received IP packet;
15 and fhe output VPI 341 and default VCI 343 read from the idle
VCI management table 34, while the status 356 is set for "default
VC being assigned"” (step 569).
The gateway 3 proceeds to check the number of idle VCIs
342 (step 560). If the number of idle VCIs is at least 1, the
20 gateway 3 decremefnts the number of idle VCIs by one (step 565)
and reads the idle VCI pointer 344. Using the read idle VCI
pointer 344, the gateway 3 reads one idle VCI from the idle VCI
memory 36 and updates the list structure of idle VCIs in the
memory 36 (step 566).

25 The gateway 3 then sets the read idle VCI as the output
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t he adaptation processing unit 33. The I P packet to which the cells

are reassenbled is sent to the network 4b or 4c via the packet buffer
32. 20 At the time of initialization, the network nanagenent
system5 (see Fig. 2) sets up ATM signaling channel between the

control processor 9 of the edge node |la and that of the edge node | b.

- The networ k edgegdes tdy thenrespeet ivegasmersutliifig tablesesyi 9ée FidATM
address, next hop ATM address, output interface 25 nunber, out put VPI

and output \§j, corresponding to each of the
36 - edge nodes to the respectlve ATM routing tables 99 (see Fig.

gz)ht rol .pr ocessor S é %e%"}% a a%cgiﬁqﬁemttf %ﬁéftlgisﬂt §0%E£§£H§\}Iﬂfl§

avai l abl e on_t Ilnes and of the rre nde ce bet J

addr esses an‘bm{\ffeoll Iprggg,sggggs a%gl ﬁﬁ a\é\ﬁe?ﬁ’eof a f\l%%t%rk
4. Upon |n|t|aI|za I n case ,of anetwork statu change, the

net wor k® manaffetfe aé'ﬁ'??iﬁ'l @nithg dingsypand 9% the °°rrF§HBB§?nF6 IE%YPFF% t he

control processors 9 in the edge nodes 10 la and | b. VWhat
follows is AHeaddresses anditthe IBLaddesses anfigned to gLl nggles on the

initialization. Wien the network 4a is started up, the net wor k
managenent Systwanls 4f.i rEpor sirait iakicsa tiilin omgial cage of a nehwonkl statwseen
the control processor 9 of the edge node la and 15 that of the edge node

| b. The netveliang@nagemEtwrk eadaddmnt systene@ dswres raevmstsetatp on
ATM addr ess, next hop ATM address,
request to each of the control processors 9 in the edge nodes

10 la and 1b.

What follows is a description of the routincj procedure
during initialization. When the network 4a is started up, the
network management system 5 first .éstablishes ATM signaling
channel between the control processor 9 of the edge node la and

15 that of the edge node 1b. The network manaéement system 5 then
registers the destination ATM address, hext hop ATM address,
output interface number, output VPI and output VCI corresponding'
to each of the edge nodes to the respeptive ATM routing tables
99 (see Fig. 8).

20 The network lﬁanagement system 5 issues a VPC setup fequest
to each of the control processors 9 in the nodes la and 1b. It
is assumed here as an example that the VPC setup request has
a VPC of a QOS type 1 and a number of an assigned VCI of 16 set

therein for the edge nodes la and lb.

25 Given the VPC setup request from the network management
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oyt put -i nterface nunmber, output VPI and output VCl corresponding to

each of the edge nodes to the respective ATMrouting tables 99 (see
Fig. 8. 20 The network managenent system 5 issues a VPC setup
request " to each of the control -processors 9 in the nodes l'a and | b.
It I s assuned here as an exanple that the VPC setup request has

a VPC of a (dyd Hiriek a:ra:dtahenh:&bgécaﬁvanmnsraﬁesﬂnyOtaBieé69secsee Fig.
therein for the edge nodes |la an 25 G ven the VPC setup

request frong)the net wor k managenent

37 - system 5, the control processor 9 of the edge node | b assigns

the VO for use ﬁQré?ﬁ PCtﬁ@ tﬁ.ﬂ& \Apgleﬁfe%ps %éﬂlg? informs &Mk
assenbl es a ceII rom nessage. e con roce retrieves
the ATMroutin Ie 99. The PCs up ssa ferred to. the
control proc HEEEHTS. Sf'noﬁ’?h%gee ngc?%%ql ? :L:) & o5
corresponding to the desti nation_ATM addr On receiving

the VPPset WP He&¥add ablgeon drhe élln&lsocé§§c9f the COEGeBPoPﬂ@nF?aF%?"fe%de
2a retrieves the idle VPI managenent table 10 98 (see Fig. 22). The idle
VPI for the ATM@ddxessesi andtthe dBgaddressem@ssigned £h akk nodessPn thele 2a
Is assigned to this VPC and stored in the assigned VPl table 120.

Then the comtetsbork 4. pPponeilsiridllizatiorwas inheagd M aunehyorkdtatdss on

t he basis of the destination ATM address, whereby the VPC setup

message 15 ch&ﬁ?é,r atled egtiibailo mdifadennio| sy e B dssheay d hepah & egdlpor
edge nod a corresponding to the destl nati on ATM addr ess.
request to each of the control processors 9 in the edge nodes

10 la and 1b.

