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ABSTRACT
Most existing Peer-to-Peer systemssupport only title based searches and are
limited in functionality when compared to today's search engines. Moreover,
searching is an important factor in p2p network for content retrieval. That's
why without knowing the unique filename we can't retrieve the content of the
file in title based sesrch. In this paper, we designed the super peer p2p network
that supports content-basedsearchfor relevant documents. First, we propose a
general and extensible framework which is based on hierarchical summary
structure for searching similar documents in p2p network. Second, based on
the framework, we develop an effective document searching system, by
effictively summariTing and maintaining all documents within the network
with dffirent factors. Finally, the experimental result is verifted on a real p2p
prototype and large-scale network is further simulated. The results show the
effectiveness,fficiency and scalability of the proposed system.
Keywords: Peer-to-peerContent basedsearch,Title-basedsearch,Hierarchical
summary,Indexing

1 INTRODUCTION
Peer-to-Peer(P2P) computing has recently attracted a gteat deal of research
attention.In a P2P system,a large number of nodes (e.g., PCs connectedto the
Internet)can potentially be pooled togetherto sharetheir resources,information
and services.Our systemhas severalkey features:unit level, peer level and super
peer level. Summaries are first represented as vectors, which are further
optimized by LSI [1] techniquesand representedas high-dimensionalpoints. In
this paper, we addressthe problem of semantic-basedcontent search in the
contextof documentretrieval.Given a query,which may be a phrase,a statement
or even a paragraph, we look for documentsthat are semanticallyclose to the
query. We propose a general and extensible framework for semantic-based
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content search in P2P network. The super-peerP2P architecturewhich is more
efficient for contents look-up is employed as the underlying architecture.To
facilitate semantic-basedcontent search in such a setting, a novel indexing
structure called Hierarchical Summary Indexing Structure, is proposed. With
such an organization, all information within the network can be summarized with
different granularity, and then efficiently indexed. Based on this framework, we
developour distributeddocumentsearchsystemin P2P network.
2 RELATED WORKS
We will first review previous work on P2P architecture [3]. Provides an
analysisof hybrid P2P architecturedevelopsan analytical model and uses it to
comparevarioushybrid P2P architectures.[2] extends[3]'s hybrid architectureto
design super-peet network, which strikes a balance between the inherent
efficiency of centralizedsearch,and the autonomy,load balancingand robustness
to attacksprovidedby distributedsearch.
Much research effort has focused on improving search efficiency by
designing good P2P routing and discoveryprotocols. However, current systems
support only simple queries. For example, Freenet[13], Gnutella[14] and
Napster[l5] only provide filename-basedsearchfacility, which means that the
end user cannot retrieve content unlesshe knows a file's unique name. Queries
are broadcast to neighbors which in turn disseminate the queriesto their
neighbors and so on. Thus, these systemscan lead to long responsetime.
Chord[lO] and CAN[I6] are designedfor point queries and focus only on the
problem of query routing and object allocation. [17] and [18] support keyword
querieswith regular expressions.Hence so far the queriesissued by clients are
up to context of keyword's complexity and for keyword matching only. More
recently,PlanetP[9] presentsa distributedtext-basedcontentsearchalgorithm in
P2P communities.Each peer has a summaryproducedby VSM. A local inverted
index is then built on this summary.However, to our knowledge, there has not
been much work done to facilitate efficient semantic-basedcontent search for
document retrieval in P2P sharing systems.Issue on fair load distribution has
also been addressedby [I2).
Summary techniquesare crucial in P2P systems.Due to limit on network
bandwidth and peer storage, it is not practical to transmit the complete
information of a peer to the other peers in the network. Moreover, a peer
usually contains thousands of shared files or more. To decide which peer
to route the query to needs a similarity comparison between the queries
and peer's information. From the above discussion, it is clear that effective
summarization of peer information is absolutely needed in P2P network.
So far, the only known summarization technique for text documents in
P2P systems is keywords representation. Existing P2P systems, such as
t171, t18l etc, summarize the peers/documentsby keyword vectors which
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containpairs of keyword and its weight. Given a query,which is also represented
as a vector,the similarity betweenthe query and the summaryof peers/documents
are then computed However, such techniques are limited to exact keyword
matching only and cannot be applied for semantic-based
content search.In this
paper, we propose a hierarchical summary indexing structure for efficient
semantic-basedcontent search in super-peerPZP network, which can support
queries.
complex semantic-based
Another related area is high-dimensionalindexing. In the literature, many
high-dimensionalindexingmethodshavebeenproposed.A surveycan be found in
[4]. However, existing methods are typically not efficient for more than 30dimensionsand are not scalable[5] due to the dimensionalitycursephenomenon
when the dimensionalityreacheshigher.VA-file [5] however,has been shown to
be superiorin nearly uniform datasetsby LP distancefunctions.In this paper,we
extend VA-file to support a different similarity metric for document similarity
search.
3 A GENERAL FRAMEWORK FOR SUPERPEER P2P-BASEDSEARCH
In this section, we presenta novel Hierarchical Summary Indexing framework
for P2P-baseddocumentsearchsystem.We shall first discussthe super-peerPZP
architecture,and then look at how such a structurecan facilitatethe designof the
proposedframework.
3.1 Super-peer P2P Network
A super-peeris a node in a peer-to-peernetwork that operatesboth as a server
to a set of clients, and as an equalin a network of super-peers.
A straightforward
query processingmechanismin super peer network works as follows. A peer
(client) submitsits query to the superpeer of its group. The superpeer will then
broadcastthe query to other peerswithin the group.At the sametime, the super
peer will also broadcastthe query to its neighboringsuperpeers.
3.2 Hierarchical Summary Indexing Structure
Summarizationis a necessarystep for efficient searching,especiallywhen the
amountof informationis very large.A summaryis a very compactrepresentation.
In our framework, we introduce a new interestingconcept,Hierarchical Summary
Indexing Structure(Summaryand Indexing),which is closelyrelatedto the superpeer PZP architecture we employed. Our scheme essentially summarizes
information at different levels.
We have employed three levels of summarization in our framework. The
lowest level, named as unit level, an information unit, such as a document is
summarized.In the secondlevel, namedaspeer level, all information ownedby a
peer is summarized. Finally, in the third level, named as super level, all
information contained by a peer group is summarized.Fig.1 depicts such a
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Summary
IndexingStructure

