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ABSTRACT

Information retrieval (IR) is the science of identifying docu-
ments or sub-documents from a collection of information or
database. The collection of information does not necessarily
be available in only one language as information does not
depend on languages. Monolingual IR is the process of
retrieving information in query language whereas cross-
lingual information retrieval (CLIR) is the process of retrieving
information in a language that differs from query language. In
current scenario, there is a strong demand of CLIR system
because it allows the user to expand the international scope
of searching a relevant document. As compared to monolin-
gual IR, one of the biggest problems of CLIR is poor retrieval
performance that occurs due to query mismatching, multiple
representations of query terms and untranslated query terms.
Query expansion (QE) is the process or technique of adding
related terms to the original query for query reformulation.
Purpose of QE is to improve the performance and quality of
retrieved information in CLIR system. In this paper, QE has
been explored for a Hindi-English CLIR in which Hindi queries
are used to search English documents. We used Okapi BM25
for documents ranking, and then by using term selection
value, translated queries have been expanded. All experi-
ments have been performed using FIRE 2012 dataset. Our
result shows that the relevancy of Hindi-English CLIR can be
improved by adding the lowest frequency term.

Introduction

Information access refers to the process of making information accessible
and usable to user, which is available in various documents. Documents may
have different formats, various sources and different languages. Traditional
information retrieval (IR) systems are implemented mainly for monolingual
documents. However, with the rapid development of Internet, the demand
for searching information from multilingual documents is increasing, which
results in the great challenge of how to match the user's query written in one
language with the documents written in other languages.
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Consequently, more sophisticated techniques are necessary to enhance the
performance of retrieval system. Cross-lingual information retrieval (CLIR)
(Gaillard et al. 2010) provides a convenient way that can solve the problems
of language boundaries, where users can submit queries written in their own
language and retrieve documents in another language (Pigur 1979).

In CLIR (Banchs and Costa-Jussa 2013), retrieval of information may be
achieved by three types of translation: query translation, document transla-
tion, and both query and document translation (Sanchez-Martinez and
Carrasco 2011). On the basis of resources, translation in CLIR can also be
classified into three classes (Aljlayl and Frieder 2001): machine-readable
dictionary (MRD)-based translation, machine translation (MT) and corpora
(parallel or comparable corpora)-based translation.

Dictionary-based translation (Levow, Oard, and Resnik 2005) is
a traditional approach of CLIR in which problems occur when queries
contain words or phrases that appear in dictionary. Dictionary-based
approach exploits MRDs and selection strategies such as random selection
(Kwok 1997), select best and select all (Davis 1996).

The purpose of MT is to translate queries of one language into another
language using a context. Many factors creates problem in MT of CLIR such
as words with multiple meanings (polysemy) and sentences with multiple
grammatical structures and grammar problems.

Corpus-based approach uses multilingual terms for query translation in
CLIR. This approach can be classified into two types: parallel corpora-based
and comparable corpora-based approach (Landauer and Littman 1990; Sheridan
and Ballerini 1996). A parallel corpus contains a pair or set of documents that are
identical but in different languages (i.e. original text and their translation).
A parallel corpus is an expensive method that allows texts to be aligned and
used in various applications such as computer-aided translator training and MT
system. The comparable corpora are made up of similar documents in different
languages, i.e. the pair documents are conceptually similar. A comparable corpus
can be obtained from downloading electronic copies of newspapers and article,
on the WWW for any specified domain.

With the development of social websites, every web user not only plays
a single role of web information consumer but also an information creator. So
CLIR becomes critical for web communication. Due to globalization, web users
are more aware of the things like education, research and business, etc., and are
interested to collect information from various languages of the world. Every user
wants to retrieve information or documents in his/her native language to under-
stand the retrieved documents more easily. Accessing information in user
languages increases the demand for CLIR (Varshney and Bajpai 2013).

India is a multilingual country where languages or scripts are changed after
few kilometers. Hindi is an official language of India and there is a need to
provide local language support in web applications because a large amount of
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data or information of various domains, such as e-commerce, education, etc.,
require English language knowledge (Joshi, Bhatt, and Patel 2013). Internet
environment increases the demand for Hindi-English CLIR (Ponte and Croft
1998). Query expansion (QE) is an effective technique to improve the perfor-
mance of Hindi-English CLIR. QE adds related terms to query, overcomes word
mismatch problem and improves the retrieval performance of CLIR.

The rest of the article is structured as follows: In the next section “Related
Work” of CLIR is reported. In “Query Expansion” and “QE in CLIR” the
importance of query expansion in searching of information in CLIR is
described. In “Experimental Setup” the query translation, ranking of docu-
ments and term selection value are described. Then, in “Experimental
Results” the different results are described. In “Discussion” the various
results and their comparison are described. Finally, in “Conclusion” the
most relevant conclusions derived from the experimental results are
presented.

