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Abstract 
 
This paper is focused towards query expansion, which is an important 
technique for improving retrieval efficiency of an Information 
Retrieval System. Specifically the paper proposes a novel evolutionary 
approach for improving efficiency of Pseudo Relevance Feedback 
(PRF) Based Query Expansion. In this method the candidate terms for 
query expansion are selected from an initially retrieved list of 
documents, ranked on the basis of co-occurrence measure of the terms 
with the query terms. Top n selected terms create a term pool. From 
this term pool, Genetic Algorithm is used to select a thematically rich 
combination of terms, which provide the terms for expanding the 
query. We call this method as Genetic Algorithm Based Query 
Expansion (GABQE). The experiments were performed on standard 
CISI dataset. The results are quite motivating and one can clearly 
observe the difference in the result when GA is not used and when GA 
is used. The paper uses GA for improving PRF based query expansion, 
but at the same time it can also be generalized and tested for other 
types of query expansions, where terms may be selected in a different 
way but a good combination of expansion terms can be obtained using 
GA. 
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1. Introduction 
Query expansion has been widely investigated as a method for improving the 
performance of information retrieval system .. Though a lot of work has been done in 
this area, obtaining a proper expansion of query is still an unsolved problem. A popular 
type of query expansion is Pseudo Relevance Feedback Based Query Expansion 
(PRFBQE). In PRFBQE, top n documents are retrieved using some efficient similarity 
measure. Retrieved documents are considered to be relevant. The next step in 
PRFBQE is selection of expansion terms. Most natural way of selecting the terms is to 
select the terms which are co-occurring with the query terms. Lesk(1969) expanded the 
queries by the inclusion of terms that had a similarity with a query term greater than 
some threshold value of the cosine coefficient. However Rijsbergen(1977) has given 
the theoretical basis for using co-occurrence statistics to detect the semantic similarity 
between terms and exploiting it to expand the user’s queries. The main problem with 
the co-occurrence approach was mentioned by Peat(1991), who claim that similar 
terms identified by co-occurrence tend to occur also very frequently in the collection 
and therefore, these terms are not good elements to be discriminate between relevant 
and non-relevant documents. This is true when the co-occurrence analysis is done 
generally on the whole collection (global) but if we, apply it only on the top ranked 
documents (local) discrimination does occur to a certain extent. Therefore co-
occurrence based techniques have been applied more successfully on PRF based query 
expansion. However Cao (2008) even question the basic notion of goodness of a term. 
They argue that a goodness criteria which is based on the frequency of terms in PRF 
based documents or their distribution in corpus is itself not appropriate. The authors 
then propose to integrate a term classification process to predict the usefulness of 
expansion terms The proposed techniques places emphasis on searching for novel 
material that is related to the search context. 

 
2. Proposed Approach 
We have tried to improve the performance of PRF based query expansion by using 
Genetic algorithm. We call it Genetic Algorithm Based Query Expansion (GAQBE). 
This helps us to provide thematically rich collection of expansion terms.. GAQBE 
approach is described below in sec 2.1 and 2.2  

 
2.1 Construction of Term Pool  
In order to construct the term pool, we first retrieve top n documents for the query 
using a matching function which is standard okapi measure here.  

All documents and sorted on the basis of standard okapi measure. All the unique 
terms of top N documents are selected and are ranked on the basis of their co-
occurrence with query terms. Top m terms co-occurring with original query terms are 
selected as candidate terms for expansion. For our experiments, we have used well- 
known jaccard coefficient as a co-occurrence measure, which is given as : 

,ݐ൫ܿ_݀ݎ݆ܽܿܿܽ ൯ݐ ൌ ௗೕ

ௗ ାௗೕ ିௗೕ
  (1) 
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Where ti and tj are the terms for which co-occurrence is to be calculated and di and 
dj are the number of documents in which terms occur, respectively, and dij is the 
number of documents in which ti and tj co-occur. Inverse document frequency of a 
term can be used along with above discussed similarity measures to scale down the 
effect of chance factor. Incorporating inverse document frequency and applying 
normalization define degree of co-occurrence of a candidate term with a query term as 
follows: 

 

,ሺܿ݁݁ݎ݃݁݀_ܿ ሻݐ ൌ ,ሺܿଵ ሺ݈ܿ݃ ሻݐ  1ሻ כ ൫݂݅݀ሺܿሻ/
 ሻ൯  (2)ܦଵ ሺ݈݃

 

݂݅݀ሺܿሻ ൌ ଵሺ݈ܰ݃ ܰ⁄ ሻ  (3) 
 
Where N is number of documents in the corpus, D is number of top ranked 

documents used ,C iscandidate term listed for query expansion ,tj is jth term of the 
document, Nc is the number of documents in the corpus that contain c ,co(c,tj) is 
number of co-occurrences between c and tj in the top ranked documents i.e 
jaccard_co൫c୧, t୨൯Above formula can be used for finding similarity of a term c with 
individual query term. To obtain a value measuring how good c is for whole query Q, 
we need to combine its degrees of co-occurrence with all individual original query 
terms t1, t2, t3…. . So we use  

ܳݎ݂ݕݐ݈ܾ݅ܽݐ݅ݑܵ ൌ ݂ሺܿ, ܳሻ ൌ
∏ ൫ߜ  ,ሺܿ݁݁ݎ݃݁݀_ܿ ሻ൯ௗሺ௧ሻݐ

௧ொ   (4) 
Above equation provides a suitability score for ranking the terms co-occurring with 

entire Query. The terms of the document are ranked on the basis of similarity value 
obtained and top m terms form a term pool. 