structurefor documentsummary.Fig.l showseach level of summary has a
correspondingindex built on top of it. Fig.2 showsthe hierarchicalsummary
indexesin a peergroup.

otherssuperpeers

Figure 2: Summaryindicesin a peergroup
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4 SEMANTIC BASED CONTENT SEARCH SYSTEM
Suppose there are a large number of peers in the network, and each
peer
contains a large number of documents, what we want to achieve
is to find the
most relevant documentsas quickly as possible.

4.l Building Summary
For eachlevel,our summarization
processconsistsof two stepsby techniques
of vector space Model (vsM) [6] and Latenr SemanticIndexing (LSD
lrl
respectively.Briefly, in vSM, documentsand queriesarerepresented
by vectors
of weightedtermfrequencies.
Latentsemanticindexing(t-Si) hasbeenproposed
to optimizethe vectorpreparedby vsM. A techniqueknown as singuiar
value
Decomposition(svD) is usedto reducethis conceptspaceinto a much
lower
dimensionalitv.

Algorithm 1: Building Hierarchical Summaries
l. For eachpeer
2. For eachdocument
3. Generateits vector vd by VSM
4. Generatedpeer weighted term dictionary vp
5. For each document vector vd
6. Transform itinto D(vp) dimensionality
7. Generatehigh dimensional point for vd by SVD
8. Passvp to its superpeer
9. Foreachsuperpeer
10. Generatedgroup weighted term dictionary vs
ll. For eachvp
12. Transform it int D(vs) dimensionality
13. Generatehigh dimensional point for up by SVD
14. Passvs to other superpeers
15. Generatedglobal weighted term dictionary yn
16. For eachys
17. Transform itinto D(vn) dimensionality
18. Generatehigh dimensional point for vs

