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Abstract 
Information retrieval involves finding most relevant information within a large amount of 

documents and provides various forms of contents for people who search information. The user 
information need should be presented as a query. Finding relevant texts through the user's query is 
difficult by growing texts in internet. A model which is used to find the similarities between user's query 
and available information is the first step of designing information retrieval systems. Several models 
were presented during decades. In this paper, we carefully study information retrieval models and 
discuss about advantages and disadvantages of each model. We also classify these models into three 
main classes based on mathematical rules: set theoretic model, algebraic model and probabilistic 
model. Each class has some sub classes which are carefully studied. Finally we propose some metrics 
to evaluate these models and compare them with each other. 
 

Keywords: Information, Information Retrieval, Algebraic Models, Probabilistic Models, 
 Set Theoric Models   

 
1.  Introduction 
 

The extension of Information Technology, made Information very important. Controlling and 
managing this information will be more difficult by increasing Information [1-3]. So Information is not 
enough solely and some tools are needed to use this amount of information. users should know how to 
find answers of their questions, so information retrieval systems is important to find answers of user's 
query . 

Information is in the forms of sounds, images, animations and so on, but the most important one is 
text [2], so Information retrieval is changed to text document retrieval [2][3]. Text retrieval is the 
process of finding lists of documents which are most relevant to the user's query. This process is done 
by comparing user's query to indices of text documents [4]. First step of designing information retrieval 
systems is designing information retrieval models.  

The field of Information retrieval was born in the 1950s. Over the last forty years, the field has 
growed fast [2] [5]. Several IR systems are used by users [2][6]. In this paper, we first study 
information retrieval models, find advantages and disadvantages of each model, and then we classify 
these models into three main classes by using mathematical approaches. At last we provide some 
metrics to evaluate each model and compare them with each other. The rest of this paper is organized 
as follows, section 2 classifies Information retrieval models, In section 3, set theoretic models and their 
subclasses are described, in section 4 algebraic models and their subclasses are presented, in section 5 
we study about probabilistic models and their subclasses, in section 6 the Information retrieval models 
are evaluated by some factors we proposed and finally section 7 presents the conclusions. 
 
2. Classification of Information Retrieval Models 
 

Information retrieval models, as in figure 1, can be divided in three categories, set theoretic model, 
algebraic model and probabilistic model. In set theoretic model, document is known as words or terms. 
Similarity between documents and queries is measured by set theoretic operations [7]. This model has 
some types like standard boolean model, extended boolean model and fuzzy set model. 

In algebraic model, documents and queries are represented as a vector or matrix. Similarity between 
documents and queries is represented as scalar value. This model has some types like vector space 
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model, topic based vector space model, neural network based model and latent semantic indexing 
model.   

In probabilistic model, document retrieval is done by probabilistic conclusion; some probabilistic 
theory like bayes theory is used in these models. Probabilistic model has some types like language 
model, probabilistic based model and latent dirchilet allocation model. 
  

 
  

Figure 1.  Classification of Information Retrieval Models  
 
3. Set Theoric Models 
 

Set theoric model divided in some types, standard Boolean model, extended boolean model and 
fuzzy set model.  
 
3.1. Standard Boolean Model 
 

Boolean model is based on set theory and boolean algebra [6][7]. Keywords are in the document or 
are not [4]. This is zero and one rule, which is the base of boolean logic rule. Queries consist of 
boolean combination terms. They use logical operators And, OR and NOT [2][ 4] .The query "t1 or t2" 
is satisfied by those documents which have t1 or t2 or both. The query "t1 and t2" is satisfied by those 
documents that have both t1 and t2. The query "t1 not t2" is satisfied by documents which consist of t1 
but don’t have t2. Table 1 shows an example of boolean retrieval model. 
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Table 1. Examples of boolean retrieval model 
               documents 
Terms 

Doc1 Doc2 Doc3 

information 
 0 0 1 

boolean 
 1 1 0 

retrieval 
 0 1 1 

model 
 1 0 1 

 
If we want to find the result of "(boolean and model) or (information and retrieval)", the documents 

retrieved are: doc1 and doc3.    
This model has some advantages such as: It is a simple model [4] and the cost of implementation of 

this system is low, but this model does not rank the documents and using logical operators is difficult 
for inexperienced users [2] [4] Relevance ranking is not important in boolean systems and documents 
are ordered by date or some other metrics [2] [6]. This model also lacked flexibility. 
 
