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Abstract
Peer-to-Peer systems have become a focus of distributed computing these years.
Document discovery is a key problem in this field. In this paper, abstract indices are
proposed for content-based information retrieval in Peer-to-Peer systems, especially for
multimedia documents. Abstract information is extracted from the shared documents of
each peer, then the similar documents on other peers can be retrieved based on content
via abstract indices in both centralized P2P systems and distributed P2P systems.
Abstract indices (AI) make it possible to search fewer peers but get more similar
documents. Experiments show AI works well in simulated P2P systems.
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1 Introduction
Peer-to-peer (P2P) is a dramatically increasing research field in these years. As the basis
of the Internet, now P2P becomes the focus of people. P2P systems allow users to
exchange files, communicate instantly, store documents safely and effectively, and so on.
There is a very large collection of documents in a P2P system. So it is an important
problem to retrieve documents based on content in this system. Our aim is to search
fewer peers but get more results in content-based information retrieval, especially the
multimedia documents.
There are two kinds of peer-to-peer systems, each with their own advantages and
disadvantages. The first is the centralized P2P system. One or more nodes exist in a
centralized P2P system acting as the center of the system. This kind of nodes is named
the coordinator, supernode, or other words. Indices of the whole system may be
established on the coordinator. To process a query, the coordinator has to be used to
locate the appropriate peers. The hybrid P2P system is only a variation of the centralized
P2P system.
The second is the distributed P2P system, or the pure P2P system. In this kind of system,
local index may be created on each peer. The distributed P2P system works by flooding
the network (or a subset of it) to process each query submitted from any peer.
In this paper the abstract indices (AI) are proposed. Abstract is the summary of the shared
documents of a peer. Abstract index is the index established on the abstracts of all peers
in a system. The content-based information retrieval, especially to multimedia documents,
can be solved via AI. AI works well in the simulated experiments for the both kinds of P2P
2

systems.
The rest of this paper is organized as follows. In next section the related work is reviewed.
The related work is reviewed. In section 3 the problem of document discovery in P2P
systems is discussed. Abstract Information of a Peer is presented in section 4. Then
abstract indices for centralized and distributed Peer-to-Peer Systems are respectively
discussed in section 5 and section 6. And the algorithms for abstract indices are
presented in section 7. The results of the simulated experiments are given in section 8.

2 Related Work
Many P2P systems have been proposed and developed [UG, UF, UB, US, UL]. But they
all lack the support for content-based information retrieval, especially to multimedia
documents. That is these systems work on document identifiers, rather than on the
content of the documents. [CN02] gives a method for the content-based text information
retrieval in P2P environments. This work can not extend to other media, e.g. image.
A distributed lookup protocol can be found in [SMK01] to solve the locating problem in
peer-to-peer applications. [CG02] proposes a distributed-index mechanism, named route
indices. The routing indices are maintained on each peer. It gives a "direction" towards the
document, rather than its actual location. Unfortunately, RI only works for distributed P2P
systems. [YG02] focuses on search techniques that do not use indexes, although it also
studies one type of local area index.
[RD01] describes a kind of storage management and caching in a P2P environment.
[KNO02] focuses on the application of OLAP in P2P environments. [GHI01] discusses the
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relation between database and P2P.
The problem of database selection, i.e. selecting the best databases to which to send a
query, is studied in [GGT00, CGJ02]. However, the number of peers in a P2P system is
more than that of databases in these papers, and the autonomy of each peer is higher
than that of each database in these multi-database environments.
Some recent work focuses on the evaluation of P2P systems. [YG01] develops a
probabilistic model and an analytic model for “hybrid” P2P systems, but it doesn’t consider
other kinds of P2P systems. And the models cannot deal with content-based information
retrieval. An evaluation and description of the present state of Gnutella is given in [Clip].

3 The problem of document discovery in P2P systems
3.1 Overview of centralized P2P systems
In a centralized P2P system, there are always one or several peers acting as the center of
the system. The meta-data or feature of each document in the system is sent to the
central peer (perhaps named coordinator, supernode, or other words). When a user
submits a query, the query or the feature of the query should be sent to the coordinator(s),
where the query process is done.
There are some drawbacks in the centralized P2P systems. Firstly the autonomy of peers
is disobeyed. Each peer has to submit the meta-data or feature of each shared document
to the coordinator. Secondly the network load is high. The transfer of the features of all
documents is an onerous task. Thirdly the central index is too large and is vulnerable to
attack. Finally there is no efficient way to deal with the content-based multimedia
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information retrieval in this kind of system. One simple method is to retrieve document in
the coordinator, but it needs all features should be stored on the coordinator. It not obeys
the autonomy of the peer, because perhaps a peer doesn’t want the coordinator know
what is stored on itself in detail. As far as we know, there is not formal publication about
this problem.