Figure 3: Algorithmfor buildinghierarchi"alstructuresummaries.
Algorithm I indicates the main routine of building summary
in the
hierarchical structure as shown in Fig.3. we illustrate the algiithm
in Eiample 1.
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EXAMPLE 1 (AN EXAMPLE OF HIERARCHICAL SUMMARY BUILDING)
Table I provides a small P2P networkwith eight documents,di''!nrepresentsthe ith
document which is in mthpeer Of nthgroup. The process of summary building is
depicted in Fig.4, where zthe weight of a term is representedby its frequency
only. As we can see, vectors of documentsvds within a peer form the vector of
peer vp. Based on vp, each vd is transformed into D(vp)-dimensional vector
which is then reduced into a 2-dimensional document summary by SVD. Take a
look at the first peer which containsdocumentsdlrr and d2|. Both documents
are merged to form its vp of together with term weights, where D(vp) is 5.
Based on vp, both documents are mapped into S-dimensional vectors of
(1,0,1,1,1)and (0,1,0,1,0)respectively,
which are in turn reducedinto amuch
lower 2-dimensionalpoints by SVD. Sameprocess is applied to generate a
peer's and supperpeer's summary.
Thble L: A table of documents.
Id
d1

Document
Monitoring XML dataon the web

d2

ApproximateXML joins

d3

Outlier detectionfor high dimensionaldata

d4

High dimensional
indexingusingsampling

d5

Documentclusterinswith committees

d6

Documentclusterinswith clusterrefinement
Title languagemodelfor informationretrieval

d8

Documentsummarizationin informationretrieval

dataI join I ,monitorl,XM L2.webI

joinl,monitorl,outlierl,sample l,XML2,web 1
data2,detectionl
,dimensional2,high2,indexl

Figure 4: An example of hierarchical summary building.
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4.2 Query Processing
Fig.5 depicts how a query is being processedin aP2P network. In the figure,
dark arrow indicates the direction of a query being transmitted and blank arrow
indicates the route of results being returned.When a peer issuesa query Q, Q is
first passedto its super peer,followed by the hierarchical indexing searchin order
of global index, group index and peer index, which is the reverse order of the
summary construction.

Figure 5: The routing of query processinginitialized by dark peer

5 UPDATING ISSUES
One crucial difference between P2P and traditional information retrieval is
that P2P network is dynamic in nature. A peer can join and leave the network at
any time.

Algorithm 2: Peerinsertion
1. Build peers local index
2. Pass peers vp to its super peer
3- If AIRs,orp r 0no*
4. Rebuild and index group peers sunmary
5. Update super peers
6. Broadcast yJ to other super peers
7. For each super peer
8. If AIR stobat>0 gtobat
9. Rebuild and index super peers summary
10. Else
11. Generate peers high -dimensionalpoint
12. Insertthe point into groups index

Figure 6: Algorithmfor peerinsertion
Hence the summarization and indexing techniques have to be able to handle
dynamic operationefficiently. We proposethe following peer insertionAlgorithm 2
in our hierarchical indexing structureas shown in Fig.6
Journalof Engineering
and Technogoly
Vol.6, No.l, 2007
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Where dic and di"fu,r* are the current and future weighted term dictionary at
group or global level (vs or vn). Dfdicru,o,"Jis the dimensionality of the future
dictionarv.

6 COST MODELS
In this section, we have evaluated our hierarchical summary indexing
structure in a super-peernetwork based on the following types of metrics:
Storage Overhead, Query Response Time, Load and Accuracy of Results.
Furthermore,the cost for indexing construction/updatingis also estimated.
6.1 Storage Overhead
The storageoverhead in our structure includes peer overhead and super peer
overhead.For peer overhead,each peer containsits documents'summary; local
index built on the document summary, local current and future dictionaries,
together with the SVD's Singular Vectors.Hence the total peer Storage Overhead
(SO)is:
'

Sopr"r=Ddor* Ndo"* VAIo"or+2D(vp)* Ddor* D(vp)