3.2. Extended Boolean Model  
 

The aim of extended boolean model is to overcome the challenges of standard boolean model, thus 
it uses term weighting in indexing. This model combines vector space and algebraic model properties 
and ranks similarities between documents and queries [7] [8]. The operators of extended boolean 
models assign weights to each term in the range zero to one. suppose we have a query consists of n 
terms t1, t2, …, tn which have weights wq1, wq2, …,wqn , and a document D, with corresponding weights 
wd1, wd2, …, wdn for the same n terms. Similarity functions is defined by the pnorm for AND and OR 
extended boolean queries.   
 

SIM AND (d, (t1,wq1)AND…AND(tn,wqn) )=1- ( ∑(( )    ∗           ∑  )       ,(1≤p≤∞)             (1) 

And 
   

SIMOR(d,(t1,wq1) OR …OR(tn,wqn))= (∑   ∗     ∑  )        ,(1≤p≤∞)                    (2) 

This model ranks the documents which are retrieved, but it is a difficult model for inexperienced users. 
 
3.3. Fuzzy Set Model 
 

In information retrieval, some text would be retrieved that it is not clear how much it is relevant to 
the user's inquiries. Each term in a query can be defined as a fuzzy set and has a degree of membership 
with each document which is a number between zero and one [7]. So relevance and fuzzy logic are 
complement of each other in information retrieval. Fuzzy retrieval techniques are based on fuzzy set 
theory and extended boolean model, there are two classical fuzzy retrieval models: Mixed Min and 
Max (MMM) and the Paice model. These two models do not evaluate weight of queries; however, this 
is used by the p-norm algorithm. 

 
3.3.1. Mixed Min and Max Model 
    

In MMM, each index term has a fuzzy set. A document's weight with respect to an index term, is the 
degree of membership of the document. In fuzzy set theory, intersection and union of two documents 
are defined as: 
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d A∩B= min (dA, dB) (3)   

dAUB= max(dA, dB) (4) 

This similarity of the query and document is measured as follows 

  

                      SlM (Qor, D) = Cor1 * max (dA1, dA2, dAn) + Cor2 * min (dA1, dA2,.., dAn)          (5) 

       SlM (Qand, D) = Cand1 * min (dA1, dA2, dAn) + Cand2 * max (dA1, dA2, ..., dAn)      (6) 

Where cor1 ,cor2 are "softness" coefficient for the or operator, and cand1,cand2 are softness coefficients for 
the and operator.  

3.3.2. Paice Model 

    In paice model, all the term weights are calculated as follows: 

   

(7)                                                                                         S (D, Q) = ∑ ∗           ∑   

                                                                                                            
where in "and queries", wdi is in ascending order and in "or queries" wdi is in descending order. Fuzzy 
set theory model has some advantages: The correlations among index terms are considered, degree of 
relevance between queries and docs can be achieved in this model. It also has some disadvantages, 
term frequencies are not considered in queries and documents. Experiments with standard test 
collections are not available in this model. 
 
 4. Algebraic Models 
 

In algebraic model, documents and queries are represented as a vector or matrix. Similarity between 
documents and queries is represented as scalar value. This model has some types like vector space 
model, topic based vector space model, neural network based model and latent semantic indexing 
model. 
 