Related Work

The research on IR came into existence since the early 1970s whereas
experiments for retrieving information across languages were first initiated
by Salton in 1973 (Salton 1973). In 1986, Lesk analyzed lexical disambigua-
tion using word overlap (Lesk 1986). However, most of the modern research
on CLIR started in 1990s, and nowadays it has become one of the most
important research topics in the area of IR. An overview of CLIR is given in
(Ballesteros and Croft 1997; Oard 1998).

In 1998, Lisa et al. (Ballesteros and Croft 1998) developed an approach for
resolving the ambiguity of query and phrasal translation using statistics co-
occurrence analysis. In 2002, Kyung-Soon et al. (Lee, Kageura, and Choi
2002) developed a method to resolve the ambiguity of Korean-English CLIR
using a clustering approach. In 2003, a surprise language exercise (Oard
2003) was conducted at ACM TALIP for the development of English to
Hindi and Cebuano CLIR system. In this system, English language queries
were used to retrieve documents of Hindi and Cebuano language.

In CLEF 2006, ad-hoc document retrieval task was reported by IIIT
Hyderabad which involves Hindi and Telugu to English IR. In 2007,
Seetha, Das and Kumar have performed some experiments for the evaluation
of English-Hindi CLIR using dictionary-based query translation and the
results are reported in (Seetha, Das, and Kumar 2007). Das et al. (2010)
worked on the effect of QE in English-Hindi CLIR system using WordNet.
This system uses Shabdanjali dictionary for query translation and expanded
Hindi queries using Hindi WordNet. In 2011, S.M. Chaware et al. developed
an approach to build an ontology for CLIR (Chaware and Rao 2011).
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Table 1. Some prominent researches of Hindi—English CLIR.

Author Title Year

Shukla and Sinha (2015) Categorizing sentence structures for phrase level morphological 2015
analyzer for English to Hindi RBMT

Varshney and Bajpai (2013) Improving retrieval performance of English-Hindi based cross- 2013
language information retrieval.

Dwivedi (2012) HSC based method for disambiguation of web queries in Hindi 2012
language

Contractor et al. (2010) Handling noisy queries in cross language FAQ retrieval. 2010

Gaillard et al. (2010) Query expansion for cross language information retrieval 2010
improvement

Seetha, Das, and Kumar (2009) Improving performance of English-Hindi CLIR system using 2009
linguistic tools and techniques

Mandal et al. (2008) Bengali and Hindi to English CLIR Evaluation 2008

Chinnakotla et al. (2008) Hindi to English and Marathi to English cross language 2008

information retrieval evaluation
Bandyopadhyay et al. (2007) Bengali, Hindi and Telugu to English ad-hoc bilingual task at 2008

CLEF 2007

Pingali, Tune, and Varma (2008) Improving recall for Hindi, Telugu, Oromo to English CLIR 2008

Mandal et al. (2007) Hindi to English cross-language text retrieval under limited 2007
resources.

Seetha, Das, and Kumar (2007)  Evaluation of the English-Hindi cross language information 2007
retrieval system based on dictionary based query translation

Sekine and Grishman (2003) Hindi-English cross-lingual question-answering system 2003

CLIR is a demanding research area in India because people are using different
different languages for communication. The first major work on Hindi was done
in TIDES surprise language exercise. Its purpose was to retrieve Hindi docu-
ments, provided by Linguistic Data Consortium (LDC), in response to English
query. Recently, Indian government has initiated a project on “Development of
Cross-Lingual Information Access System.” In this project, user can apply
a query and retrieve documents in any of the six Indian languages such as
Bengali, Hindi, Telugu, Tamil, Marathi and Punjabi. Some of the prominent
researches on QE in Hindi-English CLIR are described in Table 1.

Query Expansion

QE (Chandra and Dwivedi 2017; Daoud and Huang 2013) is the process of
adding a new term to the original query to improve retrieval performance of
IR, CLIR and MLIR. The purpose of QE is to improve the quantity, quality
and relevancy of results retrieved by CLIR systems (Billerbeck 2005; Xu and
Croft 2000). QE (Maxwell and Schafer, 2010) enhances the concept of query
by adding related terms from top retrieved documents that are retrieved by
original query.

Sometimes the queries which are entered by users are small or ambiguous.
The word(s) of query are ambiguous if they have more than one meaning or
senses. In that condition systems are not able to understand what the user
wants to search. For example, if user enters a query “apple rate,” then it may
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cause ambiguity (Chandra and Dwivedi 2014) for search engine because it is
not clear either user wants to search rate of apple which is fruit or he wants
to search the rate of Apple electronic product. Some important problems
occurring in CLIR are word mismatch, vocabulary mismatch, query size,
disambiguation and identifying relevant results.

