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ABSTRACT
With the advance of the Semantic Web, the amount of data
based on RDF is increasing rapidly on the Web. RDF data
can easily merge one another because of its simple graph-
based data model, but it is difficult to extract useful knowl-
edge from data once merged because the query specifications
require the knowledge of the whole graph structure.

Therefore we propose Context Structure Matching (CSM)
based on a method for extracting complex but characteristic
frequent occurrence pattern called common query pattern by
analysis of graph structure. CSM enables users who input
a simple keyword to extract not only related information as
subgraphs from pattern matching on the merged RDF data,
but also similar results and comparison points by reusing
the common query pattern.

To evaluate the feasibility of the proposed method to
merge real data of the Web, we perform an experiment with
the data of W3C related people. Around 25,000 RDF triples
are aggregated from multiple Web sites. As the results, af-
ter the merge process with minimal modification effort, CSM
can extract more than 20 common query patterns which are
useful to query the relationship between W3C related people
and their interests.
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1. INTRODUCTION
With the advance of the Semantic Web, many people

and organizations have been producing a large amount of
data based on the Resource Description Framework (RDF).
There are also some services such as rdfdata.org [1] and
Swoogle [2] that maintain links to RDF data on the Web
and also provide search capability to access the data.

The idea of the Semantic Web is to provide frameworks
that allow the sharing and reuse of data across various ap-
plications. Providing models and syntaxes for knowledge
representation makes information on the Web more usable
by machines and raises the quality and possibilities of pro-
cessing by automatic tools. The goal of the Semantic Web
is to turn the Web into a huge database of well-defined data
that is easily reused by different machines that do not re-
quire knowledge of each other’s functions.

RDF query specifications are also defined to allow users
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to access the data using pattern matching [3]. However cur-
rently available RDF query specifications require the users
to have the knowledge of the data structure.

Semantic Web provides methods to find new knowledge
with inference using ontology. However there is only a little
ontology available that can be applied to a merged hetero-
geneous data. Knowledge discovery based on inference only
is suffering from the difficulty to design proper ontology.

With such a background, we have proposed a method
called Context Structure Matching (CSM) to automatically
create RDF queries based on simple keywords that users
input [4]. The method focuses on the analysis of graph pat-
terns from an integrated RDF graph to find frequent and
complex relationships across heterogeneous RDF data in the
form of common query patterns. The generated query allows
users to find information clusters composed of various data
aggregated from different sources. The query also allows
users to find similarity and comparison points in the RDF
graph.

In this paper, we show how CSM can provide added value
which can not be acquired by simple keyword search. CSM
is implemented as a query engine that gives not only the
targets deeply related with the keyword but also the reasons
why they are chosen based on the common query patterns.
We report experimental results using RDF datasets about
W3C related people collected from various websites in order
to evaluate the feasibility of CSM for the integration of real
datasets available on the Web.

2. EXTRACTING INFORMATION FROM
MERGED GRAPH DATA

2.1 Merging RDF Data using its Graph-based
data model

The RDF specifies an interoperable model for describing
the semantic attributes of information resources that are
identified by uniform resource identifiers (URIs). An RDF
statement consists of three elements: a “resource”, a “prop-
erty”, and a “value,” as shown in Fig. 1. An RDF statement
consisting of these three elements is also called a “triple”.
RDF has an abstract syntax that reflects a simple graph-
based data model [5].

Multiple items of data published on the Web in RDF for-
mat can be merged by placing same data resources at a
single node in the graph representation. Multiple graphs,
each of which has hetero graph pattern and uses different
vocabularies developed independently, can be merged as a
single graph, as shown in Fig 2.
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Figure 1: Graph representation of RDF data model.
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Figure 2: Merging of RDF data.

2.2 RDF Query
Various RDF query languages have been introduced to

public. To provide applications with uniform access to RDF
data, W3C has standardized SPARQL [6] since Feburary of
2004. Most RDF queries can be described by using a query
graph pattern. The example below shows a SPARQL query
[7] to find the workplace of the creator of “Primer on the
Semantic Web” from the information in the RDF graph of
Fig. 2.

