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Abstract. Currently most centralized RDF storage and query architecture have
problems in query performance and scalability. In this paper we present a dis-
tributed RDF query architecture to address these problems, which is built on
Chord and Sesame. In our architecture, we construct semantic topology with
distributed interest-index to route query and take advantage of semantic simi-
larity between query and peer to select peers which are capable of answering
the given query. Experimental results have showed that our approach has a
much better performance while achieving a good recall rate.

1 Introduction

The next generation Web, Semantic Web, has recently been drawn considerable at-
tention from both academy and industry. Through the structural and formal descrip-
tion of resource, semantic web makes the exchanging, analyzing and reasoning among
different computer systems possible. By far, now that the W3C has put forward a se-
ries of semantic web specifications such as RDF(S)[1], OWL[2] and RDF storage and
query systems also provide the fundamental platform, many kinds of semantic web
applications have emerged.

At present most of RDF storage and query systems like Jena[3], Sesame[4] adopts
centralized architecture to store information so as to build a local knowledge base, in
which a great many of disadvantages exist. To begin with, if you want to query the
remote knowledge source, you could not use unless you copy it from the remote to the
local and merge it with local knowledge source. Furthermore, when you want to con-
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struct a large application that requires the processing of megabytes of data, the
query’s response time will be unbearable. Finally, the scalability, efficiency and rea-
soning capability of the system would be great problems. Therefore, we need a dis-
tributed RDF storage and query architecture to support the semantic web application
which will include a large dataset and can provide efficient query and high scalability.

P2P systems, like Chord[5], have become an important distributed architecture,
which have many good characteristics, such as no centralized server, scalability, ro-
bustness against failure of any single component and so on. It would be a good idea to
construct a distributed RDF query architecture that based on P2P architecture. By this
way, we could not only solve the above problems but also make use of flexible and
extendable resource-description method of semantic web to enable P2P system to
support more complex metadata and query.

In this paper, we illustrate a distributed RDF query architecture based on P2P net-
work and show how to take advantage of peer interest for routing query. In section 2
we will describe the design of distributed RDF query architecture based on Chord;
section 3 will introduce how to compare semantic similarity between query and peer
and how to route RDF queries by the way of interest-index; section 4 will give some
experiment results; section 5 will discuss some questions related to our work, then
concluding the paper in section 6.

2 Peer-to-peer based distributed RDF query Architecture

Before discussing the distributed RDF query architecture, we will recognize two
basic components of the architecture: Sesame and Chord. Sesame is a RDF storage
and query architecture, which supports RDF(S) inference and customized OWL in-
ference. And Chord is a classic peer-to-peer system, which is a logical identifier ring
space. Each node (peer) gets a random identifier when it joins Chord, and then all the
nodes separate the identifier ring into chords. Given a key k, chord uses a consistent
hash function (SHA-1) to get hy, which is its position in identifier ring. Then the key k
is assigned to the node whose identifier is equal to or follows (the identifier of) hy,
denoted by successor(hy) in Chord.

In our architecture, we take the latest Sesame 1.2 as the knowledge storage archi-
tecture and apply the query language SeRQL for formulating semantic queries. As for



Chord, we don’t take its protocol to distribute knowledge but to build a distributed
interest index.

The paper describes the architecture in detail as bellow. Figure 1 shows the
high-level design of the distributed RDF query architecture on a single peer. We will
now briefly describe the individual components.
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Figure 1 high-level design of the distributed RDF query architecture on a single peer
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Every peer just has the same query structure as figure 1 shows .They could manage
their own knowledge base formed by the database mode of Sesame and adopts
SeRQL as semantic query language to query local and remote knowledge base uni-
formly.

Next, User interface component, on the one hand it receives query request from us-
ers and distributes to the lower level knowledge mediator, on the other hand it also
take the responsibility of the customized display of query result.

By means of masking different knowledge bases on the lower level, knowledge
mediator could offer a uniform knowledge view to users. And its function also covers
analyzing the query to extract characteristics and distributing query request to the
remote knowledge base after the mediator has received the query request delivered
from user interface. In addition, knowledge mediator should take further processing
on the results returned from different knowledge bases, for instance, to take semantic
duplication detection, etc.

The interest-based peer selector consists of two parts: preliminary selector and se-
mantic similarity selector. Preliminary selector uses distributed interest-index to ob-
tain a peer set, and next semantic similarity selector will evaluate semantic similarity
between query and peer from the preliminary peer set in order to get a final peer set.



In one word, this component is in charge of selecting peers, which are capable of an-
swering the given query.

