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Abstract: Information retrieval is the research area in which 
many researcher have been done and many are still going on. 
The rapidly growing web pages make it very crucial to search 
up to date documents. In continuation of research works on 
learning to rank, this research focuses on implication of 
machine learning techniques for IR ranking. SVM, PSO and 
hybrid of both are the main techniques implemented for IR 
ranking. In case of SVM, selecting appropriate parameters is 
difficult, but it gives potential solutions for the ranking. One 
of the optimization methods i.e. PSO is easy to implement 
and has global search capability. Thus to find the fitness 
function to optimize the ranking of document retrieval 
Hybrid SVM-PSO model is proposed. 

After the comparative study it has been calculated that the 
ranking parameters gives best result for RankSVM-PSO over 
RankPSO and RankSVM. The result has been calculated 
based on single term queries and multi-term queries. The 
study shows RankPSO gives the better result than RankSVM 
and RankSVM –PSO gives better result than RankPSO, so it 
has been concluded that RankSVM-PSO gives best result 
among the three techniques.  

Keywords: Information retrieval, PSO, SVM, Machine 
Learning 

I. INTRODUCTION 

1.1 Search: Search is basically to find something by looking or 
seeking carefully or thoroughly. In continuation of search there 
is a search engine in the world of Internet that gives a lot of 
documents related to the specified key words. Web search 
engine becomes most popular engine [1] as the most vital 
access technique to the web.IR finds the documents of an 
unstructured nature usually text among large collections of 
data stored on computers.  

1.2 Ranking: Ranking [2] of query results is the basic problem 
in IR. Among the documents groups related to the query 
ranking is the problem i.e. to sort the document according to 
some criterion that are phrased in terms of relevance of 
documents related to an information need expressed in the 
query. Ranking is done by statistical ranking in which scores 
are used as the basis of ranked retrieval. The document with 
highest score is ranked to be first and so on. The scoring is 
done as the simple match or by using weighted match which 

gives better result in ranking. Ranking models are of two 
types: ranking the query against individual documents and 
ranking the query against list of related documents. Based on 
these the ranking models can be categorized as:  

Boolean model: Based on set theory this model is the oldest 
and simplest model of IR. Because it is based on binary 
concept partial matched documents are not recovered just those 
documents that matched exactly can be retrieved. So to retrieve 
documents from group of documents users should have good 
knowledge in the domain of making queries. 

Vector Based Model: Because Boolean model [3] only 
fetches completely matched documents, so vector model [4] is 
addressed that basically focuses on weights in place of binary 
values. The factors that are used to calculate weight is tf(term 
frequency)and idf( inverse document frequency).Together 
these two factors or the product of these factors makes the 
approximated term weights. These factors together are called 
tf-idf measure. 

 

Fig. 1. The classic search model 

Probabilistic Model [5]: This model is basically based on 
probability of documents to be relevant. It finds the probability 
of estimation of relevant document for the query. The 
probability depends on the representation of document and 
query. In it with the help of a set of relevant documents the 
probability of relevant and non relevant document is 
calculated. 
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1.3 Problems in ranking: As to get relevant documents from 
documents that are large in number for a query ranking, 
ranking is a vital part in internet searcher. But there are many 
challenges in it:  

1. The factors that are considered as a ranking functions are 
content of the page, link structure etc., so combining all 
the ranking functions to make a single ranking function is 
very tough.  

2. Speed is the most important challenge in ranking of 
documents as millions of documents are defined. 

3. Mean average precision (MAP) and Normalized 
Discounted Cumulative Gain (NDCG) are the measures to 
evaluate ranking algorithm in IR which are non-convex. 
So it’s difficult for optimization by optimization tool that 
are conventional. 

4. The main problem in ranking is that bulk of irrelevant 
information is retrieved. 

5. Different encoding schemes and types of documents with 
same fingerprints. 

1.4 Evaluation measures [6]: Evaluation is to calculate the 
goodness of a system i.e. how well it meets the user’s 
information need. Traditional evaluation for Boolean retrieval 
or Top-K retrieval includes the following four measures: 

Precision: Retrieved documents to the relevant documents 
ratio. 

Precision: P = TP/TP+FP 

Precision=relevant retrieved documents/ (relevant+ non 
relevant) documents that are retrieved. 

Recall: Relevant documents in collection to the retrieved 
documents ratio. 

Recall: R = TP/TP+FN 

Recall=relevant retrieved documents/ (relevant documents that 
are retrieved+ relevant documents that are not retrieved) 

F-measure: It is the weighted harmonic mean of precision and 
recall. It is commonly denoted by F1 or F. 