 
2.2 Genetic Algorithm for Selecting Expansion Terms 
Representation of Chromosome-We have used a chromosome representation where 
each gene represents a specific candidate term. One particular combination of 
expansion terms represents a chromosome. Considering number of terms as 10, 
chromosomes are represented in following way 

 

  

Where each ti represents a term index  
Fitness Function-. We have used recall of the retrieved result as a fitness function. 

Recall is given by :  
 
ܴ݈݈݁ܿܽ ൌ |ோೌ|

|ோ|   (6) 
Ra: Set of relevant documents retrieved and R : Set of all relevant documents 

t1 t2 t3 t4 t5 t6 t7 t8 t9 t10 
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GA operators-Selection ,Crossover and mutation are the GA operators that are 
applied to the above chromosomes.  

 
Table 1: Algorithm for GABQE. 

 

• Input : Document corpus D 
• Query collection Q 
• Process: 
• Select the query q from Q 
• Preprocess the documents in document collection D  
• Calculate similarity measure of each document d in D w.r.t query q using 

equation 1 
• Sort documents in D according to their similarity measure with q  
• Retrieve top n documents giving document collection R  
• Find all unique terms of top n retrieved documents giving term collection T 
• Find candidate expansion terms giving term collection C 
• calculate co-occurrence between each query term qi and each term ti in T using 

jaccard similarity  
• (equation2)  
• Calculate similarity of entire query Q with each term ti in T using equation 3  
• Calculate the suitability score of each term ti using equation 5 
• Sort the terms in T on the basis of suitability score      
• Retrieve top m terms of T giving candidate expansion collection C 
• Perform following to select expansion terms by applying GA 
• Generate initial population randomly from the term pool.  
• Repeat Until the population converges or for maximum number of generation 
• Form new population using selection, crossover, mutation operation (in pair of 

2)     
• Expand the original query by adding terms of the individual population 

member. 
• Retrieve the initial set of documents using tentatively expanded query 
• Calculate the fitness of the expanded query using recall based measure 

(equation 6)     
• Return the terms obtained in final generation of GA as final set of expansion 

terms.   
• Output : Set of expansion terms    

 
3. Experiments and Results 
We tested the algorithm on CISI dataset. CISI data consist of 1460 abstracts from 
information retrieval papers and 112 queries. After extensive experiment on corpus the 
values were set as n = 10 and m = 10.For setting GA parameters chromosome length 
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was set to 10 as number of expansion terms were 10. Other parameters were fixed after 
extensive experimentation. The improvement in the result can be observed from recall 
precision curve shown in Fig. 1 (a)and Fig. 1 (b) .It is observed that GABQE improves 
the results on average 

 

 
Fig. 1a:  Recall Precision Graph for Query 28. 

 

 
 

Fig. 1b: Average Recall Precision Graph. 
 
The effect of GABQE can be observed from generation wise average fitness curve. 

As it can be observed, average recall is increasing and slowly reaches to convergence. 
This shows that GA is able to improve the fitness (recall), hence efficiency of 
information retrieval is increased. 
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Fig. 2(a).Generation wise Avg. Recall for Query no.28 

 

 
 

Fig. 2(b): Generation wise Avg. Recall for all Queries 
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In order to analyze the result we observed the expansion terms obtained without 
GA and with GA. We observed and analyzed individual expansion terms. In almost all 
the queries GA based expansion is providing better terms. Table 2 shows recall for 
original query, for PRFBQE, and for GABQE. In general we can see that GA effects 
query expansion positively, however the actual effect may vary from query to query. 

 
Table 2: Table showing Recall for PRFBQE and GABQE. 

 

QUERY NO.  RECALL-PRFBQE RECALL-GABQE 
2 (0.377) (0.385)
11 (0.1957) (0.2598)
12 (0.0769) (0.6514) 
23 (0.375) (0.3958)
28 (0.2333) (0.6)

(Avg Recall) 0.224 0.326 
 
From results it is observed that the terms added before applying GA ie PRFBQE or 

in the initial run of GA may be relevant individually but in totality, the terms are more 
cohesive or we can say the expansion terms taken together are more related when GA 
is applied.  So we can say that application of GABQE helps in expanding the query in 
such a manner that it provides a better selection of thematically rich expansion terms 
and hence improves retrieval efficiency. 

 
4. Conclusion 
This paper suggests use of GA based query expansion (GABQE) in order to improve 
retrieval efficiency of an Information retrieval system. The experiments have been 
done on standard CISI collection. The comparison of the result has been done on the 
basis of recall. The results were compared for unexpanded query, PRF based query 
expansion and GABQE. It was observed that GA is providing a more cohesive and 
better selection of expansion terms. The improvement of the result can be observed 
from the graph. Further we have also analyzed the result by observing the better 
expansion terms obtained by using our approach.  
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