0O 03/003138 A2

=

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
9 January 2003 (09.01.2003)

PCT

(10) International Publication Number

WO 03/003138 A2

(51) International Patent Classification”: GO6F

(21) International Application Number:  PCT/IB02/01787

(22) International Filing Date: 23 May 2002 (23.05.2002)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

09/891,378 27 June 2001 (27.06.2001) US

(71) Applicant: NOKIA CORPORATION [FI/FI]; Keilalah-
dentie 4, FIN-02150 Espoo (FI).

(71) Applicant (for LC only): NOKIA INC. [US/US]; 6000
Connection Drive, Irving, TX 75039 (US).

(72) Inventors: XIN, Chunsheng; 141 Main St., Apt. #3R,
Woburn, MA 01801 (US). YE, Yinghua; 58 Mill Street,
Apt. #10, Woburn, MA 01801 (US). DIXIT, Sudhir; 12
Westerly Road, Weston, MA 02493 (US).

(74) Agents: STOUT, Donald, E. et al.; Antonelli, Terry, Stout
& Kraus, LLP, Suite 1800, 1300 North Seventeenth Street,
Arlington, VA 22209 (US).

(81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH,
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, L.C,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD, SE, SG,
SI, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, UZ, VN,
YU, ZA, ZM, ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European patent (AT, BE, CH, CY, DE, DK, ES, FI, FR,
GB, GR, IE, IT, LU, MC, NL, PT, SE, TR), OAPI patent
(BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR,
NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Titlee METHOD AND SYSTEM FOR EFFICIENT MANAGEMENT AND TRANSPORT OF TRAFFIC OVER A NET-

WORK

(57) Abstract: Method and apparatus for efficient management and transport of traffic over a network. The available bandwidth
capacity of paths in a network may be stored in a first router. A request may be received at the first router from a network node of
a second network for a signaled path through the network to a destination node. Paths may be examined by the first router and the
signaled path assigned to a path for the first router to the destination node using an existing path through the network. Further, all
traffic from a subnet to a given destination network may be handled by one or more mobile agents at the subnet. One or more mobile
agents may be assigned to all or some of the traffic based on current path loading.



WO 03/003138 PCT/1IB02/01787

METHOD AND SYSTEM FOR EFFICIENT MANAGEMENT
AND TRANSPORT OF TRAFFIC OVER A NETWORK

TECHNICAL FIELD

This invention relates to network traffic transport, and more specifically to managing
and transport of traffic from a source node or subnet over a network to a destination node or
subnet.

BACKGROUND ART

The rapid growth of the Internet and new digital services is driving Internet service
providers to provide huge bandwidth. The explosive growth of the Internet as well as the
proliferation of virtual private networks (VPNs) has resulted in the amount of data traffic
worldwide surpassing voice traffic. It is expected that the amount of data traffic will
continue to outpace voice traffic for years to come. At the same time, there is strong demand
from end users to keep the cost of networking down. These two factors result in a need for
network architectures that enable service providers to deliver huge volumes of traffic in a
cost effective manner. Internet protocol (IP) over wavelength division multiplexing (WDM)
network architecture has proved to be possibly the most cost effective architecture.

Innovations of dense wavelength division multiplexing (DWDM) technology present
attractive opportunities to evolve DWDM technology toward an optical networking
infrastructure with transport, multiplexing, switching, routing, survivability, bandwidth
provisioning, and performance monitoring, possibly supported at the optical layer. The
development of fast router technologies has enabled the aggregation of slower data stream
traffic into streams suitable for DWDM.

In some IP network structures, IP subnets are interconnected by another network. In a
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typical IP over WDM network structure, IP subnetworks are interconnected by an
intermediate network composed of a switched optical core. Routers in IP subnets which are
directly connected with the intermediate network are called border routers. In the case of an
optical core, the border routers are directly connected with the optical core network via an
optical cross connect (OXC). The border routers are high speed and capable of statistically
multiplexing data streams to the capacity that an OXC supports. A border router can
generate and terminate the traffic from an optical label switched path (OLSP), i.e., one
lightpath. It may not be desirable or necessary for the non-border router to maintain routing
information inside the intermediate network, e.g., optical core. The non-border routers in the
IP domain may send the LSP setup request to the border routers. Generally, an established
lightpath is needed to carry LSPs across the optical core from a source border router to a
destination border router.

In determining a path to route traffic from an IP subnet border router through another
network to a destination in another IP subnet, two routing issues exist. First, how is a path
allocated through the intermediate network, and secondly what routing tasks occur in the
routers at the IP subnets. In current networks, the lightpaths are set up to carry the LSPs by
the border routers. The LSPs between the same source and destination border router are
aggregated onto a directed lightpath or existing lightpaths that provide IP connectivity
between these two border routers. However, this method can only accomplish a limited
network resource optimization. A network reconfiguration may be applied to optimize the
resource utilization, however, such a reconfiguration is inherently static and can only be
conducted in a large time scale because the frequent lightpath setup and tear down due to a

frequent reconfiguration will result in an undesirable thrash effect for customer traffic and
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degraded network performance.