4.1. Vector Space Model 
 

Vector space model is the most common model used in the field of information retrieval [9]. Basic 
idea of vector space model is to express the documents and queries through the words they contain [2] 
[9]. As shown in figure 2, each document represents as a vector. The component of each vector is the 
weight of words. This vector would be created by the techniques called indexing. The main steps in 
indexing are removing the Stop words (e.g., determiners, prepositions, and pronouns), stemming and 
weighting; all of these steps are also done for queries. There are several ways to compute such weights, 
the general way is what is known as tf / idf  which is term frequency (tf) multiplied by inverse 
document frequency (idf) [4]. Tf is the frequency of the terms in a document while idf is the inverse of 
the frequency of a term among all the documents of the system [11].  
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 Figure 2. vector space model 

Similarity between documents and queries is measured by casinos similarity rule [7]. 
   ,  =  .⃗  ⃗|⃗ |×⃗  = ∑ ×∑  .∑                                                 (8)  

 
In equation 8, qi is the user's query, dj is the vector of j'th document, wki is the weight of k'th word of 

the user's query and wkj is the weight of k 'th word in document dj.                                                    
Vector space model has some advantages: first, the weights of keywords are measured by several 

functions and similarity weight can fluctuate between 0 and 1, which makes computing similarity 
between documents and query easy [3]. It also causes partial matching queries and relevance ranking, 
so the pages, which do not have query keywords but are related to the query, may appear in the result 
list [10]. This model is simple and improves recall.  Vector space model has also some disadvantages: 
This model is dependant to the user's query and good result cannot be retrieved, if the users could not 
express their query well. Calculating vector is difficult for some vectors and relation between words 
cannot be shown in this model. 
 
4.2. Topic based Vector Space Model 
 

Topic-based vector space model (TVSM) is a vector-based method for comparing between 
documents. In TVSM, it is assumed there is a d dimensional space R which only has positive axis [12]. 
 

                       R ∈  ≥ 0 with d∈  > 0    (9) 

 
Each dimension of R expresses a fundamental topic, which are independent from each other. The 

term ti is the i'th term, which its term-weight is between zero and one. The Term weight is defined as |⃗i|: 
 

                    ti= (ti1, ti2, tid) 
 
 

(10) 

                    |ti|=√ti1   + ti2 + ⋯ …∈[0; 1] 
 
 

(11) 
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                                                               Topic: Geography                                                                                      

mountain                                                                                          

 

 

                           hardware                             is        are 

Topic: Computer                                
 

                     
Figure 3. Interperation of tpic based vector space model 

 
                     

Figure3 shows the interpretation of term-vectors, special topic terms (e.g. "hardware", "geography ") 
are in the same direction as their fundamental topic which they are related to. Term which are not topic 
specific at all (e.g. "are" or "these") have a term-vector which has an angle near 45°  tward all 
fundamental topics of the space R.  

In the TSVM, a document k is represented by ⃗ ∈  : 
 

                               d⃗ = |⃗ | ⃗  ⇒  |⃑ |=1 
 

(12) 

                                ⃗  = ∑    
 

(13) 

eki is the number of occurrences of term i in document k. cosine of the angles between documents is 
used to determine the similarity of two documents. 
 
 dk⃗  dl⃗  = |⃗ | ⃗ |⃗ |  ⃗  = ⃗ . ⃗  ∑ ∑     ⃗   ⃗                               (14)                  

 
We can measure the length of ⃗  and ⃗  as follows: 

 

|  ⃗ | =|∑   ⃗ |=∑   ⃗  2  = ∑ ∑     ⃗  ⃗                         (15)   

 
TSVM has some advantages .It integrates natural processing algorithm like stop word list and 

stemming in to one model. It also calculates document-similarity within a relational database by plain 
sql [13], so its calculation complexity is low [12][13]. 
  
4.3. Generalized Vector Space Model 
 

Generalized vector space model (GVSM) uses boolean algebra in a vector space. It assumes that 
each term vector  ⃗ i uses 2n vectors, ⃗   where r=1…2n to be represented [14]. These items called 
minterms. Each minterm shows cooccurance of index term in the document. These minterms are 
vectors that are pair wise orthogonal. Equation 16  shows is used to calculate similarity between 
queries and documents, while ⃗i and ⃗j are term vectors in a vector space with 2n dimensions, ⃗k is the 
document and ⃗  is the query, n is the new dimention of the vector space, and ́ , ́  are new 
weights[15].  
 

