The Partially Centralized and Controlled P2P
System For Better Discovery

Abstract— To obtain the rich information across dis- proaches ranging fronunstructuredto structured
tributed and heterogeneous data sourcesl| potential data networks together with their underlying search al-
sources having the desired information must be efficiently gorithms have been proposed in the literature. In
discovered. Today, both unstructured and structured P2P unstructured P2P [4], [2], [14], [1], [3], the overlay

approaches have been proposed to pave the way for .
this opportunity. However, unstructured P2P systems are tOpOIOQY is uncontrolled and the placement of

practical for discovering information from some (not all)y files (or information) is completely unrelated to its
potential data sources due to their inherent topologies. overlay topology [5]. It is thus much appropriate
In addition, structured P2P systems violate the relocation for accommodating highly-transient peer popula-
of information. _To addres; this, in this paper, we thus tions. According to this independent location of
proposeWindChimer, a_partlally c_entrallzed and controlled information, many search algorithms ranging from
P2P system that hybridly combines network topology qf brute force methods (i.e.flooding) to more sophisti-
structured and unstructured P2P systems. Our experi- R )
ments showed that the partially centralized and controlled Cated and resource-preserving methods (i.e.random
topology facilitates an efficient discovery ofall potential Wwalk [8], modified-BFS [7], intelligentBFS [7]) are
data sources that contain the desired, non-movable, infor- implemented to reduce the number of messages
mation. Particulquy, it provide; more bepefits than the propagated. However, these algorithms themselves
p‘.”he'y decet”:ra't'ﬁed a”db pa”]la"y Ce””ta'('jzed t°p°'°9'$th still contact a large number of peers. To address this
e g e ot 2925 "@calabily issue, Structured P2P [6], 12 was intro-
Keywords: Peer-to-Peer, P2P, informationduced. Speuﬂcglly, its Qver!ay topqlogy is tightly
sharing, information discovery contr_o_lled and_ information is preC|ser_ place_d at
specified locations. The search mechanism relies on
|. INTRODUCTION the distributed hash table that provides a mapping
The rich information acquired from distributedbetween information identifier and location and
and heterogeneous data sources offers peoplehémce allows queries to be efficiently routed to the
perform an efficient decision-making and problenpeer having the desired information. However, it is
solving. To make such information possiblehard to maintain the structure required for efficiently
information-sharing across organizations must beuting messages in the face of a very transient peer
firstly established. Today, peer-to-peer (P2P) hpepulations [5].
rapidly grown to become the most interesting tech- While these P2P approaches take steps into the
nology that promotes thsharing of resources (i.e. right direction, they are limited to an efficient dis-
computing power, files, information and etc) availeovery forall potential peers that contain the desired
able at the edge of the Internet [11]. As reportégdformation and store any non-movable information,
by [11], there is an increasing number of peeis order to obtain the rich information. To achieve
joining the P2P network. This strongly indicates thahis, we believe that the network topology of data
there would be millions of information distributedsources is a significant aspect and hence must be
throughout millions of peers. An efficient resourceell-designed. In this work, we thus propose a novel
discovery is thus thérst steptowards the realization partially centralized and controlled P2P system,
of distributed resource-sharing [13].
To support information-sharing and -discovering The overlay topology is a network of peer computers (nodes) that
across connected data sources, various P2P igprmed on top of the underlying physical computer network.



namelyWindChimef. Particularly,WindChimerhy- source may contain any non-movable informatjon
bridly combines network topology of structured anduch discovery should be:

unstructured P2P systems Some peers are con- , practical - in that discovering for potential
nected in a controlled manner and act as gateways goyrces is done in a small period of time.
for the rest peers. The rest peers, on the other hand, efficient - in that discovering for potential

are connected to their corresponqling gateways in  gqources does not affect or has less affected to
an uncontrolled mannér Our experiments showed the network performance such as bandwidth.
that partially centralized and controlled topology , scalable - in that discovering for potential

provides more benefits than purely decentralized ggyrces is practical for large number of data
and partially centralized topologies in term of (i) the  ggyrces.

number of messages sent throughout the network, optimal - in that potential data sources are
(i) the messaging accuracy for propagating the gjiscovered at the high hit rate.

message to potential peers; and (iii) the scalability
when adding more peers.

