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Abstract: The World Wide Web holds vast amounts of information. However, users do not always get 
information they expect when searching the web. Retrieving needed biological information from 
online documents has become important because such data are increased in a tremendous rate. This 
research presents a framework for a search engine that efficiently searches and retrieves meaningful 
result. The system is domain specific and mainly directed to referencing and searching for biological 
documents and resources. The system utilizes a biological ontology. However, the system can be 
generalized later for any application domain. Soft computing method named inverted list with posting 
list is used to retrieve relevant documents that contain searched biological terms. The system has been 
tested and the efficiency of the retrieving algorithm has been improved. The proposed technique 
improved the memory consumption and the time of retrieval as well as the relevance of retrieved 
documents which saves researcher time and focus. 
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INTRODUCTION 

 
 Nowadays there is a huge problem to access biological data. Biological data, including both experimental 
data and textual information, are growing tremendously in these decades. However, most of important biological 
knowledge, such as protein-protein interaction and gene-disease interaction, is still locked in a large number of 
literatures; remaining not computer-readable. The heavy burden of accessing, extracting and retrieving 
biological knowledge of interests is left to the human user. To expedite the process of functional bioinformatics, 
it is absolutely important to develop information retrieving systems to automatically process these online 
biological documents (Minlie, 2006). 
 Ontology plays a key role in the Semantic Web (Mohammad Mustafa Taye, 2010; Thomas, 2008) which 
offers an advanced approach for managing, retrieving information and processes it. Ontology is a formal 
conceptualization of a particular domain into a human understandable, machine-readable format (David, Sally, 
2011). Biological ontologies provide a controlled vocabulary or conceptualization for biological concepts such 
as gene, protein, disease and function etc, and thus supply a shared understanding of knowledge among 
biological communities. A number of biological ontologies have been designed and developed for public usage. 
Our research objectives are to design efficient biological information retrieval system and to utilize biological 
ontologies to improve the results of retrieved document (Minlie, 2006).  
 Information retrieval becomes an important field and helps people in a lot of domains since it automate the 
retrieving and searching process (Colm, 2009). Several techniques have been used for information retrieval. 
Inverted list is one of the widely used techniques because of its importance in accelerating the retrieval of the 
data. It is the adopted technique that we used to build on to improve its retrieval performance. The inverted 
index actually redundant: an index always maps back from terms to the parts of a document where they occur. 
Nevertheless, inverted index, or sometimes inverted file, has become a standard term in information retrieval. 
We keep a dictionary of terms by using dictionary for the data structure and vocabulary for the set of terms. 
Then, for each term, we have a list that records which documents the term occurs in. Each item in the list which 
records that a term appeared in a document conventionally called a posting. The list is then called a postings list 
or inverted list and all the postings lists taken together are referred to as the postings (Christopher, 2008).  
 Inverted list is very helpful in fixed domains, so it is very useful to use it in our search engine especially 
that we work in the biological domain in which vocabulary does not change frequently. Moreover our approach 
utilizes a biological ontology named Gene ontology (The Gene Ontology Consortium, 2000). Gene ontology 
organizes terms in a parent-child hierarchy to capture as many synonyms as possible and parents up to 2 levels 
for each term of searched biological entities to expand the query, so that the relevant documents can be 
retrieved. 
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 In search engines when the user enters two terms it returns a lot of documents including unhelpful ones. 
Our system helps the researcher to get a relevant and accurate retrieval of the documents. It allows the users to 
enter two needed biological terms to get the documents that contain both of them, so there is no way to have 
irrelevant document. It retrieves some documents that contain these terms, or contains them with their parents or 
synonymous or both and that why we rank the retrieved documents.   
 
