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Abstract: Extending the internet, need of information management and conceptual information system has
grown. On the other hand high amount of information are presented in various languages and learning all the
languages is not possible for users. Therefore, multilingual information retrieval systems are the great necessity.
The purpose of this paper is conceptual implementation of cross-language systems. Using ontology in concept
extraction of user query, phrase translation instead of word by word translation and conceptual disambiguation
by graph of concepts are the proposed methods here.
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INTRODUCTION

Cross-Language Information Retrieval (CLIR) is a
kind of information retrieval in which query language is
different from user’s required documents. Statistics show
that most of internet users are speaking Non-English
languages. This issue leads to explosive increase of
existing information of the web in different languages and
caused more need for cross-language information
retrieval; so we can say: Cross-language information
retrieval is a retrieval process in which the user presents
queries in one language to retrieve documents in another
language. Due to increasing availability of electronic
documents written in various languages from all over the
world, Cross Language Information Retrieval has gained
popularity among Information Retrieval (IR) researchers
in recent years. Since the existing Web search engines
only support the retrieval of documents written in the
same language as the query, there is no efficient way for
monolingual users to retrieve documents written in
nonnative languages (Aleahmad et al., 2007; Teymoorian
et al., 2009).

A lot of common information retrieval systems are as
simple as a pattern matching system. On the other hand,
by receiving the informational needs of user, without a
correct realization of concepts in user query and existing
documents, they just try to find patterns similar to that of
user query among a lot of existing documents. Thus,
common search engines are not able to realize the
intended concepts of user and cannot realize the concepts

of documents. These problems show that conceptual
information retrieval is very important (Jadidinejad and
Keyvanpour, 2008).

In cross-language information retrieval, documents
and queries are presented in different languages, so in
these kinds of systems, translation techniques should be
combined with mono-lingual information retrieval
systems. Due to this reason, researchers are using natural
language processing techniques in cross-language
information retrieval. For example dictionaries, corpus,
encyclopedias and machine translation systems use these
techniques a lot for translation of queries and documents.
But these techniques are not efficient enough, therefore in
practice, cross-language information retrieval has reached
50 to 70% of efficiency in monolingual retrieval systems
(Ata et al., 1995; Jagarlamudi and Kumaran, 2007; Sadat
et al., 2002). 

This study proposes a method to retrieve information
written in a language different from the language of user.
This kind of retrieval is done by concept induction from
the user query and it is equipped with ontology; it
translates the phrases instead of the words and does
semantic disambiguation by using graph of concepts,
which has good effects on the results. 

ONTOLOGY

Ontology is an important and extended tool in
knowledge presentation. It makes a logical relation among
a lot of data. Using of domain knowledge and designing
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Fig. 1: Proposed approach architecture for improvement of English-Persian bilingual retrieval

the semantic models such as semantic network, is a
sufficient method in which intelligent terminal of
information retrieval can understand the content of query
and documents and make a conceptual relation between
query and documents (Alpcan et al., 2007; Studer, 2000).
There are different relations in ontology; the relation of
Synonym (means the same as), Hypernymy (is the general
term), Hyponymy (is a kind of), Meronymy (is part
substance/member of), Holonymy (has part), Antonym (is
the contrary); through these relations different parts of
knowledge can be extracted. 

In this study WordNet which is a public ontology has
been used. For more detail about WordNet ontology refer
to (Fellbaum, 1998).

Proposed approach for English-Persian cross-language
information retrieval: In the proposed method a
combined way for concept retrieving of documents in
both Persian and English, for queries which are in
English, has been considered. In this combinational
method, ontology has been used to extract the concepts
out of documents and queries. Since in multi-lingual
information retrieval systems query translation is a
common issue for unification of source and destination
languages, query translation by using a bilingual
dictionary is used. But the problem is a word may have
different meanings in a dictionary; on the other hand,
word by word translation of query doesn’t have a good
precision and causes a lot of ambiguity in translation. In
this proposed method, different ways like phrase
recognition, phrase translation instead of word translation
and extending the queries by using ontology and semantic

disambiguation are proposed as solutions for this problem.
Results show the increasing efficiency in the case of using
this bilingual retrieving system. These methods will be
explained more below. The architecture of the proposed
method is shown in Fig. 1. 

