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Abstract This paper, which is an extension df] [7], discusses

Lightweight SuperPeer Topologi€sST) for hierarchical

The use of SuperPeers has been proposed to improve th€2P Networks. The main target is to explore a class of
performance of both Structured and Unstructured Peer-to- P2P Networks betwee@tructuredandUnstructured LST
Peer (P2P) Networks. In this paper, we study the perfor- are designed to have a low management complexity as well
mance of Yao-Graph based SuperPeer Topologies for Hi-as overhead. In this paper we evaluyan-Graphs[16]
erarchical P2P networks. Since a Yao-Graph is defined asas the first candidate for LST. While this type of graphs
a geometric structure, we are using the "Highways” prox- has already been studied in the area of MANETS [15], to
imity clustering and placement scheme to assign geometricthe best of our knowledge there is no study in the area of
co-ordinates to SuperPeers with respect to the underlying P2P-Networks. To us¥ao-Graphsa mapping functions
network conditions. Because of the lightweight structure of necessary to accurately embed nodes from the underlying
Yao-Graphs, the resulting hierarchical P2P networks have network into a geometric space [8]. In this paper we are us-
promising properties with regard to scalability and perfor- ing the Highways[11] proximity clustering scheme, intro-
mance, while still offering the benefits of the P2P approach duced by one of the authors, to assign accurate geometric
with regard to resiliency. co-ordinates to nodes.

Yao-Graphsare interesting from the perspective of P2P
Networks, since these graphs can be efficiently com-
puted and maintained in a distributed manner, allowing
fast recovery from node failures. Moreover, this graphs
contain theEuclidean Minimum Spanning Tr§EMST),

Recent work has been dedicated to use P2P Networkswhile their structure is relatively lightweight compared
as the platform for application layer multicast, content dis- to other geometric structures containing the EMST like
tribution, file sharing and so forth [12]. In general a P2P Delaunay-Triangulation§10]. As one expected result, the
Network is formed by interconnecting end-systems (i.e. the application-layer multicast of multimedia data or search re-
peers), where each link in the resulting P2P topology is cor- quests between SuperPeers is about to perform well because
responding to an IP-layer path. In current P2P researchof the EMST property and the network-aware mapping of
two main trends for organising the nodes into an overlay SuperPeers to a geometric space. To evaluate the proposed

1 Introduction

network have been established, namely uStrgcturedor geometric model, we perform experiments based on data
Unstructuredoverlay topologies. While in StructuredP2P derived from the planetary-scale PlanetLab testbed [1].
network the topological properties of the overlay in combi-  The remainder of the paper is organized as follows: Sec-
nation with an addressing scheme are used to establish &on[J provides background information about EMST’s and
platform with provable communication characteristids; Yao-GraphsSectiorj 8 describes the used LST principle and

structuredP2P networks rely on statistical properties and its network-aware construction usittighways Sectior{ 4
have proven to have a global scale phenomena. In a hierarprovides an evaluation of the model based on PlanetLab
chical P2P network the overlay topology is divided into two measurements; and Sectfdn 5 concludes our results.

tiers, the lower representingormal peers and the higher

representing SuperPeers. The SuperPeers are selected bast Theoretical Background

on metrics like connectivity, CPU capacity, reliability as

well as other issues like security, privacy and trust. . .
During this paper, the model for a computer network

Parts of this research have been supported by the E-NEXT project andiS @ Weighted graplt=(V; E) with Nonzero positive edge
Microsoft Research. costs, wherd/ denotes the set of vertices aifiti the set




of edges between the vertices. A minimum (cost) spanning
tree (MST) of a connected gragh is defined as the tree
connecting all the vertices d@F by the cheapest subset of
edges (with regard to the sum of edge costs). Whilgrn
structedP2P networks flooding is a common method for the
distribution of search request, the main target of LST is to
optimise the SuperPeer Topology for Multicast distribution.
More specifically, we target in providing an efficient algo-
rithm for a distributed approximation of the MST using the
principle of Euclidean Minimum Spanning Trees.

2.1 Euclidean Minimum Spanning Trees

In general an EMST can be interpreted as the geometric
counterpart of the MST of a fully meshed graph. Given a
fully meshed grapl@(V, E), whereV corresponds to a set
of points in the euclidean spad#®, and E to the set of
edges with weight corresponding to the Euclidean length of
an edge, the EMST and the MST Gfare identical.

This is of interest, since calculating the MST of a
weighted graph containing nodes, connected by edges
requiresO(mlogn) time, using Kruskal's algorithm_[5].

In case a two-dimensional geometric representation of the
graph is available, the calculation of the EMST can be done
in O(nlogn) time [14].

