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(57) ABSTRACT 

Disclosed is a virtual router distributed on a carrier network, 
said carrier network comprising one or more components, 
each of the components comprising at least two nodes 
communicating with one another by means of an artery, a 
node comprising a FAX access function and server functions 

(LES/BUS, LECS, MPS). At least one component of said 
network comprises the following elements: several ELANi 
bridges, each ELANi-bridge being connected to a virtual 
network VLANi, at least one transit ELAN, TX, at the level 
of an access function FaX, LEC router means RiX adapted to 
connecting the access function FAX to at least one ELANi 
associated with a VLANi, means (LX) for the identi?cation 
of the VLANi serviced by the access function FAX, means 
(LEC transit) to connect-the transit ELAN to the access 
function. Use of a distributed virtual router ATM type carrier 

Jul. 2, 2001. networks and IP data packets. 
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METHOD FOR THE ROUTING OF IP FRAMES 
BETWEEN THE USERS OF A VARIABLE GRAPH 

NETWORK 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a virtual router 
distributed over a carrier network and a method for the 
routing of packets among several virtual local area networks 
relying on a switching network whose graph may be variable 
owing to the mobility of its nodes. 

[0003] The expression “distributed virtual router” is used 
to designate the routing method. The underlying switching 
network is also known as a “carrier network”. 

[0004] The nodes of the network communicate with one 
another for example by means of arteries whose con?gura 
tion or existence may evolve over time, leading to a mobility 
of the nodes. 

[0005] The invention can be applied especially to IP 
format packets of the Internet protocol. 

[0006] The present invention can be applied for example 
in ATM type networks. 

[0007] It can be applied to the emulation of routing in all 
networks using switching techniques. 

[0008] 2. Description of the Prior Art 

[0009] In the prior art, the routing is done by means of a 
piece of equipment known as a router that relays the packets 
entering a junctor of this equipment towards an output 
junctor as a function of the destination IP address of the 
packet and as a function of the routing table. 

[0010] When the routing is done between a large number 
of local area networks at very great distances from one 
another, a meshed network of routers consisting of access 
routers and transit routers is generally used. 

[0011] A con?guration of this kind has certain drawbacks, 
especially the following ones: 

[0012] l) the transit time of a packet in the network is 
adversely affected by the large number of routers to be 
crossed, 

[0013] 2) the notion of quality of service (QoS) is not 
taken into account. 

[0014] One way to overcome the above-mentioned draw 
backs consists for example in integrating the IP routing 
(level 3) with a switching technology (level 2) such as the 
ATM (asynchronous transfer mode) switching. Three lines 
of development have been emphasiZed. 

[0015] For example, what is called the gigarouter technol 
ogy achieves a routing function at the core of a switch in 
taking account of the destination IP address in the switching 
process. In the ATM context, the destination IP address is 
taken into account during the translation of logic channels. 

[0016] The label-switching technology identi?es the ?ows 
within the IP tra?ic by a process of signalling associated 
with these ?ows of labels used by the level 2 switching. 
Applied to the ATM, a logic path indicator VPI/VCI is 
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associated with a ?ow. This technology is being standard 
iZed at the IETF under the name of multiprotocol label 
switching (MPLS). 
[0017] The technology known as “local area network and 
routing emulation” is used to create virtual circuits that 
directly connect the communications applications (short 
circuits) in using a speci?c protocol that de?nes customer 
entities, server entities, connections between these entities 
and rules for making short circuits between customers. In the 
ATM context, this technology is covered by a standard 
known as local area network emulation (LANE) and mul 
tiprotocol over ATM or MPOA. 

[0018] This technology relies on the implementation of 
essential centraliZed functions of servers, ?ow routers with 
short lifetimes capable of being duplicated or even tripli 
cated to provide minimum redundancy. However, when the 
network is subdivided into several non-interconnected com 
ponents, there is no certainty that each component will have 
all the functions essential to the service nor that when two 
networks are combined, the redundant functions (offered by 
each of the components taken individually) will merge 
harmoniously, namely transparently for the user. 