Fig. 1a shows a topology diagram of lightpaths in an optical core. Router 22 in
network 10 is connected to border router 15. A path <R2, R3> is established via optical cross
connects 20 that exist throughout optical core network 12. Non-border router 22 then
initiates a request for a path from border router 15 (R1) through network 12 to border router
16. A new path <R1, R3> is established from border router 15 to border router 16 through
network 12,

Fig. 1b shows another topology diagram of lightpaths in an optical core. Here, there
is an existing path <R1, R2>. Border router 15 initiates a request for a path <R1, R3>. The
directed lightpath <R1, R3> is established from border router 15 to border router 16. As can
be seen in Figs. 1a and 1b, these two paths have not shared any resource in network 12.

This current method presents several other problems such as: increases the number of
connections across the center of the optical network thereby increasing wavelength resources
used; increases the blocking probability of a lightpath setup across the center of the optical
core; presents unbalanced load distribution problems; and increases setup delay since new
lightpaths are established for each request.

Fig. 2 shows a topology diagram of management of lightpaths through a network to
different destinations. Lightpaths between routers are shown as dotted lines. Label switched
router (LSR) 70 (border router) at IP subnet 60 has an established path for traffic from IP
subnet 60 through network 62 to LSR 78 at IP subnet 66. LSR 70 further has an established
path from IP subnet 60 through network 62 to LSR 76 at IP subnet 64. LSR 72 at IP subnet
60 has established paths from IP subnet 60 through network 62 to LSR 78 at IP subnet 66 and

from IP subnet 60 through network 62 to LSR 76 at IP subnet 64. Paths from LSR 70 and
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LSR 72 may enter network 62 at optical cross connect 74 before traveling through other
optical cross connects in network 62 to their destination subnets. This is inefficient
management of routing considering that there are two separate paths carrying traffic between
the same source and destination subnets, i.e., two paths between IP subnets 60 and 66, and
two paths between IP subnets 60 and 64.

Currently, three approaches have been used regarding management of routing in the
outer IP subnets. In the first approach (multihop), traffic aggregation is done inside the
optical core network 62. The traffic may pass several intermediate nodes that process the
traffic electronically. This causes a glass ceiling effect because of the limits of electronic
processing, €.g., IP or Asynchronous Transfer Mode (ATM)
buffering/classification/scheduling. This approach increases equipment costs, plant space o
requirements, and cannot keep pace with full, multi-wavelength line rates. The virtual
topology design, such as how connections among the optical nodes are determined, becomes
very critical to providing good performance.

A second approach, also known as an overlay model or client server model, provides
a separation of IP and optical domains. IP routers are the client, and the optical network is
the server. Conceptually, this model is similar to “circuit-layer” interworkings, e.g., IP-over-
ATM incarnations such as MultiProtocol Over Asynchronous Transfer Mode (MPOA). In
this model, scalability is a critical factor and requires 6(n®) control message flooding and
0(n’) client connections, where 0 represents the magnitude order and n represents the number
of border routers. The IP routers submit connection requests to an optical controller and the
optical controller allocates the lightpaths to those requests.

In a third approach, known as a peer model, an optical cross connect is treated as a
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network element, e.g., a label switched router (LSR). General Multiprotocol Label/Lambada
switching (GMPLS) is used to support this network model. Lightpaths are requested by
LSRs. In order to support full mesh connectivities, e.g., there is at least one direct virtual link
(lightpath) between LSRs. The number of connections will be §(n*) where n is the number of
LSRs in the network. |

All three approaches have inherent problems. Therefore, there is a need for methods
and systems for efficient management and transport of traffic over a network that avoids the

problems of current systems.

DISCLOSURE OF INVENTION

The present invention is directed to a method for efficient management and transport
of traffic over a network that includes: storing the available bandwidth capacity of paths in a
network in a first router; receiving a request at the first router from a network node of a
second network for a signaled path through the network to a destination node; and examining
the paths by the first router and assigning the signaled path to a path from the first router to
the destination node. The path may or may not be an existing path to the destination node
through the network.

In addition, the present invention is directed to a method for efficient management
and transport of traffic over a network that includes: leaking the available bandwidth capacity
of paths in a network to a first router by the network; receiving a request at the first router
from a network node of a second network for a signaled path through the network to a
destination node; and examining all paths by the first router and assigning the signaled path

to a path from the first router to the destination node using an existing path to the destination
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node through the network.

The present invention is further directed to a method for efficient management and
transport of traffic over a network that includes: receiving a request at a first router from a
network node of a second network for a signaled path through a network to a destination
node; requesting information from the network by the first router; receiving the information
by the first router, the information including the available bandwidth capacity of paths in a
network; and examining paths by the first router using the information and assigning the
signaled path to a path from an intermediate node to the destination node using an existing
path to the destination node through the network.

Moreover, the present invention is directed to a method for efficient management and
transport of traffic over a network that includes: receiving a request at a first router from a
network node of a second network for a signaled path through a network to a destination
node; requesting information from the network by the first router; receiving the information
by the first router, where the information includes the available bandwidth capacity of paths
in a network and a list of routers close to the destination node; and examining paths by the
first router using the information and assigning the signaled path to a path from an
intermediate node to the destination node

The present invention is also directed to a method for efficient management and
transport of traffic over a network comprising: monitoring traffic between the second
network through the first network to one or more remote network by a mobile agent
candidate at the second network; and assigning traffic between the second network through
the first network to each remote network by the mobile agent to a different one of one or

more routers, where new traffic from the second network to one remote network may be
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assigned to the one router assigned to that one remote network.

