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(57) Abrege(suite)/Abstract(continued):

based routing with the collected TE information of the L2 network. The existing network topology discovery protocol Is adopted In
the L2 network, so that the L2 network devices do not have to support protocols such as OSPF and ISIS. Therefore, the present
iInvention Is helpful to avoid resource consumption of OSPF and [SIS protocols on the L2 network devices and reduce the
complexity in implementation of the TE over the L2 network.
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Abstract

A method for implementing traffic engineering, TE, in layer 2, L2, network, includes:

collecting TE information which is sent by respective L2 network devices according to

~extended network topology discovery protocol; calculating and deploying

constraint-based routing with the collected TE information of the L2 network. The
existing network topology discovery protocol is adopted 1n the L2 network, so that the L2
network devices do not have to support protocols such as OSPF and ISIS. Therefore, the
present invention is helpful to avoid resource consumption of OSPF and ISIS protocols
on the L2 network devices and reduce the complexity in implementation of the TE over

the L2 network.
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Method, System and Device for Implementing Traffic Engineering

Field of the Invention

[0001] The present invention relates to the technical field of network
communication, particularly to a method, system and device for implementing trattic

engineering in a Layer 2 (1.2) network.

Background of the Invention

[0002] As Internet technology develops, Internet becomes more and more complex,
and the traffic over Internet grows in an explostve manner. Because the Internet Protocol
(IP) technique employs an Open Shortest Path First (OSPF) routing algorithm, each data
stream 18 routed to the destination in the shortest path, which inevitably causes uneven
traffic distribution among the paths. For example, some paths are congested with heavy
traffic, while the others are in idle state and are not utilized effectively. As shown 1n
Figure 1, the path between node 1 and node 2 1s congested with heavy traffic.

[0003] For the purpose of solving the problem of congestion resulting from uneven
traffic distribution, a Traffic Engineering (TE) method is put forward, 1.e. some traffic 1s
led to relatively idle paths by force, so as to balance the tratfic and alleviate congestion.
As shown in Figure 2, the traffic that was planned to be routed from node | via node 2 to
node 4 is led to the path from node | via node 3 and node 2 to node 4.

[0004] Multi-Protocol Label Switch (MPLS) 1s a label switching technique, which
can establish a Label Switch Path (LSP) in the IP network 1n advance, and when traffic
comes into the network, switch the traffic along the LSP to the outlet. MPLS technique
can import different traffic streams to difterent LSPs for switching.

(0005] MPLS TE 1s the best technique for implementing traffic engineering over the
IP network; MPLS TE diverts the network tratfic to idle paths by means of the LSPs
established in advance with MPLS technique, thereby attaining the objective of traffic
engineering.

[0006] At present, in the IP network, the procedures for implementing traffic
engineering mainly include:

1. Collect the trattic engineering (TE) information of the IP network. The TE
information 18 used to calculate TE paths. In MPLS TE technique, topology discovery 1s

usually implemented by routing protocol extensions, such as Open Shortest Path First
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(OSPF) protocol, or Intermediate-System to Intermediate-System, ISIS) protocol. Those
routing protocols can be used to collect network topology and relevant TE parameters.

2. Calculate TE routing according to the collected network TE intormation, with the
current situation of network traffic as the constraint. In simple terms, 1t means to calculate
how to route the traffic streams through appropriate paths without causing congestion 1in
accordance with the current situation of the traffic. In MPLS TE technique, the commonly
used constraint-based route calculation algorithm is Constraint-Based Shortest Path First
(CSPF). To calculate the constraint-based routing, each device in the network should run
the CSPF algorithm.

3. Deploy the calculated constraint-based paths into the network. In MPLS TE
technique, constraint-based paths are referred to as Constraint-Route Based Label Switch
Paths (CR-LSPs), which are usually deployed into the network with an MPLS TE
messaging protocol. For example, the MPLS TE messaging protocol can be Resource
reSerVation Protocol-Traffic Engineering (RSVP-TE).

4. Forward the traffic according to the deployed paths.

[0007] As Internet develops further, the access network part of some L2 networks
(e.g. metropolitan area network (MAN)) becomes more and more complex, and the
problem of uneven traffic distribution and congestion has occurred in such L2 networks.
Therefore, it is an increasingly urgent task to deploy traftfic engineering over L2 networks.

[0008] Presently, the method for deploying traffic engineering to L2 network 1s:
migrate the MPLS TE applicable to IP network directly to L2 network.