[0019] The object of the invention relates especially to a 
method of routing between virtual local area networks when 
the underlying switching network has a graph that may be 
variable owing to the mobility of its nodes, the network 
possibly being constituted by several components. A com 
ponent is de?ned as a sub-network comprising at least two 
nodes that communicate with each other by arteries. 

[0020] The number of components may be equal to the 
numbers of switches of the network. 

SUMMARY OF THE INVENTION 

[0021] The invention relates to a virtual router distributed 
on a carrier network, said carrier network comprising one or 
more components, each of the components comprising at 
least two nodes communicating with one another by means 
of an artery, a node comprising a FAx access function and 

server functions (LES/BUS, LECS, MPS). It is character 
iZed in that at least one component of said network com 
prises the following elements: 

[0022] several ELANi-bridges, each ELANi-bridge 
being connected to a virtual network VLANi, 

[0023] 

[0024] 
[0025] router LEC means Rix adapted to connecting 

the access function Fax to at least one ELANi 
associated with a VLANi, 

[0026] means (Lx) for the identi?cation of the 
VLANi serviced by the access function FAx, 

[0027] means (LEC transit) to connect the ELAN 
transit to the access function. 

at least one transit ELAN, Tx, 

at the level of an access function FAx: 

[0028] The invention also relates to a method of routing in 
a switched network comprising one or more components, 
the component or components comprising at least two nodes 
connected by a communications artery, each of the nodes 
comprising an access function FAx. It is characterized in that 
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it comprises at least one step where the access function 
relays the data packets received on one of the LECs as 
follows: 

[0029] (a) if the addressee of the packet is an internal 
routing function laid out at a node X, the packet is 
directly handed over to said function, 

[0030] (b) if the addressee of a packet is a VLAN 
serviced by the FAX access function, the data packet is 
relayed to the router having the same identi?er, 

[0031] (c) if the addressee of the packet is a VLAN that 
is not serviced, the packet is relayed to the transit 
ELAN. 

[0032] The step (b) may be carried out as follows: 

[0033] if the addressee VLAN with the identi?er j belongs 
to the list Lx, the relaying function of FAX is activated and 
the data packet is relayed to the LEC router Rjx having an 
identi?er that is the identi?er of the addressee VLAN, and 

[0034] 
[0035] if the addressee VLAN does not belong to the list 

Lx, the data packet is relayed to the transit LEC men 
tioned in the routing table. 

[0036] The use of the virtual router distributed to ATM 
type supporting networks and IP data packets or IP frame 
between the users of a variable graph network for example. 

the step (c) may be carried out as follows: 

[0037] The present invention comprises especially the 
following advantages: 

[0038] it provides users of non-interconnected compo 
nents with a routing service equivalent to the one 
offered by the complete network, 

[0039] in the case of the merger of several components, 
it enables the merger without redundancy of the func 
tions olfered. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0040] Other features and advantages of the invention 
shall appear from the following description given by way of 
an illustration that in no way restricts the scope of the 
invention, with reference to the appended ?gures, of which: 

[0041] 
[0042] FIG. 2 shows a general view of the network of 
FIG. 1 after splitting into two components, 

[0043] FIG. 3 shows an architecture of a switch according 
to the invention, 

[0044] FIG. 4 shows an IP access function according to 
the invention, 

FIG. 1 shows a general view of a network, 

[0045] FIG. 5 shows an exemplary architecture of a 
distributed virtual router according to the invention, and 

[0046] FIG. 6 is an architecture of a router after the 
splitting of the architecture described in FIG. 5. 

MORE DETAILED DESCRIPTION 

[0047] The method according to the invention or “distrib 
uted virtual router” is designed especially to offer a routing 
service among several virtual local area networks or VLANs 
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relying on a switching network whose graph is variable 
owing to the mobility of its nodes. 

