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Using Information Retrieval techniques 
in a non-English Adaptive Search Engine
Fotis Lazarinis

Abstract — In this short paper a novel search engine for e-shops is presented. Using standard information retrieval techniques, such as stopword elimination, the non-English user queries are reformulated and resubmitted to the search engine mechanism. A significant increase in the retrieval of relevant products and in user satisfaction is reported.
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I. INTRODUCTION
Most e-shops offer specialized search engines to support searching of their products [1]. These specialized retrieval engines, enquiry the e-shop’s database and retrieve details of the available products. 

In a recent study it was shown that the importance of local website search engines is underestimated and thus their features are limited [2]. Further, searching using non-Latin based queries results in lower success and requires additional user effort so as to increase recall and precision in the retrieved set of documents [3].

E-shop search engines need to be more precise than Web retrieval systems to retrieve products which exactly match to the user queries. In complex natural languages like Greek, queries exhibit considerable variances in their form while their content and thus the user’s information need remain unaffected. For example, all the Greek queries “χαρτί εκτυπωτή”, “χαρτί για εκτυπωτή”, “ΧΑΡΤΙ ΕΚΤΥΠΩΤΗ”, “χαρτι εκτυπωτη”, and “χαρτί εκτυπωτών” express the same user need “Printer’s Paper” but their form differs. Some of these variations will lead to “no result” retrievals in many e-shops. 

Therefore new ways should be devised for improving retrieval and helping users discover the relevant products. To achieve that, the capabilities and inefficiencies with respect to a specific natural language, of the local search engines should be evaluated. Then these systems should be expanded based on the linguistic and morphological characteristics of a specific natural language. This would allow user queries to be refined and tailored in such a way that could match the relevant products existing in the database of the online shop. Adaptation of user queries should be initiated in “no result” queries or in queries with no satisfactory results. 

II. Evaluation Of E-shop Search Engines

Local search engines of e-shops are special sub-categories of search engines as they actually search in specific database fields of well structured catalogs. In this section the results of evaluating the capabilities of the search engines of 31 Greek e-shops are reported. Evaluation was based on a set of criteria which are related primarily to the morphology and grammar of the queries. As it was shown in previous studies [4] non Latin Web searching is influenced by the morphology of the search engine. Therefore the local search engines of e-shops where evaluated on these criteria.

A. Evaluation criteria

Based on the evaluation approach described in [2] and the analysis of a Greek query log presented in [5] the following criteria were elicited for evaluating the capabilities of search engines.

1. Case insensitivity: Although this feature may sound unimportant in Latin based languages, it is a point worth attention in spoken languages based on the Greek or the Cyrillic alphabets and in languages with conjugations and accent marks. 

2. Lemmatization/stemming: Stemming and lemmatization is an important feature of retrieval systems [6]. Google employs such techniques. For instance searching using the terms “evaluating websites” retrieves several pages containing the keywords “evaluate websites” or “evaluation websites”. Such a feature could be very useful in Greek and in other languages with conjugations as it could improve both the recall of relevant documents. In e-shop searching, lemmatization and stemming techniques could improve the behavior of search engines. For example, the query “οθόνη” (screen) could retrieve products containing the word “οθόνες” (screens) or “οθόνης” (screen – in another conjugation in singular form). The support for simple stemming can be evaluated by trying to retrieve products using the singular and plural form of a product’s name. 

3. Stopword removal: Non significant words such as articles, prepositions and adverbs should not affect retrieval and most importantly should not prohibit the retrieval of relevant products. For example, in one online computer shop the query “χαρτί για εκτυπωτή” (paper for printer) retrieves no result while the query “χαρτί εκτυπωτή” (paper printer) retrieves 24 different results.

4. Phrase searching: The system should be able to do an exact search for the whole string entered by the user. This feature can be easily tested using a full product’s name consisting of more than one word.

5. Partial matching: Partial matching can be assessed by checking whether a two-word query retrieves the documents that contain either word. In any case partial matching is a very useful feature especially when a user does not know, for example, the exact title of a book and searches an online bookshop specifying one or two terms of the book’s title.

6. Advice on no result: “No result” queries are a common problem inexperienced users confront. The system should advice them on possible ways to reformulate their query and to possibly retrieve a few documents.

B. Evaluation of e-shops

The criteria described in the previous section were applied in the evaluation of 31 online Greek shops. All the e-shops have a .gr domain and include a search engine in their homepage. The evaluation experiments completed in June 2006.

