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1. Name of the Invention
Network resource optimization method and apparatus

2. Inventor(s)

LU Emil Svanberg

LU Joachim Johansson
LU Anders Torger

LU Joakim Norrgard

3. Background
Within the Internet community there are several initiatives towards improving different

aspects of the Internet. Some of the major issugs are; (1) axtending the service model,
(2) routing and forwarding efficiency and scalabllity, and (3) operations and management.

All of theze ate important i the centinued growth and success of the Internet. This
decumnent describes a combination of two emerging technologies, Multiprotocol Label
Switching (MPLS) [5], [10] and Bandwidth Brokers {BB), which have great potentiai in the
context of all thres mentioned issues.

This section briefly deseribes the two technologiss, MPLS Is undergoing standardisation
in the JETF whils there is currently no formal effort to standardise Bandwidth Brokers.
Today, Bandwidth Brokers with diverse functionality are developed by ressarchers and
participants in the Intemet2 QBone projest(s].

]

3.1 MPLS
The MPLS working group of the IETF was started in response fo the label-switching trend
among router venders back in 1987. At the time, there exisled several praprietary
implementations and the nsed for standardisation was idantifled,

MPLS is a mathod which integrates the jabal-switching ferwarding paradigm with netwerk
layer routing. In MPLS, connection-oriented switching iz brovided based an IP routing
and contrs! protogols.

In short, MPLS operates as follows:

» Labels are associated with specific straams of data (known as Forwarding
Equivalence Classes, or FECs).

e The labals and their FEC bindings are distribuled across the network, that is the
MPLS domain, to establish a label switched path.

» Entering the domain, packats are assigned one oF more labels (a stack of labels).

» Passing through the domain, packets are forwarded based on labsls.

vontors: Q.Lt/L ﬁ\,ﬂ%&\(m 0664 ()
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Core components of MPLS are semantics of labels, forwarding methcds and label
distribution methods.

3.2 Bandwidth brokers
The cost-efficiency of IP networks is partly achisved through the connection-less traffic
model resuling in efficient resource-sharing. Howevar, this mode! does not allsw for
qualily guarantees, without additional funciionality for setvice differentiation in network
devices. In recent years such functionality has become common, and siafic QeS (Quality
of Sepvice) configurations with it. By infroducing a bandwidth broker into the retwork QeS
policy management ¢an be handled in a more flexible way. /

A bandwidth broker is an entity in a nefwerk domain that manages policies for bandwidth
resources, By maintaining a database of the domain's resources it provides admission
contro] decisions on QoS service requests. It is also respensible for configuring the
network 1o mest the granted policies. It may be able to communicate with bandwidth
brokers in neighbeuring domaitis, allowing QoS services spanning several damains.

For further informatiott on Bandwidth Brokers plaase refer to [9).

4. State of the Art

This section gives a brief averviaw of how MPLS and Bandwidih Brokers are used today,
and what can be achieved by using them.

419 MPLS ,
Using label switching techniquas such as MPLS, network operators have powstul tools
at hand to create efficiant network enginearing seiutions. For example, label switched
pathx (LSP) can be set up based on traffic pattems to achieve load sharing op mulliple
links where destination based rauting would have used one single link.

The LEPs are set up by distributing labels throughout the domain. Within the IETF, a
protocet called Label Distribytion Protocol (LDP) (1), Is standardised for this purpose,
LDP i3 used betwoen two neighbouring MPLS routens to exchenge informiation on the
label bindings they each have made.

Using the core components of MPLS with methods avallable today, the malor advantages
lié in forwarding efficiency an the ability te clearly separate infer- and intra-domain

routing (by using siacks of labels). Separating inter- and intra-domain routing is sn
important issus 1o many network operators since it greatly simplifies operations and
managemant of the intra-demain routing Infrastructure.

The following subsactions destribe efforts which combines MPLS with other technologiss

o achieve greater benefils.
'nwmrxﬂmlﬁmgvﬂ gJ\ft.; 0064 (>
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4.1.1 MPLS and DiffServ
Support for Ditferentistad Services [3) over MPLS networks is described in the Internet
draft [8]. The mapping from Diff-Serv Behaviour Aggregates (BAs) to LSPs and how the
cotresponding PHBSs are supported is descrited, It only specifies the mapping
mechanism, and not hew to choose the paths forLSPs nor how ta set them up. This
mechanism is usefyl to map different sets of BAs ento the same or different existing

LSPs.

4.1.2 MPLS and RSVP

The Internet draft [2] describes the use of RSVP [4], including all necessary extensions,
1o establish LSPs in MPLS. The exiended RSVP pratacol supperts the instantietion of
oxplicitly routed LSPs, with or without resaurce reservatians.

RSVP is used as 3 sighaling profocol to set up LSPe but there is no mechanism
described how ¢haose the path. It describes a method to use RSVP {o reroute an LSP.
RSVP iz used for admission control of the new path, however it is not explained how the
path is selected. Note that admissien control can not be made with this method for
reservafions in advance, and it assumes that the new path is selecied by other means.

4.1.3 Constraint-Basad LSP Setup using LDP

Using the baslc functiohality shd some extensions, LDP ¢an ba used to set upLSPs
based on various constraints. The MFLS working group Is in the process of specifying
this functionality [7]. Among other things, functionality for doing resource reservations and -
pricritisation of LSPe are bieing speciied. The methods to selact paths for the LSPs are,

howaver, out of scope of the specification.