[0009] However, because MPLS TE is implemented based on IP network, a
prerequisite for normal operation of MPLS TE 1is: the entire network 1s accessible on the
[P layer. Therefore, for the purpose of migrating MPLS TE technique into a L2 network,
each device in the L2 network should be configured with the IP address and run IP
protocol and IP routing protocol. What 1s more important, the CSPF algorithm,
OSPF/ISIS routing protocol, and RSVP-TE protocol, etc., which consume software and
hardware resources severely, must be run on each device in the L2 network. 1.2 devices
are relatively simple devices by nature and only L2 switching function 1s required on

these devices, and therefore, the costs of L2 devices can be very low. However, if IP

protocol, OSPF/ISIS algorithm, CSPF algorithm, and RSVP-TE protocol are
implemented over L2 devices, the complexity in software and hardware increases

severely, and the equipment costs increase heavily. Furthermore, because each L2 device
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must be configured with an IP address, the consumption of IP address resource increases.
[0010] In addition, there 1s only an L2 network control plane in L2 network
originally; however, after MPLS TE 1s migrated into the L2 network directly, an IP/MPLS
control plane 1s added over the L2 network control plane. As a result, the network
architecture and logic 1s more complex, the network deployment and maintenance work 1s

more complex, and the on-going maintenance costs increase greatly.

Summary of the Invention

[0011] The main object of the present invention i1s to provide a method for
implementing traffic engineering (TE), and another object ot the present invention 1s to
provide a system and device for implementing TE, so as to reduce complexity in
implementation of TE over L2 network.

(0012] To attain the above objects, the technical solution of the present invention i1s
implemented as follows:

|0013] A method for implementing traffic engineering includes:

extending the network topology discovery protocol for L2 network, with the trattic
engineering (TE) information required for traffic engineering;

collecting the TE information of the L2 network in the extended network topology
discovery protocol;

calculating and deploying constraint-based routing, with the collected TE
information of the L2 network.

[0014] The traffic engineering (TE) includes: MPLS TE.

[0015] The Network topology discovery protocol of the L2 network includes:
resilient packet ring (RPR) based network topology discovery protocol, or a spanning tree
protocol (STP), or a rapid spanning tree protocol (RSTP), or a multi-spanning tree
protocol (MSTP), or private network topology discovery protocol.

[0016] The TE information includes: L2 network topology information and specific
attributes ot TE.

[0017] The procedure for extending the Network topology discovery protocol of the
L2 network includes: adding type-length value, TLV, attribute to the Network topology
discovery protocol of the L2 network;

[0018] the procedure tor collecting TE information of L2 network includes: writing

related TE attributes in the TLV attribute added to the Network topology discovery
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protocol of the L2 network, and filling the related network topology information in the
existing attributes.

[0019] The TE attributes includes: link bandwidth, link priority, and link color.

[0020] The step tor collecting the TE information ot the L2 network turther includes:
transmitting the collected TE information of the L2 network to a predetermined network
device;

[0021] The predetermined network device executes the procedure for calculating
and deploying constraint-based routing.

[0022] The predetermined network device 1s: an existing advanced and complex
network device in the L2 network, or a new dedicated server.

[0023] The procedure for calculating constraint-based routing includes: calculating
and determining the Constraint Route-Based Label Switch Paths (CR-LSPs) for the trattfic
streams, by the predetermined network device, with the received TE information.

[0024] The procedure for deploying constraint-based routing includes: 1ssuing the
constraint-based routing to respective L2 network devices in the L2 network, by the
predetermined network device, via a network management intertface, in the network
management protocol for the L2 network;

[0025] or, 1ssuing the constraint-based routing to respective L2 network devices in
the L2 network, by the predetermined network device, according to an L2 network
control protocol.

A device for implementing TE, includes: a collecting unit, a constraint-based
routing unit, and a deploying unit..

The collecting unit 1s configured to receive the TE information of the L2 network
from the L2 network devices and transmit the received TE information to the
constraint-based routing unit.

The constraint-based routing unit 1s configured to determine the constraint-based
routing with the received TE information of the L2 network and transmit the
constraint-based routing to the deploying unit.

The deploying unit is configured to distribute the received constraint-based routing
to respective L2 network devices 1n the L2 network.

[0026] The deploying unit 1s also configured to distribute the received
constraint-based routing to respective L2 network devices in the L2 network, in the

network management protocol or control protocol for the L2 network.



N

1O

CA 02619468 2008-02-14

[0027] A system for implementing TE, includes: L2 network devices and a
predetermined network device.

The L2 network devices are configured to collect the TE information of the L2
network In the extended network topology discovery protocol and transmit the TE
information to the predetermined network device.

The predetermined network device is configured to calculate the constraint-based
routing with the received TE information of the L2 network and deploy the calculated
constraint-based routing to the L2 network devices.