What follows is a description of the routing procedure
dﬁring initialization. When the network 4a is started up, the
network management system 5 first establishes ATM signaling
channel between the control processor 9 of the edge node la and

15 that of the edge node 1b. The network management system 5 then
registers the destination ATM address, next hop ATM address,
output interface number, output VPI and output VCI corresponding.
to each of the edge nodes to the respective ATM routing tables
99 (see Fig. 8).

20 The network l;lanagement system 5 issues a VPC setup request
to each of the control processors 9 in the nodeé la and 1b. It
is assumed here as an example that the VPC setup request has
a VPC of a QOS type 1 and a number of an assigned VCI of 16 set

therein for the edge nodes la and 1b.

25 Given the VPC setup request from the network management
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Wjen receiving the VPC setup nessage, the control processor 9 of the
edge node la finds that the destination of the nmessage is itself and
acts accordingly as follows: the 20 control processor 9 first assigns to
this VPC an idle VPI for the line connecting the transit node 2a with
t he edge node | a. The processor 9 then sets the output interface
nunber, out ppéply mes$®yeandritrg sé@upyepliye thelssalglee tYHE porepheedPls
managemnent table 96 (see Fig. 8) and idle VCI nenory 101. A VPC setup

reply 25  geftagfthé tiaddlitdnodd 2al ¥fatYforva riledcere Vot s dtip MBEs8§EUP
38 reply message. The VPC setup reply nessage thus prepared is

sent to the transi Q@Q%i%&ngg%héf9§Wa5g%gpg%§P¥§nggggﬁen?§6ﬁggge1gdg?he

On receiving the C setup reply nessage

asei gned VPI TORE TS EATEL SReas aasdts e TEIRIRA YRy spileihEpbd, "

Fig. 4) .in the_ interface 6 connecte to,the edge ngde |a. The transit
node 2a%readdnd %F¢sfFBnFPﬁea551gnegs¥?ﬁnEBeV¢PPPEbygI1?% FE%Zh T22)
using the VPC identifier as a key, sets the output VPI to the read

VP, and set §oRWersiep kable 62 j(see Fige AdnbRrthe intexrfaaa &r papnerhedhis
VPC. The VPI read fromthe assigned VPl table 120 is placed into the
VPC setup to themdgemosiegdabefDhe transids soge 2e reads e VRD firoe theat r ol
processor 9 of the neighbor edge node |b. Upon recei pt of the
VPC setup repkyigredagel ftablié 120 ISee Figns22) nmsliin@ahd MeCeddenndfidettb
gets the assigned VPl in the nessage to set it up as the input VPI,
and regards as d Reyl, Hétls the output VPI to the read VPI, and sets the output
10 interface number to its counterpart in this VPC. The VPI read
- from the assigned VPI table 120 is placed into the VPC setup
reply message before the message is informed to the control
processor 9 of the neighbor edge node 1b.
Upon receipt of the VPC setup reply message from the -
15 transit node 2a, the edge node 1lb gets the aséigned VPI in the
message to set it up as the input VPI, and regards as the input
VCI the VCI previously assigned to this VPC. Output VPIs and
output VCIs are assigned so that all values of the VPIs and VCIs
for the VC input from all input interfaces to the control
20 processor 9 diffe} from one another. The VPIs and VCIs, along
with the output interface number corresponding to the control
processor 9, are registered to the header conversion table 62
(see Fig. 4) for the input interface 6f in each value group.

This completes the setup of the VPC between edge nodes.

25 How initialization takes place at the gateway 3 (see Fig.
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VGl the VCI previously assigned to this VPC. CQutput VPIs and out put
VCls are assigned so that all values of the VPIs and VCls for the VC
input fromall input interfaces to the control 20 processor 9 differ
fromone another. The VPIs and VCl's, along with the output interface
nunber corresponding to the control processor 9, are registered to
the header coeptysmessagéle ¥k VPC setige rieply feskaget khusnprepapedriace
6f in each val ue group. This conpletes the setup of the VPC between

edge nodes. géfit to the trdd¥ilthédaliazeha©Fordeden! EJK@V?C §é&gﬁé§§\@§‘e3
(see Fig. wi | | “now be

described. Al they ikl thdl vBR LBRup! Bep1y mesgagsw A2tAENdagE O

the control processor 9 of t e edge no a reqadest or t

o500 S b St RS b,

t he control cessar ns an idle VPl, a cut-throu \/Cl and a
def aul t SvCl EB FﬁESIFﬂe ﬁ signedcVEL: Ehey RRUE SV %Bn%ECFQ% header ¢
sendi ng purposes. The control processor 9 then registers t he VPI
cut-through Yenveraigefeaple (see Fdgneddein dhr dnsiegifacen 6 conpeated
(see Fig. 4) of the input interface 6 connected to the gat eway 3a.
The desti nat tontbeatgsige indider lace Pheitkeransit noder 2aspeads m VBX dxom bhet he
i nformation el enents involved is set to the output interface nunber

