Query Expansion using Constraint Spreading Activation in Information Retrieval System
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ABSTRACT: Query expansion is one of the techniques that has been used to decrease the affect of imprecision and vagueness in Information Retrieval System (IRS). Constraint Spreading Activation (CSA) is used in query expansion method to limit the number of activated terms that have strong relationship with terms given by users. Distant constraint and activation constraint are used in CSA. The objective of this research is to examine to what extent the relationship between terms in user’s query and activated terms can bring relevant documents retrieved. The performance of IRS based on CSA is compared to Boolean based and Probability Inference Network based IRS.  Preliminary research results showed that the increasing of threshold value makes the number of activated terms decreased. The increasing of order value causes the number of activated terms increased. Overall, IRS based on CSA tends to show better performance.

1. INTRODUCTION

It has been well known that most of IRS has imprecision and vagueness problems. Imprecision comes from the lack of representation of information's content. Vagueness happened because of user can't formulate their needed information with right query. Usually, searching information is performed by inputting query over and over  until user gets satisfied.  Because of that, users tempt to lose track of their query.  Query expansion is one of the ways that can be included in the query  in order to reduce imprecision and vagueness.  On the other ways, an IRS needs the ability to "understand" document's content and query.  One of the techniques that can be used to “understand” more about document content is Constraint Spreading Activation (CSA) [7]. This research aims to implement query expansion by using CSA technique in order to improve performance of IRS. 

2. RELATED STUDIES

Recently, Barlianto [3] and Azurat [2] have implemented query expansion method in their research, in order to reduce imprecision and vagueness in IRS. Terms related to query are automatically to be added to the query. In turn, this will determined the number of documents retrieved. Azurat used Probability Inference Network (PIN) technique in his query expansion experiment, while Barlianto used Hopfield neural network technique that introduced by Chen [5]. Those research results tend to show an improvement of IRS performance over Boolean based IRS.

In another study performed by Kwok [9], he proposed an IRS concept based on back propagation neural network architecture. This architecture contains three layers, which are query layer, term layer and document layer. Query that is given to the system will activate nodes in query layer. The activated nodes will give output signal to associated nodes in term layer. In order to increase recall value, part of signal in term layer will go back to the query layer, before it finally retrieve related documents. 

Belew’s [4] experiment used a similar network model. He used author layer, while Kwok used query layer instead. According to that, Belew arranges nodes into term layer, document layer and author layer. Belew permits user to query with activates nodes in term layer or nodes in author layer. Author layer plays an important role to connect documents based on  its author. 

Spreading activation model to activate terms was introduced by Crestani [7]. Crestani introduced three spreading activation techniques, which are pure spreading activation, constraint spreading activation and activation with feedback. The basic process of this activation is defined by a sequence of iterations. Each iteration is followed by another iteration until halted by the user or by triggering some kinds of termination condition. So an iteration consists of one or more pulse and termination checking in order to avoid loop forever. Constraints measurement that had been used by Crestani were distance constraint, fan-out constraint, path constraint, and activation constraint. 

With similar approach, this study explores more on how CSA technique can be implemented in query expansion.

3. METHODOLOGY

3.1. Network Architecture

Network architecture used in this experiment similar to Kwok's Model network architecture, but different in number of layers. Unlike Kwok’s architecture that uses three layers, this study uses just two layers in its network architecture.  Query layer and term layer are combined become one layer. Basically, every query given to the system is in the form of term(s). Figure 1 shows the network architecture that used in this experiment. It shows the relationship between term and document or described as term-document relationship. Every node in query layer/term layer contains term that has been used in documents collection. Every node in document layer contains document that constitutes document collection.
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The edge that connecting between nodes in the query/term layer and nodes in the document layer, described as the weight of term-document relation. The weight of term-document relation calculated by using Savoy’s rule [11], that also used in Azurat's experiment [2] and Andri's experiment [1]. Rule to calculate the weight of that edge is as follow:

Wik = ntfik  *  nidfk

where :


ntfik = tf ik / Max j( tf ij ) 
and 
nidfk = log [ n /df k ] / log (n)

Wik = weight term k in document i

 tfik  = frequency of term k in document i

 n    = sum of document in all document collection

dfk  = sum of document that contains term k

Max j( tf ij ) = frequency of the largest sum of term in a document

3.2. Order of Relation and Threshold Value

Constraints that examined in this experiment were distance constraint and activation constraint. Furthermore, the distance constraint is called as order of relation or order value, and activation constraint is called as threshold value. The explanation of order of relation and threshold value are described as follow. For example, in Figure 1, let the query consists of term I3 and I4. In the first order of relation, terms I3 and I4 are activated, which are the terms in the query itself. At the mean time, activated documents are document that directly connected to I3 and I4, which are document D1, D3, and D4. Activated terms in the second order of relation are terms that directly connected with all the activated documents from first order of relation. Those terms are I1, I3, and I4. The documents retrieved from second order of relation are documents that connected with activated terms in the second order of relation. Those facts will continue until n-order of relation. Activated terms in n-order of relation are terms that directly connected with document that resulted from (n-1)-order of relation and so on.