One of the major problems of QE is “query drift.” The term “query
drift” refers to an alteration from the original content of the user. It exists
in a system when the original meaning of the initial query is changed by
QE. Let us consider the initial query “mughal” in terms of Akbar. A bad
application of QE could transform the initial query into “mughal sarai,”
“mughal garden,” “mughale azam song” and “mughal architecture,” etc.
Here the meaning of new queries and original queries has no relation. In
CLIR, QE is performed by different modes: derivative term (semantically
related terms to the initial query), synonyms, inflection (gender, number,
tense, etc.), hyperonyms (sense of usual linguistic definition) and geogra-
phical expansion (Gaillard et al. 2010). The following three approaches are
used in QE:

(i) Manual QE: In manual QE, user has freedom to choose the expan-
sion terms.
(ii) Interactive QE: Interactive approach is based on feedback process
where system suggests the user for QE.
(iii) Automatic QE: The automatic QE is performed without user inter-
vention, so the whole process of QE is invisible to the user.

QE involves selection and searching of synonyms of words, finding of all
various morphological forms of words and fixing spelling errors. The basic
issues that deal with QE are as follows: source of term selection, methods of
term selection, query term weightage, features generation and ranking of
query terms, identification of relevant result, efficiency of QE, usability and
parameter setting (Imran and Sharan 2009; Jothilakshmi, Shanthi, and
Babisaraswathi 2013). QE is used to increase the performance of retrieved
documents. Some of the application areas of QE are:

(i) Question answering system (QAS): The purpose of QAS is to provide
a brief answer instead of full documents for certain natural language
questions (Agichtein, Lawrence, and Gravano 2004). The problem of
mismatch between question and answer vocabularies also occurs in
QAS. Effectiveness of retrieval results in QAS can be increased by
expanding the original question with terms that are expected to
appear in documents containing answers (Riezler et al. 2007).

(ii) Information filtering (IF): IF is used to monitor and select documents
that are relevant to user. Some common examples of IF are
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e-commerce, electronic news, blogs and e-mail (Hanani, Shapira, and
Shoval 2001). QE helps in selecting the best information resources
(Zimmer, Tryfonopoulos, and Weikum 2008).

(iii) Multimedia IR System (MIRS): Nowadays, searching of multimedia
documents, such as speech, image, video, etc., is an important
research area. QE can be used in image retrieval, speech recognition,
text retrieval and video retrieval by expanding the query terms for
better results (Singhal and Pereira 1999).

QE in CLIR

In order to retrieve accurate information, the query which is given by user
plays a very important role in CLIR. One of the most common factors behind
the poor performance of CLIR as reported in the “Related Work” is lack of
availability of resources and multiple representations of query words. To
overcome the second issue, QE (Ballesteros and Croft 1997) is used to
enhance the translated query with related terms extracted from the document
collection. The basic approach of QE follows two steps: the identification of
a presumed set of relevant documents; then, the selection of related terms
used for query enrichment. This process of adding related terms to the
translated query helps to improve the precision and quality of relevant
documents.

Experimental Setup

In this work, QE has been performed for Hindi-English CLIR. Queries in
Hindi (source language) are used to retrieve the relevant documents of
English language (target language). In our previous work (Chandra and
Dwivedi 2017), QE was performed for smaller setup with small number of
queries. Extending the research we have now taken 50 queries of Forum for
Information Retrieval Evaluation (FIRE) 2012 dataset. Google translator has
been used for query translations from Hindi to English, and for all inter-
mediate searches Google search engine has been utilized (help of linguistics
has also been taken for certain queries for which Google translator has not
given an accurate result). Table 2 shows the original 50 queries and their
translation.

UAM Corpus Tool (http://www.wagsoft.com/CorpusTool/) developed
at Autonomous University of Madrid by the computational linguist Mick
O Donnell and used to compute the frequencies of terms occurring in
retrieved documents, and also the length of each retrieved documents
has been computed using this tool as shown in Table 3. The Okapi
BM25 (Billerbeck et al. 2003; Robertson et al. 1995; Sari and Adriani
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Table 2. Queries and their translation.
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Query Hindi Query English Query

1 TS TH AT TSI A HIA YSR Reddy’s death

2 T ARTT T AT QA Bharat Ratna musicians

3 EESIRISEL NREGA scheme

4 AEATATE TATATE aH qRRIE Australian embassy bombing

5 T AT AT 39T Countries adopting Euro

6 g 700 3HE Afdhe A ATl FXfhex The first player to take 700 Test wickets

7 T A A g Steve Irwin’s death

8 2008 ﬁa‘l’{l’ﬁ EL| aﬁ‘ﬁl’é & Fuar Guwahati bombing damage in 2008

9 ITHST Walk wes Chamunda temple stampede

10 ST TSHT HIETEl JieTe Tadiwl  Adarsh Housing Society scam resignation

1M S § AT e T g The attacks on Indian students in Australia

12 =T Je3y JaT i QTea Beginning of Delhi Metro services

13 AR TR qrERE ST Indian Citizen Pakistani spy

14 erfamm stafee starfaia Right to Education Act

15 St & SEed qig 1 agiwr Jaswant Singh Boycott from BJP

16 TﬁT@Tﬁ—s’ i Gorkhaland demand

17 ¥L<|c1°h|a q dth °h<|°h¢ W TT FAAT  Attack on Sri Lankan national cricket team