correspondi ngssdghbd ¥YPDitaltle 120 (seecEigor2d) dadmytthéPVPCahdentt pierVCl s
are assigned and set 15 so that all values of the VPIs and VCls for the
VC input frogs a key, sets the output VPI to the read VPI, and sets the output
10 interface number to its counterpart in this VPC. The VPI read
from the assigned VPI table 120 is placed into the VPC setup
reply message before the message is informed to the control
processor 9 6f the neighbor edge node 1b.
Upon receipt of the VPC setup reply message from the -
. 15 transit node 2a, the edge node 1b gets the aséigned VPI in thé
message to set it up as the input VPI, and regards as the input
VCI the VCI previously assigned to this VPC. Output VPIs and
output VCIs are assigned so that all values of the VPIs and VCIs
for the VC input from all input interfaces to the control
20 processor 9 diffe} from one another. The VPIs and VCIs, along
with the output interface number corresponding to the control
processor 9, are registered to the header conversion table 62
(see Fig. 4) for the input interface 6f in each value group.

This completes the setup of the VPC between edge nodes.

25 How initialization takes place at the gateway 3 (see Fig.
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al,l input interfaces to the control processor 9 differ fromone

anot her. The control processor 9 also assigns an idle VPI, a
cut-through VCI and a default VCI for the line connected for 20
recei ving purposes. The processor 9 inforns the gateway 3a of t he

VPI, cut-through VCI and default VCI. In turn, the gateway

regl sters thprosessored wpdates dhehdPi dbutiy bhabhbgeh®niseenl¥lig. 8)

(see Fig. 23) and idle VCI nenory 36. This conpletes the

initializati adddtiohg e exentrbl processor 9 updaResotthen@Pi address/VPC i S

recei ved, the control 40
processor 9 yagpifg tdwlé R3 cusugg tiablaga¥esss s pplitig 8hbleN110 and VPC
addition, the control processor updates the IP address/VPC mappi ng
table 95 usi r ®ing table 110 and VPC managenent tabl e
96. Hgnég éﬂg géie oW IS mhat t akes place upon arrival of a new

'pECEZf B he gat cnBy ok ipan bebdd kR eRer %%%S*é%%?gml % Bfev 3

Because t hi acket d t d
i npu?sf I owI iﬁ al ?r]é‘ﬁ*lf S?ﬁﬁ&%‘{&?*?ﬁ‘ % ne"ﬂ?rk Re r egyﬁgﬁgge%élgggct s

one idle VCI fromthe idle VCl nanagenent table 34, registers the

sel ected VC the pagketpiher gatevaydpretrieves thepinpuy L1oWsBARRGENERY | 5
fromthe packet using registered VPI's _and VC's, and sends the cells
to the edge hadie| 35. Hecausshkisepacket isha new @mmalofandwe.svmtto t he
| P packet. 15 : The input interface 6 (see Fig. 1) of the edge node

| a registered in the input flow management table 35 (see Fig. 23),

10 the gateway 3a selects one idle VCI from the idle VCI management
table 34, registers the selected VCI to the input flowmanagement
table 35, assembles cells from the packet using registered VPIs
and VCIs, and sends the cells to the edge node la. This completes
the assignment of the VCC to the IP packet.

15 The input 1nterface 6 (see Fig. 1) of the edge node la
retrieves the header conversion table 62 (see Fig. 5) on the
basis of the VPI and VCI in the received ATM cell, in order to
read the output interface number 624, output VPI 625 and output
VCI 626. The input interface 6 sets the output VPI 625 and output

20  VCI 626 to the réceived ATM cell header, adds the output
interface number 624 to the ATM cell, and forwards the ATM cell
thus prepared to the ATM switch 8. The ATM switch 8 sends this
ATM cell to the output interface corresponding to the output

interface number 624 added to the cell.

25 In this packet, the destination output interface number
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retrieves the header conversion table 62 (see Fig. 5) on the basi s of
the VPI and VCI in the received ATMcell, .in order to read the out put
i nterface nunber 624, output VPI 625 and out put VCl 626.

Thei nputi nt er f ace6set st heout put VPI 625andout put 20 VCl 626 to the

recei ved ATM cel |l header, adds the out put I nterface nunber 624 to the
ATM cel | , arprdcessond updates tbel IP routingstable20¢d aae Fig.-A8M-swi ch
8. The ATM switch 8 sends this ATM cell to the output interface
correspondi radd it idre, citepuiontrol processaxe Inuplates2dhedikdaddress/VRC | .
25 In this packet, the destination output interface nunber

