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Abstract:  This paper presents a “ cluster” based search scheme in peer-to-peer network. The idea is based
on the fact that data distribution in an information society has structured feature. We designed an algorithm to
cluster peers that have similar interests. When receiving a query request> a peer will preferentially forward it
to another peer which belongs to the same cluster and shares more similar interests. By this way search effi-
ciency will be remarkably improved and at the same time good resilience against peer failure (the ability to

withstand peer failure) is reserved.
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INTRODUCTION

A good search scheme is a critical compo-
nent in peer-to-peer network. An effective
search scheme should have good scalability,
high search efficiency, good peer failure toler-
ance and support to keyword partial-match .

Existing searching schemes can be classified
into three categories:

1. Centralized search scheme

This scheme employed by Napster ( 2001 )
has wide search scope and supports keyword par-
tial-match . But centralized index servers become
the bottleneck. Thus scalability is not available.

2. Decentralized “ unstructured ”  search
scheme

This kind of search scheme is totally decen-
tralized . It has good scalability and support key-
word partial-match. Loose “overlay ”(* overlay ”
network topology is not tightly controlled) makes
them have good resilience against peer failure.
But because of the random query forwarding,
search efficiency is low. In order to improve
search efficiency, Gnutella ( 2001 ) employed
limit flooding. But this caused big network flow.

3. Decentralized “ structured” search scheme

This kind of search scheme (Stoica et al.
2001; Ratnasamy et al.> 2001; Druschel et
al .> 2001; Zhao et al ., 2001) is based on Dis-
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tributed Hash Tables(DHTs), which has advan-
tage of good scalability and guarantees that files
will be found. But strict control on “ overlay ”
network causes large resources consumption and
sensitivity to peer failure. In addition> the use of
DHTs leads to unavailability of keyword partial-
match.

This paper presents a “ cluster” based search
scheme in peer-to-peer network. lIts idea is
based on the fact that data distribution in an in-
formation society has structured feature. We de-
signed an algorithm to cluster peers that share
similar interests. When receiving a query re-
quest, a peer will preferentially forward to anoth-
er peer which is in the same cluster and has more
similarities. This scheme has good convergence,
high search
against peer failure .

efficiency, and good resilience

SYSTEM MODEL

Our scheme is based on the conclusion drawn
(1990). Data in the
modern society are not placed at random. Differ-
ent data in the same entity share certain intere-
sts. If some entities share some data they are
more likely to share some other data. So our
scheme establishes the following hypothesis: If

from Deerwester et al.

peerl can answer the previous query request of



550

LI Zhenwu, YANG Jian et al.

peer2; it is more likely to answer the next query
request of peer2; If several peers all have suc-
ceeded in answering the previous query request
of peer2, the peer that has recently answered
more request queries of peer2 has the greatest
probability to satisfy the next query request of
peer2. So if peer2 forwards its query request to
the peer that has the greatest probability to sati-
sfy its query request, its query efficiency will be
greatly improved. On top of the high efficiency>
our scheme does not require extremely tight con-
trol» so it has good resilience against peer fail-
ure. And because our scheme does not employ
hash, keyword partial-match is supported, too.
We assume that the system has n peers and
m documents. Relation between peers and docu-
ments is represented by a 2-tuple P ( PEER,
DOCUMENT), PEER € [1, n ], DOCUMENT
€L1,m]. When peer i owns document k, (i,
k) epP.
Definition 1. P; is used to represent the state
set that peer i maintains. It is composed of
CPEER, DOCUMENT) pair, which means the
relation of document and peer. It is a subset of
P . If peer i knows peer j owns document k£ and
peer t owns document > then peer i inserts (j,
k) and Ct, u) into P;s so (j, k) and Cz, u)
cP;.
Definition 2. D, is used to represent document
set which is composed of document index ( which
is used to uniquely identify a document) . These
documents are those peer i knows other peers

own.

Definition 3. P;, is used to represent a peer set
that is stored in peer i as state information and
all peers in P, must own document £k .

Our scheme is based on “loose overlay net-
work ”. Each peer maintains two kinds of state
information: state set and popular document win-
dow W. We take peer i as an example.

Peer ¢ maintains two kinds of state informa-
tion.

1. State set P;

From P; we can derive another two sub-state
sets:

1) Document set D, .

2) Peer set Py, (k& D;) that own document

k.

According to the above example, peer i ma-
intains:
Di = {k s U Z }

Pik= g,t}s Piuz {t}spiz= {S}

2. Popular document window W

Popular document window W is used to
record what are most commonly
shared by local peer with other peers. It is made
up of some document elements. Each element is

documents

a document index ( which is used to uniquely
identify a document) . All elements are assigned
different weight according its position in W.
From left to rights weight is | W1, | WI-1,
| WI1-2, ===5 2, 1. For example, peer ¢ has the
window shown in Fig.1.