Further, the present invention is directed to a router that includes a database, a
decision module, a mapping and aggregation module, an LIB agent module, a routing and
wavelength assignment module, a traffic monitoring module, and a mobile agent selection '
module. The database stores information regarding the available bandwidth capacity of paths
in a network. The decision module receives a request for a path to route traffic through the
network and uses the information to return a sequence of paths in the network to handle the
traffic. The LIB agent module shares and collects the information from other routers and
performs signaling. The routing and wavelength assignment module computes and selects
paths and assigns wavelengths. The mapping and aggregation module aggregates the traffic
to existing paths that have enough bandwidth to carry the traffic. The traffic monitoring
module monitors the traffic load initiating from the subnet. The mobile agent selection
module uses the results of the monitoring to choose or de-select a router to manage the traffic
through the sequence of paths.

The present invention is further directed to a system for efficient management and
transport of traffic that includes a first network having a source node, a second network
having a plurality of paths through the second network, a third network having a destination
node, and a router operably connected to the first network and the second network. The
router receives a request from the source node for a path through the second network to route
traffic from the first network to the destination node at the third network. The router routes
the traffic using an existing path to the destination node through the second network. New
traffic from the first network to the destination node at the third network may be assigned to a

router assigned to handle traffic to the destination node at the third network.
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BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is further described in the detailed description which follows in
reference to the noted plurality of drawings by way of non-limiting examples of embodiments
of the present invention in which like reference numerals represent similar parts throughout
the several views of the drawings and wherein:

Fig. 1a is a topology diagram of lightpaths in an optical core;

Fig. 1b is another topology diagram of lightpaths in an optical core;

Fig. 2 is a topology diagram of management of lightpaths through a network to
different destinations;

Fig. 3 is a block diagram of a border router according to an example embodiment of
the present invention;

Figs. 4a and 4b are topology diagrams of transport of traffic according to example
embodiments of the present invention;

Fig. 5 is a topology diagram of traffic management using a mobile agent according to
an example embodiment of the present invention; and

Fig. 6 is a topology diagram of traffic management using a mobile agent where traffic

volume is light according to an example embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

The particulars shown herein are by way of example and for purposes of illustrative
discussion of the embodiments of the present invention. The description taken with the
drawings make it apparent to those skilled in the art how the present invention may be

embodied in practice.
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Further, arrangements may be shown in block diagram form in order to avoid
obscuring the invention, and also in view of the fact that specifics with respect to
implementation of such block diagram arrangements is highly dependent upon the platform
within which the present invention is to be implemented, i.e., specifics should be well within
purview of one skilled in the art. Where specific details (e.g., circuits, flowcharts) are set
forth in order to describe example embodiments of the invention, it should be apparent to one
skilled in the art that the invention can be practiced without these specific details. Finally, it
should be apparent that any combination of hard-wired circuitry and software instructions can
be used to implement embodiments of the present invention, i.e., the present invention is not
limited to any specific combination of hardware circuitry and software instructions.

Although example embodiments of the present invention may be described using an
example system block diagram in an example host unit environment, practice of the invention
is not limited thereto, i.e., the invention may be able to be practiced with other types of
systems, and in other types of environments.

Reference in the specification to “one embodiment” or “an embodiment” means that a
particular feature, structure, or characteristic described in connection with the embodiment is
included in at least one embodiment of the invention. The appearances of the phrase “in one
embodiment” in various places in the specification are not necessarily all referring to the
same embodiment,

The present invention relates to methods and systems for efficient management and
transport of traffic over a network where existing paths through a network are used to
aggregate new traffic. This maximizes the use of existing paths while maintaining bandwidth

requirements for each individual path. Moreover, a mobile agent may be used to manage
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traffic destined to other subnets over a network by assigning to border routers all or f)art of
the traffic between the source network of the border router and that destination network. To
illustrate the present invention, IP subnets, which may or may not contain the border routers,
will be used. Moreover, an optical core network, (which may or may not contain border
routers), where traffic is passed through from a source border router to a destination border
router in another network, will also be used. However, the present invention is not limited té
IP subnets or optical core networks but any networks (e.g., Asynchronous Transfer Mode
(ATM) networks, frame-relay networks, etc.) are within the spirit and scope of the present
invention.

Fig. 3 shows a block diagram of a border router according to an example embodiment
of the present invention. A lightpath information base (LIB) 40 stores the available
bandwidth capacity of paths over a network, e.g., optical core. The bandwidth of locally
originating paths may be provided by a local border router. Bandwidth information of all
other paths (originating in other border routers) may be obtained via an LIB agent 42. Border
routers communicate with each other via LIB agent 42 to collect path bandwidth information
into LIB 40. In a small network, a centralized approach may be used to synchronize the LIBs
in all border routers. In this case, each LIB agent may communicate with a central controller.
In a large network, a distributed approach may be desirable to distribute the bandwidth
information.