18 India’s first woman Speaker

19 2001 ﬂ'lgﬁ?f fr ;ﬁé?—r TREFHTT FforaT 2001 Nobel Prize Winner in Literature

20 2003 ImerfATT FY Fforar 2003 ASEAN Cup Winner

21 2001 AT SEATOET 2001 Indian census

22 ST T Bhuj earthquake

23 T FIAE WA &9 Dhoni captain Indian team

24 ITHEY HIEHAT FEA AT Prophet Mohammad cartoon controversy

25 2002 qEAHE @A HT qXOMH 2002 NatWest Series results

26 LT T XAH AT Iraq’s First Election

27 TARATAT T AT HAAT Dignitaries on the Shoe Throwing

28 9T T TEAT WIHATE FETAT AR India’s First Unmanned Moon Mission

29 AT €S ATdwATer gHet Indian Parliament Attack

30 ‘ﬁﬁ ESCEEIERIRID] Polio Eradication Campaign

31 ASTH FET Accused Ajmal Kasab

32 Frl'riﬁT RS T ATt Sania Mirza's Marriage

33 WEET |2 A Tt e Mahendra Singh Dhoni National Award

34 FTRAEAT El»'l‘"!i'@!’ T AT a9 AT Left withdrew Support to the Congress

35 AR gXFeAT weE A drer MIG Crash in West Bengal

36 afE sgfr World Non-Violence Day

37 i Y AT WET AR Film Censor Board Chairperson Woman

38 2010 #far qw'ﬁ gerett Delhi Auto Expo 2010

39 gIEwE Afg F ST T AT AT Harbhajan Singh Slapped Srisant

40  ATECHT THIHAA Bio@ START Indian Animation Film Industry

41 TRTH S qEHET A9 araTE Grameen Bank Muhammad Yunus Dispute

42 T FHT FHE ARG AT qATE Da Vinci Code India Release Controversy

43 HLATZHS DL SATLHAT ITATE ST Cervical Cancer Awareness, Treatment Vaccine

44 TEAT BIEAT ¢ FﬁWC@ A India’s first Formula 1 Circuit

45 g T SAETEE T I Steve Waugh International Cricket Retirement

46 =t S Fwfer ﬁ??f TSI TITHEET il and Melinda Gates Foundation, the
FATHATT AT Philanthropic Activities in India

47 TOE A FT 00 AR Greece Won the Euro Cup 2004

48 THUE @ FEY AHIATA TTHHATT Imran Khan’s Cancer Hospital in Pakistan

49 AEHIA wmEhe =S AEIAAT A= IPhone iPad Design Popularity Launch

50  ewfd aas afars Satanic Verses Controversy

X
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Table 3. Length of each document for 50 queries.