41 624 happiig Wdbld S N thiee addiress magp&hqceaisleommecaﬂd YEC
the control processor 9. This causes the received ATMcell to be sent

to the contrgl,. Xathe 96. Upon receipt of the ATMcell, the

control processo 3 isee 5 Fig. 8) deletes fromthe cells the output

interfage number gddadiped petdly YACRIBAALODIUAC GRS G VAL $F §5&9 O
H?)Fcetf?s pac . e J9

reassenbl e the 0 an e rocessor retrieves

t he transit flow managenent table for . a matcghin ontent..Since
this packet 1% BAGKSt &% i%;%%?cet"{*?é’ o s 33’%&?‘3’1’8%@8% g‘aﬁe&orecel"mg

I nformation. = The processor 91 thus retrieves the IP addr ess/ VPC
mappi ng t abl Ehepagkety the JRLeYIRSHRSEPigYgscthe input £lgy, RRNFFEMERY ess
and port nunber of the received |IP packet, | t hereby readi ng the

desti nati on talgle ¢ | Besauseh&hisopasket is a new A3giiyed @@d Bissned f| ow
one idle VCI which.is gotten from 15 t he VPC nmanagenent table 96 and can
be used by thegif¥eretbrim therinput flow management table 35 (see Fig. 23),

10 the gateway 3a selects one idle VCI from the idle VCI management
table 34, registers the selected VCI to the input flowmanagement
table 35, assembles cells from the packet using registered VPIs
and VCIs, and sends the cells to the edge node la. This completes
the assignment of the VCC to the IP packet.

15 The input interface 6 (see Fig. i) of the edge node lé
retrieves the header conversion table 62 (see Fig.' 5) on the
basis of the VPI and VCI in the received ATM cell, in order to
read the output interface number 624, output VPI 625 and output
VCI 626. The input interface 6 sets the output VPI 625 and output

20  VCI 626 to the received ATM cell header, adds the output
interface number 624 to the ATM cell, and forwards the ATM cell
thus prepared to the ATM switch 8. The ATM switch 8 sends this
ATM cell to the output interface corresponding to the output
interface number 624 added to the cell.

25 In this packet, the destination output interface number
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and registers the idle VCI to the transit flow managenent table 94.
Thereafter, the control processor 9 assenbles cells from the IP
packet by use of the adaptation processing unit 93. The 20 cont rol
processor 9 sets to the ATM header of each of the assenbl ed cells the
out put VPl 946 and output VCl 947 read from the transit flow
managenent tabl e 94 thbeeIPi packél. mgabscanpretletermingdoeendistionadtiet he
out put interface .nunber 945 to the cell and turns the cell into an

i nternal cel¢tontifel proeesaorceldetieves sheeivipun/ddiepudT MPIVCImEpping

42 If the | P packet neets a predeterm ned condition, the

control proceggispe 97 MSr i£YRTdHIhG onedit Bnt tHB bYCismeBpthg receivédbl e
97 for a rratchl ng content on the basis of the received VPl and

recei ved. VQ %ﬂfh %%Ele' Ged Gci%lﬁwg{a@n&eaﬂ%am c‘én hesaéetupént he

| P packet |n quest1 on. The correspondlng I nput I nterface 'S

ntorfade 6 SrerERt e thg: PR & é"fgs*f‘gﬁe s cs%%@é%“%@ "
out put VPl 946 and out are receive

Wh
cor r espondi niPFeEFITS f1pl|:frtst ?\:%ﬂg‘gé‘érof %6‘3 matihapg; SRRt ERt %ré’f‘ %‘E&etﬁjg% 4

and 5). Fromthis setup onward, a cell fed to the sane in 5
interface as97he Thelmadtihe inpudydatiesiface 6 stRrefetBgsPUtBRt HRteEfACEP|
and VCl is forwarded not to the control processor 9 but to the output

interface 7 sunbes@ did(see Fig. 10p, cvdpwtt PRI 346 and sndpuinbeF 9445whigh
Rout e changes are carried out by the edge node in the manner
are received to the corresponding regions in the header

10 conversion table 62 (see Figs. 4 and 5). Fromthis setup onv;rard,
acell fed to the same input interféé:e as the IP packet in question
on the basis of the same VPI and VCI is forwarded not to the
control processor 9 but to the output interface 7 corresponding
to the output interface number 945. |

15 Route changes are carried out by the edge node in the manne-r
described above. That is, the cut-through operation is
accomplished in a way that transfers cells not through the °
control processor 9 but only via the switching unit comprising
the input interface 6, output interface 7 and ATM switch 8.

20 Given the ATM cell from the control processor 9, the ATM
switch 8 transfers it to i:he output interface 7 designated by
the output. interface number added to the cell. The added output
interface number is deleted from the internal cell sent _to the
output interface 7. The cell is then sent to the transit node

25 2a.
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described above. That is, the cut-through operation is acconpl i shed
in a way that transfers cells not through the control processor 9 but
only via the switching unit conprising. the input interface 6, output
interface 7 and ATMswitch 8. 20 ‘G ven the ATMcell fromthe
control processor 9, the ATM switch 8 transfers it to the output
interface 7 desi ghfitelie bJP packet hmeeks mltpred@émmedjrmdmu ttdhea he
cell. The added out put interface nunber is deleted fromthe internal

cell sent t@drtrol processput9 reteikees the Ilﬁ@umeﬂdutnputtmn/munatp@m@e
transit node 25 2a.