LIB 40 may be implemented using a fast look up table, such as a hash table or a
search tree. LIB agent 42 may be implemented by extending an interior gateway protocol
(IGP) used in the routing process. For example, OSPF, a lightpath link state advertisement

(LSA) may be used to carry the lightpath bandwidth information. When the available

10
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bandwidth of a lightpath changes or a new lightpath is established, the lightpath LSA may be
broadcasted immediately or piggybacked on the next routing information update. Moreover,
an LIB agent may be implemented using a simple TCP-based message processing
application. Some message types may need to be defined and an OSPF-like flooding
mechanism may need to be used. The IGP control channels among border routers may be
utilized as the communication channels between LIB agents. In interior gateway protocol
such as OSPF, some sort of IP connectivity may be required for the IGP to work.

Decision process 44 may be a function that takes a LSP request and uses the
information in LIB 40 to determine and return a lightpath sequence. An LSP request may -
contain the bandwidth requirement and two border routers (i.e., source border router and
destination) between which the traffic crosses the optical core. In a lightpath sequence
returned by decision process 44, there may be some lightpaths that do not exist and need to
be set up. Decision process 44 examines all lightpaths and tries to aggregate the LSP to
existing lightpaths and, if necessary, establish new lightpaths which require less resources
compared with establishing a direct lightpath for the LSP. The aggregation may shift the
load to the edge from the center in the optical network and improve the network resource
utilization. If such an aggregation cannot be found, decision process 44 outputs a lightpath
sequence which contains one lightpath to be established between the source and destination
border routers of the LSP.

LIB agent 42 is responsible for signaling and information collecting. Signaling
functions include connection set up, tear down, query, abort, and failure notification, etc. In
addition, LIB agent can also request a remote node to establish a lightpath from that remote

node to another node. RSVP and CR-LDP may be used for this purpose. An LIB agent is

11



WO 03/003138 PCT/IB02/01787

also responsible for resource discovery and information exchange. Each LIB agent may
exchange path information with other border routers by sending the locally originating path
information and receiving path information originating at other border routers. Therefore,
through LIB agent 42, each individual border router maintains bandwidth information of all
or some paths over the optical core in its LIB 40.

Routing and wavelength assignment process 46 is a component that computes and
selects paths and assigns wavelengths. Routing and wavelength assignment processes optical
LSP (lightpath) requests, and handles the wavelength allocation in the optical network. There
are many RWA algorithms available for this purpose, e.g., first-fit, leased-cost, maxed-sum,
etc. There are two scenarios in terms of routing and signaling of lightpaths. In scenario 1,
each border router has the full connectivity information of the optical core in the border
routers. The border router computes the routing path across the optical core and initiates the
signaling procedure to the optical cross connects along the routing path to set up a lightpath.
In this scenario, the IP-centric routing and signaling protocols with appropriate optical
extension may be used. For example, a link state routing protocol such as open shortest path
first (OSPF) or intermediate system-intermediate system (IS-IS), may be used for the
lightpath routing, and reservation protocol (RSVP)-TE or CR-LDP may be used for the
lightpath establishment.

In scenario two, the optical core may appear as a cloud to the IP domain. Each border
router may have the reachability information of other border routers and may request the
optical core to set up a lightpath to a destination border router through user network interface
(UNI) signaling. The optical core computes the routing path and initiates the signaling

procedure. In this scenario, from the border routers point of view, the routing and signaling

12
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is as simple as only requesting a lightpath via UNIL. The address or reachability information
of other border routers is obtained through UNI query or automatic leaking by a protocol like
border gateway protocol (BGP).

Mapping and aggregation process 48 sets up a LSP over a lightpath sequence in
which each lightpath has been established and has enough available bandwidth to carry the
LSP. The mapping and aggregation process maps IP LSPs which may have the same
destination subnets over a optical LSP. It also updates the bandwidth availability information
on optical LSP which carries the data traffic. The utilization of optical LSPs may be updated |
and exchanged by LIB agents. Every intermediate border router (i.e., termination border
router of each lightpath in the lightpath sequence) updates its routing and forwarding table to
store the LSP information. The pertinent lightpath information in LIB 40 of each
intermediate border router may then updated and exchanged by each LIB agent 42 to all other
border routers.

Figs. 4a and 4b show topology diagrams of transport of traffic according to example
embodiments of the present invention. This figure is identical to Fig. 1 except that Fig. 4a
shows the routing path from border router 15 to destination border router 16 according to the
present invention. Border router 15 receives a request for a path through network 12 from
non-border router 22 at IP subnet 10. Border router 15, using the capacity and bandwidth
information, determines that a path already exists between border router 14 and destination
border router 16. Border router 15, therefore, creates a path from border 15 through optical
cross connects to border router 14 and then utilizes the existing path from border router 14 to
border router 16. In this embodiment of the present invention, the border routers may be part

of the source network (e.g., 10), the network that the path traverses through (e.g., 12), ora
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third network and still be within the spirit and scope of the present invention.