4.2 Bandwidth Brokers

Thare are a few current approaches to Bandwidth Broker implementations, all with

differant properties. One of most powerful known implementation Is a topslegy aware,
path sensitive admizeion contrs! broker which aliews advance tesetvations [11). Today,

dl'r:aat Bandwidth Brokers only deals with configuration of edge devices in Difk-Surv
mains.

4.2.1 Providing quantitative QoS ssrvices

Provistoning of quantitative services requires careful determination and allocation of the
resources neaded at affected points in the network and also configuration by distributing
the appropriate apsrating parameters to network equipment foreallse the provisioning
objectives. The network operater cannet offer services which cannot be met by the
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resources avaflable in the interior of the network. Today, there are two main approaches

for provisiching:
» Atep-dewn approach, in which the network adminizirator studies the network

topelogy and trafiic rouling and computss the ptovisiening requirements. This
redquires explicit incwledge of the netwerk topology.

Use signaling to aulomate the process. For example, RSVP messages coyid be
launched along the paths that will be followed by submitted quaniiative traffic. This is
however not feasible with reservations in advanee,

5. Problem .
Thers are some major limitations in the cutrently available best practices using MPLS
and Bandwidth Srokers. In the MPLS ease the problem [ies in setacling the paths for
setling up LSPs, while Bandwidth Brokers are fimited to managing resources on paths ag

selected by network layer routing.

Looking at the MPLS issus, achieving high resource utilisation by setfing up LSPs
requiles good knowisdgs of the state of the network. It is very hard to make the decisions -
on how 1o aggregate dala streams intoFECs and hew to set up LSPz to athieve oplimal

rasaurce Ytllisation,

The Bandwidth Broker problem is that even though it has the information needed to
compute altefhate paths for flows which cannot be admitted along the network layer
rouling paths, # lacks the mechanism to set up such psths.

!
v

i w
o B

€ £

6. Solution
£ Solutions

A tepology-aware Bandwldth Broker, which keeps track of admitted resources
and the perlink reseurcs usage has the detailed overall view of the

domain needed to ssject paths for MPLS LSPs. MPLS, on the other hand,
providss the means for a Bandwidth Broker to st up altemate paths

through the domain. :

The combination of the tachniques has grest potential in making each
of the two componsnts much more powerful In a complste GoS system.

o ul

6.7 Using MPLS for route pinning in QoS networks

Wheb using a bpologywaﬁare Bandwidth Broker that doss admission control per fink in
its domaln, the Bandwidth Broker knows exactly how much resources that ane agmitted
on every link, In normal aperation when a path-sensitive Bandwidth Broker recelves a

Invantors: /?% ' @n 77 g_—g/ﬁm 60
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request for admission it will compute the path through the netwark based on the source
and destination address and the routing pretocol in use. If there is not enough resources
{eft over on ohs of mors links slong the default network layer routing path, 3 Bandwidth
Broker using MPLS can provide sitemnative paths through the domain. if an altemative
path with enough resources is available, it can use the “reute pinning"” functionality of
MPLS to zet up the new path through the domain for this traffic. Through this method
\raffic can ba distributed over sevaral parallel pathe, to increass throughput, it can also be
used to balance the load over several paths, .., load balancing. Notice that a Gandwidth
Broker with support for advance reservations can set up the WPLS paths in advance 1o
the reservaticn start time.

6.2 Using Bandwidth Brokers for path selection in MPLS
The path sslection methods usad by a nalwork eperator is at the core of producing high
quality services for customers, while still maintaining cost-efliciency in the network,
Keeping this simpla aseessment in mind, it is clear that path selection methods will necd
1o ba based oh good Kknewledge of the network as well as traffic pattemns.

i
i

A resource management system with the capabilities fo set up and manage LSPsinan
MPLS domain has the potential of being @ very important component for network
operators. The solufion propesed herein is fouse a Bandwidth Broket, such as described
by [11], a8 the path-selecting aentity in MPLS domains. The Bandwidth Broker is equipped -
with the means to engage LSP sef up (that Is, label distribution) and the available

: information n itis used for iraffic enginesring purposes in addition to admission control.
e must ales be informed of the amouts of rafiic in each FEC entering the demain.

Knowing the topology and the sel of LSPE, the Bandwidth Broker is the one node which
can keep frack of resourcs usage on & perink basis. Having this knowledge in one node
provides great benefits in optimising overall rasource utllisation. It &an, ahead of time,,
compute alternate paths through a demain and by doing so anticipate the need fo
distribute traffic load on several paths, It is also possible to re-route existing LSPs 33 the
result of increased load or ather changes in resource usage. Ancther great benefit is that
the Bandwidth Broker can make use of recent hisiory fo set up LSPs ahead of time.

7. Merits of the invention

The Invention will optimize the network usage due to the combination of MPLS and
Bandwidth Brokers. ‘

T O O

I
i
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1, An LSP, LSP1l, is set up for a QoS data stream between S1 and DI.
The network-layer routing path is used for this LSP. The path
used between S1 and D1 is marked in the figure.

2. S2 and D2 wishes to set uvp a QoS data stream between
thedr sites. The BB, which has all the jinformation,
needs ko set up LSP2, which does not share all the links
with L8P1, in order to meet the requeat. The BE computss
the alternate path for LSP2 and makes surs the labels
are distributed.
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