On receivingdfie AVl la matcAsRgNdbnteh® bhethEbadis of twe@de(m,edt he
transit node 2a (see Fig. 3) retrieves the header . conversion table 62

(Figs. 4 and5) .0l [BEe ty I 8af1lier inYhd R&MOa8H S l?éa&é}.e
g i#ﬁ#cedf? I n ora E terface

region of the receive er to read the output

Sets (nR ouriRioaRY SEsshe T Bgkat e kot 18 %Pfe%ééﬂ%%gﬁ%%%@
2—e|-ﬁ/|d§;| | t?hﬁls%dtetrhfeac%pebarﬁup xggéq]@n{o[efg{: & et rq %ée%t goéTt abl The

TheATMsw t ch8transfers the cell to the out put interface 7 '
cor r espondi ry « oTﬁlﬁ@ro@}hﬁuﬁ-nPUt intaréacac Steres ERRIQPYRIY Hatenfacer om
the output interface 7, the ATMcell is transmitted to the edge node
Ib. This numbpnPhEt (Eee/Pigwi X hi agtpntiVRI P4 &rand ondpat ¥CI 947 which

The input interface 6 of the edge node Ib (see Fig. 1) 15 retrieves the
header convedsé aredeidterl &b (1dre domgespbmiichd)regions in the header

10 conversion table 62 (see Figs .4and5). Fromthis setuponward,
acell fed to the same input interfaée as the IP packet in question
on the basis of the same VPI and VCI is forwarded not to the
control processor 9 but to the output interface 7 corresponding
to the output interface number 945.

15 Route changes are carried out by the edge node in the manner
described above. That is, the cut-through operation is
accomplished in a way that transfers cells not through the -
control processor 9 but only via the switching unit comprising
the input interface 6, output interface 7 and ATM switch 8.

20 Given the ATM cell from the control processor 9, the ATM
switch 8 transfers it to the output interface 7 designated by
the output interface number added to the cell. The added output
interface number is deleted from the internal cell sent to the

output interface 7. The cell is then sent to the transit node

25 2a.
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on the-basis of the VPI/VCl of the received ATMcell, so as to read
the output interface nunber 624, output VPI 625 and out put VCl 626.
The output VPI 625 and output VClI 626 are set to the recei ved ATM
cell header, the output interface nunber 624 is 20 added to the ATM
cell, ‘and the cell thus prepared is_sent to the ATM switch 8. The ATM
switch 8 senBBisneanges cele ¥eceiwed ATM ¢ell k0 ibe crranslerted (R JohRii ng
to the output interface nunber 624 added to the cell. In the case of
thi s packet,cohtrol processéna?i on output interface nunber 624 is set with
regard to 25 the output interface 7 connected to the control processor

9. : When sent to the control prddessor FhiseeaBigs 8he the
received ATMcell to be transferred to the control processor 9. -

When sent tockles Capér pLaPsORBEEATtd 48 CEP Fp&ckél . by hthe adapt#tisnare
reassenbled to an I P packet by the adaptation 5 processi nguni t 93.

Thepr chssorPQ&céﬁ%}ﬁﬁﬁﬁﬁrg &g, 1 %%foéég%r 91 ret® AR HE trallSi 169" a

mat chi ng cont ent none use this packet is a new arrival.
Thus the prog Qr Lethi ' P [ f ' 95
using the de@%ﬁ%g??gﬁtF%Bleﬁ¥f§gad%%%§%ﬁgg F@%&%B'?%gggggggﬁghg%P%égﬁﬁ%er

of the received IP 10 ., packet, in order_to read the destinatiop VPC

i dentifier. tBLE packet iltﬁp 8 RRY ardtivide bryp&lf’ﬁegﬁﬁ@qotfe?ﬁﬁcﬁ g& ﬁﬁ?ﬁ.‘e\(gsr ead
fromthe VPC managenent table 96, is assigned to . this IP flow and
regi stered tEhenEPtadiEess VRO FARRNG AP 9% Ug4ng the destinagfgn IP
processor 91 assenbles cells fromthe |IP packet using 15 t he adaptation
processi ng uafdress,seource ¥haddnasscandr pert number of the received IP

10 packet, in order to read the destination VPC identifier. One
idle VCI defined by the VPC identifier which is read from the
VPC management table 96, is assigned to this IP flow, and
registered to the transit flow management table 94.
The processor 91 assembles celis from the IP packet using
156 the adaptation processing unit 93, sets to the ATM header of
the cell the oﬁtput VPI 946 and output VCI 947 read from the
transit flow management table 94 (see Fig. 10), and adds the
output interféce number 945 to the cell to turn it into an
internal cell. The internal cell thus prepared is sent to the
20 ATM switch 8. This completes the assignment of VCCs set up
between the receiving-side edge node 1b and the receiving-side
gateway 3b on the packet route.
As with the edge node la, if the IP packet meets a
predetermined condition, the edge node 1lb causes its control