Therefore, according to the present invention, lightpath bandwidth information may
be exchanged between border routers through an LIB agent. Each border router also may
contain information related to a list of border routers that are close to it in the routing distance
in the optical core. This list is named a collaboration group (CRG). For example, looking at
Fig. 4a, border routers 14 and 17 are both in the CRG of border router 15 since border router
15 only needs to go one hop in the optical core to set up a lightpath to either border router 14
or border router 17. CRG information may be obtained through different methodologies. In
a peer model where the routing information inside the optical core is completely broadcasted
to the border routers, each border router may compute its CRG via the topology database. In
an augmented model, where the routing information inside the optical core is partially leaked
to the border routers (typically via a border gateway protocol), the reachability together with
routing distance of other border routers may need to leaked to each border router through the
optical core. Every border router may then compute its CRG based on such information. In
an overlay model, where the routing information of the optical core may be completely
hidden from the border routers and the border router only may request lightpath services
through a UNI, the UNI may need to be extended to provide not only the address of other
border routers but also the routing distance to those border routers.

In decision process 44, each border router may maintain a CRG. When the decision
process is invoked, the source border router attempts to aggregate the LSP onto an existing
lightpath between the source and destination border routers. If this is not possible, the source
border router examines its own CRG to find a border router, namely relay router, that has an

existing lightpath to the destination border router that has enough available bandwidth to
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carry the requested LSP. If a relay router is found, then the source border router makes a
decision to utilize an existing lightpath and/or a new lightpath from itself to the relay router.
A lightpath is composed by concatenating the lightpath from the source border router to the
relay router (which may need to be set up), and the existing lightpath from the relay router to
the destination border router. In addition, if a relay router cannot be found from the source
border router CRG, the source border router examines the destination border routers CRG,
via signaling, and attempts to find a relay router to which the source border router has an
existing lightpath. If a relay router is found, the source border router requests the relay router
to setup a lightpath from the relay router to the destination border router as shown in Fig. 4b.
If a relay router cannot be found, a lightpath sequence may be composed of setting up onlya
direct lightpath between the source and destination border routers.

Two routing and signaling scenarios will be used to illustrate the present invention.
The first scenario corresponds to the peer network model, and the second scenario
corresponds to the augmented and overlay models. In the first scenario, any IP-centric
interior gateway protocols (IGP) and signaling protocols with appropriate optical extensions
may be used. In terms of the interoperability and cost considerations, IETF standard IGPs,
e.g., OSPF or IS-IS, and signaling protocols, e.g., RSVP-TE or CR-LDP, may be preferred.

In the second scenario, each border router may have the reachability information of
other border routers and can request the optical core to set up a lightpath to a destination
border router through the user network interface (UNI) signaling. Thus, in terms of routing
and signaling a lightpath from a border router, only requesting a lightpath via UNI is needed.
In the second scenario, two separate routing instances may have to be established. One

instance may be used inside the optical core for lightpath routing. Another instance may be
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used among the border routers. In order to establish the routing instance among the border
routers, an overlay topology may be established across the optical core and used as the
control channels of the border routers routing instance. However, in the first scenario, only a
single routing instance is established over both the border routers and the optical cross
connects in the optical core, and the control channels may be a dedicated wavelength in a link
between two nodes (e.g., a border router or optical cross connect (OXC)). Therefore, in both
scenarios, the LIB agents may use the IGP control channels of the border routers to
communicate with each other.

Mapping and aggregation process 48 may be implemented by the label mapping and
stacking mechanism in multiprotocol label switching (MPLS). The LSPs originating from
non-border routers may be stacked onto an OLSP on the optical core. The relay router pops
the LSPs from OLSP originating at the source border router and pushes onto another OLSP
terminating at the destination border router. When the LSP set up request arrives, the
decision process and routing and signaling may be invoked to establish the lightpath
sequence which may be used to aggregate the LSP by the mapping and aggregation process.
Since the lightpath sequence is fully established (after routing and signaling process), each
lightpath in the lightpath sequence may be taken as a virtual hop, and the whole lightpath
sequence may be taken as a strict exclusive subroute and inserted into the explicit route of the.
LSP request with the subroute sitting between the source and destination border routers.
Then, the normal MPLS LSP signaling can continue as in a traditional IP network. During
this time, the border routers communicate with each other using the established lightpaths
since they are seen as virtually to provide IP connectivity. Border routers may not need LIB

agents to send or receive information to perform the normal MPLS LSP signaling as in the
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collection of lightpath bandwidth information for LIB 40.

In another embodiment of the present invention border routers may be candidates for
taking the role of agents. Traffic monitoring process 50 and mobile agents selection process
52 may be included in border routers. An agent delivers traffic to certain destinations. Once
an agent is chosen, LSPs (possibly from non-border routers) going to the certain destination
network (e.g., IP subnet) go through the agent node. After traffic aggregation, an agent
router maps these LSPs into optical LSPs if there are existing optical LSPs between the
source network and the destination network. Otherwise, the agent router may be responsible
to set up connections (that are needed but don’t exist) over the optical network. Routing and
wavelength assignment process 46 and decision process 44 allocate the corresponding route
and wavelength for optical LSPs.

Mobile agent selection process 52 chooses an agent from border routers according to
the results from traffic monitoring process 50. If the traffic load is heavy, the number of
agents may be increased and, conversely, if traffic is light, there may be no dedicated agent
needed. Mobile agent selection process 52 may flexibly select any border router as an agent.
Mobile agent process 52 may use a centralized approach, where one of the border routers
decides who is agent for each of the destination networks. A distributed approach may also
be used where an election method may be adopted according to traffic demands and LIB
information. Since the agent is “mobile”, once a border router failure happens, other border
routers may quickly take the role of the failed border router (i.e., agent) thus reliability is
increased.