Length of Documents

Query  Docl Doc2 Doc3 Doc4 Doc5 Doct Doc7 Doc8 Doc9 Docl0 Total
1 1083 1082 300 480 667 465 267 391 238 225 5198
2 3133 134 1156 651 854 532 758 384 2365 1696 11663
3 4650 361 1186 1114 1296 780 437 430 120 437 10811
4 1303 565 437 585 866 461 698 539 725 432 6611
5 737 370 6182 290 139 1443 330 432 269 259 10451
6 5872 10238 465 552 420 1339 370 498 602 1025 21381
7 4119 594 349 1138 1247 1019 574 288 478 751 10557
8 3049 639 746 135 726 564 89 241 10269 221 16679
9 360 569 1022 461 196 289 262 186 190 197 3732
10 2365 1660 352 131 728 1159 352 348 1004 448 8547
1 4031 338 661 2386 715 792 334 924 1257 774 12212
12 198 196 967 336 335 304 217 514 405 365 3837
13 420 493 333 929 970 1165 817 829 1603 1045 8604
14 2460 580 821 625 501 253 445 1005 587 1112 8389
15 743 888 427 314 384 295 398 201 691 247 4588
16 1855 1351 660 643 1414 598 3708 219 1638 1679 13765
17 3535 304 850 752 967 366 1173 321 343 379 8990
18 286 4769 271 962 457 389 246 272 324 395 8371
19 44 553 50 877 4471 3738 2800 287 15669 3465 31954
20 754 701 321 726 1769 1209 1595 480 416 153 8124
21 741 2987 247 741 276 235 864 493 491 88 7163
22 414 923 189 267 192 2176 1393 257 279 243 6333
23 545 2192 1057 695 4742 916 247 387 416 486 11683
24 9573 521 680 815 976 1413 631 251 1685 3931 20476
25 373 202 1120 1482 174 867 282 160 495 648 5803
26 980 2626 51 838 1228 956 744 483 1290 798 9994
27 640 362 4739 327 77 202 580 626 669 884 9106
28 4926 300 493 1229 2150 1002 365 669 418 877 12429
29 1288 4512 662 392 1547 316 743 464 838 127 10889
30 1160 78 144 93 5597 786 2614 3408 227 600 14707
31 1441 802 359 314 352 3683 1383 493 313 313 9453
32 423 6542 656 498 360 259 573 585 757 157 10810
33 6556 274 161 2884 671 1838 578 245 247 258 13712
34 2052 985 1786 996 757 595 297 1392 265 463 9588
35 190 126 115 102 116 189 90 124 51 115 1218
36 256 354 209 457 287 435 1514 276 400 891 5079
37 4369 72 733 331 334 688 268 1257 438 259 8749
38 1736 398 281 851 796 88 1723 741 590 323 7527
39 256 291 280 677 511 2324 12489 334 565 524 18251
40 1729 542 393 1722 1048 2045 618 1608 1069 1222 11996
41 918 1576 5069 669 433 2521 309 1132 609 533 13769
42 5590 4531 499 228 4589 8313 465 199 558 1732 26704
43 368 130 402 199 522 1022 1516 1591 240 3422 9412
44 970 931 229 1164 175 1728 431 761 662 549 7600
45 833 9651 413 975 740 584 581 534 692 790 15793
46 5763 522 394 1091 714 2111 487 2346 641 120 14189
47 4656 7774 432 1205 565 889 682 846 393 917 18359
48 896 4925 181 277 257 824 160 255 1220 426 9421
49 340 1427 1779 3660 2538 10355 437 917 545 918 22916
50 2190 539 3134 1628 7139 1144 833 819 754 2514 20694
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2014) measure is an effective method for QE, and computation is
described in Equation (1).

(1)

bm25(q7 d) _ Z log (N — ft+05) % (K1+1)fd,t

ft+0 5 k+fd,t

where g is a query containing terms #; d is a document; N is the number of
documents in the collection; f; is the number of documents containing term
t and “f;," is the number of occurrences of ‘# in ‘d’; and the computation of
‘k’ is described in Equation 2:

k =l ((1 — b) + bxLa/Ay) @)

where constants k; and b are set to 1.2 and 0.75, respectively; L; and A; are
document length and average document length, respectively.

For each translated query (Table 2), document ranking for each retrieved
document of each query (@ 10) has been obtained using Okapi BM25, as
given in Table 4. For example, in case of Query No.1 (Table 2), i.e. “YSR
Reddy’s Death,” the length of first retrieved document, i.e. length (Lgq) =
1083 obtained by using of UAM Corpus tool as described in Table 3. Now,
the value of variable kcan be computed as follows:

k=1.2((1 —0.75) +0.75 x 1083/519.8)) = 2.175

The Okapi BM25 value for the first document can be computed as follows:
10 — 9 + 0.5)) L12+D6 <(10 -8 +o.5)>

bm25(g,d) = log<(

(9+0.5) 217246 (8+0.5)
(12+1)*13 (10—740.5)\ (1.2+1)*3
2,172+ 13 (7+0.5) 2.172+3

bm25(q,d) = —2.71

Similarly, the Okapi BM25 value for other documents of this query and
the rest of the documents of other queries can be computed. Table 4 shows
the Okapi BM25 value and rank of each document for all 50 queries.

The expansion term(s) are to be obtained from narration and description
of each query as available in FIRE and to obtain the most suitable expansion
term for a query, the retrieved documents for that query serves as pool based
on the computation of TSV (Rijsbergen 1979) which is computed in

Equation 3:
f\" (R
TSV; = (= — 3
! (N r, 3
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where “R” is the number of top-ranked documents examined, and “r,“ is
the number of documents that contain a particular term ”¢”. Terms that
have the lowest selection value and are not included in the original query
are appended to form a new query. In order to identify the appropriate
term for expanding the query using TSV, the three cases have been
created and term(s) having minimum TSV has been added to the original
query in all three cases .

Case 1: Selection of Keywords from all Documents (@10) of Query (Without
Okapi BM25 Ranking)

In this case, our aim is to know the impact on QE before and after the
ranking of retrieved documents through Okapi BM25. Therefore, the TSV
has been computed without ranking by considering the originally
retrieved documents.

For Query No.1, i.e. “YSR Reddy’s Death,” for computation of TSV, six
keywords (except query words) are taken from description and narration
of query, and frequency of these keywords (in the document set) are
obtained from UAM Corpus tool. TSV value for keyword “Andhra”
having f, = 24, N = R = 10 and r, = 7 is computed as follows:

24\’
TSV, = (1—0> (;O) = 55037.65

TSV value of keyword, i.e. “Andhra” is 55037.65. Similarly, TSV value
(shown in Table 5) for the rest of the keywords of this query has been
obtained.