It is worth to mention that this approach is not
specific to English-Persian bilingual information retrieval
and with a little change it could be applied for other cross-
language systems.

Extension of English query phrases: Operation of query
extension could be done either before or after translation,
or in both. Extension of query before translation leads to
a good query and includes more phrases in query
language. Extension of query after the translation with
adding some more conceptual phrases would decrease the
effect of unrelated query terms. However, in this proposed
approach we do the query extension before the translation.
For achieving this goal we use WordNet as a general
ontology and at first, we extract all the synsets of any
entry for that word. (Note: we don’t consider just nouns).
If, for any word more than one Synset exists, calculation
of semantic similarity will be used among Synsets of this
word and the words before and after that word. After the
selection of the most related Synsets to this word, these
stages for query extension are done: 

Stage 1: All the synonyms are added. 
Stage 2: All the hyponyms of that word are added.

These hyponyms are children which share all
the features of their parents and they increase
precision rate. 

Stage 3: If just one hypernym exists for that word, it is
added, too. 
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Since existence of more than one hypernym may lead us
to a broader domain of  concepts and hence this increases
the ambiguity; for this reason, only when a specific
hypernym for that intended word exists, it will be added.
This issue will increase the retrieval rate.

For computation of semantic similarity of two words
WordNet has been used (Sebti and Barfroush, 2008) and
for this work IC (Information Content) is defined as
follow.

IC(Concept) = ! log(P(Concept)) (1)

Benefits of IC are: 
C It shows the degree of a concept specialty in the

domain of its topic. 
C A concept with high information content is

considerably specific. 
C Concepts with low information content have general

meanings and they have a low degree of specialty.
 
In formula (1), p (concept) will be calculated as follow:

P(concept) = 1/ number of hyponym for concept (2)

For calculating the standard of similarity, we apply a
formula which Lin discussed in (Lin, 1998) with a little
change:

(3)related c c
IC Lcs c c

IC c IC c
( , )

* ( ( , ))

( ) ( )1 2
1 2

1 2

2




Lcs (C1, C2) is the common parent or the hypernym
which both of the two words (C1 and C2) are common in
and it is a word itself. In formula (3) amount of IC for any
word like X with padding of MySql data base, WordNet
will be calculated as follow:

IC(x) = IC(hypernym(x))*
IC(hypernym(hypernym(x)))* (4)
IC(hypernym(hypernym(hypernym(x))))*…*
IC(Rote)

Translation of English queries to their equivalents in
Persian: Different approaches for translation would be
introduced for multi-lingual information retrieval among
which three common approaches are: dictionary based
methods (Adriani and Van Rijsbergen, 1999; Ballesteros
and Croft, 1997; Gao et al., 2001), corpus-based methods
(Littman et al., 1998) and machine-based translation
methods (Yamabana et al., 1998). In dictionary-based
approaches, bilingual dictionaries which are readable for
machine are used for translation. We use this method in
our approach with a partial change. For promotion of
translation and achieving higher precision, the phrasal
translation is used. It means that instead of word by word
translation, we use phrasal translation and phrases would

be given to the bilingual English- Persian dictionary and
its Persian equivalent will be substituted. Compared with
words, phrases have less numbers of equivalents. It’s an
advantage which decreases the ambiguity in translation.
The procedure is to give the phrase to the dictionary and
if the phrase doesn’t exist, it will be broken into smaller
words or phrases in a way that words on the beginning
and end of the phrase are separated and the remaining
parts will be tested in four stages:

Stage 1: If the phrase doesn’t exist, the last word of that
phrase would be separated from it and the rest
of the phrase would be tested. If it exists in
dictionary, it will go to stage 4 and if it doesn’t
exist, it will go to stage 2.

Stage 2: In this stage, the last word which has been
separated in the previous stage would be
returned to its place and the first word of it
would be separated. The rest of the phrase
would be tested. If it is in dictionary, we will
go to stage four and if it is not, we will go to
stage 3. 