As seen in Figure 1, most of the search engines of the e-shops do not support the small number of the criteria set in the previous section.  In [5] it was shown that Greek users include common words and form their Web queries in various declensions. Lower case queries are the most common case, although several query instances were in upper case. Accent marks are usually omitted. Therefore the criteria of the previous section are important, because if they are not supported by local search engines, online shoppers will not be able to find products which match their queries.
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Figure 1. Number of e-shops supporting each criterion

III. An adaptive searching tool

The previous experiments revealed some of the major inefficiencies of the search engines of e-shops. Their inefficiencies are related to the morphology of the queries and on the linguistic idiosyncrasies of the Greek language. Most of their shortcomings could be alleviated by reformulating the queries using standard information retrieval techniques such as query term normalization, stemming and stopword removal [6].
Figure 2 shows the architecture of the adaptive searching tool.  The adaptive search engine consists of two main modules:
i. Query evaluation

ii. Query reformulation.
The ‘query evaluation’ module is consisted of a set of nested if-then-else’s which trigger the reformulation and resubmission of queries based on editable thresholds. For instance, in one e-shop, rerun of the user query could be triggered when 0 results are produced while in another e-commerce site adaptation of the queries could be initiated when the number of results drops below 5 results. This depends on the preferences of the e-shop’s owner and the development team. Presently the internal evaluation model is based on the number of the retrieved relevant documents. But in the future other features, such as the estimated relevance of the products, will be used.
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Figure 2. High level architecture of the adaptive searching tool
The ‘query reformulation’ module pipelines the queries through a series of successive subroutines. Initially stopwords are eliminated [7], then symbols are removed and accent marks are added and finally words are stemmed and lemmatized [8]. The output of each subroutine is the input of the successive subroutine. This pipelining allows the easy integration of new modules tailored to the linguistic characteristics of other, possibly, more complex natural languages. For example, an additional subroutine would be needed to handle word segmentation in Chinese. 
Reformulation of a query initiates if the exact matching between the user’s query and the available products is not successful. For example the full title of a literary/nοvel book is “Ο κύκλος του αίματος” (the cycle of blood). Initially the system tries to match the user query to the titles of the books. In case of queries which are in other cases (e.g. “Ο ΚΎΚΛΟΣ ΤΟΥ ΑΙΜΑΤΟΣ” or “Ο Κύκλος Του Αίματος”) then exact matching is not directly possible. In these cases the system changes the case and tries to make an precise matching without being case sensitive. In case of incomplete titles (e.g. “κύκλος του αίματος”) the system removes all the stopwords and tries to make a partial case insensitive matching using all the query terms. If this query is also not successful then endings are removed and imprecise matching is again attempted. For example, the query “κύκλος του αίματος” would be transformed to “κύκλο* αίμα*”. Using the “*” special character would increase the possibility of getting more relevant products. All these variations are produced in “no result” queries.
Modularization is a key design decision of our adaptive search engine. Overall our aim is not only to build a tool with adaptive behaviour but also to provide a framework for developing more intelligent search engines for e-shops in other natural languages.
A. Evaluation
The adaptive searching tool was tested with the aid of real users and authentic queries. A book catalogue was created containing the titles of 1000 literary books. These titles were automatically downloaded from one of the evaluated Greek e-bookshops. The search engine of the original e-bookshop supports only partial matching and phrase matching, of the criteria described in section 2.
Table 1. Statistics related to the morphology and common words of the queries
	
	n
	%

	Upper case
	9
	30%

	Title case
	12
	40%

	Lower case
	11
	36.67%

	Common words
	9
	30%

	Omission of diacritics
	8
	26.67%

	Exact book titles
	5
	16.66%


Ten students submitted 30 queries in the original search engine. Table 1 presents some statistics about these queries. As seen, the case of the queries differs and only 5 of the 30 (16.66%) queries were exact query titles.

Initially the queries were run in the search engine of the e-shop. Some of the queries returned 0 book titles, some of them 1 and some of them more than one product. However users are interested in getting relevant products and not simply any product which contain one of the query terms. So the users were asked to evaluate their queries in terms of relevance. The retrieved titles were judged as relevant or non relevant. Since the aim of the users was to find a specific book each query could return 0 relevant documents or 1 relevant document.