PREFIX foaf: <http://xmlns.com/foaf/0.1/>
PREFIX dc: <http://purl.org/dc/elements/1.1/>
SELECT ?workPlace
WHERE
{ ?document dc:title "Primer on the Semantic Web" .
?document dc:creator ?person .
?person foaf:workplaceHomepage ?workPlace }

SPARQL query mainly consists of two parts, the SELECT
clause and the WHERE clause. The SELECT clause iden-
tifies the variables of interest to the application, and the
WHERE clause defines the triple patterns. This query con-
tains a basic graph pattern of three triple patterns, each of
which must be matched as the condition of the query. In
this example, the query graph pattern matches the graph
pattern that is indicated by a bold line in Fig. 2, so the
result of the query will be the value that corresponds to the
variable workplace of the person John Smith.

3. PROBLEM OF EXTRACTION
As mentioned above, by using query graph pattern, users

can extract information from RDF graphs composed of a
large amount of triples. However they cannot make it if
they do not know about the graph structure in advance.

The Semantic Web allows anyone to use URIs to indicate
various resources on the Web and lets users describe any-
thing also using URIs and put it on the Web. The resources
are then accessible from anywhere via the Internet. Anyone
can use RDF Schema and OWL to define a vocabulary and
ontology and make them available to everyone else via the
Web.

As the consequence, there will be highly heterogeneous
graph data patterns, so that end users can not understand
all the graph data structures required to create a query.
Note that the data structure may also change dynamically
when new data is added.

4. CREATING QUERY
To solve the problem, we propose a method to automat-

ically create query graph pattern based on a simple key-
word that users input. The query allows users to obtain
information consists of characteristic subgraphs related to
the keyword. In addition, the method also provides similar
or comparable information by reusing the generated query
graph patterns.

The following subsection describes how our method auto-
matically creates queries.

4.1 Extracting Characteristic Frequent Occur-
rence Pattern

Before making a query, this method analyzes graph of
merged target data. The following shows the steps. Detailed
process is also given in [4].

1. Search nodes whose value contains candidate keyword.
The candidates are extracted from literal data of the
RDF triples.

2. Search paths between the node and instance nodes of
concepts.
Target concepts, such as person and organization, might
be predetermined by the service provider and are rep-
resented as a class of RDF Schema in RDF data. De-
termining the target concepts in advance will reduce
the cost of path search. If the provider knows target
class which is important for users, it is recommended
to set target concepts before analysis.

3. Extract complex and frequent occurrence graph pat-
tern.
The pattern is created by combining multiple paths
into one. Our proposed method merges combinations
of paths which have the same two end nodes. For each
combination, the method counts the number of nodes
and arcs in the graph pattern to score the complex-
ity. And to measure occurrence, the method counts
the number of generated patterns which have same
structure. The same structure means that all the cor-
responding arc labels of graph pattern, which are prop-
erties of RDF, are the same, but allows different val-
ues of corresponding node. We extract graph pattern
which has high scores for both the complexity and the
occurrence. This extracted pattern is called a common
query pattern.

The common query pattern represents graph pattern which
have commonly observed features. For example, a common

query pattern may represent that it is quite common that
“the person related to a certain keyword is the creator of
more than two documents whose subject is same keyword.”
Once such common query pattern is indexed with the key-
word, it is used for generating query when users input the
keyword to search for the related people.

Note that a pattern which has only one path between
the nodes representing a person and a keyword is removed,
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Figure 3: Applying Context Structure Matching (CSM) to the search system.

because the pattern is not so complex and when it is used for
generating a query the result will be huge and may include
too much noise. There exists other methods to create a
common query pattern, but this subsection explains the one
which is used in the experiments described below.

4.2 Context Structure Matching (CSM)
We implement the proposed method as a search engine

called Context Structure Matching (CSM). CSM generates
common query pattern to extract information with graph
pattern matching.

Figure 3 shows how CSM works when it is applied to
search data in an office. When a user input the word “Se-
mantic Web”, CSM searches the common query pattern which
corresponds to the keyword. As (2) of Fig.3 shows, a query
graph is generated by substituting the keyword for values of
end node of the pattern. Moreover CSM reuses the pattern
for enhancing the query. As the result of reusing, the engine
extracts similar subgraph and comparison point shown in
(4) of Fig. 3.