Stage 3: In this stage, both the first and the last words
would be separated from the phrase and the rest
of the phrase would be tested. If it exists, it will
go to stage four and if it does not exist, all of
the above stages will be carried out again on
this phrase.

Stage 4: In this stage, the considered phrase exists in the
dictionary, so, it will be substituted with an
equivalent phrase and would be deleted and the
process will go on for other phrases.

The point is that in stage 1 and 2, the phrase will be
divided into two parts and in stage 3; the phrase would be
divided into three parts. When we come to a phrase which
exists in the dictionary, after substitution with its
equivalent in the dictionary and the deletion of that
phrase, the process will be repeated for all of the words
before and after that phrase, which together constitute
another phrase. The worst case is the one in which no
compound phrase is found and the system will be forced
to translate word by word.

Semantic disambiguation by creating the graph of
concepts: One of the problems of using dictionaries is
offering different meanings for a specific word or phrase.
In the proposed method, creating the graph of concepts
technique is used. This graph is a tool for disambiguating
of query translation into Persian. Also, it is used for
selecting the proper meaning of extracted set from
dictionary. We start with a word from a set of Hamshhri’s
index words (Darrudi et al., 2004). This word is
considered as a concept. For creating the  final  graph of
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Fig. 2: Process of assessing concepts and their relations (Amiri et al., 2008)

concepts, related concepts to primary concept are
recognized and distinguished. This operation is done for
Wikipedia corpus (Fig. 2) and our work is similar to the
process proposed in this reference

Since any word in different fields may have different
concepts, applications and values, we need to recognize
the domain of each word (Huang et al., 2007; Jain et al.,
1999; Sowa, 1976). For this, EM clustering algorithm
(Witten and Frank, 2005) is used. In each cluster there is
a set of documents. To select a vector of words for each
cluster, existing documents of that cluster is used. For
recognizing the best words of the vector we need to
weight them. The words with higher weight show the field
of that cluster better. For weighting the words the TF/IDF
criteria (formula (5)) can be used:

(5)w
tf t d C df t

tf t d Cd t i
i doc i

i i doc
,

( , ) *( ( ))

( , ) *





where tf (ti ,d) is repetition of word ti in document
d, shows all the words of document d, df (ti ) isi itf t d( , )
the number of documents which has the word of ti,Cdoc is
the total number of documents in corpus and wd ,ti shows
the weight of ti in document d.

Formula (5) is calculated for existing words in each
document separately and it is not appropriate to compare
weights of two documents in one cluster. For this formula
(6) is used:
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where Min (wd,t) and Max (wd,t) specify the lowest and
highest weight of words of document d respectively and
C constant is for avoiding weights to become zero.
Formula (2) makes the weights normalize and provide the
possibility of fuzzy retrieval (Amiri et al., 2007). 

Since it may possible that a word repeats in several
documents, the final weights for words of each cluster are
calculated with formula (7):

(7)w
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where the weight of ti is in C cluster, is thewC ti, wd j ti,
'

weight of word of ti in dj document and No Docsc is the
number of existing documents in C cluster. In formula (7)
if a document has not the word ti, weight of the ti on that
document is considered zero. This equation helps to find
the more valuable words by devoting more weight to
them. Thus, the algorithm would be the same as below:
First one word is selected from the repository
stochastically. Then, all the documents which include the
selected word are found clustered and the word vector of
each cluster is determined. At this stage the graph of
concept for selected word is created. In order to create the
graph of concept of the total repository, for each word of
first word vector, the graph of concept should be created.
Through this operation, several new word vectors will be
appeared. Again for all new words of these word vectors,
the graph of concept should be created. This procedure is
repeated until the graphs of concept of all the word of
repository are created. 
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This graph is used for estimating the query translation
probability in cross-language information retrieval.
Relation of two concepts in this graph is evaluated by
calculating the weights of relations among them. Relation
degree of two concepts is calculated by finding the
shortest path between the concepts. To calculate the
weights of concepts and existing path between them
neighborhood matrix multiplication of graph is used. This
method has a high time complexity and is time
consuming. But in this research, graph of concepts which
is used is not too big to use. Of course there are many of
efficient methods which are proposed by researchers and
they can be used for big graphs (Hanghang Tong, 2006).