Two keywords “Helicopter” & “Crash” have minimum TSV (Table 5), so
the two keywords will be added to the original query. Based on the
matching patterns in FIRE narration and description of this query, the
finally expanded query would become “YSR Reddy’s Death Helicopter
Crash”. Other QE have been performed using the same approach as
shown in column 3 of Table 8.

Table 5. Term selection for query “YSR Reddy’s Death.”
Keywords Docl Doc2 Doc3 Doc4 Doc5 Doc6 Doc7 Doc8 Doc9 Docl0 Total TSV Value
Andhra 1 6 7 3 2 3 2 24 55037.65

Pradesh 5 5 6 3 2 3 1 1 26 93972.17
Chief 5 5 3 5 3 2 1 1 1 26  54295.036
Minister 4 4 2 6 2 2 1 1 1 23 18011.52
Helicopter 4 4 1 1 2 12 627.056
Crash 3 2 1 1 4 1 12 627.056
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Case 2: Selection of Highest Frequency Keyword in Top 3 Ranked
Documents

In this case, in order to compute TSV, we considered keyword with the highest
frequency in top 3 ranked documents obtained by using Okapi BM25 (Table 3).

For Query No.l (Table 2), i.e. “YSR Reddy’s Death,” keywords having
highest frequency in top 3 ranked documents (i.e. 6, 7, 9) are described in
Table 6. Only three keywords having the highest frequency are considered
(Table 6), out of six keywords as available in narration and description of the
query (Table 6).

Two keywords “Chief” &“Minister” have minimum TSV (Table 6), so the
two keywords will be added to the original query to form a new query. Based
on the matching patterns in FIRE narration and description of this query, the
finally expanded query would become “Chief Minister YSR Reddy’s Death.”
Other QE have been performed using the same approach (column 4 of
Table 8).

Case 3: Selection of Lowest Frequency Words in Top 3 Ranked Documents

In this case, in order to compute TSV, we considered keyword(s) with the lowest
frequency in top 3 ranked documents obtained by using Okapi BM25 (Table 3).

For Query No.1 (Table 2) i.e. “YSR Reddy’s Death,” keywords having the
lowest frequency in top 3 ranked documents (i.e. 6, 7, 9) are described in Table 7.
Five keywords having the highest frequency are considered (Table 6), out of six
keywords as available in narration and description of query as described in
Table 7.

Two keywords “Chief’ & “Minister” have minimum TSV, so these will be
added to the original query to form a new query. Based on the matching patterns
in FIRE narration and description of this query, the finally expanded query

Table 6. Term selection for query “YSR Reddy’s Death” using the highest frequency
words obtained from Okapi.

Keyword Doc7 Doc9 Doc6 Total TSV Value
Chief 1 2 3 0.027
Minister 1 2 3 0.027
Crash 4 4 0.12

Table 7. Term selection for query “YSR Reddy’s Death” using the lowest frequency
words obtained from Okapi.

Keyword Doc7 Doc9 Doc6 Total TSV Value
Chief 1 1 2 0.008
Minister 1 1 2 0.008
Pradesh 1 1 0.3
Helicopter 1 1 0.03

Crash 1 1 0.03
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would become “Chief Minister YSR Reddy’s Death.” Other QE have been
performed using the same approach (column 5 of Table 8).

Experimental Results

In order to test queries of FIRE dataset, three measures are considered for
evaluation: precision, average precision and mean average precision. For
calculating these, the number of relevant documents is selected manually
from the number of retrieved documents that are retrieved using Google
search engine for each query. Precision is computed as per Equation (3), and
results for each query are shown in Table 9 and Figure 1.
RelevantRetrievedDocuments

Precision = : (4)
RetrievedDocuments

Average precision (Figure 2) is the average of the precision value obtained for
the set of top K documents existing after each relevant document is retrieved,
and this value is then averaged over information needs. Mean average
precision, for a set of queries, is the mean of the average precision scores
for each query, as shown in Table 10 and Figure 3.

Discussion

For our experiment, we used 50 Hindi queries from FIRE 2012 for retrieval
of English documents. FIRE queries consist of three parts: a title of query,
descriptions of query and narration of query that provides more details about
what kind of documents should be considered relevant or irrelevant. In the
QE - which is the focus of this paper - the additional query terms are
extracted from ranked documents as well as without ranked documents
using TSV (Blum and Langley 1997; Sari and Adriani 2014). Many research-
ers used Okapi BM25 for ranking of documents to achieve better effective
results. Syandra et al. (Sari and Adriani 2014) achieved 88.51% relevant
documents on Indonesian-English CLIR experiment using SVM (Support
Vector Machine), Okapi BM25 and term selection, respectively. Bodo
Billerbeck et al. (Billerbeck et al. 2003) also achieve better retrieval results
in their paper Query Expansion using Associated Queries using Okapi BM25.

