SDC: An SCM-based Distributed Clustering Protocol
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1. INTRODUCTION SDC is a distributed protocol, where each node only needs to know
The procedure of partitioning a network topology into groups or ItS local informatiqn. The main idea of SDC is to dynamically ad-

clusters is usually referred to as graph clustering or network cluster- just cluster formation based @taled Coverage Measure (SCM)

ing. Network clustering has become an important technique widely @ practical clustering accuracy measure proposed by S. Dongen [2].

used in networking research. For example, when we design a scal- Scaled Coverage MeasurgVe assume the network topology in

able routing protocol especially for less structured networks such consideration = (V, E) is a connected, undirected graph’

as sensor networks and peer-to-peer networks, it is necessary tds the set of nodes anfl is the set of links, withV/| = n and

take node clustering features into account. Another example is net-|E| = m. C = {C1,C%, ..., Ci} is a clustering ofG. Given a

work topology modelling. Since the Internet itself has a hierarchi- hodewv;, we have the following notationsNbr(v;) is the set of

cal structure, how to well characterize its clustering features is one Neighbors ob;; Clust(v;) is the set of nodes in the same cluster as

critical step in topology modelling. v; (excludingv;); Falsel?o$vi, C) is the set of nodes in the same
Network clustering can be done in both centralized and distrib- cluster asv; but not neighbors ob;; FalseNegu;,C) is the set

uted ways. In our work, we are interested in the network clustering Of neighbors ofv; but not in the same cluster as. The Scaled

of large-scale distributed systems, such as peer-to-peer networksCoverage MeasureSC' M (v;, C), of nodev; is defined as:

and sensor networks, where network and data management is to- | FalsePos(vi,C) | + | FalseNeg(vi,C) |

tally decentralized and the global knowledge about the network is 1-— 1)
not available at individual nodes. Then the challenge is how to | Nbr(vi) U Clust(v;) |

partition the network in an efficient and distributed manner, i.e., 10 The SCMof a grapls, SCM(G), is defined as the average of the
design an effective distributed clustering protocol. SCM values of all the nodes, i.&§CM (G) = (Y, SCM(v;,C))/n,

There are several characteristics of a good distributed clustering
protocol. First of all, as a natural requirement of network cluster-
ing, nodes in the same clusters should be highly connected, and
less connected between clusters. Secondly, the protocol shoul
well control the cluster size, since big clusters are usually costly t
to maintain. Thirdly, the protocol should result in a minimum num-
ber of “orphan” nodes (i.e., nodes that form single-node clusters),
because too many isolated nodes will violate the goal of clustering.
Lastly, the protocol should take node dynamics into account, since
the target networks (especially peer-to-peer networks) are highly
dynamic with frequent entry and exit of nodes.

In the literature, MCL [2] is well accepted as an efficient and
accurate network clustering algorithm. However, it works in a cen-
tralized fashion which can not be utilized in the network scenarios
we are interested in. CDC [1], on the other hand, is a fully distrib-
uted algorithm. It forms clusters based on the node connectivity
and effectively controls the cluster size. However, its performance
heavily depends on the selection of cluster “originators” for which 2. THE SDC PROTOCOL
no good solution exists yet. Moreover, in the case of node exit, the  The SDC protocol is performed in a distributed way. Each node
whole algorithm has to be re-performed, resulting in high overhead. only needs to maintain some basic information of its neighbors and

With these problems in mind, we design a novel network clus- the cluster it belongs to, such as the clusterligstid and the clus-
tering protocol calleCM-based Distributed Clustering (SDC) ter sizeclust size

Given a network, each node is initialized as an orphan node with
clustid andclustsize(1 in this case). Then they start to exchange
messages with their neighbors, conduct some simple computation,
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SCM can well reflect the clustering accuracy: the higher the
CM, the smaller the number of links between clusters and the
igher the connectivity within clusters. Moreover, for graphs con-
aining only isolated clusters/subgraphs that are themselves fully
connected, their SCM i$. Furthermore, the SCM of an orphan
node is0, which matches our goal of minimizing the number of
orphan nodes. It should be noted that in some context, network
clustering might be measured in different way, for example, only
cluster size is a concern. Then designing a tailored network clus-
tering algorithm for this scenario is beyond the scope of this work.