Related Work: 
 A number of researchers have tackled the semantic web and information retrieval. Minlie et al. (2006) 
proposed ontology-based biological relation extraction system to automatically extract biological relations from 
a huge number of online MEDLINE abstracts. The authors integrates four external biological ontologies, 
including GO, (2000). Concepts in these ontologies have been converted into a uniform format, and each 
concept is described by a set of synonymous terms. Authors then make ontology-based semantic annotation of 
online biological documents. Cui et al. (2006) proposed a system that can automatically discover appropriate 
repositories, retrieve useful information from these repositories and integrate the retrieved information. This 
system depends on dynamically constructed query-oriented extraction ontology.  
 Jiewen et al. (2011) studied state-of-the-art in ontology based query expansion approaches, and expanded 
on practical strategies to exploit the rich semantics of domain Ontologies. They focused on finding out the 
success factors for ontology-based query expansion. Díaz-Galiano et al. (2007) used the medical ontology Mesh 
to improve a Multimodal Information Retrieval System by expanding the user's query with medical terms.  
 Parul et al. (2010) proposed an indexing structure in which index are built on the basis of context of the 
document rather than on the terms basis using ontology. Philippe et al. (2012) presented GeneView, a semantic 
search engine for biomedical knowledge. GeneView is built upon a comprehensively annotated version of 
PubMed abstracts and openly available PubMed Central full texts.  
 Many other researchers, who are recognized in literature such as (Zuccon, 2011; McCreadie, 2011; 
Clement, 2010; Jiangong, 2008; Changshang, 2006; Fabrizio, 2004) used ontologies, inverted list (different 
tech.) and query expansion to assist biological information retrieval search. 
 Several tools exist that support the retrieval of biomedical information using information retrieval. We 
discussed those tools that are most similar to our system and refer to (Cui, 2006; Philippe, 2012) for excellent 
reviews of this field. However these researches do not address exactly the problem that we concern about. It is 
our assumption that using inverted list should improve the retrieval time and the space taken from memory to 
store the inverted list. 
 
System Description: 
 The proposed system developed to retrieve relevant documents of terms under search by using inverted list 
method. It uses biological ontology to extract related biological terms that help to improve the performance of 
the search engine. Using the synonyms and parents of the biological terms allows the engine to search by all 
terms related to searched biological terms so instead of retrieve the documents that contain the biological terms 
only, it retrieves all documents contain the biological terms and their synonyms and parents using is_a  relation 
that traverses an ontology parent-child hierarchy up to two levels above to get parents of the biological terms. 
This improves the performance of the search and ensures that the retrieved documents are relevant.  
The system architecture as shown in fig1 consists of different steps: 
• Building the inverted list. 
• Semantic expansion of user query. 
• Ranking   the retrieved documents. 
 
Building the Inverted List: 
 The system uses Gene ontology to make a semantic search. The gene ontology is normalized then stored in 
a database to allow fast and easy access for the gene ontology data. In this step the system builds an inverted list 
that helps in getting the positions of the words in the documents and knowing the frequency of the words in the 
documents. For building the inverted list the system should get all words exists in the documents stored in the 
corpus then calculate their frequencies and arrange them alphabetically then stored them in an "inverted list . 
Since we are interested in biological terms and to improve the efficiency of search engine our system stores the 
biological terms only in the inverted list. So we decided to make a dictionary file of biological terms inspired 
from the normalized biological database. Now the system compares each term in the document with the 
dictionary file and determine if it belongs to the biological domain or not. If the term belongs to the biological 
domain then the system adds it in the inverted file otherwise it should be ignored, also the system ignore the stop 
words.  
 

http://www.computersinbiologyandmedicine.com/article/S0010-4825(09)00032-8/abstract�
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Thomas%2BP%5bauth%5d�
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Thomas%2BP%5bauth%5d�
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Fig. 1: System architecture. 
 
Semantic Expansion of User Query: 
 When a pair of genes (G1, G2) are entered to the search engine the system gets all synonyms of the two 
genes exist in normalized ontology. The set of synonyms are later called a synset. The system also uses relations 
provided in the ontology to expand the query such as the is_a relation that describes the parent-child 
relationship. According to the synset of G1 and G2, a query expression is formed. If the two synset sets are 
GS1={gS1, gs12,…,gs1m} and GS2= {gs21,gs22,…,gs2n}, if the gene parents are GP1 = {gp11, 
gp12,…,gp1m} and GP2 ={gp21,gp22,…,gp2n}, the query expanded in to three queries : 1. [ ( (G1) AND (gs11 
OR gs12 OR …gs1m) AND (gp11 OR gp12 OR…,gp1m)) AND ( (G2) AND (gs21 OR gs22 OR…gs2n) AND 
(gp21 OR gp22 OR…,gp2n) ) ]. 2. [( (G1) AND ((gs11 OR gs12 OR …gs1m) OR (gp11 OR gp12 
OR…,gp1m))) AND ( (G2) AND ((gs21 OR gs22 OR…gs2n) OR (gp21 OR gp22 OR…,gp2n)) )]. 3. [(G1) 
AND (G2)]. 
 