Roadmap: The rest of this paper is organized
as follows: Section Il describes our assumption andCurrently, various P2P approaches [2], [14], [15],
goal. Our novel P2P system along with the sear{], [12], [1], [3] ranging from unstructured to
algorithm are defined in Section lll. Experimentadtructured networks have been proposed in the lit-
evaluation is given in Section IV. We conclude irrature. Here only unstructured P2P systems [2],
Section V. [14], [15], [1], [3] meet the requirements described
in Section II, while structured P2P systems [6],
[12] violate the relocation of information. The un-
derlying search algorithms [8], [7] of unstructured
. . . P2P systems, however, are potentially practical for

An efficient decision-making and problemgjiscovering information from some (not all) data
solving is highly significant for organizations’ sucggyrces due to the characteristic of unstructured
cess. To enable this, the rich information, @8 pop gystems themselves. Otherwise, the network
essential resourcemust be provided. Acquiring hangwidth utilization is quite high. To achieve the
such information, however, is not an easy task as ifrevious goals in discovering potential data sources,
formation is typically owned by various informationye pelieve that the network topology of data sources
providers and hence located in distributed and het- 4 significant aspect and hence must be well-

erogeneous data sources. To integrate informati&u@signed. In this paper, we thus propose a novel
from various (probably unknown) data sources, thep systems, namelWindChimer that combine
two essential concerns must be achieved altOQetr&ﬂi/antages of:

information discoveryand standard In this paper,
we focus only on the discovery of potential data
sources publishing the desired information, while
information from these sources is assumed to be
available in the standard format to facilitate an
information integration.

To make the rich information possible, we be- _ ) _ _ _
lieve thatall potential data sources containing the !N this section, we detail topology &¥indChimer
desired information must be discovered. Based &pether with the techniques to efficiently discover
the requirements that (1) data sources are Conne@gopotentlal data sources having the desired infor-

and accessible through network; and (2) each d&&tion.

1. WINDCHIMER

[l. THE REQUIREMENT AND GOAL

1) unstructured P2P- in that it accommodates
highly transient peer populations and the re-
location of information is not required; and

2) structured P2 in that it facilitates the infor-
mation discovery in an efficient and scalable
manner.

3Examples of information types are publication, traffic, natural
2It is named for our novel P2P system as the figure of its netwodisaster and earth. Content of similar information may vary by data
topology looks likeWindchime sources.



A. Network Topology

Figure 1 shows the conceptual network topology
of WindChimer that hybridly combines network
topology of structured and unstructured P2P sys-
tems — 'Some peers are connected 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
mannef. Specifically, a set of peers, termed as
volunteer peerare connected based on a defined
rule. For example, like Chord [12], volunteer peers
are connected in term of ring topology. Each vol-
unteer peer is a representative of an information F9- 1. The Conceptual Network Topology WfindChimer
type contained in it. The number of volunteer peers
should thus correspond to the number of information
types in the network. Particularly, a volunteer pe@n information typei, like peerp,. In casell,
that represents an information typeis selected the peerp; has an information type;, and is the
based on the conditions that: (i) there must be anlunteer peer for an information type,. The peer
information type: contained in it; (ii) a volunteer p; later has an information typg,. Therefore, it
peer representing an information typ&as not yet should connect to the volunteer peer that represents
appeared in the network; and (iii) its performancagn information typei,;. However, there is no such
(i.e. bandwidth and reliability) is above a specifiedolunteer peer. The peex itself must also be the
threshold — the more performance, the more changgunteer peer for an information type,. In case
it to be a volunteer peer. On the other hand, tHdI, the peerps has two information typeg and
rest peers, termed asember peegsare connectediio. It should thus connect to the volunteer peers
to their corresponding volunteer peers that represgatandp;. Finally, in casel'V, the peerp, has two
information types similar to what contained in theninformation types, andis and is now the volunteer
A member peer can thus have one or more voluntgeger for an information typé,. It should thus be a
peer(s) depending on the number of informatiomember peer of the volunteer peer representing
types contained in it. In addition, a member pe@n informationis.
can either directly connect to its volunteer peers, or
indirectly connect to its volunteer peers via one or
more member peer(s) that can be traced back to its
specified volunteer peer via the shortest path. | [

Example. Figure 2 illustrates the potentialind- | p:
Chimer network topology constructed based onp:
the application of Chord algorithm [12] with-bit | 3
identifier to implement the volunteer peer network.”* v
Based on this, the* information types can thus be ﬁZ N
handled. Here, there afiepeers{p,, ps, ...,p7} and | p, v v
5 information types{io, i4, is, i10, i14}. The peers
p1, P4, ps @nd p; are volunteer peers representin% ) _

information typesio, 4,4, is and iy, respectively. B- The Discovery of Potential Peers