3.2 Overview of Distributed-Search P2P Systems
In a distributed P2P system, there are so many peers having the same degree. To
discover some certain documents, the existing methods should search all neighbors of the
querying peer and the messages flood the system. And the summation of computation on
each peer is very enormous. There is no formal publication about an efficient and effective
method for multimedia document retrieval based on content.

3.3 The problem of document discovery
The problem of document discovery in P2P systems is to minimize the whole computation
of the whole system but get more satisfying results.
The problem can be formalized to the following optimization problem.
min SC(P), NL(P)
sub to. SR > n
Where P is a P2P system, SC(P) is the summation of computation in the whole system,
NL(P) is the whole network load, SR is the number of documents as the final results
satisfying the query, and n is a positive integer.
In a P2P system, there is usually a very large collection of documents. And there are so
5

many documents satisfying the user’s demands that a part of them is enough to the user.
Then the exactly K-Nearest-Neighbors problem in a P2P system is not important, and it is
not considered in this paper.

4 Abstract Information of a Peer
In the rest of this paper, the abstract of the shared documents of a peer is always named
the abstract of the peer. The abstract of a peer is discussed in this section. Abstract
Indices of P2P systems will be discussed in the following two sections.

4.1 What is the abstract information of a peer?
For a set of pictures about cars, the word "car" can be used to describe this set. This kind
of words, i.e. car, is usually named "meta-data". In content-based information retrieval,
"meta-data" can be used to label these pictures, but it is better to retrieve the similar
objects to the query based on content instead of "meta-data". In Peer-to-Peer
environments, each peer can be considered as a general object, so it is a good idea to
find some features to describe it like the effect of "meta-data".
The abstract of a peer is the "meta-data" of it, but it is based on the content of the shared
documents on this peer. The abstract of a peer is the information that can characterize the
shared documents of this peer. It can be thought as the thumbnail of the shared
documents on the peer.
There exists the abstract of a peer in P2P systems. A P2P system is usually constructed
for a special group. Different communities can have different P2P systems. In a
community having a same interesting, such as a music community, each person shares
6

the music collection of his personal computer, i.e. a peer of the P2P system. If he likes
classical music, there perhaps lots of classical music in his shared collection. So for each
peer, there may be one or several features that can represent the shared documents on it.
The methods of creating abstract of a peer will be discussed in the next subsection.
The abstract of a peer can be applied to document discovery in P2P systems. Given a
query, some peers, which seem that a lot of documents similar to the query are stored in,
can be selected via the abstracts of all peers in a P2P system. Then fewer peers will be
searched but more results will be returned.

4.2 How to create the abstract of a peer?
There are two steps to creating the abstract of a peer. The first is the selection of the set of
attributes used to represent the document, and the second is the production of the
abstract of the documents of a peer.
The selection of the attributes set is very important. These attributes are expected enable
characterizing a document. For example, pitch, rhythm, timbre and dynamics can be used
to represent a piece of music [BC02]. The selection of the attributes set of multimedia
documents is very hard because the meaning of multimedia documents can be varying to
different persons.
There are many methods to create the abstract of a peer. For example, to the set of
shared documents of a peer, some clustering methods can be used to cluster the features
of these documents based on their content. Then these clustering centers of all clusters
can be used as the abstract of the peer.
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Other methods, such as classification, statistical calculation can be used to create the
abstract information. The creation of the abstract of a peer is very difficult problem, but it is
also very interesting. It is still an open question to create the proper abstract of a peer.
In this paper, a statistical method is adopted to create the abstract of a peer. Suppose that
a P2P system store a certain kind of document, and X1, X2, …, X,n is the n random
variables corresponding to the n features of this kind of document, then each document in
this system can be represented as a vector (x1, x2, …, xn). The n+1-tuple (y1, y2, …, yn,
yn+1) is named the abstract of a peer where

yi = E ( X i ) ,
yn +1 = E

i = 1,L , n ,

(

)

diag ( C ) ,

C is the covariance matrix of X1, X2, …, Xn.
For example, in an image P2P system, a 16-dimension histogram is selected as the
feature of the image. Then each image is represented as a 16 dimensions vector. The
value of each dimension is normalized to a number between 0 and 1. Xi is the random
variable corresponding to the i-th dimension. A 17-tuple (y1, y2, …, y16, y17) is computed
from the set of shared images of a peer as the abstract, where yi is the mean of Xi, y17 is
the mean of the standard variances of all Xi (i=1, …, 16). The abstract of a peer can be
plotted as a point in the 17-dimension space.