Fig. 5 shows a topology diagram of traffic management using a mobile agent

according to an example embodiment of the present invention. Border routers 70 and 72 of
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source network 60 (IP subnet) each handle dedicated traffic between IP subnet 60 and IP
subnets 66 and 64 respectively. Border router 70 handles the routing of traffic from IP subnet
60 through network 62 to destination border router 78 at IP subnet 66. Similarly, border
router 72 handles all traffic between source subnet 60 and destination border router 76 at IP
subnet 64. As noted previously, although network 62 is shown as an optical core network for
illustration, network 62 may be any network and still be within the spirit and scope of the
present invention, for example, an ATM, frame relay, X.25, IP, etc.

In Fig. 5, IP subnet 60 selects border router 70 as an agent to connect with IP subnet
66. Border router 72 is also selected by IP subnet 60 as the agent to set up connections with
and communicate to IP subnet 64. Thus, as noted previously, border routers 70 and 72
handle all the traffic outgoing and incoming from subnet 66 and subnet 64, respectively.
Therefore, after traffic aggregation at each agent, the number of connections through network
62 can be greatly reduced.

Fig. 6 shows a topology diagram of traffic management using a mobile agent where
traffic volume is light according to an example embodiment of the present invention. If
traffic volume is light between a source network and a destination network, a direct
connection between the two networks may not be necessary, and the approach applied for the
border routers can be adopted. For example, assume subnet 60 has a LSP request to subnet
66, demanding 50% or less bandwidth of a lightpath capacity. IP subnet 60 is aware that a
connection exists between border router 72 of IP subnet 60 and IP subnet 64 which is a
neighbor of IP subnet 66. IP subnet 60 also knows that this connection between IP subnet 60
and IP subnet 64 is under utilized (i.e., 50% or less). Border router 70 may currently handle

traffic to destination network 66. Subnet 60 may then deselect border router 70 and forward
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the traffic from border router 70 (destined to subnet 66) to border router 72. Border router 72
may then set up a lightpath to IP subnet 66 and aggregate the traffic further from border
router 76 at IP subnet 64 to border router 80 at IP subnet 64. The traffic then travels from IP
subnet 64, border router 80 to IP subnet 66 through border router 82 at IP subnet 66.
Therefore, the traffic is pushed away from the center of network 62 to the edge, therefore,
allowing more connections inside network 62 to be accommodated.

If the traffic is heavy between a source network and a destination network, there may
be more than one border router at the source network selected as an agent for the destination
network. Depending on LSP demands, the agent for a destination network may be moved
among the border routers. As mentioned previously, the mobile agent process may be
accomplished using a centralized approach where one border router decides who is agent for
other subnets, or a distributed approach where an election method may be adopted depending
on the traffic demands and LIB information. The traffic monitoring process determines
whether a load is heavy or light. A traffic monitoring process in border routers monitor the
IP traffic in each queue for different destination network traffic. For each destination
network there may be an associated queue corresponding to it. When traffic volume achieves
certain levels, a new agent may be needed to be assigned for that traffic destination network.
When the traffic drops below a certain level, the role of one or more border routers as an
agent may be eliminated.

Therefore, as mentioned previously, according to the present invention mobile agent
selection process may be implemented by using a centralized approach or distributed
approach. In the centralized approach, one of the border routers is designated as a controller

to collect the traffic information from all border routers, and to compute how many agents are
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needed for specific network connections and where the agents should be put. Once the
decision is made, the controller may broadcast the decision to the whole subnet. The traffic
which has the same subnet destination may be groomed and mapped into the same optical
connection. In a distributed approach, every border router exchanges the traffic information
(such as queue length and existing optical LSPs). Every border router works independently
to decide whether it will be the agent or whether other border routers need to work as co-
agents for a subnet connection. Once the mobile agent process is completed, information will
be exchanged, including link state protocols (IS-IS, or OSPF). After both approaches, a
constraint based routing may take a role as a traffic engineering to select paths for IP LSPs.
Methods and systems according to the present invention have several advantages.
Specifically, network resources are saved, load balancing may be performed, efficient
support of small bandwidth requirements of LSPs occurs, an alternative if a direct lightpath
cannot be established between two border routers is provided, elegant integration of [P
layered granularity with optical layered granularity is provided, routing of traffic between
border routers followed by aggregation takes advantage of the lightpath loading of the optical
core at the edge and heavy loading in the center of the optical core, effectively relieves the
wavelength exhausting in optical core network, improves optical network availability,
enhances network survivability, improves network scalability, simplifies the optical network
virtual topology design, simplifies control and signaling mechanisms in optical networks,
dynamically applies IP aware traffic control at the optical edge and traffic aggregation in
border routers (LSRs), provides an alternative approach if the direct connection between two
networks doesn’t exist, and balances traffic load in IP over wavelength division multiplexing