2.2 Yao-Graphs

A graph structure having interesting properties with re-
gard to the EMST arerao-Graphg[16]. Given a set of
points in R?, the basic principle of &ao-Graphis cut-
ting the space around each point into sectors of equal angle
0 (e.g9. & < w/3) and connecting the point to its closest
neighbour (with regard to euclidean distance) in each of
this sectors Figure[] shows an example of andirected
Yao-Graph The following result presented in [16], together
with the above observations about EMST'’s motivates our
usage of these graphs.

Lemma 1 (Yao-Graph3 Let P be a point set irR?. LetG
be the undirectedtao-Graphdor P with § < 7/3. Then,
the Euclidean minimum spanning treefofs a subgraph of
the Yao-Graph<5.

Moreover these graphs have been the first solution to
break theO(n?) time complexity barrier for calculating
the EMST in a connected graph withnodes|[[16]. With

Figure 1. Undirected Yao-Graph

3 Lightweight SuperPeer Topologies (LST)

The LST scheme, as illustrated in Fig{ije 2 is based on

three main steps:

1. SuperPeer Estimation: Estimate if a peer willing to
join a LST based P2P-Network is a SuperPeer candi-
date. The estimation should include the following two
metrics

e The peer should havenoughresources to serve
other peers.

e The peer should be reliable in the sense that it
is not joining and leaving the P2P Network fre-
quently.

Further trust and security incentives are to be consid-
ered as central.

2. Embedding and Clustering: Assign a target cluster
and a geometric co-ordinate to the peer udiigh-
ways

3. Integration into P2P overlay: Integrate the new peer
by updating the SuperPe&ao-Graphor assigning it
to a SuperPeer capable to serve an additional client.

Our main focus in this paper are step two and three of
the LST construction. We will therefor continue with an
overview description of the usddighwaysprinciple. For a
deeper discussion ¢fighwayswe refer to[11].

the aim to minimise management overhead, the above de3.1 TheHighwaysprinciple

scribed construction principle results in a directéao-
Graph which still includes an approximation of the EMST

The network-aware LST construction is based on ideas

for a set of points following the observations provided in extend fromHighways a landmark-based distance estima-

6.

tion and proximity clustering scheme.

The principle of



geometric co-ordinates for the SuperPeers, it is possible to
exploit Yao-Graphdo archive a global characteristic of the
SuperPeer topology (i.e. the EMST property) by applying a
comparable simple local construction algorithm.

Graph 3.2 Topology Construction and Routing

Using a Yao-Graph construction as described in section
[2, every node has a bounded Out-degree but possibly a high
In-degree, if for instance a special node is the nearest node
of many other node’s. To overcome this problem eventu-
ally resulting in exhausting a noddirectedor Sparsified
Yao-Graphgan be considered. A sparsifi#¥do-Graphis a

T (Em',l:e‘:ﬁgs Yao-Graphwhere in case the I_n-Degree_ of a sector exceeds
And one, only the shortest incoming edge is accepted. For the
°o 9 ° o | Clustering) construction of a LST topology based orvao-Graphwe
o © implemented the following algorithm:
Peers in the Nitwork/'o 1. To be able to join the P2P network, a new peer has to
© ° o know at least one node which is already a member, and

can be used for a standard overlay join procedure [10].

_ _ 2. As a new part of the join procedure, an overlay net-
Figure 2. LST construction work address in the form of a geometric co-ordinate is
calculated, and is assigned to the joining node.

landmark-based distance estimation is to estimate the dis- 3- The decision is made if the new node is about to be-
tance between a set of nodes in a network by just measuring ~ €OMe a SuperPeer, based on metrics like connectivity,
the distance of each node tb+ 1 landmark nodes. By reliability etc.

conceiving the results as the components of a vector, each
node is embedded into @dimensional Euclidean space.
The distances between two embedded network nodes within
each cluster are now estimated by computing the Euclidean
distance between their respective co-ordinate vectors in the
Euclidean Space.

(a) In the case the node is a SuperPeer candidate,
the co-ordinate of the node is used to guide the
new SuperPeer through the SuperPeer topology
using a geometric routing principle (e.g. com-
pass routing [9]). As soon as the new SuperPeer
has reached its destination, the SuperPeer topol-