25 processor 9 to instruct the corresponding input interface 6

44 ' )
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the cell the output VPI 946 and output VCI 947 read fromthe transit
fl ow managenent table 94 (see Fig. 10), and adds the out put interface
nunber 945 to the cell to turn it-into an internal cell. The internal
cell thus prepared is sent: to the 20 ATMswitch 8. This conpletes the
assi gnment of VCCs set qg bet ween the receiving-side edge node | b and
the receivi nEbE$ geauses theikersived ATM rebhcketbe ckfansferred to the ith

the edge node la, if the I P packet neets a predet ermi ned condition,
t he edge nodeohbrehupeeceéssorchirol 25 processor 9 to instruct the
correspondi ng input interface 6 suitably to change the
content of the hewtien sentetsi thet ebherol pro6essbr PhiseeaBig.t 89, the
cell fed to the sanme input interface as the | P packet in question

with the sangeVPs apd MedsssSmbDedEsesh 1P padRét LByt ke COA4HpOAL DERCESSOr 9
but to the output interface 7 5 corresponding to the output interface

nunber 845. %Jéocessin%gg‘i%t%.‘:h ﬁ%&é@f@lcféiff@vé’é‘ihgkfé}?sit flow

recei vi ng- si e node I'Db. I's, the cut-through operation Is

| i shed_] t : . I
35882:;5;? TonaeSaiBe YR e A ESF i Eh e el <105 none pESILES
i nt 6, tput .interf 7 and ATM switch 8. The ATM cel |
Sent 1ot ho BREBRATHTG AFafehew ALy GEue the BEPGHRPYR OMAFCEES Pen,
the gateway 3b reassenbles the received ATMcells tq an | P packet and

output s the FhasERmAfAdEEss/VPC mappingitahis dhasiddbhe destination IP

address, source IP address and port number of the received IP
10 packet, in order to read the destination VPC identifier. One
idle VCI defined by the VPc'identifier which is read from the
VPC management table 96, is assigned tb this IP flow, and
registered to the transit flow management table 94.
The processor 91 assembles cells fr.om the IP packet using
15 the adaptation processing unit 93, sets to the ATM header of
the cell the output VPI 946 and output VCI 947 read from the
transit flow management table 94 (see Fig. 10), and adds the
output interface number 945_to the cell to turn it into an
internal cell. The internal cell thus prepared is sent to the
20 ATM switch 8. This completes the assignment of VCCs set up
between the receiving-side edge node 1b and the receiving-side
gateway 3b on the packet route. |
As with the edge node la, if the IP packet meets a
predetermined-condition, the edge node 1lb causes its control

25 ‘processor 9 to instruct the corresponding input interface 6
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15 . As described and according to the invention, the cut-

t hrough operation is inplenented by sinply establishing appropriate
settings inside the configured packet sw tching systens. This nakes
it possible for the transit packet switching system in which a |arge

nunber of packets are 20  concentrated, to switch nunerous packet flows
usi ng a si ngfkom the spgxit and scope thexeofyrther understood by those

skilled in the art that t he foregoing description. has centered on
preferred enbodi nents of the disclosed nmethod and devi ces and t hat
various changes 25 and nodifications may be made in the invention

W t hout departing 46 fromthe spirit
and scope thereof. 47 WHAT IS CLAI MED | S: 1. A packet

sw tching system conpri sing: VPC (Virtual Patch Connection) setting

means for setting up a VPC anong the packet sw tching systens;

swi tchi ng neans accommodating a plurality of input/output ATM
(Asynchronous Transfer Mdde) |ines; packet reassenbling neans for
reassenbling ATMcells to a packet; packet assigning neans for
assigni ng each packet to

46 .
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saird VPC according to a content of a header of the packet In question;
VCC (Virtual Channel Connection) allocating ,mmﬁuﬂﬂ““m"ml:atl ng an idle
VCC existing in said VPCto a plurality of. 't he sanme part
of header; and cell assenbling means for ‘as$enblihg *ATM cel I s from
t he packet. 2...A pagcket sw tching systemaccording to claim1,
further COW&??%ITF € sPlrlﬁnéﬁ#ﬂﬁfQﬂﬁnﬁpqnﬁOﬁﬂapp|ng correspondence betmeen
a packet destination address and said VPC 3.

Apacket swi t chi ngsyst enmaccor di ngtocl ai n2, wherein, after the first packet
of said plurality of packets sharing the same part of header has been
transferred by said packet 48
destination determ ning neans, the second and subsequent packets are-
switched solely by said switching neans without intervention of said
packet destination determning nmeans. 4. A packet switching system
according to claim3, wherein said pIurallty of packets assigned to the

i dl e VCC have the sane dé‘hl@ﬁhcattﬂaaﬁeenRFﬁEed . A packet switching system

according to claim3, wher lity of packets assigned to the
idle VCC have the sane me destination.