Each information type is published by (or contained The goal of peer discovery is to propagate the
in) one or more peer(s) as shown in Table I. Onepieried message tall potential peers that provide
again consider Figure 2. Here, in cakethe peers the desired information type, while serving the goal
p2 andps are connected to peer as they contain defined in section Il. Based on the network topology

TABLE |
THE INFORMATION PUBLICATION OF PEERS

| i4 is 1o i14

LS

NN




Fig. 2. TheWindChimerExample.

of WindChimer as defined in section IllI-A, the

discovery mechanism of potential peers must thus

combine (i))DHT algorithm for seeking a potential

volunteer peer representing the desired information

type; and (ii) flooding algorithmfor propagating
a queried message to all potential member pe

potential peers as per a given queried message
be initiated at:
« a member or volunteer peer containing th
gueried information type; or
« a member or volunteer peer not containing t
queried information type
Figure 3 shows theliscoverPeersalgorithm that
performs the discovery for potential peers\Mmnd-
Chimer topology. Here,discoverPeergeceives as
input the queried message, — the message that
specifies the desired information typg and the
requested peer. — the peer that receives the querie
messagen,,; and produces a set of potential pee
P, that contain the desired information type

m, to its neighbor peers having the desired
information typei, via the flooding technique
by recursively calling theliscoverPeergself.
Process B(line 10-12). If the requested peer
p, does not contain the desired information
typei, but is a volunteer peer, it then looks up
for the right volunteer peer,, that represents
the desired information type; using DHT
mechanism. Once obtaining the right volun-
teer peep,q, thediscoverPeerss called with
respect to the new requested pegy (with
the expectation that the process A would be
next performed).

Process C(line 13-16). If the requested peer
p, neither contain the desired information
nor is a volunteer peer, it then finds its volun-
teer peerp, using the shortest path technique
— the minimum number of hops from, to

p, IS selected as a shortest path. Next, the
discoverPeerstself is recursively called with
respect to the new requested pggfwith the
expectation that the process B would be next
performed).

These processes are recursively performed until

2)

3)

all potential peers are discovered.

ers
of such volunteer peer. Specifically, discovering for

can

e

e

d

IS

al

as output. Specifically, one out of three essent

SetdiscoverPeer¢m,, p-)
begin
Py 0
iq < mq.getinformation()
if p,.contain{,) then
P,.addp;)
P,, — p,.findNeighbors{;)
for eachp,, € P, do
P, «— P, U discoverPeerst,, pn)
end for
else ifps € P, then
Pud < pr.l0Okupa)
P, — P, U discoverPeerstq, pya)
else
pv — pr-findVolunteer()
P, — P, U discoverPeers(q, p,)
end if
return P,
end

Fig. 3. The discoverPeers Algorithm.

processes must be processed for each iteration:

1) Process A(line 4-9). If the requested peer

p, contains the desired information typg it

Based on the abowdiscoverPeerslgorithm, Fig-

ures 4 illustrates the path for discovering potential
is thus a potential peer and hence is addeeers having the desired information tyfe Here,
to a set of potential peetB,. Such requestedthe queried message:, is initially sent to the
peerp, next propagates the queried messageember peeps; that does not contain the desired



information typei,. This satisfies thgrocess C gies: (i) purely decentralized P2P (i.e. Gnutella) —
The peerp; then discovers for its volunteer peerfin that all peers in the network perform exactly the
p1, using the shortest path technique. Once obtainisgme [5]; (ii) partially centralized P2P (i.e. Kazaa)
the volunteer peer,, theprocess Bs satisfied. With — in that some peers act as local central indexes
the process B the peerp; utilizes its distributed for file shared by local peers [5]; and (iii) partially
hash table (DHT) to find the volunteer peer, centralized and controlled P2®/indChimer— in
representing the desired informatign The process that some peers act as gateways and are connectec
A is next satisfied. With therocess Athe volunteer in a controlled manner while the rest peers are
peer p; propagates the queried messagg to connected to their corresponding gateways in an
its neighborsps and p;y. The peersps and p;, uncontrolled manner. The2p Fval system together
further distributes the queried message to their with their underlying search algorithms is imple-
neighbors in a similar manner with the applicatiomented by Java (JDK 1.5) and deployed on a stan-
of process A. The other peer discoveries can be saione PC Pentium IV 3.2 GHz with 1 GB RAM
in [9]. running Microsoft Windows XP. Specifically, the
three topologies are configured based on the same
set of peers and MDL instanceld 0] wherein each
peer publishes information regarding to a single
MDL instance. Particularly, the content of the same
MDL-based information varies by peers. Based on
each topology, the2p Fval system receives as input
() the queried message that specifies the desired
information 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 potential peers are discovered using exist-
ing search algorithms such as flooding, modified-
BFS [7], random walk [8] and DHT-flooding, our
proposed search algorithm defined in Section IlI-B.
The first three algorithms are applicable for purely
Fig. 4. The Discovery of Potential Peers via the Member Peer fideCeNtralized and partially centralized P2P while the
having the Desired Information. last one is forWindChimer
Network Topology Configuration. In this evalua-
tion, we simulated the three topologies based on the