(WDM) network.
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It is noted that the foregoing examples have been provided merely for the purpose of
explanation and are in no way to be construed as limiting of the present invention. While the
present invention has been described with reference to a preferred embodiment, it is
understood that the words which have been used herein are words of description and
illustration, rather than words of limitation. Changes may be made within the purview of the
appended claims, as presently stated and as amended, without departing from the scope and
spirit of the present invention in its aspects. Although the present invention has been
described herein with reference to particular methods, materials, and embodiments, the
present invention is not intended to be limited to the particulars disclosed herein, rather, the
present invention extends to all functionally equivalent structures, methods and uses, such as

are within the scope of the appended claims.
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CLAIMS

What is claimed is:

1. A method for efficient management and transport of traffic over a network
comprising:

storing the available bandwidth capacity of paths in a network in a first router;

receiving a request at the first router from a network node of a second network for a
signaled path through the network to a destination node; and

examining the paths by the first router and assigning the signaled path to a path from

the first router to the destination node.
2. The method according to claim 1, wherein the request contains a bandwidth
requirement for the signaled path, the bandwidth requirement being met by the assigned

signaled path.

3. The method according to claim 1, wherein the network is a fiber optic network and

each path is a lightpath.

4. The method according to claim 1, wherein the second network is an Internet

Protocol (IP) network.

5. The method according to claim 1, further comprising storing the available

bandwidth capacity of the paths in a database at the first router.
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6. The method according to claim 5, wherein the database comprises a lookup table.

7. The method according to claim 6, wherein the lookup table comprises one of a

hash table and a search tree.

8. The method according to claim 1, further comprising storing the available
bandwidth capacity of paths in each router, the available bandwidth capacity of paths in the

network being exchanged between routers.

9. The method according to claim 8, wherein the available bandwidth capacity of

paths in the network are exchanged by LIB agents in each router.

10. The method according to claim 1, wherein the destination node is a router.

11. The method according to claim 1, wherein the assigned path comprises a label

switched path (LSP).

12. The method according to claim 1, further comprising determining a list of routers

that are close in routing distance to the first router based on a topology of the network.

13. The method according to claim 1, wherein the existing path comprises an existing
path from a second router to the destination node through the network, the assigned signaled
path comprising a path from the first router to the second router and the existing path from

the second router to the destination node.
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14. The method according to claim 13, wherein the first router and second router are

border routers of one of the network and the second network.

15. The method according to claim 13, wherein the second router is close to the first

router in distance.

16. The method according to claim 13, further comprising sending the available

bandwidth capacity of paths in the network from the network to the first router.

17. The method according to claim 1, wherein the assigned signaled path comprising
an existing path from the first router to the second router and a path from the second router to

the destination node.

18. The method according to claim 17, wherein the second router is close to the

destination node in distance.

19. The method according to claim 17, further comprising requesting second router

candidates from the destination node.

20. The method according to claim 19, further sending lightpath requests to the

second router.

21. The method according to claim 1, wherein the destination node resides in a third

network.
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22. The method according to claim 1, further comprising assigning the signal path to
a path from the first router to the destination node using an existing path to the destination

node through the network

23. The method according to claim 1, further comprising assigning the signal path to
a path from the first router to the destination node using an existing path from the first router

through the network

24. A method for efficient management and transport of traffic over a network
comprising;

leaking the available bandwidth capacity of paths in a network to a first router by the
network;

receiving a request at the first router from a network node of a second network for a
signaled path through the network to a destination node; and

examining paths by the first router and assigning the signaled path to a path from the

first router to the destination node.

25. The method according to claim 24, further comprising assigning the signaled path _
to a path from the first router to the destination node using an existing path from the first

router through the network.

25



WO 03/003138 PCT/IB02/01787

26. The method according to claim 24, further comprising assigning the signaled path
to a path from the first router to the destination node using an existing path to the destination

node through the network.

27. The method according to claim 24, wherein the leaking occurs via an Exterior

Gateway Protocol (EGP).

28. The method according to claim 24, further comprising leaking, from the network
to the first router, reachability information and distances of other routers from the first router,
the reachability information and distances being used by the first router to determine a list of

routers that are close in distance to the first router.

29. The method according to claim 24, wherein the network comprises a fiber optic

network.

30. The method according to claim 24, wherein the existing path comprises an
existing path from a second router to the destination node through the network, the assigned
signaled path comprising a path from the first router to the second router and the existing

path from the second router to the destination node.

31. The method according to claim 30, wherein the first router and the second router

are border routers of one of the first network and the second network.
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32. The method according to claim 24, wherein the existing path comprises an
existing path from the first router to a second router through the network, the assigned
signaled path comprising the existing path from the first router to the second router and a

path from the second router to the destination node.

33. The method according to claim 32, wherein the first router and the second router

are border routers of one of the first network and the second network.

34. The method according to claim 31, wherein the second router is close to at least

one of the first router and the destination node.

35. The method according to claim 24, wherein the second network comprises an IP

network.

36. A method for efficient management and transport of traffic over a network
comprising:

receiving a request at a first router from a network node of a second network for a
signaled path through a network to a destination node;

requesting information from the network by the first router;

receiving the information by the first router, the information comprising the available
bandwidth capacity of paths in a network and a list of routers close to the destination node;
and examining paths by the first router using the information and assigning the signaled path

to a path from an intermediate node to the destination node.
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37. The method according to claim 36, further comprising assigning the signaled path
to a path from the first node to an intermediate node using an existing path to the intermediate

node through the network.