[0028] The predetermined network device is: an existing advanced and complex
network device in the L2 network, or a new dedicated server.

[0029] 1t is seen from the above description of the technical solution: the present
invention takes full advantage of the existing network topology discovery protocol for L2
network to collect the TE information required for MPLS TE; therefore, the L2 network
devices are not required to support OSPEF or ISIS protocol, etc. As a result, the present
invention can avoid resource consumption of OSPF or ISIS protocol, or similar protocols
on L2 network devices, thereby reducing complexity in implementation of TE over L2
network. In addition, by collecting TE information and calculating and deploying
constraint-based routing centrally, the process of individually calculating and deploying
constraint-based routing on the network devices in L2 network 15 avoided 1n the present
invention. Therefore, TE can be implemented over the L2 network without adding an
IP/MPLS control plane to the L2 network, and the requirement ot TE for L2 network
devices can be reduced.

[0030] More specifically, in the present invention, the constraint-based routing
calculation process 1s accomplished by a predetermined network device. Theretore, there
1s no need to implement the complex CSPF algorithm on the L2 network devices, and the
resource consumption of the CSPF algorithm on the L2 network devices can be avoided;
by utilizing the existing network management interface and L2 network control protocol
in the L2 network devices to deploy constraint-based routing, the L2 network devices do
not have to support RSVP-TE protocol, and thereby the resource consumption of
RSVP-TE protocol on the L2 network devices can be reduced. In the present invention,
there 1s no need to configure IP address on the L2 network devices, and therefore the IP
address resource can be saved. Existing and proven techniques in L2 network are fully

utilized in the present invention and the risk in implementing TE in L2 network is reduced.
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As a result, with the technical solution provided in the present invention, the
implementation and maintenance costs of TE over L2 network can be reduced, and the

practicabihity of TE can be improved.

Brief Description of the Drawings

[0031] Figure 1 1s a schematic diagram ot path congestion resulting from the Open
Shortest Path First (OSPF) algorithm;

(0032] Figure 2 i1s a schematic diagram of prevention of path congestion by means
of traffic engineering (TE);

[0033] Figure 3 1s a structural representation of the system provided in the present
imnvention;

[0034] Figure 4 1s a flow diagram of an embodiment of the present invention; and

(0035] Figure 5 1s a structural representation ot the device for implementing TE

provided 1n the present invention.

Detailed Description of the Embodiments

[0036] If the existing resources in the L2 network can be utilized to collect TE
information of the .2 network, there 1s no need to add additional protocols such as
OSPFE/ISIS on each L2 network device to implement TE, and thereby the method for
implementing TE over L2 network can be simplified. In addition, if the TE information
acquisition process, constramnt-based routing calculation process, and constraint-based
routing deployment process can be converged to one or several specitic network devices
to implement TE, there 1s no need to carry out these processes on each .2 network device,
and thereby no need to add IP protocol, CSPF algorithm, RSVP-TE protocol, etc. on each
L.2 network device to support constraint-based routing calculation and constraint-based
routing deployment on each L2 network device. As a result, the requirements for the 1.2
network devices can be reduced 1in implementation of TE.

[0037] On the basis of the above considerations, the present invention puts forward
a method for implementing TE, which mainly includes: extending the Network topology
discovery protocol of the L2 network in accordance with the TE information required for
implementation of TE; collecting TE information of the L2 network in the extended

network topology discovery protocol; and, calculating and deploying constraint-based

routing with the collected TE information of the L2 network.
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[0038] Accordingly, the present invention further puts forward a system for
implementing TE. Figure 3 is a structural representation of the system provided in the
present invention. As shown in Figure 3, the basic structure of the system includes: L2
network devices and a predetermined network device.

The L2 network devices are configured to collect the TE information of the L2
network in the extended network topology discovery protocol and transmit the TE
information to the predetermined network device.

The predetermined network device 1s configured to calculate and deploy
constraint-based routing with the collected TE information of the L2 network.

[0039] To make the objects, technical solution, and advantages of the present
invention understood better, hereunder the present invention is further detailed n the
embodiments, in conjunction with the accompanying drawings.

[0040] Figure 4 is a flow diagram of an embodiment of the present invention. As
shown in Figure 4, in the present invention, the process of implementing TE over a L2
network (e.g. a MPLS network) includes the following steps:

[0041] Step 401: extend the Network topology discovery protocol of the L2 network
in accordance with the TE information required for the TE.