V. PRELIMINARY EXPERIMENTAL EVALUATION sgme set ofi0, 000 - 50, 000 peers andloo MDL

The goal of thewindChimeris to provide an instances. Here, each peer was assigned to publish
efficient discovery of potential peers that providiéformation with respect to a random MDL instance
the desired information type and independently stofi@formation type), with the exception that a certain
information. We conducted several experiments &t of 100 peers providing information based on the
evaluate the potential benefit of th&indChimer desired MDL instancendl;. Additionally, in
over existing topologies with respect to unstructured, pyrely decentralized P2P, each peer was con-
P2P systems alone. In this section, we describe our nected to a random number, ranging frano
experimental setup and methodology together with 3 neighbor peefs
our experimental results.

A. Experimental Setup and Methodology “A MDL instance provides the standard schema for an information

. il h hi f hin a certain type.
Flgure 5 lllustrates the architecture of the 5The maximum of3 neighbor peers were selected as it performed

p2pFEval system that simulated 3 essential topolare best (see [9)).



mdl instance

. the failure messagethe message sent from a
A peer to inform the (requesting) peer that it has

and controlled P2P

Euem@gy already gotten the same request.

A

e e e — peers having desired information is discovered.
|

{peers with mdl}

requester

assignMDL2Nodes

{mdlInstances}

create-
MDLlInstances

createNodes

Fig. 5. Thep2pFwval System.

— Network Connection

,,,,,,,,,,,,, » Request Message

. partially centralized P2P, a set @H0 super- | b/ Sucoess Message
peers were randomly chosen. Each superpeer | »x  Failro Mossage
was connected t@ random neighbor super-
peerS. In addition, each leaf peer was con-
nected to a random superpeer in ttar-like
fashion.

« partially centralized and controlled P2®/ifid- To evaluate the messaging accuracy, we compared
Chimei, a set of 100 volunteer peerspro- the number of relevant peefg that had the desired
viding the distinct100 MDL instances were information and received the messages, with the
randomly selected. The rest peers were codverall number of peer&/ that the messages were
nected to the corresponding volunteer peers $gnt to. Based on the cardinalities of these sets, the
3 patterns:star, tree and graph messaging accurac§ was computed.

Measure Of Efficiency. To evaluate the benefitg Experimental Result
of WindChimerover existing topologies, we mea- . ¢ . ¢ ducted t -
sured (i) the number of messages sent throughout?eSerles of experiments were conducted o eva

; - - the potential benefit &/indChimer
the network; and (ii) the accuracy for propagatin a - ! .
the queried message to potential peers having thel) The Topology EfficiencyThe first set of ex-

desired MDL instance periments measured the effectiveness of different
To evaluate the number of messages, three Otl?_pologles — purely decentralize®D, partially

; : eptralizedPC, and partially centralized and con-
Igrkir: frrr(l)?nss?g]e) ypes are measured: (see Flgur;éroﬁed PCC (WindChime) — in order to discover

all peers having an information with respect to

« therequest messageéhe message sent from gyq ‘gegired MDL instance. The effectiveness was
peer to request the desired information fofefiney as the ability of topologies to propagate
the other peer. less number of messages — the less number of

« the success messagthe message sent froMyagqages the less network bandwidth utilization.
a peer to reply the (requesting) peer that thg,o experiments were conducted times for each

®A set of 100 superpeers were needed to make it correspond%g’ OO_()-_p_eer topplogy alone wherein ?aCh lteration
to the number of volunteer peers WindChimer and the maximum Was initiated with the random starting peer and
of 2 neighbor superpeers were selected as it performed the best (fge¢ queried message with the desired MDL in-

[9]7)' ____stancemdl,. Additionally, the partially centralized
A set of 100 volunteer peers were needed as per the specification d lled | d with th
of WindChimerthat the number of volunteer peers should corresporﬁln controlled topology was constructed with the

to the number of MDL instances. member peer connection in the star-like fashion.

Fig. 6. The Message Types Sent Between peers.