38. The method according to claim 36, wherein the network comprises a fiber optic

network.

39. The method according to claim 36, wherein the existing path comprises an
existing path from the first router to a second router through the network, the assigned
signaled path comprising the existing path and a path from the second router to the

destination node.

40. The method according to claim 36, wherein the first router and second router are

border routers of one of the first network and the second network.

41. The method according to claim 40, wherein the second router is close to the

destination node.

42. The method according to claim 36, wherein the second network comprises an IP

network.

43. The method according to claim 36, comprising requesting the path information

through a user network interface (UNI).
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44. A method for efficient management and transport of traffic over a network
comprising;

receiving a request at a first router from a network node of a second network for a
signaled path through a network to a destination node;

requesting information from the network by the first router;

receiving the information by the first router, the information comprising the available
bandwidth capacity of paths in a network; and

examining paths by the first router using the information and assigning the signaled
path to a path from the first router to an intermediate node, and aggregating the signaled path

to an existing path from the intermediate node to the destination node.

45. The method according to claim 44, further comprising assigning the signaled path
to a path from the intermediate node to the destination node using an existing path to the

destination node through the network.

46. The method according to claim 44, wherein the existing path comprises an
existing path from a second router to the destination node through the network, the assigned
signaled path comprising a path from the first router to the second router and the existing

path from the second router to the destination node.

47. The method according to claim 44, wherein the second router is close to the first

router.

29



WO 03/003138 PCT/IB02/01787

48. A method for efficient management and transport of traffic over a network
comprising;

monitoring traffic between the second network through the first network to at least
one remote network by a mobile agent at the second network; and

assigning traffic between the second network through the first network to each at least
one remote network by the mobile agent to a different one at least one router,

wherein new traffic from the second network to one at least one remote network is

assigned to the one at least one router assigned to that one at least one remote network.

49. The method according to claim 48, wherein the first network is a core network,
the core network being one of an Asynchronous Transfer Mode (ATM) optical network, a .

frame-relay network, and an Internet Protocol (IP) core network.

50. The method according to claim 48, wherein the at least one router are border

routers.

51. The method according to claim 48, wherein the monitoring comprises monitoring

traffic in each destination queue at the second network, each destination queue containing

traffic for one at least one remote network.

52. The method according to claim 48, wherein the mobile agent resides at one at

least one router.
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53. The method according to claim 52, further comprising moving the mobile agent

from the one at least one router to another at least one router.

54. The method according to claim 48, wherein the first network is an optical

network.

55. The method according to claim 48, wherein the second network and the at least -

one remote network are Internet Protocol (IP) subnets.

56. The method according to claim 48, further comprising assigning new traffic from
the second network to one at least one remote network to another at least one router other
than the one at least one router assigned to that one at least one remote network when the one

at least one router has a heavy traffic load.

57. The method according to claim 48, further comprising un-assigning one at least
one router assigned to one at least one remote network and assigning another at least one
router to the one at least one remote network when the another at least one router has a light

traffic load.

58. The method according to claim 48, further comprising exchanging the availability
bandwidth capacity of all paths in the first network between all at least one router at the
second network.

monitoring traffic between the second network through the first network to at least

one remote network by a mobile agent at the second network
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59. A router comprising;

a database, the database storing information regarding the available bandwidth
capacity of all paths in a network;

a decision module, the decision module receiving a request for a path to route traffic
through the network and using the information to return a sequence of paths in the network to
handle the traffic;

a mapping and aggregation module, the mapping and aggregation module aggregating
the traffic to existing paths that have enough bandwidth to carry the traffic;

a lightpath information base (LIB) agent module, the LIB agent module sharing and
collecting the information from other routers and performing signaling; and

a routing and wavelength assignment module, the routing and wavelength assignment

module computing and selecting paths and assigning wavelengths.

60. The router according to claim 59, further comprising a traffic monitoring module,

the traffic monitoring module monitoring the traffic load initiating from a subnet.

61. The router according to claim 60, further comprising a mobile agent selection
module, the mobile agent selection module using the results of the monitoring to one of

choose and de-select a router to manage the traffic through the sequence of paths.

62. A system for efficient management and transport of traffic comprising:
a first network, the first network including a source node; a second network, the second
network having a plurality of paths through the second network; a third network, the third

network having a destination node; and a router operably connected to the first network and
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the second network, the router receiving a request from the source node for a path through the
second network to route traffic from the first network to the destination node at the third
network, the router routing the traffic using an existing path to the destination node through

the second network.

63. The system according to claim 62, wherein new traffic from the first network to
the destination node at the third network is assigned to a router assigned to handle traffic to

the destination node at the third network.

64. A system for efficient management and transport of traffic comprising:

a first network, the first network including a source node;

a second network, the second network having a plurality of paths through the second
network;

a third network, the third network having a destination node; and

a router operably connected to the first network and the second network, the router
receiving a request from the source node for a path through the second network to route
traffic from the first network to the destination node at the third network, the router routing

the traffic using an existing path from the source node through the second network.
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