[0048] Indeed, in the course of time, the switching net 
work is capable of getting split up into numerous non 
interconnected components, a component being formed for 
example by several nodes communicating by means of 
arteries, and/or of getting extended by the interconnection of 
such components. At the most, the splitting up of a network 
may lead to a number of components equal to the number of 
switches or nodes of the network. 

[0049] The description given here below by way of a 
non-restricted illustration relates to anATM support network 
and can be applied to the emulation of IP packet routing. It 
can also be used in all networks implementing other switch 
ing and routing technologies. 

[0050] FIG. 1 shows a view of an ATM network 1 (level 
2) comprising several switches 2 (corresponding for 
example to the nodes X, Y and Z of the network) and several 
arteries 3, each of the arteries connecting two switches. This 
network has the function especially of interconnecting dif 
ferent items of equipment 4 in local area network emulation 
mode. These different items of equipment 4 ful?ll the role of 
passageways between several ethernet networks 5, refer 
enced Ui, Vi, Uj and Vk to which they are connected and the 
ATM network 1. Various stations can be connected to each 
ethernet network. 

[0051] An ethernet network designated by an identi?er i, 
j, . . . is connected to a VLAN designated by the same 

identi?er. 

[0052] Thus, in the example of FIG. 1, the networks Ui 
and Vi correspond to the same VLANi, the networks Uj to 
the VLANj and the networks Uk, Vk to the VLANk. 

[0053] The network ATM 1 provides a bridge service 
according to the prior art, for example between the different 
networks belonging to one and the same VLAN and a 
routing service according to the invention, for example 
between the three VLAN networks VLANi, VLANj and 
VLANk. 

[0054] FIG. 2 shows a network comprising elements 
identical to those described in FIG. 1 and having the same 
references, wherein the node X is isolated from the rest of 
the network. The nodes Y and Z are connected by a 
communications artery 3. The network has two components, 
a ?rst component comprising the node X that is insulated 
and a second component comprising the two nodes X and Y 
and the communications artery 3. 

[0055] The object of the invention especially is to propose 
an adapted switch architecture to provide intercommunica 
tion services between the networks within each component, 
namely the routing between Ui and Vk in the ?rst compo 
nent and the routing between Vi, Uj and Uk in the second 
component. 

[0056] The switch 2 described in detail in FIG. 3 com 
prises for example: 

[0057] an access function IP 20 according to the inven 
tion described in detail in FIG. 4, 

[0058] a LES/BUS (LAN emulation server/broadcast or 
unknown server) function 21, 
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[0059] a LECS (LAN emulation con?guration server) 
function 22, and an MPS (MPOA server) function 23. 

[0060] The latter three functions are designated in the 
description for reasons of simpli?cation by the expression 
“server function” and have characteristics knoWn in the prior 
art. 

[0061] FIG. 4 gives a detailed vieW of an exemplary 
embodiment of a IP access function 20 implanted in a node 
and having characteristics according to the invention. 

[0062] This IP access function 20, referenced by the 
acronym FAX Where the index x corresponds to the node 
concerned, in this case the node X, comprises for example: 

[0063] a transit LEC 201 referenced Tx having the 
index of the node concerned, LEC being the abbrevia 
tion of LAN emulation client, 

[0064] n router LECs 202 referenced Rix Where n is the 
number of VLANs, i corresponding to the identi?er of 
the VLAN and x to the index of the node concerned, 

[0065] a relaying function 203 that receives the IP 
packet and processes it as a function of its header; for 
example it modi?es the header and re-sends the packet, 

[0066] 

[0067] 

a routing table 204 containing the routing data, 

a routing function 205, 

[0068] an election function 206 used to assign the 
servicing of each VLAN to a single access function, 
and 

[0069] a list Lx 207 of VLANs serviced. 