where Doo, is the dimensionality of summarized high-dimensional points of
documents,Nrr" is the number of documents in the peet , VA,oro,is the size of
local VA-file on points of documents, and D(vp) is the dimensionality of peer's
term dictionary (assumecurrent'and future dictionary have approximately same
dimensionality).
Usually the value of Doo, is about 100, and D(vp) is about thousands.
Ddor* Ndo,represents the size of documents' summaries. Given that each
dimensionis representedbyb bits, the size of VA is 32/b of summaries,assuming
each dimension of summary is 4-byte long. Obviously, when Noo"is very large,
Soo"", = Ddo"* Ndo"* Ddo"* D(vP)
Similarly, each super peer contains two sets of data: summaries, index of
summaries,term dictionaries and Singular Vectors at group level and global level.
Hencethe total superpeer StorageOverheadis:
sorup"r=Do""r* No""r+uArroro+2D(vs)+ Dp"", * D(vs) + Drrp"r* Nrur*
+ UAgtotot+
2D(vn) + Dror"r* D(vn),
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where Dr"", and Dr,r", are the dimensionality of summaized high-dimensional
points of peers and-superpeers, No"rrandNruo"ratathe number of peers in the
group and super peers in the netwcirk. VArrour'andVArtouot
are the sizes of group
VA-files on points of group peers and glbbal VA-file on points of super peers.
D(vs) and D(vn) are the dimensionality of group and global term dictionary
respectively.
6.2 Query Responsefime and Load
The essentialfocus of our work is to perform effective and efficient semanticbased content searchon text documentsin the P2P environment. Here we derive
simple brief cost model for Query ResponseTime and Load in our hierarchical
summary indexing structure.
In P2P network, the Query Response Time comprises network delay and
peer's processingtime. Network delay is affected by the network bandwidth and
network Inad. Here we define Load as the total amount of information the
network must transmit. For simplicity, we measure the Load as the number of
messagesbeing processedin the network. Given the fixed network bandwidth
and a time period, the number of messages is the major factor affecting the
network traffic. A peer's processingtime is the time to searchthe K most relevant
peers and/or documents.Without summarization,the query has to compare with a
peer's/document'scomplete information. And without indexing, the query has to
compare with every single peer/document.Given the fixed CPU power, effective
summarization and efficient indexing becometwo keys.
Our hierarchical indexing structure is designed to avoid network delay and
speedup the processingtime. In our structure, global index and group index are
used to quickly determine which group and peer to be searchednext. This avoids
extensivebroadcastcost. As for the peer's processingtime, local index quickens
the local document search. Effective summarization condenseslarge amount of
information into small size and makes efficient indexing possible.In our
hierarchical indexing structure, given a query, the times of a query being
forwarded, is:
Tim€snuery=
| * Kr-ro* Kr-uo* Kp"",
The client peer first forwards its query to its group's super peer. Its super peer
then searchesits global index and selectstha K*ourmost relevant groups to which
it forwards the query. In each selectedgroup,-the super peer searghesits group
index and forwards the query to the Kor"rmost relevant individual peers.At each
level of index, KNN search is perfonired. Correspondingly,the total processing
time is computedas:
Time = Ti*"

* Time
* Time
+K
+ K group* K
roro,
rtouot
r*r,
rrcup
orr,

where, Timerruo,refers to the processing time of KNN search in global VA-fiIe.
Clearly, the efficiency of indexing technique determinesthe performance. In the
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VA-file, the total responsetime for KNN search mainly includes two parts: the
time to scan the VA file and the time to compute the lower and upper bounds if
the number of candidates is small. It has been shown that it outperforms
sequentialscanin high dimensional space.As for the accuracyof results achieved
by our summary technique,they will be measuredin the experimentssection.
6.3 Cost of Updating
Updating cost is another important factor which may affect the overall
performance. It consists of two parts: the processingtime to update and the load
for the update.At document level, given the dimensionalify of its peer dictionary
- D(vp), the dimensionality of summarized document - Doo" and the number
documentsin the peer - Ndor,the time to generatedocument summary by SVD is
O(Na* * D(vp)2* Ndo,* D'oo" ), and the time to constructlocal VA-file on top of
documentsummaryis O(Nao,* Daor).SinceD(vp) is expectedto be much larger
lhan D,o", the total processing time to construct local index is approximately
O(Nao"*D(vp)z). Similar formulas can be derived for peer level and super
peer level.
Whenever a peerjoins a group, its local index is built and its dictionary - vp is
passed to its super peer. Hence the load is the peer's vp. In our peer insertion
algorithm, if no re-building of group indexing occurs in the super peer, the joined
peer is first mapped to Do"r, dimensional summary point, and then its VA is
appendedto the VA-fiIe, which takesconstanttime.
However, if group summary rebuilding is invoked, the total cost will include
two more portions: super peer's processingtime for group indexing building, and
the broadcast load of the super peer's summary - ys to other super peers. The
processingcost of group indexing building is approximately O(Npe",* D(vs)2) as
explained above. The times of the super peer's summary being broadcast is
proportional to the number of super peers which can be reached by this super
peer. If a super peers' summary rebuilding is invoked, each reachable super peer
performs the same process of summary indexing, which approximately takes
O(Mrup", * D(vn)2) more processing time, by assuming all super peers can be
reached.It can be expectedthat directly inserting peer into group index is much
more frequent than rebuilding of group index, which in turn is more frequent than
rebuildingof global index.
Obviously, in the process of indexing building/rebuilding, summary
generation by SVD is the most time consuming. To reduce the cost of SVD,
sampling techniques can be applied to achieve a better trade-off between time
and accuracy.In the experiment section, we will seehow the sampling technique
can help to reduce the processing time while keeping a high accuracy.
Furthermore,we will also seehow stable the SVD technique can be in producing
the accurate summary information as peers keep joining the network and when
the index needto be rebuilt.
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7 EXPERIMENTAL RESULTAND DISCUSSION
We have evaluated the proposed hierarchical summary and indexing scheme
in a real P2P setting as well as via simulation. In this section, we report the
results of the performance study.
7.1 Experimental Setup
Table 2 gives some experiment parametersand their default settings for both
the real system and the simulator respectively.
Table 2: Parametersand settinss.