4.3 Others
There is update issue about abstract of a peer. When the shared documents of a peer
change, e.g., some documents are added into the shared collection, the abstract of this
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peer should be updated. The degree of update of abstract varies. For example, if a
clustering algorithm is used as the abstract-creating method, when a single document is
added, it is not necessary to alter all central points of all clusters in the abstract, perhaps
one central point is enough. When many documents are added, perhaps several central
points should be altered, and even some new central points are created.

5 AI for centralized Peer-to-Peer Systems
It is very interesting to organize the abstracts of all peers in a P2P system. A kind of index
of abstracts, named abstract indices (AI), is introduced in this paper. In this section, AI in
centralized P2P systems is discussed. And AI in distributed P2P systems will be
discussed in the next section.
The objective of AI is to search fewer peers but get more results, i.e. minimize the
computation of the whole system but maximize the efficiency of the document discovery.
The AI in centralized P2P systems allows a coordinator to select the "best" peers to send
a query to. An AI in a centralized P2P system is a data structure that, given a query,
returns a list of peers, which a lot of documents similar to the query may be stored on.
In this section and the next, a simple P2P environment of using AI is given. This
environment comprises of 1000 peers, 500 objects are stored in each peer. The selected
attributes of object are X1 and X2. Then each object can be represented as a 2-tuple (x1,
x2), and x1 and x2 can be normalized into [0, 1]. The statistical abstract-creating method in
section 4.2 is used in this system, i.e., the statistical feature values of (x1, x2) of all objects
in a peer can be used to characterize this peer. Then each peer can be represented as a
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3-tuple (y1, y2, y3), where y1 is the mean of X1, y2 the mean of X2, and y3 the mean of the
standard deviations of X1 and X2. This 3-tuple is named the abstract of the peer. Each
abstract can be plotted as a point in the 3-dimension space where the minimum and the
maximum value of each dimension is respectively 0 and 1.

5.1 Creating Abstract Indices
In this subsection, an AI for a centralized P2P system is created. The P2P system is
established on the frontal simple P2P environment. For simplicity, this system has only
one coordinator. The system is depicted in the figure 1-a.
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The abstracts of the 1000 peers are mapped to 1000 points in the 3-dimension abstract
space (figure 1-b). The abstract space can be partitioned into several subspaces. Given
the partitioning sequences of each dimensions is (0, 0.25, 0.5, 0.75, 1), the space is
partitioned into 43 subspaces (figure 1-c). One of the subspaces is illustrated in Figure 1-d.
Each abstract is mapped into a subspace, and each subspace corresponds to a set of
abstracts of peers, i.e., a set of peers, which are named the peers of the subspace.
The organization of the abstract spaces is named abstract index. In this paper, an AI is the
11

partition of the abstract space, i.e., the data structure (and corresponding algorithms) of
storing the mapping from abstract point set to the exponential set of the abstract subspace
set and storing the peers of each subspace.
AI is not just hashing. Hashing is the mapping from a point to a bucket, but the mapping in
AI "maps" a point to several subspaces (buckets). AI is more general than hashing.

5.2 Using Abstract Indices
In centralized P2P systems, AI is usually saved on the coordinator. By using AI, a set of
peers will be selected as "the likely-destination peers", i.e. peers where perhaps a lot of
documents similar to the query are stored. In this subsection, an example is given to
describe how to use abstract indices during the query process.
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When a user puts forward a query from any peer, this query can be represented as a
2-tuple, such as (0.2, 0.5). It can be thought as the abstract of a virtual peer that only this
query is stored on. Then the abstract of the virtual peer is (0.2, 0.5, 0). This abstract will be
sent to the coordinator and mapped into the 3-dimension space (figure 2-a).
Given the expanding factors in Y1, Y2 and Y3 are respectively 0.1, 0.1 and 0.3, and then
the abstract of the virtual peer can be expanded to an area in the abstract space. This
area {(y1, y2, y3) | 0.1 £ y1 £ 0.3, 0.4 £ y2 £ 0.6, 0 £ y3 £ 0.3} is named the expanding set of
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the abstract (0.2, 0.5, 0) (figure 2-b).
A set of subspaces can be used to overlay the expanding set of the abstract. The smallest
such set is named the minimum overlay of the expanding set. The minimum overlay of the
expanding set of (0.2, 0.5, 0) is the set of subspaces S 1,2,1, S1,2,2, S1,3,1, S1,3,2, S2,2,1, S2,2,2,
S2,3,1, and S2,3,2 (figure 2-c). The union of the peers of these subspaces in the minimum
overlay is the set of the likely-destination peers to the query (figure 2-d).