46



6. A packet switching system a 3 wherein said plurality

of packets assigned to the idl:¢ mm mr! B application identifier.

7. A packet switching network f ets on a routing protocol

and conprising a first and a second packet swtching system wherein

said first packet swi tching systemincludes: VPC (Virtual Path

Connect i on) dgstinat inmdeteymigsing means yFhe ARcondh ANd Ruleeauant

swi tching systens: swi tching nmeans accommodating a plurality of

i nput / out putpackEMs( Asyenciwidrahes Balalebywsteld |Swidsshing meangasiddthout

. reassenbling neans for reassenbling ATMcells to a packet; packet
assi gni ng neantsexfvEntaicn af nga kb giaglestk eledtoi et ibn \thenmaridimglaansa

content of a header of the packet in question;

49 VCC (Vi §{ ual pSEREEJwiCANIeY s Pét et bbooRtlifg 152808103, witdreiaat i ng
~an idle VCC existing |n said VPC to a plurality of packets sharlng t he

same pajt of {'ﬁfggﬁrallty of pathletdasiPhiog t5EHE {dle V2RV R el | S

fromthe pac mappl ng nea or napping correspondence
bet ween a pa eWr estl natlon addr ess and said VPC, and wherein said .
second pack g syst em i ncl udes:

5. Apacket switchingsystemaccordingtoclaim3, whereih
said plurality of packets asaigned to the idle VCC have the same
source and thé'same destination. )

10 6. Apacket switching system according toclaim 3, wherein
said plurality of packets assigned to the idle VCC have the same
application identifier.

7. A packet switching network- for switching packets on
a routing protocol and comprising a first and a second packet

'15. switching system,

wherein said first packet switching system includes:

switching means accommodating a plurality of input/output-
ATM lines; |

packet destination determining means for determining the

20 destination of a ‘packet on said routing protocol;

packet reaésembling means for reassembling ATM cells to
a packet;

cell assembling means for assembling ATM cells from a
packet;

25 VPC setting means for setting up a VPC among the packet
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VPC (Virtual Path Connecti on) | setting up a VPC anong the
packet swi tching systens; andwm‘l m WH m’eans accommodati ng a :
plurality of input/output ATMY L s wherein said first and

sai d second packet sw tching:system are |ocated in the peripheral part and
in the inner part. of said packet sw tching network respectively.
8. A packet degtiagti@m determingnd Head§ing @l@&oéldoﬁndg n&r ot ocol
and conprising a first and a second packet swtching system

wher ei n sai gacketis parek swidgihechised edys bymsiadd swidching meawsCwivhougal
Pat h Connection) setting neans for setting up a VPC anona the packet

swi t chi ng syigiteention ofSwaichipagketadesadnatiooea ideteramiping meapnsaf

i nput/out put ATM (Asynchrous Transfer Mode) I|i nes; packet

reassembl i ng neang, f of paEREE 8RR ILchE ng Y M Scédrd@ngad€laim 3, wherein
50 packet assigninhg neans for assigning each packet to said VPC

accordipng t . | h Y
(Vi udl g BRAERLiEy I BEPREkRlad NRATE e DTEREE MV the f<cc
exi sting indseai d VPG to a plurality of packets sharing the sane part of

header : ST e | ng nmeans for assenbling ATMcells fromthe
packet; and 5 B L JE 203 e R in g e ik SE5 8RR 48 S Fa DR 5 R A AR C ke
said plurality of packets assigned to the idle VCC have the same
source and the same destination. )
10 6. Apacket switchingsystemaccordingtoclaim3, wherein
said plurality of packets assigned to the idle VCC have the same
application identifier. |
7. A packet switching network for switching packets on
a routing protocol and comprising a first and a second packet
15 switching system,
wherein said first packet switching system inciudes:
switching means accommodating a plurality of input/output-
ATM lines; |
packet destination determining means for determining the
20 destination of a ‘packet on said routing protocol;
packet reassembling means for reassembling ATM cells to
a packet;
cell assembling means for assembling ATM cells from a
packet;

25 VPC setting means for setting up a VPC among the packet

48
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destination address and said VPC; and “wherein said second packet

swi t ching system i ncl udes: l““ mt th Connection) setting
nmeans for setting up a VPC am) Jmlimlﬂ M ‘ching systens: and .

swi t chi ng nmeans accommodat i ng a pl urcal tty" of ® i dput/ out put ATMlines; and
wherein said first packet swtching systemis located in the peripheral
part of sai P %t switching network, and said first and said second
packet sw tching sgstem are located in the inner part of said packet :
swi t chi ng net wor kKVPC setting meprs dfox fatiHing ukeAWYPE aBeBIdLAY EQFl‘éﬁtal m 7
or 8, wherein, after the first packet of said plurality of packets

sharing the ﬂaimmc; syfstamsier i nputted to said first packet - swtching
system has been transferred by said packet destination determ ning neans,
the second and suhapgingmezank b napplirnedorirespandehcesbeprsdiet sad¢kethi ng
systemas well as the packets input to said second packet sw tching system
are sw schedyspl Mlaridly HhirbsM drdi il dBARS; ddiout i ntervention of said

packet '51 destination deternini ng
nmeans. e Grt Gl Tefls i
wherein said VPC %egﬁ%ﬁﬂm ti p gi’?ngi%%ﬂh@u ng the sane )E%@ng
(Quality O Servi.