During the matching process, CSM uses ontology to find
semantically similar graph patterns by changing target graph
pattern flexibly. For example, when there is a definition
about transitive property in the ontology data, the target
for pattern matching is replaced by the result of inference.

We also introduce a way to use personal background in-
formation, which is called context, for the graph structure
matching. In this research, we assume the following infor-
mation as the context data.

• The history of individual user past searches in the form
of result graphs.

• User profile information including ordinary personal
data, such as address, workplace, and user preferences.

The context data is also stored as RDF data. The use
of context data allows users to limit or expand the search
according to their interest by enhancing query with context
based patterns.

5. APPLYING CSM TO RDF DATA ABOUT
PEOPLE

5.1 Experimental Conditions
Using the method mentioned in subsection 4.1, we con-

ducted an experiment to generate queries and obtain sub-
graphs from aggregated RDF data on the Web. Target data
for this experiment is data about W3C related people on the
Web. We aggregated the following three kinds of datasets
which are open to public on the Web.

1. Data about locations of people, research groups and
projects related to W3C.
This data is linked from the Web document about
Semantic Web developer map [8] in SWAD-Europe
Web site. The data contains 225 triples about 18 re-
searchers.

2. Multiple Personal profile (FOAF) data which is aggre-
gated from a place (Wiki) to put links to RDF files.



We use FOAFBulletinBoard [9] and AnRdfHarvester-
StartingPoint [10] for harvesting. Most RDF files them-
selves are on the personal or their organization’s Web
sites. We use about 20 people’s data and the total
number of triples is about 1,500.

3. KnowWho metadata available from W3C KnowWho
demo page [11].
The data is automatically created from multiple W3C
Web pages using natural language processing techniques.
The RDF triples represent the relations between W3C
related people and technological terms as well as the
relations among those technological terms. It is com-
posed of 22,685 triples.

Dataset 1 and 2 are mainly described by using vocab-
ulary of the Friend-of-a-friend (FOAF) project [12]. The
FOAF vocabulary is used to describe information such as
personal profiles. The intention is to facilitate the forma-
tion of associations among people with similar interests, and
backgrounds. The FOAF vocabulary covers items such as
interest and nearby location as well as name and organi-
zation. A user is able to adopt unique IDs based on e-mail
addresses and represent “people I know”. The result of mul-
tiple FOAF definitions is a graph structure, which might be
said to represent a social network.

We have to modify a part of dataset 3 in order to merge
with the nodes of person in other datasets. In addition we
also remove the blank nodes in dataset 3 which are originally
used to represent the strength of the relationships. As the
result, the resource nodes are directly connected to other
nodes. After the merge of RDF triples, we extract common
query pattern by using the method mentioned in subsection
4.1. The following are the parameters for the generation of
common query patterns.

• Total number of nodes in one path is less than 7.

• Contains at least two paths between end nodes.

• More than two same patterns are found in the merged
graph.

5.2 Experimental Results
As the results of experiment, we obtained more than 20

common query patterns. The followings are typical patterns
extracted between the nodes which represent person and
technical term. The three typical patterns are depicted in
Fig. 4.

(a) A person who knows (has knowledge about) the key-
word directly and also knows more than one term re-
lated with the keyword.

(b) A person who knows the keyword directly and more
than one of his/her friend also know the same keyword.

(c) A person who knows the keyword directly and other
person who belongs to the same organization/location
and also knows the same keyword.