5.3 Maintaining Abstract Indices
It is very important to maintain abstract indices for the validity of AI. When a peer connects
into a centralized P2P system, its abstract should be added to the coordinator. When a
peer disconnects from this system, its abstract should be deleted from the coordinator.
When the abstract of a peer is altered, such as some documents added, the change
should propagate to AI. Usually batch update periodically and instant update are two
policies in these cases. The cost of the former is less than that of the latter, but the effect
of the latter is better than that of the former.
AI should be updated if the partitioning sequence of any dimension is altered. For the
same abstract space, different partitioning points, e.g. the number or the values of them,
can obtain different AI. So at the same expanding factors, the set of the likely-destination
peers can still be refined if the partitioning sequences are tuned.

6 AI for distributed Peer-to-Peer Systems
The abstracts of all peers in a distributed P2P system comprise the abstract indices of the
system. And the creation and maintenance of AI are equal to those of abstracts. However,
14

in distributed peer-to-peer systems, AI can still be used to search fewer peers but get
more results satisfying the user’s query.
Without abstract mechanisms, a query is sent to all its neighbors to get the proper results.
Each neighbor has to compare the query and all its shared documents. With AI, peers
concerned with the query process are classified as reached peers and searched peers. A
reached peer is the peer that receives the abstract of the virtual peer. A searched peer is
the peer whose abstract belongs to the expanding set of the abstract of the virtual peer.
Searched peers must be reached, but reached peers perhaps are not searched. Only the
searched peers compare the query and its shared documents.
For example, given a distributed P2P system that is established on the frontal simple P2P
environment, AI is created and cycles are not concerned. A part of the system is depicted
in the figure 3-a. The user’s query and the expanding factors in Y1, Y2 and Y3 remain
those in section 5.2. The query process can be described as follows. A user gives a query
(0.2, 0.5) in P1, and the abstract (0.2, 0.5, 0) of the virtual peer is extracted from it. P1 finds
that its abstract does not belong to the expanding set of (0.2, 0.5, 0), and then sends (0.2,
0.5, 0) to P2, P3 and P4. P2 finds its abstract belongs to the expanding set, then compares
the query with its shared documents and sends the query to P5, P6 and P7. The rest
follows the rules. In figure 3-b, "S" denotes the searched peer, and "R" denotes the
reached peer. It is obvious that the computation of the whole system goes down. And
enough satisfying documents can also be gotten from the experimental results in section
8.
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7 Algorithms for Abstract Indices
In this section, some algorithms about abstract indices are proposed. The algorithms for
creating abstract of peer can be various, so it is not described here.
In P2P systems each peer is self-existent. It is very common that many copies of a
multimedia file stored in different peers. So it is very important to filter out the replica in the
results returned to users. There is a simple and effective method to filter out the repetition
in the results. The multimedia files with the same content must have the same size and
usually have the same date-time, therefore the size or the date-time of multimedia files
with the equal similar degree can be compared to judge whether these files are repeated.
Usually the size is enough.

7.1. Algorithms for creating AI in centralized P2P
systems
AI Creation Algorithm in centralized P2P systems
Input: Abstracts of all peers in the system, partitioning sequences of each dimensions

16

Output: AI in the coordinator
1) Partition the abstract space into subspaces based on the partitioning sequences;
2) For each subspace
record the peers of this subspace;

7.2. Algorithms for answering a query in centralized
P2P systems
Input: a query, expanding factors, AI, similarity conditions
Output: the final results
1) Compute the abstract of the virtual peer that comprises only the query;
2) Compute the expanding set of the abstract using the expanding factors;
3) Compute the minimal overlay of the expanding set;
4) Compute the union of the peers of subspaces which belongs to the minimal overlay, i.e.
the set of likely-destination peers;
5) For each likely-destination peer
Retrieve the similar documents similar to the query and return the documents
satisfied the similarity conditions;
6) Filter the results and produce the final results;

7.3. Algorithms for answering a query in distributed
P2P systems
Input: a query, expanding factors, AI, similarity conditions
Output: the final results
17