3 Interest-based distributed RDF query routing

In this section, we will consider a certain domain to construct the above  archi-
tecture. Usually in the everyday work, researchers always look up and read a large
number of documents, for instance, computer scholar often use the query system like
Citeseer[6] and also collect some interested papers by themselves. So we could build
a P2P based knowledge-exchanging platform in computer science domain to make
researchers exchange information more freely and conveniently.

For constructing such a platform, we should build the semantic descriptions of
various resources in this system at first. As everyone knows, papers are the most im-
portant resource in this application. Then with OWL we describe paper resources as
ontology. Here the example bellow shows a fragment of the ontology,

<rdfs:subClassOf>
<owl:Restriction>
<owl:allValuesFrom rdf:resource=""#Publication"/>
<owl:onProperty>
<owl:ObjectProperty rdf:ID=""refTo"/>
</owl:onProperty>
</owl:Restriction>
</rdfs:subClassOf>

Besides the paper resource, we also need ACM topic ontology to classify these papers.
The ACM topic ontology is hierarchy classification architecture in computer science
domain, which consists of 1287 topics and adopts the “SubTopic” property to repre-
sent the relationship between sub-topic and parent- topic.

After defining the semantic description of resources in the system, the knowledge
base on each peer could be constructed according to the above ontology. In the fol-
lowing parts, we will describe how to deal with the distributed query under the situa-
tion above. Section 3.1 will show how to describe the peer interest and the query
characteristics and how to compare semantic similarity between them. Section 3.2



will describe how to use Chord protocol to build distributed interest-index to shape
semantic topology. Section 3.3 will introduce how to route query with the support of
distributed interest-index and describe interest-based peer selection policy in detail.

3.1 Semantic descriptions of peer interest and query

In order to support the query on different knowledge bases, query should be sent to
many peers. If just broadcasting, there will be many problems. An obvious solution is
to send query to those peers which probably can answer a given query.

Hence, we need to compare similarity between peer and query. First, we define the
method of describing peer interest and query characteristic. Here we denote peer in-
terest as P and query characteristic as Q and ACM topic set as T. Due to the topics of
papers reflecting interest on which peer focuses, we can use paper topics produced by
ACM ontology to describe peer interest. Here, we count the topics and the corre-
sponding number in the knowledge base to describe it. Supposing a peer contains
these topics t1, t2...tm, and the corresponding number are ni, n2...nm, then P is
{(t1,n1),(t2,n2)...... (tm, nm)}. Similar to describing peer interest, by analyzing the
query, we could obtain the topic set to define query characteristic Q. Take the follow-
ing query as the example:

select distinct id, title, abstract, keywords

from {id} cnds:hasTitle {title};

cnds:hasAbstract {abstract};

cnds:hasKeywords {keywords};

cnds:isAbout {<acm: ACMTopic/Computer_Systems_Organization>};
using namespace

cnds = <"*http://ais.grids.cn/ontology/20041104/bibonto#**>

acm = <”http://ais.grids.cn/ontology/20041104/classification#”>

So this query characteristic Q is {*ACMTopic/Computer_Systems_Organization”}.
Sometimes, we cannot extract any topic from the query, and then we define Q as the
topics of the peer that sends the query.

Next, we define semantic similarity between query characteristic and peer interest,
the higher the similarity value is, the more similar they are, and more possibly the



peer answers the query. Now many semantic similarity measuring methods have been
developed. In our case, the similarity degree of two topics depends on the semantic
distance between them, that is, the position they stay in ACM classification system,
the nearer the distance is, the more similar they are. For example, topic ACM-
Topic/Software/Software_Engineering is closer to the topic ACMTopic/Software/
Software_Engineering/Management than the topic ACMTopic/Software/Software
_Engineering/Metrics/Complexity _Measures.

[7] have raised some methods to compare the semantic similarity degree of the in-
dividual words in a hierarchical structure., which are also applicable for comparing
the similarity degree of ACM classifications. Here is the similarity function between
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Now we define the similarity function between query Q and peerp,.

Sim(Q,P].)zzn:(Sim(si,Pj)xnjj" Zm:nk"‘) )
i=1 k=1
Sim(s;,P ;) = Sim(s;,s?) (Sim(s;,sP) = nl]?'x{Sim(si,s'.)} )
Q ={Sl,SZ,---,Sn}, P :{PlvaV"me}l Pi :{< Sij’nij >| J € ‘]i}
Here Sij represents a topic appearing inP., and its number is nij. J. is the

topic setin P;.

3.2 Distributed interest-index

Every peer has its own interest and different capacity of answering different queries,
therefore peer interest is an important factor in the process of conducting query.