Threshold value is a value to limit the number of activated terms. Threshold value that has been used in this experiment has value between 0 and 1. The term(s) will be activated if the value of activation greater than threshold value. 

3.3. Activation Value

Activation values of every node in that "back and forth” processes are calculated by using rule introduced by Crestani [3]. That rule is described as follow:

Ij = ( Oi wij

where :

Ij    = the total input of node j

Oi  = the output of unit i connected to node j

Wij = the weight associated to the link connecting node i to node j.
4. RESULTS OF STUDY

The documents collection used in this experiment consists of 630 abstracts documents with 4708 terms and 24797 term-document relations.  This is a documents collection from BATAN (Badan Tenaga Atom Nasional – National Atomic Energy Agency). That documents collection consists of queries and documents written in Indonesian language. Queries that are used for testing are described in the table 1 below.  These are queries extracted from study performed by Mustangimah [10].

	Query Code
	Query

	S1
	Nuklir unsur kelumit air

	S2
	Kristal tunggal silikon

	S3
	Lapisan tipis paduan logam Ti-Ni

	S4
	Lapisan tipis superkonduktor

	S5
	Pemungutan uranium pelat elemen bakar elektronis

	S6
	Tomografi radiografi neutron

	S7
	Limbah industri analisa aktivasi neutron instrumental

	S8
	Pengerasan permukaan bahan laser

	S9
	Penilaian sistem pengendalian reaktor daya

	S10
	Pemisahan isotop uranium


Table 1: List of Queries

Testing have been carried out in two phases. First phase is to see relationship between threshold value and retrieved documents. In this phase, IRS was tested by using threshold values 0.2, 0.5 and 0.8, and with constant order value 2. In the second phase is to see relationship between order value and retrieved documents. Order values that employed are 1, 2, and 3, at a constant threshold value 0.5. The results of testing can be seen at table 2 and table 3 below.

Results of testing showed that using different threshold values and order values will cause difference number of activated terms and difference number of retrieved documents. Threshold value has an inverse relationship with number of activated terms and retrieved documents. Table 2 shows that the smaller threshold value, the more activated terms and so in turn, the more retrieved documents. This is because of term nodes in the network will be activated if its activation value is greater than the threshold value. 


.

	Query Code
	Number of activated terms
	Number of retrieved documents

	
	0.2
	0.5
	0.8
	0.2
	0.5
	0.8

	S1
	228
	45
	14
	623
	567
	268

	S2
	23
	4
	2
	368
	27
	26

	S3
	23
	23
	5
	368
	339
	54

	S4
	35
	4
	2
	369
	51
	25

	S5
	315
	73
	26
	623
	616
	519

	S6
	47
	7
	3
	565
	126
	109

	S7
	252
	50
	14
	623
	593
	396

	S8
	166
	15
	6
	623
	344
	183

	S9
	359
	92
	32
	623
	622
	518

	S10
	254
	44
	12
	623
	558
	372


Table 2. Spreading Activation based on threshold value: 0.2, 0.5, and 0.8

	Query Code
	Number of activated terms
	Number of retrieved documents

	
	1
	2
	3
	1
	2
	3

	S1
	4
	45
	742
	189
	567
	623

	S2
	2
	4
	10
	26
	27
	118

	S3
	4
	23
	279
	54
	339
	623

	S4
	2
	4
	11
	25
	51
	100

	S5
	5
	73
	1230
	139
	616
	623

	S6
	1
	7
	130
	40
	126
	623

	S7
	5
	50
	915
	115
	593
	623

	S8
	3
	15
	324
	127
	344
	623

	S9
	5
	92
	1505
	233
	622
	623

	S10
	3
	44
	839
	147
	558
	623


Table 3. Spreading Activation based on order value: 1, 2, and 3

Different than threshold value, the higher order values cause the higher number of activated terms and number of retrieved documents. This is happened because of "back and forth” processes, where every term nodes that directly connected to retrieved documents will be activated in the next processing, including the terms that are already activated. 

