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Abstract

Rich information from various data sources has been
recognized for enabling people to perform an efficient
decision-making and problem-solving. According to thou-
sands of data sources and numerous information types
available at the edge of the Internet, the discovery ofall po-
tential data sources are needed to facilitate the procurement
of rich information. However, current P2P approaches are
limited to the discovery of potential data sources in which
the number of data sources does not cause tremendous con-
sequences for decision-making and problem-solving. In this
paper, we thus proposeWindChimer, a partially centralized
and controlled P2P system that hybridly combines network
topology of structured and unstructured P2P systems. Our
experiments showed that the partially centralized and con-
trolled topology enables an efficient discovery ofall poten-
tial peers as per a given information type. This was accom-
plished via (i)acceptablenumber of messages sent through-
out the network; (ii)highmessaging accuracy for propagat-
ing the message to potential peers; and (iii)effectivescal-
ability when adding more peers. However, it is currently
applicable forlow degree of transient peer population, and
sustainabledata sources of organizations only.

Keywords: Peer-to-Peer, P2P, information-sharing, in-
formation discovery

1 Introduction

Information from various data sources has been recog-
nized for enabling people to perform an efficient decision-
making and problem-solving. For example, NRCT, NSTDA
and HSRI are organizations that fund research projects pro-
posed by researchers in a country. Based on a constraint
that no similar projects would get funded, each organiza-

tion should thus need project information from the rest or-
ganizations to facilitate its decision whether to fund a given
project. For simplicity, we term information collected (in-
tegrated) from different data sources asrich information.

Currently, there are thousands of data sources and hence
numerous information types1 as well as their correspond-
ing information content (or information, for short) available
at the edge of the Internet. Each data source can indepen-
dently provide information as per any information types re-
garding to its business. For each information type, on the
other hand, its corresponding information can be uniquely
or similarly published by one or more data source(s). Ac-
cording to this, we believe that the discovery forall possibly
potential data sources as per a given information type would
be thefirst steptowards the realization of itsrich informa-
tion. In this work, we thus assume that each data source
providesinformation typeswhile their corresponding infor-
mation would be focused in the future work.

Today, peer-to-peer (P2P) has rapidly grown to be-
come one of the most interesting technology that promotes
the discoveryand sharing of information available at the
edge of the Internet [12]. Various P2P approaches rang-
ing from unstructuredto structured networks have thus
been proposed in the literature. Specifically,unstructured
P2P [1, 2, 3, 4, 13] is much appropriate for accommodating
highly-transient peer populations wherein peers can pro-
vide information as per any information types. However,
its search mechanisms [11, 6] still contact a large number
of peers. To address this,structuredP2P [7, 8] was intro-
duced. Conversely to unstructured P2P, the potential peers
can be discovered in O(ln n), while the structure is hard
to be maintained in the face of a very transient peer popu-
lations [10]. In addition, structured P2P is solely applica-

1Examples of information types are researcher, project, traffic, crime
and media information types. Information of a project information type
would be any instances in the form of<id, name, description, status>.



ble for peers containing unique keys of information types
(see Figure 1(a)), while peers containing duplicated keys
are prohibited (see Figure 1(b)).
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Figure 1. Structured P2P for Different Case Studies.

While these P2P approaches take steps into the right
direction, they are limited to the discovery of potential
data sources in which the number of data sources does not
cause tremendous consequences for decision-making and
problem-solving. To achieve an efficient discovery forall
possibly potential peers that provide any information, we
believe that the network topology of data sources is a sig-
nificant aspect and hence must be well-designed. In this
work, we thus propose a novel partially centralized and
controlled P2P system, namelyWindChimer2. Particularly,
WindChimerhybridly combines network topology of struc-
tured and unstructured P2P systems – ”Some peers are con-
nected in a controlled manner and act as gateways for the
rest peers. The rest peers, on the other hand, are connected
to their corresponding gateways in an uncontrolled man-
ner”. Our experiments showed that the partially centralized
and controlled topology enables an efficient discovery of
all potential peers as per a given information type. This was
accomplished via (i)acceptablenumber of messages sent
throughout the network; (ii)high messaging accuracy for
propagating the message to potential peers; and (iii)effec-
tivescalability when adding more peers.