However, peer interests disperse on different peers respectively, so for taking advan-
tage of peer interest we take Chord protocol to build distributed interest-index

Every peer should register their own interest into the system. For each topic in peer
interest and all its parent topics, there is a peer for maintaining a corresponding inter-
est table. Supposing a certain topic t, the corresponding node id n=successor(t) and
its interest table holds the interests and the IDs of the peers which cover this topic.
Figure 2 is an example of registering interest.
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Figure 2 An example of registering interest

As showed in Figure 2, the interest of node 4 1,={(ACMTopic/Hardware/Mem-
ory_Structures,100)}, so it should register its own interest on successor(“ACMTopic/
Hardware/Memory_Structures™) and successor(“ACMTopic/Hardware™), which is
node 6 and node 1 respectively.

When a new node joins the system, it should distribute its own interests following
the way mentioned above, so the interest tables on all peers will shape a semantic
topology. What should be pointed out is that we assume peer interest changes slowly
or even constantly, so it is in the real life because science workers always pay close
attention to some certain areas for a long time. While local knowledge changes, it
only needs to refresh interest table periodically rather than immediately.

The distributed interest-index shapes the semantic topology which is independent
from the underlying network and offer foundation for routing RDF query.



3.3 Routing RDF query with distributed interest-index

Knowledge mediator provides a unified knowledge view to make the distribution of
knowledge transparent for users, and analyzes query to extract query characteristic Q
where we can get the corresponding peer to each topic by the successor(t). From these
peers, preliminary selector could get back its needed interest tables.

As indicated in figure 2, if peer 2 send a query and its characteristic is {“ACM-
Topic/Hardware/Memory_Structures™}, then the corresponding peer id is 6 where we
could obtain the interest table containing peer 4 and peer 5.When the corresponding
interest table of a topic is empty, it has to get back the corresponding interest table of
its parent-topic. After preliminary set is selected, it will be cached on this peer, so
when there is another similar query, it could use the cached peer set directly. As peer
interest changes slowly, the cached peer set would have high hit rate.

Next, the semantic similarity selector will calculate semantic similarity value be-
tween query characteristic and each peer interest in preliminary set, the query ranks
higher with the value increasing. So we could select the top n peers or those ones
whose similarity value is higher than a certain threshold value. After that, the query
will be sent to these peers at the same time.

4 Experiment result

In the distributed RDF query system, the factors bellow should be taken into ac-
count.1) Number of peers and resources, representing the size of P2P system and re-
flecting the scalability of the system. 2) Resource distribution, rarely completely ran-
dom but may have certain properties. 3) Network topology, what we applied is built
on Chord. 4) Peer selection policy, it may be simply broadcasting without any selec-
tion, or interest-based peer selection we described before.

We build the simulation system to evaluate our architecture. Our dataset comes
from Citeseer which consists of metadata for 574084 articles in the computer science
domain and is classified according to ACM classification ontology. These articles are
distributed to different peers and we assume that the number of topics on one peer
follows standard normal distribution, and the number of copies of an article follows
Zipf distribution.



Now we give the experiment results. First we compare the query time in central-
ized architecture and distributed architecture. As Figure 3 shows, distributed archi-
tecture reduces query time obviously.
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Next, we compare the recall of query with three peer selection policies which are
random selection, exact match and interest-based similarity selection respectively. In
Figure 4a, we just pick out 4 peers to answer the query with each method, as it illus-
trates, with the total number of peers increasing, the recall goes down, and inter-
est-based similarity selection always has much better recall than the others. Figure 4b
shows that with a fixed total number of peers (400 peers), interest-based similarity
selection requires fewer peers to get a good recall.
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5 Discussions

There are some questions related to our work. First, we just use paper classifica-
tion to describe peer interest, but [8] have pointed out that the history queries are also
an important factor to peer interest, so we should take further study on how to de-
scribe peer interest more exactly. Secondly, for building distributed interest-index, we
register all parent topics of every topic, which produce too many messages. That is
also a problem we have to solve in the future. In addition, [9] proposes that sometimes
we have to decompose a query into sub-queries which will be dispersed to different
peers and then join the results to get the final answer. Hence, we should study how to
decompose the query, how to distribute sub-query and how to join temporary results.

6 Conclusions

At present, the RDF storage and query architecture always adopts centralized ar-
chitecture. It will cause many problems such as the performance and the scalability. In
this paper, we put forward a method of constructing distributed RDF query architec-
ture built on P2P, in which we route query with the semantic topology formed by dis-
tributed interest-index and exploit interest-based peer selection policy to reduce peer
set that query is sent to. The experiment results indicate that our architecture could
resolve the problem of centralized RDF query architecture and improve the perform-
ance and scalability of the system.
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