F1-Score: F1 = 2*Precision x Recall/ Precision + Recall 

Accuracy is a commonly used evaluation measure in machine 
learning classification work but it is not a very useful 
evaluation measure in IR. The reason behind this is that in all 
the conditions the data is extremely skewed. 

Accuracy is the fraction of the correct classifications. 

Accuracy: ACC = TP+TN/TP+TN+FP+FN 

1.5 PSO  

A global optimization called Particle swarm optimization 
(PSO) is a algorithm in which best solution can be represented 
as a point or surface in an n-dimensional space for dealing with 
problems. In this space Hypotheses are seeded and plotted with 
an initial velocity, and also it is a communication channel 
between the particles. 

1.6 SVM  

A discriminative classifier formally characterized by an 
isolated hyperplane is a Support Vector Machine (SVM). It 
can also be defined as a supervised learning as it has labeled 
training data, the algorithm outputs an ideal hyperplane which 
sorts new models. This hyperplane separates a plane in two 
sections where in each class lay in either side in two 
dimensional spaces. 

II. RELATED WORKS 

In 2008, Zhai et.al.[7] focused to set appropriate parameters of 
SVM algorithm, SMO (sequential Minimal optimization) is an 
effective training algorithm belonging to SVM i.e. LS_SVM. 
On the basis of the above integrated algorithms they 
introduced PSO and utilized an example to certify its validity. 

In 2009, Jun et al. [8] had proposed PSO+SVM for intrusion 
detection problem. They used standard PSO for the 
determination of free parameters of SVM and binary PSO is 
for optimum feature subset. 

In 2012, Indrajit and Sairam[9] proposed a strategy of feature 
selection based on SVM that is optimized by PSO.They took 
into consideration the leave one out strategy and 20 classifiers 
performance were evaluated using performance metrics. 

In 2014,Lu et.al.[10] considered prediction for Bankruptcy that 
has been calculated by data mining techniques,since this issue 
is a critical issue in the finance and accounting field. They 
proposed switching particle swarm optimization (SPSO) and 
support vector machine (SVM) together as a new hybrid 
algorithm to solve the bankruptcy prediction problem.  

In 2015,Dong and Jian[11] proposed a SVM parameter 
selection based on CPSO keeping in mind the end goal to 
decide the ideal parameters of the Support vector machine 
rapidly and proficiently. SVMs are new techniques being 
created, in view of factual learning hypothesis. Preparing a 
SVM can be defined as a quadratic programming issue. The 
parameter determination of SVMs must be done before 
illuminating the QP (Quadratic Programming) issue. 

In 2016,Kakde and Gulhane[12] proposed a technique based 
on particle swarm optimization and support vector machine for 
Devnagari script recognition system. Devanagari script is 
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generally utilized as a part of the Indian subcontinent in a few 
noteworthy dialects, for example, Hindi, Sanskrit, Marathi and 
Nepali. 

In 2018, Gaurav Pandey et.al [13] addressed a document 
ranking problem that is the feature extraction problem in 
information retrieval.They also proposed a linear feature 
extraction algorithm called as Life Rank algorithm for 
Ranking.  

In 2018, Kehinde Agbele et.al[24] proposed predictive 
document ranking model that computed measures of individual 
search in their domain of knowledge.The query context 
determines the relevance of retrived information.The technique 
that they referred was DROPT technique. 

III. OBJECTIVES OF CURRENT RESEARCH 

Keeping in view of the above shortcomings in the existing 
research, we propose to address the following objectives: 

1. To compare the developed ranking system with the state 
of the art. 

2. Feature extraction from monolingual documents. 

3. To implement a ranking system for information retrieval 
using combination of support vector machine and particle 
swarm optimization. 

IV. PROPOSED METHODOLOGY 

4.1 Query formulation and preprocessing: For query 
formulation relevance feedback is one of the techniques that 
can be implemented. 

Different relevancy tools are used but some work for long 
queries and some work for short queries. Operations related to 
the single term queries are:  

�  Synonyms 

� Thesaurus 

� User term in the title 

� Stemming 

When a user enters longer queries some of the operations that 
can be applied are: 

� Many 

� Phrase 

� Near/Proximity 

� “Like” or “Accrue” 

4.2  Document Feature extraction: Features that are to be 
extracted in query document pair are as follows: 

i) Low-level Content Features  

It includes tf, idf and dl and their combination, for each 
combination of four is to be taken for body, anchor, title and 
URL.  

ii) High-level Content Features  

It includes the outputs of BM25 and LMIR algorithms. There 
are total nine language model features considered including 
different smoothing methods (DIR, JM and ABS). 

iii) Hyperlink Features  

It includes pagerank, HITS and their variations. Total 7 
hyperlink features are considered.  

iv) Hybrid Features  

Hybrid features refer content and hyperlink information, 
including “hyperlink-based relevance propagation” and 
“sitemap-based relevance propagation”. 