100
7 —m— Qur scheme
. 90 4
g 80 7 \..__
s 70 -
% 4
5 60
% 50
(=9 r
§ 40
g .
E 30 —_—
20 4 N
4 ———
10 7 -\-_..__-
0 T T

01 23 45 67
Group

8 9 10 11 12 13 14 15 16 17 18 19 20

Fig.1 Request pathlength versus query process
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Algorithm for peer 1 to calculate the popular-
ity of a particular document is described below.

Peer i groups all elements in window W ac-
cording to the document index value. Elements
that have the same document index are grouped
into the same group. We assume some Group is
represented by G. G is a 2-tuple G ( DOCU-
MENT, WEIGHT >. DOCUMENT represents
document index and WEIGHT represents its
weight in window W. We suppose the weight set
of group G is W . Then the sum of the weight of
group G which is represented by W( G) equals
E W; . Then peer i orders all the groups ac-
Wew,
cbrding to the sum of weight. Peer ¢ will decide
that the group with the max sum of weight has
the most popular document index. Then peer i
chooses one peer from peers that own the most
popular document to forward query.
Definition 4. A cluster is a peer set which con-
tains peers that share one or several documents.
Because peers in the same cluster share some
documents; they have common interests. So if a
peer forwards its query to the peer in the same
cluster; the query efficiency will be higher than
just choosing a random peer.

We take peer i as an example, all peers in
Py CkED) » P(GE P, P (tEPy). ..
form a cluster. One peer may belong to more
than one cluster because it may share documents
with more than one peer.

SEARCH ALGORITHM

When a peer j» which has joined the “ clus-
ter”s has a query request for document k, it
employs the following algorithm:

1. Peer j calculates the sum of the weight in
its popular document window W using the algo-
rithm described in Section 2. We suppose the
chosen popular document index value is r. Go to
2.

2. Peer j chooses a peer at random from
peers which own document r. We suppose the
chosen peer is ¢, t€ x| (x> r) € P;):

If peer ¢t owns document k, peer j shifts its
window W one unit to the right and inserts r into
the most left position in window W. Peer j re-
trieves document k from peer t and inserts (¢,
k) into its state set P;. At the same time peer j

gets the peer set P, from peer ¢ and inserts (x»
k) (x € P,) into its state set P;. The query
ends.

If peer ¢ does not have document k» peer ¢
repeats the above query process until document
k is found or some predetermined depth is
reached. If document k is found, the query
ends. If document % is not found, then go to 3.

3. Peer j chooses one group which has the
max sum of the weight from the rest of the groups
and gets its document index. We suppose the
chosen document index is r. Go to 2. This pro-
cess 1s repeated until document % is found or
some predetermined depth is reached.

From the above algorithm description we can
see that the “ cluster” is expanded with the
search process. If peer j retrieves document k&
from peer ¢, peer j retrieves the peers set which
own document k£ from peer ¢ and inserts the peer
set into local state space. So the cluster to which
peer j attaches is expanded. In addition , if peer
J cannot contact peer t, it will just try another
peer from peers which own document % . Through
this way good peer failure tolerance is available
in our scheme.

If a new peer i wants to join the “overlay
network ”, it can only employ the same bootstrap
mechanism as Yoid (20000 to find one peer
which has been included in the overlay. We
suppose the chosen peer is j. Then peer j starts
its search process as described above. Peer i
gets state information from peer j. Then peer j
can join the overlay network .

SIMULATION RESULT

The test data in our scheme is based on a
“Document/Term Cshort phrase)” model, which
is similar to the “ Peer/Document” model. We
randomly retrieved 1000 documents from the In-
ternet and employed TRS (20020, a Chinese
Segmentation software,
from each document(a lexicon is a list of all the

to retrieve the lexion

unique terms that appear in a document) . Then
we choose at random 50 terms from each docu-
ment’ s lexicon (each document contributes 50
terms). Now we get the document/term model .
Each document resembles a peer and the terms
contained by the document resemble the docu-
ments contained by the peer. Our test environ-
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ment is a centralized platform, which is a PC.
Its hardware configuration is PII 800M, 128M
RAM and its software environment is RedHat
7.2.

