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Abstract—In this paper routing and wavelength assignment concurrent multicast demand&-af fic = {ms;(s;, D;)|i €
for supporting multicast traffic is investigated in WDM mesh  [1 ]} could be accommodated. Generally this problem is
networks under sparse splitting constrain. This problem is qiinar decomposed into two subproblems with each one re-

generally solved in two phases respectively with the purpes . )
of minimizing the number of wavelengths required. Alternative solved separately by heuristic algorithms, or formulateca

routing is first proposed to route each session by pre-compirig  Integer Linear Programming (ILP) and solved once entirely.
a set of candidate light-forests. Then wavelength assignmeis ILP works well when the topology is small and the group
formulated as a coloring problem by constructing a conflict sjze is not big. Nervelessness, heuristic algorithm is more

graph. Potential heuristic algorithms are proposed. time efficient while giving an efficient approximated result
Index Terms—WDM Networks, Multicast, Routing and Wave- Conls'de“ng Fhe time efficiency, We. prefer to separ.ate the

length Assignment (RWA), Sparse Splitting, multicast routing and wavelength assignment problem into t

phases. The first phase is multicast routing, which tries fi

. INTRODUCTION the light-forest for routing the multicast demand. Afteisth

Optical wavelength division multiplexing (WDM) network-Phase, the wavelength assignment operation for the compute
ing has been identified as an effective technique for futulight-trees is performed. This subproblem aims to minimize
wide area network environments, due to its potential abilithe number of wavelengths required by the multicast session
to meet rising demands of high bandwidth and low latendyhile respecting the WDM layer impairments.
communications [1]. For bandwidth-driven and time sensi-
tive applications such as video-conference, shared wadesp A. Multicast Routing with Sparse Splitting
distributed interactive simulation and software upgrgdin
WDM networks, multicasting is advised. The purpose of muBf
ticast routing is to provide efficient communication seedador
applications that necessitate the simultaneous transmiss$
information from one source to multiple destinations. Tp-su
port multicast in WDM networks, the network nodes shoul
be equipped with light splitters, which is capable of splgt
the incoming light signal into all the outgoing ports. Howev

in sparse splitting WDM networks, only a fraction of nOO|e_t'ilapacity. Thus, one light-tree [4] may not be able to cover al

are cap_able of splitting (named multicast capa_ble nodes, the members, and several ones rooted at the same source are
MC) while the rest only have TaC (Tap and Continue) Caloac'%quired, i.e. light-forest [3]). And the latest researtiows

(called MI nodes),.wh|ch is able tq tap into the light Slgn"’\Ihat a set of light-hierarchies can be a better candidate for
for local consumption and forward it to only one output pork orse splitting multicast routing [5]

Besides, the wavelength converters are not available keca However, in order to achieve the global objective, the

of the expensive fabrication. alternative routing should be employed instead of the tra-
Il. MULTICAST ROUTING AND WAVELENGTH ditional fixed routing. This is to say, for each multicast
ASSIGNMENT INWDM MESHNETWORKS sessionms;(s;, D;), a set of candidate light-forestd. )

Multicast routing and wavelength assignment in WDM LFi1, LFi2, ..., LF;;} are pre-computed, only one of which
networks is a challenging work. This problem can be generall/ill b€ eémployed when routing the multicast session. Hence,
formulated as follows: given the number of wavelengfiig the key operation of this subproblem is how to choose a set of
supported per fiber link, try to establish as many multicalight-forests for the same multicast session. Potentidhous

demands as possible. In other words, it is to minimize tf{g" computing candidaté light-forests are listed below.
number of wavelengths required per fiber so that a set ofe Choosing theJ light-forests as link disjoint as possible.

In full splitting WDM networks, where all nodes are capable
light splitting, one light-tree {,T") is sufficient to span all the
multicast members and thus it is able to establish the nasitic
session. As proved in [2], it is a Steiner problem and NP-hard
to find the light-tree with the optimal fiber link cost. In spar

plitting WDM networks [3], only a fraction of nodes are MC
nodes while the rest are Ml nodes. In this case, the out degree
of a node in the light-tree is restricted according to itstépg
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We can see that when full splitting is adopted in WDM
networks,J = 1 and K = 1, i.e., only one light-forest is
pre-computed for a multicast session, and there is only one
light-tree in each light-forest. In this case, the wavetang
assignment problem is equivalent the traditional colograp-
lem, which is proven NP-complete. However, under sparse sli
ting constraint, this problem becomes even harder. Thexgfo
heuristic algorithm should be developed. One possible ateth
is described as following.

« Calculate the out degree (the number of connection lines
to the other circles) for all the the circlg;; in the graph
G..

« In each blockB;, select theC;; with the smallest out
degree, and remove the rest together with the connection
lines fromd..

« In the modified graph, sa§.., the wavelength assignment
problem is translated to the traditional coloring problem.

« Next, use some well-known standard coloring heuristics
to solve the problem. For instance, degree Largest-First,
degree Smallest-First, Color-Degree [6], and Tabu search
algorithms [7] .

Fig. 1. An example auxiliary graptv.

« Choosing theJ light-forests which require as few wave-
length as possible.
« Choosing theJ light-forests which consume as little cost
as possible.
I1l. CONCLUSION

B. Wavelength Assignment for Multicast Communications The problem of routing and wavelength assignment for a set

After finishing the routing stage, wavelengths should b%f multicast demands is studied in this paper. The objective

assianed for each liaht-forest. Due to the absence of Wa|s_to minimize the session blocking probability or minimize
9 9 o S YRe number of wavelengths needed per fiber link. We divide
length converters, wavelength continuity constraint aistrect

. this problem into two subproblems and solve them separatel
wavelength constraint should be respected. Hence, any P P P y

If : X ) .
. X Y PR route the multicast sessions, alternative routing ntetho
of light-trees can be assigned the same wavelength if and 9

only if they are link disjoint. Obviously, the light-trees the - employed, which pre-computes a set of candidate light-

same light-forest should use distinct wavelengths, becthey fores_ts for each session. Then_, the Waveleng_th assignment f
g : the light-forests is translated into to a coloring problegn b
always share some common links. Based on this constraint

- . cohstructing an auxiliary conflict graph. By combing these
an auxiliary conflict grapiG¢can be constructed to help to 9 iary . grap y 9
. .. two steps, the multicast routing and wavelength assignment
resolve the wavelength assignment problem. The auxili

ranh is built following the rules below apr)¥oblem can be solved. In the future work, simulation will be
grap 9 ' done to assess and verify the proposed methods.
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