 

Fig. 2. Structure of information retrieval ranking using 
SVM+PSO 

Initially the raw document is pre-processed by removing stop 
words, stemming etc., then it is given to the knowledge base. 
Same as the document, the query also pre-processed and then it 
undergoes to the conversion of word to vector. Then the query 
is needed to be splitted and pre-processed the query to extract 
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keywords. After that, the knowledge base and the splitted 
query are given to the clustering process. By using the SVM 
classifier, it classifies the document. Then the condition is 
applied, if it is matched, and then extracts the matching 
paragraph and the sentence and also the answer is generated. If 
it doesn’t match, then update the knowledge base and then 
generate the answer. Finally, by using the PSO optimization, 
the answers are ranked and display the best answer. 

V. EXPERIMENTAL RESULTS 

This section basically sums up experimental results. The 
experiment is done in spider (python 3.7) and the dataset used 
in this is TREC 2004 QA DATA referred in the link 
https://trec.nist.gov/data/qa/t2004_qadata.html. The 
comparison tables based on the performance parameters are as 
given below: 

TABLE 1: Single term queries 

Techniques/
parameters 

SVM PSO SVM+PSO  

 Type of questions  
 Easy Medium Hard Easy Medium Hard Easy Medium Hard  

Precision 81.33 89.34 86.66 92.0 94.67 89.33 98.66 98.67 94.66  

Recall 82.43 79.76 89.04 88.46 91.02 93.05 94.87 97.36 97.26  

F1 score 81.87 84.27 87.83 90.19 92.81 91.15 96.73 98.01 95.95  

Accuracy 82.0 83.33 88.0 90.0 92.67 91.33 96.67 98.0 96.0  
 

TABLE2: Multi -term queries 

Techniques/p
arameters 

SVM PSO SVM+PSO  

 Type of questions  
 easy medium hard easy medium hard easy medium hard  

precision 86.66 92.0 88.0 93.33 96.0 90.54 97.33 97.34 94.66  

Recall 80.24 80.23 89.18 90.90 93.50 93.05 94.80 98.64 97.26  

F1 score 83.34 85.71 88.59 92.10 94.73 91.78 96.05 97.98 95.94  

Accuracy 82.67 84.67 88.67 92.0 94.67 92.0 96.0 98.0 96.0  
 
VI. PERFORMANCE EVALUATION 

This section contains the performance evaluation of three 
algorithms that is SVM, PSO and HybridSVM-PSO based on 
single term queries and multiple term queries. A learned 
ranking function is applied in ranking of documents for a user 
query.The performance is calculated based on easy,medium 
and hard questions as categorised in dataset which has been 
taken in this work. 

This algorithm is presented for the collection of user queries 
and their corresponding retrieved documents. Human 
annotations help in relevance judgment. In it ranking score is 
assigned to each document based on its relevancy. The 
document ranked at the top which contains a higher ranking 
score. A corpus of 1000 documents will be considered out of 
which 70% will be used for training or learning phase and 30% 
will be used for the testing purpose. A query set of 300 queries 
will be considered out of them 150 will be taken as single term 
queries and 150 will be taken as multiple term queries. It will 
be clear that our system is feasible in ranking of documents 
among multiple documents and will provide a response time of 

a few milliseconds within an acceptable memory cost. As our 
framework is a model created with the one of a kind 
motivation behind doing research and evaluation, the 
calculation's execution could be significantly progressed. 

 as shown below using graphs: 

 

Fig. 3. Recall for single term questions 
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Fig. 4. Precision for single term questions  

 

Fig. 5. F1-score for single term questions 

Fig. 6. Accuracy for single term questions 

 

Fig. 7. Recall for multiple term questions 

 

Fig. 8. Precision for multiple term questions 

 

Fig. 9. F1-score for multiple term questions 
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Fig. 10. Accuracy for multiple term questions 

VII. CONCLUSION AND FUTURE SCOPE 

As our system is the hybridization of both SVM and PSO, it 
overcomes all the previous shortcomings in ranking of 
information retrieval and improves the performance of the 
ranking system as we have seen in our evaluation tables and 
graphs. This paper contains the ranking system for 
monolingual only using SVM and PSO. The research can be 
further done for cross lingual and for real time retrieval 
system. 
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