Roadmap: The rest of this paper is organized as fol-
lows: Section 2 defines our novel P2P system along with
the search algorithm. Experimental evaluation is given in
Section 3. We conclude in Section 4.

2 WindChimer

In this section, we detail topology ofWindChimerto-
gether with the techniques to efficiently discover all poten-
tial data sources having the desired information type.

2It is named for our novel P2P system as the figure of its network topol-
ogy looks likeWindchime.

2.1 Network Topology and Architecture
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Figure 2. The ConceptualWindChimerTopology.

Figure 2 shows the conceptual network topology of
WindChimerthat hybridly combines network topology of
structured and unstructured P2P systems – ”Some peers are
connected in a controlled manner and act as gateways for
the rest peers. The rest peers, on the other hand, are con-
nected to their corresponding gateways in an uncontrolled
manner”. Specifically, there are two significant roles each
peer can play as per each individual information typei con-
tained in itself:volunteeror memberrole. For simplicity,
we term a physical peer (or peer)p acting the volunteer or
member role for an individual information typei as alogical
volunteer peer(or volunteer peer)pv or a logical member
peer(or member peer)pm, respectively. The overall num-
ber of volunteer and member peers of a peer corresponds to
the number of information types contained in it.

Volunteer Peer. A volunteer peerpv is a logical peer that
be a representative of an information typei contained in a
peerp. Essentially, a peerp is selected as a volunteer peer
pv for an information typei based on the conditions that: (i)
there must be an information typei contained in a peerp;
(ii) a volunteer peer representing an information typei has
not yet appeared in the network; and (iii) the performance of
a peerp (i.e. bandwidth and reliability) is above a specified
threshold – the more performance, the more chance it to be
a volunteer peer.

Technically, a volunteer peerpv is responsible for effi-
ciently discovering the potential volunteer peer that repre-
sents the desired information typei by sending queried mes-
sages to some volunteer peers. To achieve this, a volunteer
peerpv should connect to a set of certain volunteer peers
based on a specified rule. For example, like Chord [8], vol-
unteer peers are connected in term of ring topology. In ad-
dition, a volunteer peerpv for an information typei should
contain (i) thefinger tablethat provides information used
for peer looking up mechanism based on DHT; and (ii) a
neighbor tablethat provides a collection of its neighbor



peers publishing such information typei.
Recall that a volunteer peerpv represents a unique infor-

mation typei. To facilitate an efficient information discov-
ery, it is therefore necessary that the number of volunteer
peers in the network should be equivalent to the number of
information types published throughout the network.

Member Peers. A member peerpm is a logical peer that
be a representative of an information typei contained in a
peerp. Essentially, a peerp is selected as a member peer
pm for an information typei based on the conditions that (i)
there must be an information typei contained in a peerp;
and (ii) a volunteer peer representing an information typei

has already appeared in the network.
Technically, a member peerpm is responsible for navi-

gating the queried message to its volunteer peerpv as well
as propagating the message to potential neighbor peers in
an efficient manner. To achieve this, a member peerpm

should connect to its corresponding volunteer peerpv and
other member peers that represent an information typei,
similarly to what it represents. In particular, a member peer
pm can eitherdirectly connect to its volunteer peerpv, or
indirectly connect to its volunteer peerpv via one or more
member peer(s) that represent(s) similar information typei

in the way that the member peerpm itself should be traced
back to its volunteer peerpv via the shortest path. In addi-
tion, a member peerpm for an information typei should
contain aneighbor tablethat provides a collection of its
neighbor peers publishing such information typei.

2.2 Network Reconfiguration

The WindChimernetwork needs to be reconfigured, to
reflect its architecture as described in Section 2.1, when a
peer (i) joins the network; (ii) removes the network; and
(iii) updates its configuration. Due to the space constraint,
in this section we detail the addition of peers while others
can be seen in [5].