[0042] The procedure for extending the Network topology discovery protocol of the
L2 network includes: add a new TLV (Type Length Value) attribute to the Network
topology discovery protocol of the L2 network, so as to identity specific TE attributes,
including link bandwidth, link priority, and link color, etc. In addition, the Type field in
the TLV attribute represents the type of the attribute; the Length field represents the
length of the entire TLV attribute; the Value field represents the value of the attribute.
Each link attribute, such as link bandwidth, priority, or color, should be filled 1n a separate
TLV.

(0043] The existing network topology discovery protocol tor L2 network 1s fully
uttlized to collect the TE information required tor MPLS TE 1n the present invention; by
extending the existing network topology discovery protocol for L2 network simply, 1.e.
adding the TLV attribute to the existing network topology discovery protocol of the L2

network, the specific TE attributes required for TE calculation can be collected 1n the

subsequent procedures.

[0044] In this way, the L2 network devices do not have to support complex and

bulky protocols such as OSPF and ISIS, and therefore the resource consumption of OSPF
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or ISIS protocol on the L2 network devices can be avoided. As a result, the complexity of
software and hardware of the L2 network devices 1s reduced greatly, the complexity of the
L2 network 1s reduced, and the L2 network deployment and maintenance costs are also
reduced.

[0045] The existing network topology discovery protocol for L2 network can be:
network topology discovery protocol for Resilient Packet Ring (RPR), or Spanning Tree
Protocol (STP) tor L2 Ethernet, or Rapid Spanning Tree Protocol (RSTP), or
Multi-Spanning Tree Protocol (MSTP). In addition, the existing network topology
discovery protocol for L.2 network can be a private network topology discovery protocol.

[0046] Step 402: Collect the TE information of the L2 network according to the
extended Network topology discovery protocol of the L2 network.

[0047] In the present invention, the TE information required tor the TE includes:
network topology information of L2 network and specific TE attributes. The specitic TE
attributes include link bandwidth, hink priority, and link color, etc.

[0048] This step can be implemented as tollows: All L2 devices 1n the L2 network
fill their TE attributes 1n the extended network topology discovery protocol, 1.e. they write
their specific TE attributes (e.g. link bandwidth, link priority, and link color, etc.) in the
TLV attributes added to the Network topology discovery protocol of the .2 network and
fill related network topology information in the existing attributes.

10049) Step 403: Daistribute the collected Tk information to one or more
predetermined network devices using the network in the extended topology discovery
protocol, so that the predetermined network device(s) obtain the TE information of the
entire network.

|0050] Step 404: The predetermined network devices calculate the constraint-based
routing centrally, for example, they calculate the CR-LSP for each traffic stream.

10051] In the present invention, the predetermined network devices responsible for
constraint-based routing calculation can be either relatively advanced or complex network
devices 1n the L2 network or additional servers that are arranged specially for
implementing TE. In this way, there 1s no need to implement complex CSPF algorithm on
a number of network devices in the L2 network, and therefore the resource consumption
of CSPF algorithm on the L2 network devices can be avoided, and the complexity of

software and hardware of L2 network devices can be reduced, and the costs of the L2

network devices can be reduced.
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[0052] Step 405: The predetermined network device deploys the constraint paths.

[0053] Here, after the predetermined network device(s) determines the CR-LSP for
each traffic stream, the predetermined network device(s) can utilize the network
management interface or other L2 network control protocols (e.g. some contiguration
distribution protocols) available on all L2 network devices to deploy CR-LSPs.

[0054] For example, this step can be implemented as follows: the predetermined
network device responsible for constraint-based routing calculation deploys the calculated
CR-LSPs to other network devices according to the L2 network management protocol via
the network management interface; or, the predetermined network device responsible for
constraint-based routing calculation deploy the CR-LSPs to other network devices
according to a configuration distribution protocol. In this way, deployment of constraint
paths is implemented in the present invention by means of slightly expanding the existing
other network devices in the L2 network: therefore, a number of L2 network devices don't
have to support protocols such as RSVP-TE. As a result, the resource consumption of
such protocols (e.g. RSVP-TE) on the L2 network devices can be avoided, the complexity
of software and hardware of the L2 network devices can be reduced, and the deployment
and maintenance costs for implementing TE over L2 network can be reduced.