Name
Network Type
Max User Wait
Time
Query Rate

TTL
Network Size
PeerGroupSize

Default
Description
Value
Power-Law Topology of the network, with out degree3.2

60s
8E-3
5

Time for a user to wait an answer
The expectednumber of queries per user
per second
Time-To-Live of an message
Number of peersin the network
Number of peersin eachpeer group

Kp"",

Numberof superpeersto return
Numberof peersfor a superpeerto return

Koo"

Number of documentsfor a peer to return

Kgroup

7.2 Retrieval Precision
In this experiment, we have examined the effectiveness of our summary
technique..We first implement a relatively small real network to show that our
proposals are very practical and applicable to P2P systems.Our real network has
30 nodes. We use 4 benchmark collections of documents which were used by
Smart [7], together with their queries and human ranking. Thble 3 presents the
characteristicsof the datasets.
Thble 3: Characteristicsofreal datasets.

Number of documents
Number of queries
Number of terms occurring in more
than one document

MED CISI CACM TIMES
r033 r460 3204
425
30
76
64
83
583I
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i) Effect of Dimensionality: The precision is measured by the ratio of the
number of relevant documents over the number of returned documents. Fig.7
shows the changes of the average precision when the summary for the
documentsis reducedto different dimensionswith SVD technique.
Next, we study the retrieval precision at the group level with the peer level
summaries. Fig.8 illustrates the variation of the average precision as the
number of dimension increases. Lastly, we repeat the experiment on the
highest level of hierarchy to test if the correct groups that contain the relevant
documentscan be returned.
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Figure 8: Peer level summary

Figure 7: Document level summary
precision.

At this level, its precision is measuredby the ratio of the number of relevant
peer groups over the number of returned peer groups. The result is shown in
Fig.9. From Fig.8, Fig.9 and Fig.10, we can see that different dimensionality of
summary may achieve different precision. The smallest value with highest
precision is always chosenas the final dimensionality of summary at each level.

.E o.s
.9 0.8

E o.z
t o.o

$ 3:l
og
I

Dimension

Figure 9: SuperPeerLevelSummaryPrecision.
ii) Precision of the Whole System: In the above subsection, we have seen how
the dimensionality of summary affects the precision at each individual level.
In this experiment, we integrate the three levels and test the overall precision
of the whole system. The precision is measured by the ratio of the number
of relevant documents over the number of returned documents after the
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whole network has been searched.Obviously, the precision of the whole system
is expected to be lower than the precision at documentation level since the
precision is further reduced at higher levels.
0.3
0.25
tt.2
I

l$ o,tu
*
I

0,1
{.05

Figure 10: Overall Hierarchical System Summary Precision.

8 CONCLUSIONS
We have examined the issues to support content-basedsearching in a
distributed peer-to-peerinformation sharing system. We have proposed the first
general and extensible hierarchical framework for summary building and
indexing in P2P network. Based on this framework, we have presented an
effective two-step summarization technique to transform large size
representationsof documents,peers,and superpeers into small high-dimensional
points. A prototype and a simulated large scale network have been designed to
evaluate the system performance. Our experiments showed that such a
hierarchical summary indexing structures can be easily adopted and our
prototype systemachievesremarkable achievements.
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