                               cos(⃗  , ⃗) =
∑ ∑   ́′′   ⃗́  ⃗∑ ́ ∑ ́́′                                                           (16) 
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This model has some disadvantages such as: it is not clear that in which situation this model is better 
than VSM, and the computational cost of this model in large collection is high[10][11] . It also has 
some advantages such as: It is fair theoretically, experimental evaluation of this model shows that the 
performance of it is better than vsm. This is proved by testing on several test collections [16]. 
 
4.4. Latent Semantic Indexing 
 

Latent Semantic Indexing projects document and queries in a lower space with latent semantic 
dimensions. In the latent semantic space, although a query and a document do not have same words, 
they have high cosine similarity, since their terms are semantically similar to each other. Latent 
Semantic indexing uses SVD, mathematical technique [17], which represents matrix A as  with lower 
dimensional space.  SVD decomposes the document-by-term matrix At*d into the production of three 
matrices Tt*n, Sn*n ,Dd*n : 
 

 )7(1                                                                                    T)d*n (D n*nS t*n= T  t*dA                                                                      
 

d is the number of documents, t is the number of terms, and n is the minimum of t and d, S=diag 
(1, 2, … … , ) ;  > 0 for 0<=i<r;  = 0 for j>=r+1. 

 
A user's query must convert to a k-dimensional space and compare to documents. A user's quarry 

can be represented by: 
 

                                                                  =qT  Tt*k ∗                                                               (18)       
 

q is the vector of words of user's query. qTTtk is the sum of k-dimensional terms vectors, and the ∗  , weights the separate dimensions. The query vector is compared to documents vectors and the 
documents ranked through their similarity to the query.  

This model has some advantages; it is not limited to the words. It can modify itself to the new 
terms .This model is dependent on the language, because it used mathematic techniques. But it has 
some disadvantages; it needs to do some complex computation, and large memory compare to other 
model. It also has some problems with the dimensional used in SVD [9]. LSI may decrease search 
quality and also retrieval of documents, which have few terms. 
 

4.5. Neural Network Model  
 

Neural network model has three layers in information retrieval. As shown in figure 4, these are 
query layer, keyword layer, and document layer [19]. Signals are sent to the documents term nodes 
from query term nodes, then signals are generated by the document term nodes and are sent to the 
document nodes. New signals are generated by document nodes and are sent to the documents term 
nodes and these new signals are generated by the documents term nodes to other documents node. This 
process is done iteratively [5]. Query term activation value is 1 at first. Document term nodes become 
weaker by normalized query term weight. Vector model is used to define query term weight and the 
norm of query vector is used for normalized cosine algorithm, which is created by the vector space 
model, is used to determine activation level of the document node, and a threshold is used to improve 
retrieval performance [5]. 

This model has some advantages such as: The calculation of neural network model is better than the 
vector space model and probability model for information retrieval models [19]. Common patterns are 
used to classify the information [18]. But this model has not been tested via large document collection 
[7]. 
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 Document Terms      

                                                                                                                                    

 Documents           

                                           

K1  K2 

K1  K1 

D2 D1 Dn  

Kn 

Di 

 
Figure 4. Neural network for information retrieval 

 

5. Probabilistic Models 

Probabilistic calculation is used in probabilistic models. Similarity between queries and documents 
is measured by probilistic theory, like bayes theorem. Probilistic model is divided into language based 
model, probabilistic based model and latent dirchilet allocation.  

5.1. Probabilistic based Model 

In probabilistic model, users guess whether the document is relevant or not, from the documents 
which are retrieved, then the system uses the user's feedback to search again. The system does this 
cycle several times to find the best answer of user's query [2][ 5]. 

In this model, P (D|R) is the function that calculates the probability of occurrence of the terms in the 
documents. In this formula , D is the document and R is the event which document occur on it, and the 
documents and queries are consist of the terms. A probabilistic formula calculates P (D|R).  
 

                     P (D |R) = ()()                                                          (19) 

 
 
5.2. Language based Model 
 

The basic documents in statistical language model, is the word sequences, p (w1, w2, wn) or P (w1, n). 
These sequences can be sentences or phrases. To approximate the statistical language model, N-gram is 
used [3][20]. 
 