Figure 7 shows the average number of messaglee messaging accuracy as previously defined. These
— request, success and failure messages — setperiments were conducted in a similar manner to
throughout three topologies with their best searthe first set of experiments.
algorithms to discover potential peers having the Figure 8 shows the messaging accuracy of three
desired MDL instance at the high hit rate (se®pologies with their best search algorithms to dis-
details in [9]). In particular, flooding algorithm wascover all potential peers. The x-axis has the topolo-
selected forPD and PC as 3 and 2 neighbors gies and the y-axis is the messaging accuracy. Here,
were applied respectively, while th&CC was PD performed the worst with nearl§’% accuracy.
performed on the combination of DHT and flooding’C' offered 50% accuracy. PCC performed the
technigues as defined in thescoverPeerslgorithm best, providing98% accuracy. This was mainly
(see Section IlI-B). The x-axis has the topologidsecause messages were potentially sent to relevant
and the y-axis is the number of messages. Hepeers via firstly propagating messages to irrelevant
PD performed the worst with the total &2,78¢ peers at the minimum.
messages. Th&C' required1, 140 messages, per-

forming 28 times better thanPD. This was due ! ‘ ‘ :
to the fact that the messages were not propagated | |
I_:'E PC PCC

to most non-potential peers filtered out by every = °°|
single superpeer. ThBC'C' performed the best with
401 messages, offering approximatalyimes better
than PC. This was mainly because the messages
were intentionally sent to all potential peers via
visiting at mostin(n) volunteer peers wherein

is the number of volunteer peers.

0.6 -

04

Messaging Accuracy (x100%)

02

35000 ; . ‘ Network Topologies
50000 | Fig. 8. The Topology Accuracy Measured By The Messaging
Accuracy.
@ 25000
1 oo ] 3) The Topology Scalability:The last set of
S Moo | | experiments measured the scalability of three differ-
£ 1000 ent topologies — purely decentralizétD, partially
= 10000 0 1 centralizedPC, and partially centralized and con-
5000 - o ] trolled PCC (WindChime) — in order to discover
. o e eco all peers having the desired MDL instance. The
PD PC PCC scalability was defined as the ability of topologies

Network Topologies

. . 0 be practical for large number of peers in the
fﬂ'g's;;geghe Topology Effisiency Measured By The Number 0]£1etwork. This was indicated by the growing number
of messages — the less growing number of messages
with respect to the increasing number of peers,
2) The Topology Accuracyf he second set of ex-the more network scalability. The experiments were
periments measured the accuracy of three differestinducted using various set of the number of peers —
topologies — purely decentralizedD, partially cen- 10, 000, 20, 000, 30,000, 40,000 and 50, 000 while
tralized PC, and partially centralized and controlledther set up remained the same witbD potential
PCC (WindChimej — in order to discover all peerspeers.
having the desired MDL instance. The accuracy Figure 9 shows the average number of messages
was defined as the ability of topologies to distribute request, success and failure messages — sent
the messages toward the relevant peers having theoughout three topologies with their best search
desired MDL instance. It is thus evaluated based afgorithms to discover potential peers having the



desired MDL instance at the high hit rate. Théii) an efficient peer discovery based on not only
x-axis has the number of peers and the y-axis irformation type but also information content.

the number of messages. HereD performed the

worst with the number of messages growing in an

exponential manner. TheC' and PCC were sim-

ilarly performed, with almost the constant numbe

(1]
2]
3]

of messages. HoweveR,C'C' required less number [4]

of messages thaRC'.
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Fig. 9.
Messages.

V. CONCLUSION

(5]

(6]

(7]

(8]
(9]

The Topology Scalability Measured By The Number Of10]

[11]
[12]

In this paper, we proposed a novel P2P topol-

ogy, namely theWindChimer, to facilitate an

efficient acquirement of rich information from[i3]

ditributed heterogeneous data sources. Particularly,

WindChimer is a partially centralized and con-
trolled P2P system that hybridly combines network4)

topology of structured and unstructured P2P sys-

tems. To obtain the rich information fromll po-

[15]
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that WindChimer provides benefits than purely

decentralized and partialy centralized topology, in
term of (i) number of messages sent throughout the
network; (i) the messaging accuracy for propagat-
ing the message to potential peers; and (iii) the
scalability when adding more peers. However, it
is applicable for medium degree of transient peer

population.

Future work focuses on (i) the volunteer peer
selection based on not only the peer performance

but also the network configuration; (ii) the self-

organization of network when an existing volunteer
(or member) peer joins, downs or removes; and