The benchmark of our scheme is N-Gnutella,
which is a variation of Gnutella. It also uses our
centralized simulation environment. So there are
1000 peers and each peer contains 50 docu-
ments. Compared with Gnutella, N-Gnutella has
two major differences:

1. It does not employ flooding, but just
chooses a random neighbor to forward query
when processing query .

2. It is modified to adapt to our centralized
test environment.

There is only one major evaluation metric in
our scheme: average request pathlength. Based
on this metric, we evaluate the network conver-
gence, peer failure tolerance and search efficien-
cy in a stable network state .

Our first test is to evaluate the network conv-
ergence. Because in our schemes network over-
lay(C cluster) is constructed along with the process
of search, we test whether the average request
pathlength will decrease with search process.

We choose 200 terms from all 50000 terms at
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random and group them into ten groups. So each
group has 20 terms. For each group, we start to
query each term in the group from a randomly
selected peer and get its request pathlength and
then calculate the average request pathlength in
the group.
group. The test result is shown in Fig. 1.

Fig. 1 shows the evolution of the firsts sec-
ond, third, ..., nineteenth, twentieth group of
the request pathlength in the search process. We
can see that the initially high pathlengths de-
crease rapidly over the search process. In the
beginning, queries have long pathlengths, but as
the network converges, the request pathlength
drops below 10.

Our second test is to evaluate the network re-
silience to peer failure. After the first test, the
network has evolved into a relatively stable
state. Then we gradually remove some peers to
test the query pathlength. Each time we remove
2% peers we then query ten terms at random. If
some query can mnot be successful below 200
steps, we stop this query and assign 200 to its
request pathlength. After ten term queries we
calculate the average pathlength. Test result is
shown as Fig.2.

We do the same thing for every
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Fig.2 Request pathlength versus node failure rate

Fig.2 shows that our scheme has good resil-
ience to peer failure. The network is surprisingly
robust against quite large failures. The request
pathlength remains below 30 even if peers failure
reaches 30% .

Our third test compares the efficiency of our
scheme with N-Gnutella. We compare the aver-

age request pathlengths of our scheme with N-
Gnutella’ s when the network is in stable state.
We make a query on 20 groups terms(each group
has 10 terms) . We calculate each group’s aver-
age request pathlength. The test result is shown
in Fig.3.
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Fig.3 Request pathlength versus group

Fig.3 shows that the average request path-
length in our scheme is far below that in N-Gnu-
tella.
chooses random peer to construct overlay and

The ultimate cause is that N-Gnutella

forward query but in our scheme peer chooses
neighbors which have similar interests and for-
ward query to a peer which has greater probabili-
ty to satisfy query. The overlay in our scheme is
So peers
which have similar interests are clustered and
have relatively close relation. The search effi-
ciency is therefore greatly improved.

Our fourth test compares the search efficiency

constructed through search process.

on rare terms in our scheme with that in N-Gnutel -
la. At first on each term we employ a simple algo-
rithm to find the number of documents which own
the term. Then we choose 100 terms which have
smallest document number and group them into 5
groups at random. Each group has 20 terms and the
20 terms are ordered by the number of documents
which own the term. They are numbered from 1 to
20. After this we have the final 20 groups. Each
group has 5 terms, each of which has the same se-
rial number as that in the original group. We cal-
culate the average mumber of documents in each
group which owns each item. According to the ratio
of average number of documents which own the
term to the total number of documents > we have the
following array:

0.12%,0.16%, 0.22%, 0.24%, 0. 28% »
0.32%,0.36%,0.38%,0.42%, 0. 44%
0.48%, 0.50%,0.52%, 0.54% >0.58% >

0.60%:0.62%:0.64% >0.66% >0.68%

We conduct the query for each group in sta-
ble network state Cour scheme and N-Gnutella)
and get the average pathlength in each group.
The test result is shown in Fig.4.

Fig.4 shows that compared with N-Gnutella
our scheme improves the efficiency of search on
rare terms and expands the search scope.

CONCLUSION

This paper presents a “ cluster” based search
scheme in peer-to-peer network. lIts idea is
based on the fact that data distribution in infor-
mation society has structured feature. We de-
signed an algorithm to cluster peers which have
similar interests. When receiving a query re-
quest, peer preferentially forwards to peer which
is in the same cluster and has more similarities.
Through this scheme>
markably improved and at the same time good re-
silience to peer failure is achieved. The follow-
ing work still needs to be done in the future:

1. When choosing peer to forward query we
should take consideration of peer’ s dynamic per-
formance state .

search efficiency is re-

2. Multi-keywords complex query should be
supported .

3. When choosing peer to construct overlay
we should take into account the physical network
overlay.
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Fig.4 Request pathlength versus item popularity
tecture. Unpublished paper, available at http: //www.
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