                        Unigram:    P (w1, n) =P (w1) P (w2) …...P (wn) 
 
 

(20) 

                         Bigram:    p (w1, n) =p (w1) p (w2|w1)......p (wn|wn-1) 
 
 

(21) 

                          Trigram : p(w1,n)=p(w1)p(w2|w1)p(w3|w1,2)…p(wn|wn-2,n-1) 
 

(22) 

 
In unigram model, each word occurs independently, so the product of the probabilities of the 

individual words uses to calculate the probility of the word sequence.  
In bigram, the probability of a new word depends on the probability of the previous words, and in 

trigram model, the probility of a new word depends on the last two words [20].  
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5.3. Latent Dirichlet Allocation 

In latent dirichlet allocation, documents are represented as random mixtures over latent topics, and 
every topic is characterized by a distribution over words. In LDA, these tasks are done for every 
document w in a corpus D: 

1. Select  N~ (ξ) 
2. Select θ ~ Dir(α) 
3. Wn for every words: 

            (a) Select a topic Zn ~ Multinomial (θ) 
            (b) Select a word wn from p (wn | Zn, ß), a multinomial probability conditioned on the topic zn. 

The dimensionality k of the Dirichlet distribution is known and fixed. Then, the word probabilities 
are parameter parameterized by a matrix b with k*v dimensions, where bij = p (wj = 1| zi = 1). 
Document length distributions can be used as needed. Notice that N is not dependent to other data 
generating variables (q and z). A k-dimensional Dirichlet random variable q can take values in the (k−1) 
simplex, and has this probability density: 
 

                            P (|)=
(∑ ∏     …..  

(23) 

 
 
where the parameter  is a k-vector with components  >0. Given the parameters α and ß, the joint 
distribution of a topic mixture q, a set of N topics z, and a set of N words w is given by: 
 

                       P (, , |,) = P(|) ∏ (|)( |,) (24) 
  

 
Figure 5. Graphical model representation of LDA [21] 

 
The LDA model is represented as a probabilistic graphical model in Figure 5. As the figure 5 shows, 

this model has three levels. The parameters α and ß are corpus level parameters, the variables θd are 
document-level variables, and the variables zdn and wdn are word-level variables.  

This model has some advantages; it is a simple and modular model. It can be embedded in a 
complicated model. It can find several topics in a page [21].  
 
 6. Evaluation Information Retrieval Models 

We propose some metrics to evaluate Information retrieval models, which are defined and described 
below: 

· Computational cost: The cost of designing and implementing of the system is measured with 
three values in this paper: high, average and low.  

· Practical test: The Information retrieval model is tested in a collection of documents and 
queries. This metric is valued by yes to show it is tested , and  no to show it is not tested.  
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· Performance: Recall and precision of Information retrieval system shows the performance of a 
model, it is valued by high, average and low in this paper.  

· Ranking: some models rank the documents through the relevance of documents and queries. 
This metric is valued by yes and no here.  

· Weighting: This metric is used to show whether the model uses weighting or not.  

Table 2 shows the evaluation of these models. 
 

Table 2. Evaluation information retrieval model 

 Model computation
al cost 

Practical 
evaluation Performance Ranking weighting 

Set 
theoretic 
models 

Standard 
boolean model Low  Yes Low  No No  

Extended 
boolean model High  Yes  Average  Yes Yes  

Fuzzy set 
model High No High  Yes  Yes  

Algebraic 
lAlgebraic 

models 

Vector space 
model Medium Yes High  Yes Yes 

Latent 
semantic 

indexing model 
High Yes High  Yes Yes 

Probabilist
ic models 

Probabilistic 
based model High  No High  Yes  Yes 

Language 
based model High  Yes  High  Yes  Yes 

 
7. Conclusion 
 

In this paper, the classification of information retrieval models is presented .This classification 
represents most challenges mentioned in other researches. In this paper Information retrieval models 
are divided in three classes: set theoretic model, algebraic model and probabilistic model. Each class 
divided in some subclasses, the advantages and disadvantages of each model are described, then some 
metrics are defined and the existing models are evaluated by these metrics.  
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