(0055] Figure 5 i1s a structural representation of the device for implementing TE
provided in the present invention. As shown in Figure 5, in the present invention, the devices
for implementing TE, 1.e. the above-mentioned predetermined network device, can be erther
relatively advanced and complex network device in the L2 network or additional dedicated
server for implementing TE. In addition, such a device for implementing TE includes:

a collecting unit, configured to receive the TE intormation of the L2 network trom the L2
network devices and transmit the received TE information to the constraint-based routing
unit;

a constraint-based routing unit, configured to calculate and determine the
constraint-based routing (e.g. CR-LSPs) according to the received TE information of the
L.2 network and transmit the constraint-based routing to a deploying unit; and

a deploying unit, contigured to issue the received constraint-based routing to
respective L2 network devices 1in the L2 network, the deploying being capable of
deploying CR-LSPs according to the network management protocol via the network
management interface available in the L2 network devices, or deploy CR-LSPs with other

L2 network control protocols (e.g. some configuration distribution protocols).
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[0056] It 1s seen from above description: the requirements ot MPLS TE tor the L2
network devices are reduced according to the present invention, so that the L2 network
devices can support MPLS TE by use of minimum expansion ot the software and
hardware. Therefore, the present invention is helpful to reduce the software and hardware
costs for implementing MPLS TE in L2 network, the complexity of L2 network In
implementation of MPLS TE, and the ongoing maintenance costs of MPLS TE.

(00571 While the present invention has been illustrated and described tn conjunction
with some preferred embodiments, the present invention 1s not limited to these. Those
skilled 1n the art should recognize that vartous variations and moditications can be made
without departing from the scope of the present invention as defined by the

accompanying claims.

[0
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The embodiments of the present invention for which an exclusive property or

privilege is claimed are defined as follows:

1. A method for implementing traffic engineering, TE, comprising;
collecting TE information which 1s sent by respective Layer 2, L2, network
devices according to an extended network topology discovery protocol of the L2

network;

calculating and deploying a constraint-based path according to the collected

TE information of the 1.2 network devices.

2. The method according to claim 1, wherein, the TE comprises: Multi-Protocol

Label Switch, MPLS, TE.

3. The method according to claim 1, wherein, the network topology discovery
protocol of the L2 network comprises: a resilient packet ring, RPR, based network topology
discovery protocol, or a spanning tree protocol, STP, or rapid spanning tree protocol, RSTP,

or a multi-spanning tree protocol, MSTP, or a private network topology discovery protocol.

4. The method according to claim 1, wherein, the TE information comprises:

network topology information of the L2 network and specific TE attributes.

. The method according to claim 4, comprising:

adding type-length value, TLV, attribute to the extended network topology

discovery protocol of the L2 network;

the collecting TE information which is sent by respective 1.2 network devices according to

the extended network topology discovery protocol of the L2 network comprising:

writing related specific TE attributes in the TLV attribute added to a network
topology discovery protocol of the L2 network, and filling related network topology

information 1n the existing attributes.

6. The method according to claim 4 or 5, wherein, the specific TE attributes

comprise: link bandwidth, link priority, or link color.

11
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7. The method according to claim 1, wherein the constraint-based path 1s a

Constraint-based routing-Based Label Switch Path.

8. The method according to claim 1, further comprising: issuing the constraint-
based path to respective L2 network devices 1n the L2 network, via a network management

interface, in the network management protocol for the L2 network.

0. A device for implementing traffic engineering, TE, comprising:
a collecting unit, a constraint-based path unit, and a deploying unit, wherein:
the collecting unit is configured to collect TE information which 1s sent
by respective Layer 2, L2, network devices according to an extended network
topology discovery protocol of the L2 network;
the constraint-based path unit is configured to determine a constraint-
based path according to the received TE information of the L2 network and
transmit the determined constraint-based path to the deploying unit; and
the deploying unit 1s configured to issue the received constraint-based

path to respective L2 network devices in the L2 network.

10.  The device according to claim 9, wherein, the deploying unit 1s further
configured to distribute the received constraint-based path to respective L2 network devices

in the L2 network, with a network management protocol or control protocol for the L2

network.

11. A system for implementing traffic engineering, TE, comprising:
a Layer 2, L2, network device and a predetermined network device, wherein:
the L2 network device 1s configured to collect TE information which is
sent by respective L2 network devices according to an extended network
topology discovery protocol of the L2 network and transmit the TE
information to the predetermined network device; and
the predetermined network device i1s configured to calculate a
constraint-based path according to the received TE information of the L2

network and deploy the calculated constraint-based path to the L2 network

device.

12
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12.  The system according to claim 11, wherein, the predetermined network device
1s: an existing advanced and complex network device in the L2 network, or a new dedicated

SCIVCI.

13
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[.2 Network Devices [ ——— > Device

Predeternuned Network

Extend the L2 network topology discovery protocol

I AR

lopology discovery protocol.

| 401

| Collect the TE information of the L2 network. in the extended L2 network | 402

network devices.

Distribute the collected TE information to one or more predeternuned | / 403

The predetermined network device calculates constraint routes centrally.

v

404

The predetermined network device deploys the constraint routes.

405

Fig.4
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Predetermined Network Device
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