On comparing with our previous work (Chandra and Dwivedi 2017),
wherein we performed all the experiments with a smaller setup, we found
that the results are in line with the previous work.

Keywords are selected for QE in three different ways using TSV. In the first
case, keywords were selected from narration and description of queries that
are given in FIRE data set for top @10 documents without considering the
rank of documents. For computing TSV values of each keyword, frequencies
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Table 9. Precision before and after query expansion.

Precision Value@10

After Query Expansion

Case 1 Case 2 Case 3
Query Before Query Expansion (Without Ranking) (Highest Frequency) (Lowest Frequency)
1 0.2 04 0.5 0.5
2 0.2 0.3 0.6 0.6
3 0.7 0.8 0.7 0.9
4 0.7 0.8 0.7 0.8
5 0.1 0.6 0.5 0.6
6 0.1 0.3 04 0.4
7 0.2 04 0.5 0.5
8 0.2 0.7 0.5 0.7
9 0.6 0.7 0.8 0.7
10 0.7 0.9 0.8 0.9
1 0.5 0.5 0.5 0.5
12 0.2 0.5 0.5 0.5
13 0.3 0.5 0.7 0.7
14 0.5 0.6 0.7 0.7
15 0.2 0.4 0.4 04
16 0.3 0.5 0.6 0.6
17 0.3 0.6 0.7 0.7
18 0.4 0.5 0.5 0.6
19 0.6 0.7 0.7 0.7
20 0.4 0.6 0.6 0.8
21 0.5 0.6 0.6 0.6
22 0.5 0.7 0.7 0.6
23 0.2 0.5 0.6 0.6
24 03 0.6 0.6 04
25 0.5 0.7 0.6 0.7
26 0.6 0.6 0.7 0.8
27 0.6 0.7 0.8 0.8
28 0.5 0.5 0.6 0.8
29 0.6 0.7 0.6 0.8
30 0.3 0.5 0.7 0.7
31 0.5 0.6 0.7 0.6
32 04 0.5 0.5 0.7
33 0.5 0.8 0.8 0.8
34 0.5 0.5 0.6 0.5
35 04 0.6 0.7 0.7
36 04 0.7 0.7 0.9
37 04 0.6 0.6 0.6
38 0.5 0.7 0.7 0.7
39 0.4 0.8 0.8 0.9
40 0.6 0.7 0.8 0.9
41 0.7 0.8 0.8 0.9
42 0.4 0.7 0.7 0.8
43 0.5 0.5 0.5 0.5
44 0.4 0.6 0.7 0.8
45 0.4 0.5 0.6 0.5
46 0.5 0.7 0.7 0.9
47 0.6 0.7 0.6 0.7
48 0.5 0.7 0.7 0.8
49 0.5 0.6 0.7 0.8
50 0.5 0.7 0.6 0.8

Total 21.6 30.4 31.9 344
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Figure 1. Precision values for all cases (i.e. case 1, case 2 and case 3).
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Figure 2. Average precision for all the cases (i.e. case 1, case 2 and case 3).

are calculated with the help of UAM corpus. Keywords which have minimum
TSV value are added to the original query for QE.

In case 2 and case 3, keywords are selected from narration and description
of FIRE queries only from top @3 documents that were ranked by Okapi
BM25 method. In case 2, keywords that have the highest frequency in each
document for single query were selected and after selection, we computed
TSV values for all keywords. Keywords that have less TSV value were added
to form a new query.

In case 3, keywords that have the lowest frequency in each document for
single query were selected and after selection, we computed TSV values for
all keywords. Keywords that have less TSV value were added to form a new
query. In all of the above three cases, keywords that are not included in the
original query are added to form a new query.

Computed mean average precision value for all the cases are as follows:
mean average precision before QE is 0.3145 and after QE is 0.4781 (without
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Table 10. Average precision and mean average precision value.