Those typical patterns are extracted from frequently oc-
curred relations between people and technological term, be-
yond the direct path which exists between them. In addi-
tion, there are also a lot of relationships with similar form
but different property. For example, there are some patterns

?who?Keyword ?word

ex:wd_relate

ex:knows

?word ex:knows

ex:string_form

?who?Keyword

ex:knows

ex:string_form
ex:knows

?person

?word

foaf:knows

?who
?Keyword ?word

ex:knows

ex:knows

?homepage

foaf:workplaceHomepage

ex:string_form

?person

foaf:workplaceHomepage

(a)

(b)

(c)

Figure 4: Typical common query patterns extracted
from the experiment.

which replace the property foaf:workplaceHomepage in pat-
tern (c) with foaf:groupHomepage or foaf:Interest. Com-
bined patterns of those three types of patterns are also
found. By using extracted patterns for creating query, the
search system can provide persons who are deeply related
with the keyword that users input. And the system also
shows the reason why the person was chosen by showing the
subgraphs of target graph, which are matched with query.

6. DISCUSSION ABOUT BENEFITS AND
REMAINING ISSUES OF CSM

This research is based on an assumption that highly valu-
able search result has to fulfill the following conditions:

1. there are semantically complex relationships between
the search keyword and the result nodes

2. the relationships are frequently occurred in the target
graph

Those conditions are represented by the common query pat-
tern. Here we evaluate the generation of common query pat-

terns for the application of search on heterogeneous data.
We used three different RDF datasets available on the Web
that also contain FOAF. We have confirmed that we can
extract some common query patterns. Using those common
query patterns, higher score can be given to search results
that involve more patterns. When a user is looking for per-
sons related to a keyword, persons who have various rela-
tionships with the keyword will appear as the top results.

We expect those results are more valuable and precise to
the users. However the best query pattern for a certain user
might be different to other user. Therefore, in the end, the
users should be able to choose the most appropriate one
for them. For this purpose, it is important to provide the
users several results with corresponding reasons based on
extracted typical patterns. CSM can provide reasons such
as “person who also knows related word” or “person who



is belong to an organization whose people also knows the
keyword.” We are going to evaluate the precision of the
search results by user’s satisfaction. We are also examining
some methods to filter unusable patterns.

There are some applications to visualize the relations be-
tween people by merging some FOAF files. The applications
assume that the whole FOAF scheme is known. Our method
does not require the target data is intended for merging. As
long as the data can be represented in RDF, the method
automatically generates the query and provides knowledge
retrieval in the form of subgraphs of the merged data.

However as we have mentioned in the experiment con-
ditions in subsection 5.1, there are some difficulties when
merging the names of persons. There is a mechanism in
FOAF to identify the same node on different RDFs such as
email address or unique ID based on irreversible transfor-
mation of email address. However in reality, there are many
RDFs that do not adopt the mechanism. Contradictions are
also occurred when different versions of data related to the
same person are merged from different websites. Butler has
identified the problem as the record linkage problem of RDF
data [13]. There is a research to utilize contexts of people
to solve the problem [14]. We are going to examine a mech-
anism to decide whether to include a target graph from its
creation time.

A research group from Southampton University has pro-
posed CS Active Space to merge RDF data related to some
researchers in order to retrieve knowledge [15]. Ontology
is used heavily in CS Active Space. Our research differs
since we focus on the analysis of graph patterns from target
graph. However we are also planning to examine a better
utilization of ontology in CSM.

7. CONCLUSION
Semantic Web technologies such as RDF promise a new

paradigm on how to manage knowledge on the Web. Our
contributions in this research are two-fold. The first is that
we examine the usage of RDF as the framework for data
integration, and we address several problems encountered
for this purpose. The second is that we provide users a
convenient way to discover knowledge using a novel graph
analysis based semantic search engine called Context Struc-
ture Matching (CSM). The common query pattern which
becomes the basis for pattern matching represents not only
the frequent occurrence of the query target but also the com-
plexity of the relationship between the query target and the
search keyword. In addition, the common query pattern can
be reused to find related similarities and comparison points.

Using the real RDF datasets available on the Web, we
show that the common query patterns can reveal relation-
ships that can not be achieved by simple keyword matching.
From around 25,000 RDF triples of W3C related people ag-
gregated from several websites, we can extract more than 20
common query patterns. The common query patterns give
not only the direct paths between a person and the techni-
cal term in his/her interests, but also the relations such as
his/her social network with the same interest.

In the near future, we will expand the data domain for
larger experiment and also improve algorithms for generat-
ing the common query patterns.
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