[0070] These different elements and their interactions With 
the netWork are explained here beloW. 

Transit LEC 201 

[0071] The ATM support netWork comprises for example 
an emulated LAN (ELAN) knoWn as a transit ELAN for 
Which all the IP access functions are clients by means of a 
LEC function knoWn as a “LEC transit”. For example, the 
transit LEC function of the access function of the node X is 
referenced. LEC Tx. Those of the nodes Y and Z are 
respectively referenced LEC Ty and LEC T2. The transit 
LEC is connected to the transit ELAN. 

Router LEC 202 

[0072] Each VLAN has an associated single emulated 
LAN in the carrier netWork. This LAN is called a bridge 
ELAN. All its access functions are clients by means of a 
LEC function (LAN emulation client) called a router LEC. 
A bridge ELAN is designated like the VLANs by an 
identi?er i, j, . . . . 

[0073] For example, the IP access function FAx of the 
node X is a client of each bridge ELAN, ELANi associated 
With the VLANi by means of the router LEC Rix. 

Lx list 207 

[0074] This list has the function especially of identifying 
the VLANs serviced by the access function. FAx. 

[0075] The constitution of a list Lx is performed for 
example as folloWs: for a given component of a netWork 
comprising m nodes having an identi?er x, y, . . . and 
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therefore m lists Lm, the intersection any tWo of the lists Lm 
corresponds to the empty set. 

[0076] In the example given in FIGS. 1 and 5 Where the 
component of the netWork considered has three nodes ref 
erenced X, Y and Z, the corresponding lists Lx, Ly and L2 
are determined so that When one of them takes any tWo of 
the three lists, their intersection is equal to Q. In this 
example, for the node X, Lx={i, j}, for the node Y, Ly={k} 
and for the node Z, LZ={}. 

[0077] It is possible to use an election protocol knoWn to 
those skilled in the art, for example the VRRP protocol 
standardiZed at IETF under reference RFC 2338. 

[0078] The implementation of the election protocol is for 
example ensured by the election function 206 implanted in 
each access function FAx, FAy, FAZ and engaging in dialog 
With the corresponding functions of the other nodes forming 
part of the same component of the netWork, by exchange-of 
packets on the bridge ELANs through the router LECs Rix 
mentioned. 

Routing and Relaying Functions and the Routing Table 

[0079] The IP access functions, FAx, FAy . . . implement 
a routing function and a relaying function as Well as a 
routing table knoWn in the prior art. 

[0080] The routing function 205 sustains a routing table 
204 by means of a dialog With the homologous routing 
functions through a routing protocol. 

[0081] The relaying function 203 enables the relaying of 
any packet coming from an ELAN toWards another ELAN 
as a function of its destination IP address and of the 
information contained in the routing table. 

[0082] From the routing point of vieW, all the IP access 
functions of one and the same component are adjacent 
through the transit ELAN. The routing protocol uses the 
transit ELAN to broadcast the routing information to the 
corresponding units toWards the bridge ELANs, ELANi, 
ELANj, . . . Where i, j belong to the Lx lists de?ned, using 
the principle mentioned here above, through the associated 
router LECs. 

[0083] A principle of implementation of an access func 
tion implanted in the node, for example FAx implanted in the 
node X, may be as folloWs: 

[0084] The access function IP FAx relays for example 
all the IP packets received on the router LECs, LEC Rix 
Where i belongs to Lx on the basis of the destination IP 
address and the information contained in the routing 
table. 

[0085] If the destination of the IP packet is a function 
internal to the access function FAx, such as the election 
function or the routing function, the IP packet is for 
Warded directly to this internal function. 

[0086] Else. 