Based on thejoinTopology algorithm (see details at
[5]), Figure 3 illustrates the network reconfiguration when
a new peerp4 that contains a set of information types{i4,
i8} wants to join the network. Assuming that an existing
topology is shown in the Figure 3(a). Here, there are five
peers{p0, p1, p2, p8, p10} and three information types{i0,
i8, i10}. The peersp0, p8 andp10 are volunteer peers repre-
senting information typesi0, i8 andi10, respectively. Each
volunteer peer has aChordbasedfinger tablewhich is used
for DHT mechanism. Peersp1 andp2 are member peers
that contain informationi8. Their neighbor tables provide a
list of neighbors connecting to them. Figure 3(b) illustrates
the new network configuration when a peerp4 joins the net-
work. For an information typei4, a volunteer peer repre-
senting an information typei4 is not available. The peerp4

will then be added to the topology as a volunteer peer that

represents an information typei4. Its finger tablefor an in-
formation typei4 is thus created and assigned to a peerp4.
In addition, based onChord algorithm, only peersp0 and
p10 will be notified for updating theirfinger tables. Lastly,
for an information typei8, there exists a volunteer peerp8

representing information fori8. A peerp8 then selects for
an appropriate neighbor peerp1 using random walking tech-
nique through its neighbor list that contains an information
type i8. Once obtaining a peerp1 as an appropriate neigh-
bor peer, peersp4 andp1 will add the information of each
other to theirneighbor tables.
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Figure 3. The Network Reconfiguration.

2.3 The Discovery of Potential Peers

The goal of peer discovery is to propagate the queried
message toall potential peers that provide the desired infor-
mation type in an efficient manner. Based on the network
topology ofWindChimeras defined in section 2.1, the dis-
covery mechanism of potential peers must thus combine (i)
DHT algorithm for seeking a potential volunteer peer rep-
resenting the desired information type; and (ii)flooding al-
gorithm for propagating a queried message to all potential
member peers of such volunteer peer.

Based on the abovediscoverPeersalgorithm (see details
at [5]), Figure 4 illustrates the path for discovering poten-
tial peers having the desired information typeid. Here, the
queried messagemq is initially sent to the member peerp3

that does not contain the desired information typeid. The
peerp3 then discovers for its volunteer peer using the short-
est path technique. The volunteer peerp1 is selected as the
path length fromp3 to p1 is shorter than it fromp3 to an-
other volunteer peerp4. Once obtaining the volunteer peer
p1, the peerp1 utilizes its finger table to find the volunteer
peer,p7, representing the desired informationid. Next, the
volunteer peerp7 propagates the messagemq to its neigh-
borsp8 andp10. The peersp8 andp10 further distributes the
messagemq to their neighbors in a similar manner. Particu-
larly, the peerp8 sends the messagemq to its neighbor peer



p9, while the peerp10 sends it to peersp9 andp11.
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Figure 4. The Discovery of Potential Peers.

3 Preliminary Experimental Evaluation

The goal of theWindChimeris to provide an efficient
discovery ofall potential peers that provide the desired in-
formation type. We conducted several experiments to eval-
uate the potential benefit of theWindChimerover existing
topologies with respect to unstructured P2P systems alone3.
In this section, we describe our experimental setup and
methodology together with our experimental results.

3.1 Experimental Setup and Methodology

To evaluate our approach, we developed thep2pEval

system that simulated 3 essential topologies: (i) purely de-
centralized P2P (i.e. Gnutella) – in that all peers in the
network perform exactly the same [10]; (ii) partially cen-
tralized P2P (i.e. Kazaa) – in that some peers act as local
central indexes for file shared by local peers [10]; and (iii)
partially centralized and controlled P2P,WindChimer– in
that some peers act as gateways and are connected in a con-
trolled manner while the rest peers are connected to their
corresponding gateways in an uncontrolled manner. The
p2pEval system together with their underlying search algo-
rithms is implemented by Java (JDK 1.5) and deployed on
a standalone PC Pentium IV 3.2 GHz with 1 GB RAM run-
ning Microsoft Windows XP. Specifically, the three topolo-
gies are configured based on the same set of peers and in-
formation types. In this work, we use MDL instances4 [9]
to represent information types. Based on each topology, the
p2pEval system receives as input (i) the queried message