The Highwaysscheme achieves a high estimation preci- ogy is locally updated, by inserting the new node
sion by combining classicdndmark basedlistance esti- and updating the locafao-Graphneighbour re-
mation withPrinciple Component Analys{®CA) and clus- lations.
tering. The clustering method used, adopts a simplistic (b) Inthe case the new node is not a SuperPeer candi-

approach ofi-means clustering developed by MacQueen

[13]. The algorithm clusters nodes in the network by as-

signing each node to the cluster having the nearest centroid

(mean) based on RTT distance. Depending on the target

dimensiond for the embedding, the total number of Land-

marks in each cluster has to btleastd + 1. As already mentioned, one possible routing principle to be
SinceHighwaysis using a PCA technique to minimise used for LST is compass routingl [9], and the broadcasting

the error of the distance estimation, it is usually required to of search request between the SuperPeers can be realised

recalculate the co-ordinates of all peers in a cluster in theusing compass routing in combination witeverse Path

case a landmark left. Because of this fact, we select Superforwarding

Peers as Landmarks. This result isfin- 1 SuperPeers per

cluster, to be chosen according to the criteria mentioned in3.3 LST Maintenance

the previous section. The steps that are necessary to main-

tain the SuperPeer topology in the case of a leaving Super- Due to the local construction principle of LST and the

Peer are described in sectiion]3.3. After the calculation of clustering principle used biighways the impact of churn

date, it is guided through the SuperPeer topology
until it has reached the SuperPeer with the geo-
metrically closest co-ordinate that is capable of
accepting a further client.



to the SuperPeer topology can be kept small. To be able to

detect Peer and SuperPeer failures in LST e.geartbeat

principle can be used, where direct neighbours in the P2P

Network are sending periodicallglive messages to each
other. With regard to LST maintenance we have to distin-
guish two main cases:

1. A normal peer is leaving the network: The corre-
sponding SuperPeer frees the resources correspondin
to its connection to the peer after observing a missing
heartbeat.

. A SuperPeer is leaving the network:In the case a Su-
perPeer leaves the network, an adjacent SuperPeer wil
notice this failure (e.g. through a missing heartbeat)
and triggers docal repair procedure, which updates
the local neighbour relations to re-establish Yao-
Graph To avoid that all the peers of a SuperPeer have
to rejoin the P2P-Network, mormalpeer should main-

Yao-Graph based SuperPeer topology
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Figure 3. Yao-Graph containing 81 SuperPeers
(PlanetLab sites)

tain spare connections to more than one SuperPeer in
the network. In the case the SuperPeer was used as a

Landmark, the co-ordinates of all nodes in the cluster
need to be recomputed. Since tWiao-Graphstruc-
ture can be repaired locally before this recomputation
occurs, it is possible to co-ordinate the required steps
using the SuperPeer topology for communication.

Testbed Experiments and Evaluations

To evaluate LST, we conducted simulation experiments
based on measurement data obtained from the global-scal
network testbed PlanetLabl[1]. Since in many cases multi-
ple nodes reside within each site of the PlanetLab testbed
we have chosen one peer per site as an representative S
perPeer. We performed experiments simulating four dif-
ferent SuperPeer layer sizes usivigo-Graphtopologies,

which contain 20, 40, 60 and 81 SuperPeers. A resultant

SuperPeer topology with 81 PlanetLab sites is shown in
Figure[3. Based on the variation in the size of the Super-

Peer layer, we will examine the trends of the measurement

whose centroid (mean) is the shortest in terms of RTT
distance. Recomputation of the centroid is done for
the cluster having gained a new node and for the clus-
ter losing the node.

3. Repeat Step until no more assignments take place.

The method attempts to minimize the sum of the within-
cluster variances. The strength of the simplidtiemeans
lustering is its relatively efficiency @ (¢Kn), wheren is
the total number of nodegs is the number of clusters, and
t is the number of iterations. Normally{,¢t < n. The

J<-means clustering algorithm often terminates at a local

optimum. The global optimum maybe found using tech-
niques such as deterministic annealing and generic algo-
rithms. However, one of the weakness of this straightfor-
ward algorithm requires th&’, the number of clusters, to
be specified in advance.

Once the SuperPeers in each corresponding experimen-

results and discuss them in the next sub-section. In the ex!2l Sets have been integrated into the topologies, we used the

periments conducted, we first simulated a join procedure
using theHighwaysto assign two dimensional geometric
co-ordinates. The variant of th€-means clustering algo-
rithm used for the experiments consist of three steps:

1. Partition the selected set of nodes ifoinitial clus-
ters. We determinds initial centroids (seed points)
first by randomly choosind<d nodes’ locations to act
as theK cluster centers. For our experiment, we use
K =3.