[0087] If the destination VLAN j for example 
belongs to the list Lx of the addressee VLANs, the 
access function FAx activates its relaying function 
203 in order to relay the IP packet to the router LEC 
Rjx of the node x linked With the ELAN j connected 
to the VLANj. 
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[0088] If the destination VLANj does not belong to 
the list Lx, it is not part of the VLANs serviced by 
the node X, the IP packet is relayed to the transit 
LEC Tx which sends it on the transit ELAN towards 
a transit LEC indicated in the routing table (known 
by the expression “next hop”) for example Ty, the 
transit LEC of the node Y. 

[0089] The router LECs Rmx of the node x where the 
identi?er m does not belong to the list Lx remain 
inactive, for example Rkx in FIG. 5. In this case, only 
the destination packets IP of the internal election func 
tion are accepted. 

[0090] The access function FAx also relays all the 
packets IP received on the transit LEC Tx by using the 
destination address IP and the information contained in 
the routing table. 

[0091] If the addressee of the IP packet is the internal 
routing function 205 laid out in the node X, the IP 
packet is forwarded directly to this function. 

[0092] If the packet is destined for a VLANi serviced 
by the access function FAx, namely it belongs to the 
list Lx, the packet is relayed to the router LEC of the 
access function having an identi?er index i of the 
VLAN and the index x of the node, Rix. 

[0093] If the packet is intended for a VLAN not 
serviced by the access function (the identi?er i of the 
VLAN does not belong to the list Lx), the access 
function FAx relays the packet in taking account of 
the information contained in the routing table 204 to 
the transit ELAN. 

[0094] Each VLANm having an identi?er m has one or 
more points of access to the routing service by means of 
LEC functions of the corresponding bridge ELAN, ELANm, 
associated with the VLANm. These LEC functions are 
named “user LEC”. 

[0095] For example, the VLANi has several LECs desig 
nated by LEC Ui, LEC Vi that are physically connected to 
any nodes of the carrier network, these LECs forming part 
of the bridge ELAN having an identi?er i. 

[0096] Certain user LECs could be internal to a node of the 
network when this network provides ethemet access. 

[0097] Short circuits enabling the exchange of data ?ows 
for suf?ciently lengthy periods are automatically set up by. 
MPOA (multiprotocol over ATM). 

[0098] FIG. 5 gives an exemplary view of an architecture 
of the distributed virtual router according to the invention in 
a component of the network. 

[0099] The distributed virtual routing function is achieved 
for example by a community of several IP access functions 
20 referenced FAx, FAy, FAZ, . . . connected to one another 

in local area network emulation by a transit ELAN 8 and by 
n bridge ELANs 9 designated ELANi, ELANj, ELANk 
where n is the number of VLANs and i is the identi?er of a 
VLAN. 

[0100] In each switch for example the switch X, the transit 
LEC Tx is connected to the transit ELAN 8 and the router 
LECs Rix, Rjx, Rkx are each connected to a corresponding 
bridge ELAN ELANi, ELANj, ELANk. 
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[0101] For the switch Y, the transit LEC is connected to 
the transit ELAN 8 and each router LEC is connected to the 
corresponding ELAN Riy at ELANi, Rjy at ELANj, Rky at 
ELANk. 

[0102] For the switch Z, the transit LEC is connected to 
the transit ELAN 8 and each router LEC is connected to the 
corresponding ELAN RiZ at ELANi, RjZ at ELANj, RkZ at 
ELANk. 

[0103] The only elements activated are the router LECs 
Rix such that i belongs to Lx, the list of serviced VLANs 
being contained in the table 207 (FIG. 4). 

[0104] In the example given Lx={i, j}, Ly={k} and L2 
corresponds, to the vacant assembly. This architecture is 
compatible with the network described in FIG. 1. The 
non-activated router LECs are designated by a cross Rkx, 
Riy, Rjy, RiZ, RjZ, and RkZ. 

[0105] FIG. 6 shows an exemplary architecture of the 
distributed virtual router when the network is subdivided 
into two components as shown in FIG. 2. 

[0106] The following table describes the table of actions to 
be performed upon reception of a packet of the node X. 