At order value 3, almost all documents in the collection being retrieved. This means that activated terms in third order of relation are related to almost all documents in the collection. So using order value more than 3, possibly will not give a significant impact to the retrieved documents. It will just added the activated terms, but they maybe have no relationship to the query. 

The results of the tests are compared to the IRS based on Boolean technique developed by Fitriyanti [8] and Probability Inference Network (PIN) technique, developed by Azurat [2]. Relevance judgment has been conducted to top 20 of documents retrieved. The results of comparison can be seen at table 4 and table 5.

	Query Code
	Constraint Spreading Activation (CSA)
	Boolean
	CSA

 (   Boolean
	Percentage of CSA ( Boolean

(%)

	S1
	567 (1)
	3 (2)
	1 (1)
	33 (50)

	S2
	27 (2)
	9 (2)
	9 (2)
	100 (100)

	S3
	339 (2)
	8 (2)
	6 (2)
	75 (100)

	S4
	51 (0)
	5 (0)
	4 (0)
	80 (0)

	S5
	616 (0)
	6 (4)
	1 (0)
	16 (0)

	S6
	126 (3)
	3 (3)
	3 (3)
	100 (100)

	S7
	593 (1)
	4 (3)
	1 (1)
	25 (33)

	S8
	344 (2)
	6 (4)
	4 (2)
	66 (50)

	S9
	622 (3)
	5 (5)
	3 (3)
	60 (60)

	S10
	558 (0)
	3 (0)
	0 (0)
	0 (0)

	Mean
	384.3 (1.4)
	5.2 (2.5)
	3.2 (1.4)
	55.5 (49.3)


   Table 4. Comparison of Constraint Spreading Activation with Boolean method

	Query Code
	Constraint Spreading Activation (CSA)
	Probability Inference Network (PIN)
	CSA  

( 

PIN
	Percentage of CSA  ( PIN (%)

	
	Activated terms
	Retrieved documents
	Activated terms
	Retrieved documents
	
	

	S1
	45
	567 (1)
	8
	395 (2)
	11 (1)
	55 (50)

	S2
	4
	27 (2)
	4
	279 (2)
	14 (2)
	70 (100)

	S3
	23
	339 (2)
	2
	33 (1)
	13 (1)
	65 (50)

	S4
	4
	51 (0)
	1
	6 (0)
	4 (0)
	66 (0)

	S5
	73
	616 (0)
	8
	541 (0)
	14 (0)
	70 (0)

	S6
	7
	126 (3)
	1
	40 (3)
	19 (3)
	95 (100)

	S7
	50
	593 (1)
	10
	549 (1)
	10 (0)
	50 (0)

	S8
	15
	344 (2)
	4
	118 (1)
	14 (1)
	70 (50)

	S9
	92
	622 (3)
	3
	193 (2)
	13 (2)
	65 (66)

	S10
	44
	558 (0)
	3
	415 (0)
	9 (0)
	45 (0)

	Mean
	35.7
	384.3 (1.4)
	4.5
	256.9 (1.2)
	12.1 (1.0)
	65.1 (41.6)


Table 5. Comparison of Constraint Spreading Activation with Probability Inference Network method

As shown at table 4,  large portion of documents resulted from CSA technique are similar to documents retrieved by Boolean technique. There is 55.5 % on average of the same documents retrieved at every query given. There is 49.3 % on average of document that judged relevant by Mustangimah [10], retrieved also by CSA method. The other documents retrieved are not judged yet, and they are assumed (need to be tested further) to be related to documents judged relevant. Table 5 shows that on the average, the number of activated terms and the number of retrieved documents with CSA technique are higher than PIN technique. This happened because of the CSA technique uses longer spreading activation than PIN technique. In PIN technique, activated terms just influenced by term query, but in CSA technique, activated terms influenced by "back and forth” processes. The number of relevant retrieved documents by CSA technique is higher than PIN technique. It's also seen that 65.1 % the document resulted from both of those techniques are similar, but with different ranking.

5. CONCLUSIONS

Based on the analysis above, we can conclude that the increasing of order value will increase the number of activated terms and the increasing of threshold value will decrease the number of activated terms. Order value 3 causes almost all documents in the collection are retrieved. Beside that, the number of document found with CSA technique is higher than the number of documents that found by Boolean technique or by PIN technique. Documents that found with order value 3 and threshold value 0.5 have 55.5 % on average similar to document that resulted from Boolean technique. If compared to PIN technique at the same threshold value, 65.1 % on average every query have similar documents retrieved.  Although the results of the study show that CSA technique tends to perform better, it is strongly suggested for future research, that all documents retrieved by CSA technique should be evaluated using relevant judgment.
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Figure 1: Term-Document Network Architecture
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