Average Precision Value@10

After Query Expansion

Case 1 Case 2 Case 3

Before Query (Without (Highest (Lowest
Query Expansion Ranking) Frequency) Frequency)
1 0.1666 0.26 0.355 0.355
2 0.09 0.15 0.4795 0.4795
3 0.6083 0.6444 0.5574 0.8135
4 0.6164 0.6365 0.4972 0.6365
5 0.05 0.4796 0.315 0.4796
6 0.05 0.2266 0.2766 0.2766
7 0.1 0.2066 0.4175 0.4175
8 0.0833 0.5785 0.3134 0.5785
9 0.4724 0.4925 0.6294 0.677
10 0.4646 0.7903 0.647 0.8153
1 0.2726 0.2726 0.2726 0.2726
12 0.1 0.3891 0.3891 0.3891
13 0.1766 0.3207 0.5907 0.5907
14 0.3707 0.4775 0.6115 0.6115
15 0.1166 0.31 0.31 0.31
16 0.21 0.2796 0.4007 0.4007
17 0.2416 0.4281 0.627 0.627
18 0.2571 0.2962 0.2962 0.4707
19 0.408 0.5746 0.5746 0.5746
20 0.2428 0.4646 0.5464 0.6669
21 0.412 0.524 0.524 0.524
22 0.397 0.5749 0.583 0.549
23 0.09 0.3971 0.5314 0.5314
24 0.2375 0.5091 0.5091 0.2082
25 0.3341 0.5791 0.3479 0.5791
26 0.4073 0.4142 0.5246 0.617
27 0.5091 0.5749 0.6073 0.6073
28 0.2796 0.3462 0.468 0.6396
29 0.5133 0.616 0.524 0.7067
30 0.1766 0.2862 0.4906 0.4906
31 0.343 0.4507 0.5457 0.4057
32 0.3082 0.3646 0.393 0.6008
33 0.4383 0.7067 0.7067 0.7067
34 0.3606 0.3946 0.5133 0.3946
35 0.2432 0.3812 0.6365 0.6365
36 0.3666 0.5541 0.524 0.8153
37 0.2987 0.524 0.524 0.524
38 0.4049 0.5749 0.5749 0.5749
39 0.2582 0.5623 0.7453 0.8663
40 0.468 0.5749 0.7253 0.8663
41 0.5541 0.762 0.7453 0.8788
42 0.3082 0.6915 0.6732 0.7763
43 0.3057 0.3057 0.3057 0.3057
44 0.3321 0.5299 0.6732 0.7453
45 0.3082 0.438 0.4983 0.438
46 0.3707 0.6241 0.6241 0.8663
47 0.4612 0.6565 0.5133 0.6565
48 0.393 0.5907 0.4906 0.7763
49 0.3216 0.5464 0.6732 0.7453
50 0.4264 0.5746 0.5133 0.7253
Total 15.725 23.9071 25.8156 29.2006
Mean Average 0.3145 0.4781 0.5163 0.5840

Precision
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Figure 3. Mean average precision for all the cases (i.e. case 1, case 2 and case 3).

ranking, i.e. case 1), 0.5163 (with ranking, i.e. case 2) and 0.5840 (with
ranking, i.e. case 3).

Retrieved results of relevant documents after QE (in all cases) are better than the
retrieved results before QE. This shows that QE is one of the techniques to achieve
better retrieval results in Hindi-English CLIR.

Retrieved results (i.e. mean average precision value) of ranked documents are
higher in case 2 (0.5163) and case3 (i.e. 0.5840) as compared to without ranked
documents in case 1 (i.e. 0.4781). This shows that term selection for QE by ranking
using Okapi BM25 provides better retrieval results in comparison to retrieve
results without considering the rank of documents in Hindi-English CLIR.

Mean average precision value of retrieved results, after QE in case 3, is higher
than the remaining two cases (case 1, case 2). This shows that the selection of
keyword having higher occurrence (i.e. high frequency) in a single document is less
important than the occurrence of the keyword in multiple documents for QE.

Sometimes it is possible that the QE cannot be performed when suitable terms
are not found in narration and description of queries for QE. Just like for Query
No. 11, ie. “Attacks on Indian Students in Australia,” and Query No. 43, ie.
“Cervical Cancer Awareness, Treatment Vaccine,” the QE is not performed in all
the three cases.

Conclusion

The main problem of CLIR is poor performance that occurs due to query term
mismatching, untranslated query word, multiple representations of query terms,
etc. QE helps to resolve the problem of ambiguity in CLIR by adding suitable terms
in a query to retrieve better results. QE method also improves the performance of
a search engine. This paper focuses on term selection for QE. Term selection plays
a vital role to expand the user’s queries to increase the mean average precision of
Hindi-English CLIR.
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We have explored three different strategies, to select the most effective
query terms for improvement of retrieved results in Hindi-English CLIR
using QE. In case 1, for QE, appropriate keywords are taken from description
and narration of queries of FIRE dataset without considering the rank of
documents. In case 2 and case 3, for QE, appropriate keywords are taken
from description and narration of queries of FIRE dataset by considering the
rank of documents using Okapi BM25. In case 2 and case 3, keywords having
the highest and lowest frequency are considered for QE, respectively.

Mean average precision value of retrieved results for case 1, case 2 and
case 3 are 0.4781, 0.5163 and 0.5840, respectively. Among the three strategies
explored, the best results are obtained in case 3 where QE is performed by
adding lowest frequency words.

Results of case 2 and case 3 are better than case 1, which shows that
without ranking (i.e. case 1), the quality of retrieved results of Hindi-English
CLIR is not good as compared to results obtained by ranking using Okapi
BM25 (i.e. case 2 and case 3). In the dynamic world of web, time factor and
quality of retrieved documents are important issues of CLIR because the
demand for accessing information in different languages is increasing with
a fast speed.
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