1) Compute the abstract of the virtual peer that comprises only the query;
2) For each peer reached,
If the peer is searched, i.e. the abstract of this peer belongs to the expanding set of
the query
Retrieve the similar documents similar to the query and return the documents
satisfied the similarity conditions;
3) Filter the results and produce the final results;

8 Experiments
8.1 Experimental Setup
AI can be used for the content-based information retrieval in P2P systems, especially to
multimedia documents. A simulated multimedia document P2P system, e.g. an image P2P
system, is constructed in this paper. Each image is represented as a 3-tuple, i.e. (R, G, B),
where each element of the tuple is a number between 0 and 1 and represents the degree
of the corresponding color. The two images which Euclidean distance is within a certain
value are thought as the similar images.
The simulated image P2P system contains 10000 peers. Each peer has some simulated
images, i.e. 3-tuples, from 29 to 1000. The total number of images in the system is
2,805,028. Each dimension of the abstract of a peer is produced randomly under the
normal distribution.
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8.2 Experiments in the centralized P2P system
In the simulated centralized P2P system, only one coordinator exists. After a user submits
an image query from any peer, the abstract of the virtual peer that consists of only the
query image is extracted and sent to the coordinator. The coordinator retrieves the
likely-destination peers from AI based on the abstract, and then sends the query to these
peers to get detail results.
8.2.1 Some measurements
In this subsection, some measures are defined. The ratio of the number of the
likely-destination peers to the number of all peers is named the peer-ratio (PR), which
expresses the percentage of the likely-destination peers. Given a value of offset (In this
paper, two images is said similar each other if the distance of their features is less than the
value of offset.), the ratio of the number of the documents similar to the query in the
results to the number of all documents similar to the query in the system is named the
hit-ratio (HR). The ratio of HR to PR is named the accelerating-ratio (AR), which
expresses the efficiency of the accelerating algorithm.
8.2.2. Results of the centralized P2P system
When the expanding factors in Y1, Y2, Y3 and Y4 are respectively 0.18, 0.18, 0.18 and 0.15,
the results of retrieval by AI are illustrated in figure 4 and figure 5. They are the average
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values on 512 test points. When the expanding factors are other values, the trends
remain.

8.3 Experiments in the distributed P2P system
In a distributed P2P system, the number of the neighbors of a peer is named the width of
the system. The number of the hops a query can propagate is named the depth of the
system. In the simulated distributed P2P system, the width of the system is 5, and the
depth of the system is 7. After a peer receives the abstract of the virtual peer that consists
of only the query image, it judges whether it is the searched peer, i.e. whether its abstract
belongs to the expanding set of the query abstract. If this peer is a searched peer, it
searches its shared documents to retrieve the documents similar to the query. And this
peer will send the query abstract to its neighbors until the hop of the message is more
than the depth of the system.
8.3.1 Some measurements
In the distributed P2P systems, PR is the ratio of the number of searched peers to that of
the reached ones, HR is the ratio of the number of the number of the documents similar to
the query in the searched peers to the number of all documents similar to the query in the
reached peers, and AR is still the ratio of HR to PR
Besides these measurements, the max-hit-ratio (MHR) is also a measure of distributed
P2P systems. The max-hit-ratio is the ratio of the maximal number of documents similar to
the query image in the results to the number of all documents similar to the query. The
max-hit-ratio is determined by the topology of a P2P system, and is not the problem that
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AI tries to solve.
8.3.2. Results of the distributed P2P system
In the experiment of the distributed P2P system, the expanding factors are the same in
subsection 8.2.2. The value of offset is 0.1. The results by AI in different test points are
listed in table 1. It shows that AI also works well in the distributed P2P system.

query point

HR

PR

AR

MHR

0.0063

0.3141

50.1125

0.5060

0.0075

0.2575

34.2383

0.4757

(0.20, 0.50,
0.70)
(0.30, 0.40,
0.60)
Table 1. The results of AI in a distributed P2P system
The experiments on more test points are working in progress.

9 Conclusion and Future Work
The contributions of this paper are: (1) we introduce abstract of a peer to summary the
shared documents of a peer and to characterize the peer; (2) we introduce Abstract
Indices, an efficient way for content-based information retrieval in P2P systems; (3) we
present the two kinds of AI for both distributed and centralized P2P systems. Experiments
show that AI work well in the simulated experiments for the both kinds of P2P systems.
More works about the experiments and performance analysis of AI will be done in the
future.
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