EVALUATION AND EXPERIMENTAL RESULTS

For evaluating the proposed method, we used 50
English queries and textual corpus of Hamshahri
newspaper (Darrudi et al., 2004). These queries are
translated into Persian by means of a dictionary,
disambiguating method and some other methods proposed
here. And the outcome is given to the LEMUR context-
free search engine which has been applied for search on
the Hamshahri textual corpus.

Hamshahri corpus is one of the biggest test corpora
in Persian language which is based on the features of
TREC conference. In TREC conference, a technique has
been used in which a thesaurus of documents was made
for every topic and then those documents were evaluated
in terms of being related or not being related to the
intended topic. In TREC conference, there is a human-
judged file which all things in it are related to specific
topics. So, they are judged by human beings and are
considered to be ideal. Different proposed methods in
bilingual retrieval systems are evaluated and graded in
terms of their correspondence to this human- judged file.
In this paper different experiments have been graded in
the same way.

Experiments in Fig. 3 can be explained as follow:

C Monolingual: it’s an experiment in which queries are
responded by human agents rather than machines.
This experiment is considered as an ideal one. In
BAEWTCG, BAEPTAW, BAEPTCG and
BANEPTCG experiments, queries are responded by
machine and all these efforts are done to be closer to
this ideal experiment.

C BAEWTCG: In this experiment queries are
expanded by using WordNet ontology and for
translating the queries; word by word translation
method is used. Then, the best combinations are
calculated by graph of concepts (Aleahmad et al.,
2007) and sent to the search engine.

Fig. 3: Comparison of different methods in cross-language
information retrieval

Table 1: Average of precision and recall for different methods of cross-
language information retrieval

Test Id Test name Tot-ret Rel-ret Tool Map
* Monolingual 5161 1970 26.41 lemur
1 BAEWTCG 5161 83 1.14 lemur
2 BAEPTAW 5161 586 7.85 lemur
3 BAEPTCG 5161 1112 15.37 lemur
4 BANEPTCG 5161 304 4.21 lemur

C BAEPTAW: In this experiment queries are
expanded by using WordNet ontology and for
translating the queries; the proposed translation
algorithm is used.  Then, all different combinations
are used and sent to the search engine.

C BAEPTCG: In this experiment queries are expanded
by using WordNet ontology and for translating the
queries, the proposed translation algorithm is used.
Then, the best combinations are calculated by graph
of concepts and sent to the search engine.

C BANEPTCG: In this experiment all queries are used
with no expansion and for translating the queries; the
proposed translation algorithm is used. Then, the best
combinations are calculated by graph of concepts and
sent to the search engine.

In Table 1, “Test Id” is the number of experiments,
“Test Name” is the name of experiment, “Tot-Ret” is total
number of related documents in assessment corpus, “Rel-
Ret” is the number of retrieved related documents,
“MAP” is the average of precision and “Tool” is the name
of search engine. Table 1 show that BAEPTCG with the
average precision of 15.37 is the closest one to the ideal
condition with the average precision of 26.41. 

CONCLUSION

Present information retrieval systems without
understanding existing concepts in user query and source
documents find patterns similar to that of user query in
existing source documents. Also, in cross-language
retrieval systems which are using query translation to
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extract the information, ambiguity of words caused some
problems for selecting the exact translation of a word. All
these issues lead to decrease of precision and recall
factors in this type of systems. In this paper for
understanding the user informational needs and to
improve the rate of precision and recall factors, a new
conceptual information retrieval method is proposed.

The specifications of this new method are: 
C Using the ontology and extending the phrases based

on extracting the semantic similarity in ontology 
C Phrase translation instead of word by word

translation 
C Semantic disambiguation of phrases translation by

creating the graph of concepts
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