Based on the definition of SCM, the network clustering problem
can be simplified as partitioning a network topology so as to max-
imize its SCM. Our proposed SDC protocol exactly follows this
idea, adaptively forming clusters in an aggressive manner.



waiting

to find out other clusters in its neighborhood. Each node which
receiveClust Probewill send itsclustid andclustsizeback tov;. /
o Clust_Request After v; detects a cluster/, itissues &lustRequest
message, which is flooded @il andwv;’s current cluster. This is a
well-controlled flooding, since a node will forward this message
only if it is in C1 or v;'s current cluster. For any nodg in the

clusterC1, upon receivingClustRegesta very simple computa- Cluster A Cluster B Clistes L 8 Cluster B
tion is performed to obtait\SC M (v;), assuming node; joins a. Node 0 sends “Clust_Requet” b Node 0 seceives “Clust Reply
Cl. For any nodevy, in v;'s current cluster, it needs to compute to cluster A and B from cluster A and B
ASCM (vi) as if v; leaves the cluster. To control the number of

exchanged messagesJaL is carried inClust Requesiessages. waiting waiting
TTLis also used to control the cluster diameter. SN

o Clust_Reply. Upon receivingClustRequesfrom v;, nodev; /!

sends back &lustReplymessage carryinhSC M (v;) andv;’s !
clustid to v;. X
¢ Clust_Reject Based on th@TL in ClustRequestnodes inC! T e e
can detect if the cluster diameter will exceed a predefined threshold €™ 4 Cluster B Cluster A Cluster B

due to the joining of node;. If this is the case, &£lustReject ¢ Node 0 joins cluster A and d. Node 4 sends “Clust_Request”
message will be sent back tg, and nodev; will not join C1. sends “Clust_Update to cluster A and B

¢ Clust_Update. After nodev; receives theClustReplyfrom all

the nodes in its own cluster and the neighbor cluste(in the case Figure 1: A simple example of SDC protocol {T'L = 2).

that noClustRejectis received fromC1), it computes the overall

gainASC M based on the received information, assuming it leaves

its original cluster and join€'l. If ASCM > 0, v; should joinCl. tocol. SCM is used as the accuracy measure. Fig. 2 shows the
Oncew; determines which cluster to join,@lust Updatemessage clustering accuracy of both protocols for generated random topolo-
containingv;’s node id and its originatlustid is flooded in its ~ gies. The SDC protocol outperforms CDC by ab60t for all

original cluster and the new cluster it will join. In this way, and network sizes. The _improvement is even more significant for the
all the nodes receiving this message will updatediust sizeand real Internet topologies. For example, on a router-level real topol-
their own SCM. ogy with 1620 nodes, the SDC protocol yields an accuracy value

of 0.155 againsi.054 given by CDC.
After nodew; joins the new cluster, its neighbors in the original

cluster are affected and should check whether they should join other T
clusters. The whole procedure will end if no node can join any 026
cluster based oA SC' M and the cluster diameter control.

A simple clustering example is shown in Fig. 1. In this exam- 02
ple, TTLis set to2. In Fig. 1.a, nodé wants to be clustered with . \'\—\
other nodes. After finding two neighbor clustesand B, it sends g o

ClustRequestAt the same time, nodemay also want to be clus-
tered. Since nodé is being processed, nodeis “locked” (for

01\’_’—0————&

which node0 issues a ClustVait message) and it has to wait for 05

a period of time. In clusteral and B, every node which receives

C|USLRequeSCOmputeS the SCM gain and then SGMSStRepIy %0 300 00 500 60 700 800 90 1000 1100 1200
back to nod® (Fig. 1.b). Node then computea\SC M based on neworkize

the received information and joins Clustér(Fig. 1.c). Since node ) .

4 is affected by nod@’s joining action, it starts a new clustering Figure 2: Clustering accuracy of SDC and CDC

procedure in a similar way as no@€Fig. 1.d).

Discussions. From the above explanation, we can see that SDC 3, SUMMARY AND ON-GOING WORK
easily §at|sf|es t.he four requirements of a good d'St”bl.Jted network In this paper, we have presented a distributed clustering protocol
clustering algorithm: the choice of SCM and cluster size for clus- called SDC. It satisfies all the requirements of a good clustering al-

tering adaptation directly guarantees that SDC embraces the fIrStgorithm: it considers node connectivity; it well-controls the cluster

three characteristics (high connection inside clusters, and less CON<ize- it minimizes the number of orphan nodes; and it can locally

nmeigggr:)rbeht;\:}eﬁg d‘ggﬁtﬂ:;nvggll dC%r;t:r?ilézdarc(lauaslfc: r?zlaztﬁ,razﬁniglgllé CQandle node dynamics with small overhead. Our preliminary re-
since SD% itself is aci namic ro)::edure y ults show its promising performance in clustering accuracy. More
y p ' experiments are in progress to evaluate the proposed protocol in

SDC does introduces some overhead when handling node dy- : - ;
namics. However, compared with CDC, this overhead is much terms of time efficiency and message overhead for node dynamics.

smaller since only neighbors and/or those nodes in the same cluster
are directly affected. In contrast, CDC has to re-do the complete 4. REFERENCES
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