packet swi tchﬁ'rhg?’r?é‘tiggfzo}:gvﬁ tpjlh af etsp%lé r%.ng < same ?gFeon% on
a routing protocol, the nethod corrprlsmgthe steps of: storing into
first stori correspondence between

wherein s:aid second packet switching system includes:
10 switching means accommodating a plurality of input/output
ATM lines; and
VPC means for setting up a VPC among the packet switching
systems, and
wherein said first packet switching system is located in
15 the peripheral part of said packet switching network, and said
first and said second packet switching system are located in
the inner part of said packet switching network.
9. A packet switching network according to claim 7 or 8,
wherein, after the first packet of said plurality of packets _
20 sharing the same part of header inputted to said first packet
switching systemhas been transferred by said packet destination
determining means, the second and subsequent packets inputted
to said first packet switching system as well as the packets
input to said second packet switching system are switched solely

25 by said switching means without intervention of said packet
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t he ,destination and the output line of an input ATMcell and a VCC,

storl ng correspondence bet \/veenmmmﬂmﬁmrmf ddress and a VPC into second
storing neans on said routing g storing correspondence
between a part of header of packet Yand a°VvCC into third stori ng neans;
switching ATMcells by use of an ATMswitch on the basis of the

desti nat i ondestuimatilons degefrininingt meiang .neans upon recei pt of the cells
whi ch are assenbled from a packet; reassenbling ATMcells to a

packet ; r ety0 £vianpacket switchiigsysgyereagsprding tasdedm 7nex &M
cells froma packet if the correspondence of the part of header of packet
is stored i Ruhedednt Ha1d VEOLENorm@d by mhheipTbkiayl vedehayingathé aramed by
use of said ATMswitch over a first VCC registered for the correspondence;

and r A gl oring neans if the corresponde f
%a gjru%%fﬁ?a@fs%%Mc%t). i ng S i sp nce o

the part of cket 1s not" stored in said third storing

52 neans, rein VPC . rs ' j | ' Ss
i's assir%ned a se\(lz\gﬁ’d w&%%sg&%%éggm(g&g%?m%% Ee %g??kég? l%g'g{ er of
packet and said second YCC is stored into said third,. stqri nd
ATM cel | s arpécd‘se&ﬁm%&\ﬂﬁ"&nwﬁ&eﬂﬁc?& 3 Foulydgd ip&?té’ﬁtﬁ’(idr er%%te@%sr&'grd? ed by
use of said ATM switch over said second VCC 12. A packet sw tching
net hod accor¢mpyisdng 4ihe steps of:

storing into first storing means correspondence between
th; destination and the output line of an input ATM cell and

10 a vVCC;

storing correspondence between a destination address and
a VPC into second storing means on said routing protocol;

storing correspondence between a part of header of packet
and a VCC into third storing means;

15 switching ATM cells by use of an ATM switch on the basis

. of the destination stored in said first storing means upon
receipt of the cells which are assembled from a packet;
reassembling ATM cells to a packet;
retrieving said third storing means;

20 assembling im& cells from a packet if the correspondence
of the part of header of packet is stored in said third storing
means, the ATM cells being transferred by use of said ATM switch
over a first VCC registered for the correspondence; and

retrieving said second storing means if the correspondence

25 of the part of header of packet is not stored in said third storing
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further conprising the steps of: setting sald VCC that corresponds

to the destination and the output I nput ATM cel | s whi ch
are assenbled fromthe packet as H“lm“!“)lnﬁmn)ﬂ“ough by updating said
first storing means after the.carrespendence between part of header
of packet and said second VCC has been stored into said th| rd storing
nmeans; ~  means,rieving said first storing means upon receipt of ATM
cells which are assenbl ed froma packet; and transferring the ATM

celI's by use of saéréiiVithe Ved cortlespdadingetoshidodestinhtidrstddrasson
and the output line of the received ATMcell corresponds said VCC for
cut-through.js assigned a second VCC, the correspondence between the part
of header of packet.and said second VCC is stored into said third
b storing means, and ATM cells are assembled from the packet in
question and are transferred by use of said ATM switch over said
second VCC.
12. A packet switching method according to claim 8,
further comprising the steps of: |
10 setting said VCC that corresponds to the destination and
the output line of each of input ATM cells which are assembled
from the packet as a VCC for cut~through by updating said first
storing means after the correspondence between the part of
header of packet and said second VCC has been stored into said
156 third storing means; | |
retrieving sdid first storing means upoh receipt of ATM
cells which are assembled from a packet; and
transferring the ATM cells by us-e of said ATM switch over

said second VCC if the destination and the output line of the

20 received ATM cell corresponds said VCC for cut-through.
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