3Structured P2P is not applicable if peers can provide any information
types

4A MDL instance provides the standard information schema as pera
certain information type. It has been used in our Information Grid project
to facilitate an integration of any information.

that specifies the desired information type in term of a MDL
instance; and (ii) the starting peer that receives the queried
message, and returns a set of peers having such information
based on the desired MDL instance as output. These poten-
tial peers are discovered using existing search algorithms
such as flooding, modified-BFS [11], random walk [6] and
DHT-flooding, our proposed search algorithm defined in
Section 2.3. The first three algorithms are applicable for
purely decentralized and partially centralized P2P while the
last one is forWindChimer.

Network Topology Configuration. In this evaluation, we
simulated the three topologies based on the same set of
10, 000 - 50, 000 peers and100 MDL instances (informa-
tion types). Here, each peer was assigned to publish infor-
mation with respect to a random MDL instance, with the ex-
ception that a certain set of100 peers providing information
based on the desired MDL instancemdld. Additionally, in

• purely decentralized P2P, each peer was connected to a
random number, ranging from1 to 3, neighbor peers5.

• partially centralized P2P, a set of100 superpeers were
randomly chosen. Each superpeer was connected to2
random neighbor superpeers6. In addition, each leaf
peer was connected to a random superpeer in thestar-
like fashion.

• partially centralized and controlled P2P (Wind-
Chimer), a set of100 volunteer peers7 providing the
distinct 100 MDL instances were randomly selected.
The rest peers were connected to the corresponding
volunteer peers in3 patterns:star, treeandgraph.

Measure Of Efficiency. To evaluate the benefit ofWind-
Chimerover existing topologies, we measured (i) the num-
ber of messages sent throughout the network. In particular,
three different message types are evaluated:request, suc-
cessand failure messages [10]; and (ii) the accuracy for
propagating the queried message to potential peers having
the desired MDL instance. Here, we compared the number
of relevant peersR, that had the desired information and
received the messages, with the overall number of peersN

that the messages were sent to. Based on the cardinalities
of these sets, the messaging accuracyR

N
was computed.

5The maximum of3 neighbor peers were selected as it performed the
best (see [5]).

6A set of100 superpeers were needed to make it corresponded to the
number of volunteer peers inWindChimer, and the maximum of2 neighbor
superpeers were selected as it performed the best (see [5]).

7A set of100 volunteer peers were needed as per the specification of
WindChimerthat the number of volunteer peers should correspond to the
number of MDL instances.



3.2 Experimental Result

A series of experiments were conducted to evaluate the
potential benefit ofWindChimer.

3.2.1 The Topology Efficiency

The first set of experiments measured the effectiveness of
different topologies – purely decentralizedPD, partially
centralizedPC, and partially centralized and controlled
PCC (WindChimer) – in order to discover all peers having
an information with respect to the desired MDL instance.
The effectiveness was defined as the ability of topologies
to propagate less number of messages – the less number of
messages, the less network bandwidth utilization. The ex-
periments were conducted10 times for each10, 000-peer
topology alone wherein each iteration was initiated with the
random starting peer and the queried message with the de-
sired MDL instancemdld. Additionally, the partially cen-
tralized and controlled topology was constructed with the
member peer connection in the star-like fashion.

Figure 5 shows the average number of messages – re-
quest, success and failure messages – sent throughout three
topologies with their best search algorithms to discover po-
tential peers having the desired MDL instance at the high
hit rate (see details in [5]). In particular, flooding algo-
rithm was selected forPD andPC as3 and2 neighbors
were applied respectively, while thePCC was performed
on the combination of DHT and flooding techniques as de-
fined in thediscoverPeersalgorithm (see Section 2.3). The
x-axis has the topologies and the y-axis is the number of
messages. Here,PD performed the worst with the total
of 32, 786 messages. ThePC required1, 140 messages,
performing28 times better thanPD. This was due to the
fact that the messages were not propagated to most non-
potential peers filtered out by every single superpeer. The
PCC performed the best with401 messages, offering ap-
proximately3 times better thanPC. This was mainly be-
cause the messages were intentionally sent to all potential
peers via visiting at mostln(n) volunteer peers whereinn
is the number of volunteer peers.