. Proceed through the list of overlay nodes in the net-
work, assigning an overlay node to the specific cluster

following metrics to estimate the quality of the P2P struc-

1. Diameter: TheDiameterof the topology is the longest
shortest-path length (in terms of hops) between any
pair of nodes in the system. For each of the differ-
ent SuperPeer set sizes 20, 40, 60 and 81, we calcu-
lated theDiameterof the resultingvao-Graph as well
as its average and standard deviation. The results of
the performed measurements are presented in Figure
[4. On the X-axis th®iameteris measured, the Y-axis
is used to display the probability density function (pdf)
of the Diameter
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Figure 5. Overlay Performance
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The experiment results foDiameter are reasonable

small for two-dimensional LSDiameterrepresents an up-
per bound on the search path length which is the primary
factor for the scalability. In our measurements, the average
Diameter ranges from to 5.7 and its standard deviation
ranges froml.8 to 3.4. An important part of future work
will be to study the impact of a higher dimensional geomet-
ric target space to the connectivity of the LST connectivity,
and to examine the diameter.
) The positive impact of the network-aware construction
of LST with regard to cost of overlay communication is ob-
servable from Figurg]5. Confirming the observation pre-
sented in[[2] in a very few of the cases, using the LST for
communication out-performs the direct IP-based communi-
cations in the underlying network.

2. Overlay Performance: The Overlay Performance is The measurement results for the In-Degree and Out-
measured by a comparison of the network cost of di- pegree in each of the experimental sets of the PlanetLab
rect IP communication between two SuperPeers, uti- sites are balanced. A small average degree is an indicator
lizing the underlying network, and the cost of using the for a low link stress(as defined in[[4]) in the case of the
LST topology, as the platform for SuperPeer to Super- Multicasting of search queries using the LST.

Peer communication. The used LST routing algorithm A Jow degree variance results in better load balancing

in the experiment was compass routing [9]. The results and an almost regular topology. The average In-Degree for

are presented in Figufg 5. The cost of LST communi- || the experiments was equal to the average Out-Degree,

cation is displayed on the X-axis while Network cost pyt In-Degree shows larger variance. The average Degree

are displayed using the Y-axis. ranges fronB.7 to 5.2. All the SuperPeer have a bounded
Out-Degree of aboui in our case, and a high percentage

3. In/Out Degree of a Node: In/Out degree of a node does not have a high In-Degree. In general, the In-Degree
demotes the number of In/Out SuperPeer connections2Nd Out-Degree of a SuperPeer can be bounded through the
or neighbours that must be maintained by a single Su_d|mep3|on of the geometric target space and/_or by using the
perPeer. The average numbers for SuperPeer |n/0upr|n0|ple of theSparsified Yao-Graphs described in sec-
Degree are also computed for each of the test topolo-tion[3.
gies. Since the usedao-Graphsin our experiments
are directedvao-Graphsthe distribution of the differ- 5 Conclusion and Future Work
ent In-Degree and Out-Degree of different sets of Su-

perPeer are shown in FigUrg 6. The X-axis shows the  |n this paper, we have described an alternative proposal
node degree, and the Y-axis the probability density  for Lightweight Structured SuperPeer Topologies (LST) for
function (pdf) of the node degrees in our constructed hjerarchical P2P networks. The LST scheme presented
topologies. is based on the geometric principle Who-Graphs[16]
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Figure 4. Diameter and Average Number of Hops
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in combination with theHighways[11] proximity cluster-

(2]

(3]

(4]

(5]

D. G. Andersen, H. Balakrishnan, M. F. Kaashoek, and
R. Morris. Resilient overlay networks. IRroceedings of
Symposium on Operating Systems Principlesges 131—
145, 2001.

M. Castro, P. Druschel, A. Kermarrec, and A. Row-
stron. Scalable application-level anycast for highly dynamic
groups. In5th International Workshop on Networked Group
Communications2003.

Y.-H. Chu, S. G. Rao, and H. Zhang. A case for end sys-
tem multicast. InMeasurement and Modeling of Computer
Systemgspages 1-12, 2000.

T. Cormen, C. Leiserson, R. Rivest, and C. Steimtro-
duction to Algorithms MIT Press, London, UK, 2 edition,
2001.

[6] A. Czumaj, F. Ergun, L. Fortnow, A. Magen, |. Newman,

ing scheme for the assignment of accurate geometric co- 7]

ordinates. We attempt to show an initial evaluation of LST
based on PlanetLab measurements. The key intent for our

geometric approach is that a geometric representation of [8]

a communication network, once established, offers a new
perspective on a number of problems. For example, com-
puting a minimum spanning tree of a weighted undirected

graph ofn nodes require®(n?) time, in general, but only

O(nlogn) for the points in a two-dimensional geometric

space [[14]. One of the advantages usinlyam-Graphs

in this context, is the possibility to archive a global char- [10]
acteristic of the SuperPeer topology by applying a com-
parable simple local construction algorithm. The diame-

ter and average number of hops of tieo Graphbased

of the Sparsified Yao-GraphAn important part of future

work will be to study the impact of higher dimensions to

the proposed scheme and evaluating different schemes for
the network-aware assignment of geometric co-ordinates to[; 3
node in a communication network. Further a comparison
with Random-Graplbased topologies and a comparison of

the application layer multicast performance of our scheme [14]
with Structured P2P overlay multicasting such as in Scribe

B3l.
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