Ranking the Retrieved Documents: 
 The retrieved documents are ranked according to specific factors. The documents to be retrieved must have 
the terms entered by the user. The resulted documents of the search query arranged by their frequencies. The 
frequency calculated by counting the number of repetition of the terms under search in the documents added to 
that the value of finding synonymous or parents of the terms under search in the document. The initial value of 
ranking of the document is the count of occurrence of the two genes in it. The ranks value increase by adding 
100 to it if a parent founded in a document and 50 if a synonymous founded in the document. The ranking 
criteria are: 
1. The highest rank goes to the document that contains the two terms and their parents and synonymous. The 
parent of the term has got from is_a  relationship up to two levels.  
2. The following rank goes to the document that contains the two terms and their parents only.  
3. The following rank goes to the document that contains the two terms and their synonymous.  
4. The lowest rank goes to the document that contains only the two terms.  
5. The system retrieves the documents that contain the synonymous only and/or the parents of the genes 
however it gives them a rank equal to zero. These documents do not appear to the user. 
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 Our system searches for a unique identifier for biological terms. When the user enters the two biological 
terms, our system begins to check if the normalized database contains these terms or not. The search process is 
done if the two terms exist in the normalized database.  
 
System Implementation: 
 The purpose of the system is to take two biological terms and retrieve the documents that contain them. To 
achieve that we implement four major functions: 
• Building Inverted list function. 
• Retrieval function. 
• Rank document function. 
• Preview functions. 
 
Building Inverted List Function: 
 This function build the inverted list by comparing each term of documents in the corpus with the dictionary 
file which we build before, if the term found in the dictionary file then add it to the inverted list. 
 The inverted list contains biological terms, the frequency of their appearance in the documents, a list of the 
documents that contain these terms and the positions of the terms in each document. 
 
Retrieval Function: 
 In this function the system takes the two biological terms entered by the user then get all synonymous and 
parents of these terms from the normalized database. The query is expanded then it returns a list of documents 
containing these terms and their synonymous or parents or both of them or these terms only. 
 
Rank Document Function: 
 In this function the system ranks the documents by the ranking criteria we mention before. 
 
Preview Function: 
 In this function the system preview the documents retrieved to the user. Then the user can access and use 
them. 
 
Results: 
 Extensive experiments are preformed to study the efficiency of our algorithm. All experiments are 
preformed on Intel(R) Code(TM)2 Duo CPU 2.40GHz , memory (RAM) 3.00 GB , 32-bit Operating System. 
The system has been implemented using NetBeans IDE 6.7.1 and MySQL5.3. Also the system was tested using 
gene ontology version 1.2 and corpus’s named proteins and interactions. 
 Our system saves the memory by adding the biological terms only in the inverted list since it compares the 
terms in the corpus with the dictionary file before adding them to the inverted list. By comparing it with the case 
of adding all the terms in the documents exist in the biological corpus to the inverted list which takes large space 
from memory to be stored, we find that our system saves the space taken from memory for storing the inverted 
list. The comparison between the needed memories (bytes) by the two cases is shown in (Table 1). 
 
Table 1: Comparison between adding the biological terms only and adding all terms in inverted list (space in bytes). 

 
 
 Also our system does not take a lot of time in building inverted list and executing the query. Since our 
system compares terms of corpus with terms in the dictionary file, our system improves the time of building 
inverted list by comparing it with the case of comparing the terms in corpus with biological terms comes from 
the normalized database which results that the time of building the inverted list is going to be increased because 
there is a time wasted in reading the biological terms from the normalized database. See (Table 2, Table 3). 
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Table 2: Inverted list time and retrieve time (by seconds) when using dictionary file. 

 
 
Table 3: Inverted list time and retrieve time (by seconds) when using normalized database. 

 
 
 In Our system, the inverted list contains biological terms only so the query execution takes less time to 
retrieve the needed documents because it searches in a short list, rather than improving the time of building 
inverted list. Where adding all terms exits in the corpus to the inverted list consumes a lot of time to retrieve the 
same documents because it searches in a long list. 
 The time of building the inverted list and the time consumed in retrieving data increase in a direct 
correlation with increasing the number of documents. See (Fig2, Fig3) 
 

 
 
Fig. 2: Inverted list time and query execution time taken when using the dictionary file. 
 

 
 
Fig. 3: Inverted list time and query execution time taken when using the normalized database. 
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 The performance of the system is improved since we retrieve the documents that contain the terms and their 
synonyms and parents. Our system retrieve the document with a certain criteria of ranking that helps the user to 
find the document that he searches for. 
 
Conclustion and Future Works: 
 We have developed ontology based search engine that retrieve relevant documents with high performance. 
It saves the memory and execution time by focus only on adding the biological terms in the inverted list, and 
time of building the inverted list by using the dictionary file. We improved the performance of information  
retrieving method since we used the biological ontology to get the synonymous and the parents of the entered in 
the query to retrieve all relevant documents that contain the terms and their synset and parents. 
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