Receiver LEC Destination packet Action 

<all except LEC Tx> Election ?lHCtlOH Forward to the election 
function 

Rix, Rjx or Tx Routing ?lHCtlOH Forward to the routing 
function 

Rix or Tx User of ELAN j Relay towards Rjx 
Rix, Rjx or Tx User of ELAN k Relay towards Tx 

(next hop Ty) 
Rjx or Tx User of ELAN i Relay towards Rix 

In all other cases: Destroy the packet 

[0107] In all the exemplary embodiments described here 
above, the carrier network may be a network with level (2) 
according to the technology known to those skilled in the art. 

What is claimed is: 
1. A virtual router distributed on a carrier network, said 

carrier network comprising one or more components, each 
of the components comprising at least two nodes commu 
nicating with one another by means of an artery; a node 
comprising a FAx access function and server functions 

(LES/BUS, LECS, MPS), wherein at least one component of 
said network comprises the following elements: 

several ELANi-bridges, each ELANi-bridge being con 
nected to a virtual network VLANi, 

at least one transit ELAN, Tx, 

at the level of an access function FAx: 

LEC router means Rix adapted to connecting the access 
function FAx to at least one ELANi associated with 
a VLANi, means (Lx) for the identi?cation of the 
VLANi serviced by the access function FAx, 

means (LEC transit) to connect the transit ELAN to the 
access function. 

2. A distributed router according to claim 1, wherein the 
step of determining the lists of the serviced VLANi is 
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obtained by considering any one of the Lm lists and deter 
mining the contents of its intersection with any other of the 
lists to obtain the empty-set. 

3. A router according to claim 2, wherein a list Lm is 
drawn up by using an election protocol such as the VRRP 
protocol standardized at the IETF. 

4. A router according to one of the claims 2 or 3, 
comprising an election function implanted in the access 
function FAX engaged in dialog with the homologous func 
tions by exchange on the ELANi bridges in using the LEC 
routers RiX. 

5. A router according to one of the above claims, wherein 
a VLAN comprises at least one <<LEC user >> connected 
to a node of the carrier network. 

6. Arouter according to the above claim, wherein the <<A 
LEC user>> function is implanted in a node of the carrier 
network for ethemet type access operations. 

7. A router according to one of the claims 1 to 6, 
distributed in ATM type carrier networks with IP type data 
packets. 

8. A method of routing in a switched network comprising 
one or more components, the component or components 
comprising at least two nodes connected by a communica 
tions artery, each of the nodes comprising an access function 
FAX, wherein the method comprises at least one step where 
the access function relays the data packets received on one 
of the LECs as follows: 

(a) if the addressee of the packet is an internal routing 
function laid out at a node X, the packet is directly 
handed over to said function, 
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(b) if the addressee of a packet is a VLAN serviced by the 
FAX access function, the data packet is relayed to the 
router having the same identi?er, 

(c) if the addressee of the packet is a VLAN that is not 
serviced, the packet is relayed to the transit ELAN. 

9. A routing method according to the above claim 8, 
wherein the step (b) is carried out as follows: 

if the addressee VLAN with the identi?er j belongs to the 
list LX, the relaying function of FAX is activated and the 
data packet is relayed to the LEC router RjX having an 
identi?er that is the identi?er of the addressee VLAN, 
and 

the step (c) is carried out as follows: 

if the addressee VLAN does not belong to the list LX, the 
data packet is relayed to the transit LEC mentioned in 
the routing table. 

10. A routing method according to one of the claims 8 and 
9, wherein the relaying step is performed for a data packet 
received on the router LEC implanted in an access function. 

11. A method according to one of the claims 8 and 9 
wherein the relaying step is achieved for a data packet 
received on the transit LEC of the component of the net 
work. 

12. A routing method according to one of the claims 8 to 
11 using an ATM type carrier network and IP data packets. 