Table 2. Number of documents returned in each query
	Query
	A*
	B*
	Query
	A
	B

	1
	0
	0
	16
	8
	8

	2
	1
	1
	17
	12
	1

	3
	5
	5
	18
	0
	1

	4
	0
	0
	19
	0
	0

	5
	0
	0
	20
	0
	0

	6
	0
	0
	21
	0
	3

	7
	0
	0
	22
	0
	0

	8
	6
	6
	23
	12
	1

	9
	0
	0
	24
	2
	1

	10
	0
	0
	25
	1
	1

	11
	0
	0
	26
	1
	1

	12
	2
	2
	27
	1
	1

	13
	3
	3
	28
	5
	1

	14
	9
	9
	29
	1
	1

	15
	0
	0
	30
	0
	0


A: Original search engine
B: Adaptive search engine
Table 2 shows the number of documents retrieved in each query and Table 3 shows the number of relevant book titles. These data show that in most of the cases the adaptive search engine retrieves more accurate results. More specifically, in 23 queries the adaptive search engine could retrieve a relevant book title while the original could retrieve a relevant document in only 10 queries. Further, the original search engine could not produce any document in 15 queries while the adaptive search engine could not produce any documents in only 7 queries.
Table 3. Number of relevant documents in each query
	Query
	A
	B
	Query
	A
	B

	1
	0
	1
	16
	1
	1

	2
	0
	1
	17
	1
	1

	3
	1
	1
	18
	0
	1

	4
	0
	1
	19
	0
	0

	5
	0
	0
	20
	0
	0

	6
	0
	0
	21
	0
	1

	7
	0
	1
	22
	0
	0

	8
	1
	1
	23
	1
	1

	9
	0
	1
	24
	0
	1

	10
	0
	1
	25
	1
	1

	11
	0
	0
	26
	1
	1

	12
	0
	1
	27
	0
	1

	13
	1
	1
	28
	0
	1

	14
	1
	1
	29
	1
	1

	15
	0
	1
	30
	0
	0
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 Figure 3. User evaluation of the two search engines
The 10 users were then asked to evaluate the two instances of the search engines in a 5 point likert-scale. Figure 3, illustrates that the adaptive behaviour of the search engine was appreciated by the users because they could get more relevant results with fewer “no result” queries.
IV. Conclusions
In this short paper an adaptive search engine was presented. Using some of the Greek IR tools developed in our previous projects, a standard search engine was expanded to be adaptable. This tool is aware of the morphological and grammatical differences of the Greek queries and produces new queries when no results are produced. The evaluation of the system showed that the adaptive search engine could retrieve more relevant documents and that users were more satisfied. More tests are needed to fine tune the search engine and to study the erroneous instances. The ideas presented in this paper could be applied in other natural languages with complex morphology and grammar.
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		Lemmatiz./stemming		3		9.68%
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		Phrase searching		23		74.19%
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		Advice on no result		1		3.23%
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				Original search engine		Adaptive search engine		Original search engine		Adaptive search engine										Original search engine		Adaptive search engine

		1		0		1		0		1								1		0		1		1

		2		1		1		-		1								2		0		1		1

		3		5		1		-		1								3		1		1		0

		4		0		1		0		1								4		0		1		1

		5		0		0		0		0								5		0		0		0

		6		0		0		0		0								6		0		0		0

		7		0		1		0		1								7		0		1		1

		8		6		6		1		1								8		1		1		0

		9		0		1		0		1								9		0		1		1

		10		0		1		0		1								10		0		1		1

		11		0		0		0		0								11		0		0		0

		12		2		2		0		1								12		0		1		1

		13		3		3		1		1								13		1		1		0

		14		9		1		1		1								14		1		1		0

		15		0		1		0		1								15		0		1		1

		16		8		8		1		1								16		1		1		0

		17		12		1		1		1								17		1		1		0

		18		0		1		0		1								18		0		1		1

		19		0		0		0		0								19		0		0		0

		20		0		0		0		0								20		0		0		0

		21		0		3		0		1								21		0		1		1

		22		0		0		0		0								22		0		0		0

		23		12		1		1		1								23		1		1		0

		24		2		1		0		1								24		0		1		1

		25		1		1		1		1								25		1		1		0

		26		1		1		1		1								26		1		1		0

		27		1		1		0		1								27		0		1		1

		28		5		1		0		1								28		0		1		1

		29		1		1		1		1								29		1		1		0

		30		0		0		0		0								30		0		0		0
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