3.2.2 The Topology Accuracy

The second set of experiments measured the accuracy of
three different topologies –PD, PC, and PCC (Wind-
Chimer) – in order to discover all peers having the desired
MDL instance. The accuracy was defined as the ability of
topologies to distribute the messages toward the relevant
peers having the desired MDL instance. It is thus evalu-
ated based on the messaging accuracy as previously defined.
These experiments were conducted in a similar manner to
the first set of experiments.
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Figure 5. The Topology Efficiency.

Figure 6 shows the messaging accuracy of three topolo-
gies with their best search algorithms to discover all poten-
tial peers. The x-axis has the topologies and the y-axis is the
messaging accuracy. Here,PD performed the worst with
nearly0% accuracy.PC offered50% accuracy.PCC per-
formed the best, providing98% accuracy. This was mainly
because messages were potentially sent to relevant peers via
firstly propagating messages to irrelevant peers at the mini-
mum.
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Figure 6. The Topology Accuracy.

3.2.3 The Topology Scalability

The large set of experiments measured the scalability of
three different topologies –PD, PC, and PCC (Wind-
Chimer) – in order to discover all peers having the desired
MDL instance. The scalability was defined as the ability of
topologies to be practical for large number of peers in the
network. This was indicated by the growing number of mes-
sages – the less growing number of messages with respect
to the increasing number of peers, the more network scal-
ability. The experiments were conducted using various set
of the number of peers –10, 000, 20, 000, 30, 000, 40, 000
and50, 000 while other set up remained the same with100
potential peers.



Figure 7 shows the average number of messages – re-
quest, success and failure messages – sent throughout three
topologies with their best search algorithms to discover po-
tential peers having the desired MDL instance at the high hit
rate. The x-axis has the number of peers and the y-axis is the
number of messages. Here,PD performed the worst with
the number of messages growing in an exponential manner.
ThePC andPCC were similarly performed, with almost
the constant number of messages. However,PCC required
less number of messages thanPC.
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Figure 7. The Topology Scalability when Adding Non-
Potential Peers.

Additionally, we measured the topology scalability with
the addition of100-400 more potential peers in10, 000-
peerPC andPCC. Figure 8 shows the average number
of messages – request, success and failure messages – sent
throughout two topologies –PC andPCC with their best
search algorithms to discover potential peers having the de-
sired MDL instance at the high hit rate. The x-axis has the
number of potential peers and the y-axis is the number of
messages. Here,PC performed the worst with the number
of messages increased at the rate of8.5. PCC performed
the best, with an approximate increasing rate of4. This was
mainly becauseln(100) instead of100 volunteer peers were
involved in the message propagation, resulting in shorter
path from the requested peer to each potential peer – the
shorter path, the smaller number of request messages and
hence the smaller number of success messages.

4 Conclusion

In this paper, we proposed a novel P2P topology, namely
theWindChimer, to facilitate an efficient discovery ofall
potential data sources as per an information type. Such dis-
covery is recognized as thefirst steptowards the procure-
ment of rich information to support an efficient decision-
making and problem-solving. Particularly,WindChimer

is a partially centralized and controlled P2P system that
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hybridly combines network topology of structured and un-
structured P2P systems. To obtain the rich information from
all potential data sources (peers), our experiments showed
thatWindChimer provides benefits than purely decentral-
ized and partialy centralized topology, in term of (i) number
of messages sent throughout the network; (ii) the messag-
ing accuracy for propagating the message to potential peers;
and (iii) the scalability when adding more peers. However,
it is applicable forlow degree of transient peer population,
andsustainabledata sources of organizations only.

Future work focuses on (i) the volunteer peer selection
based on not only the peer performance but also the net-
work configuration; (ii) the self-organization of network
when an existing volunteer (or member) peer joins, downs
or removes; and (iii) an efficient peer discovery based on
not only information type but also information content.
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