
A Web-based Sear
h Engine for Indian Languages
A Thesis Submittedin Partial Ful�llment of the Requirementsfor the Degree ofMaster of Te
hnology

byManoj Kumar Malviya

to theDepartment of Computer S
ien
e & EngineeringIndian Institute of Te
hnology, KanpurMar
h, 1999



Certi�
ate
This is to 
erti�ed that the work 
ontained in the thesis entitled \A Web-based Sear
h En-gine for Indian Languages", by Manoj Kumar Malviya, has been 
arried out under oursupervision and that this work has not been submitted elsewhere for a degree.
(Dr. Rajat Moona)Department of Computer S
ien
e &Engineering,Indian Institute of Te
hnology,Kanpur.

(Dr. T. V. Prabhakar)Department of Computer S
ien
e &Engineering,Indian Institute of Te
hnology,Kanpur.Mar
h, 1999

ii



Abstra
tIn this thesis, a Web based Sear
h Engine for Indian languages is implemented. Thissoftware allows full-text indexing and sear
hing of a database of HTML do
umentswritten in any Brahmi-based Indian Language and English. Gatherer, Indexer andSear
h Pro
essor are the basi
 
omponents of this sear
h engine. Gatherer retrievesHTML do
uments and gathers information from the do
uments whi
h is then usedby the indexer to 
reate the do
ument index. The sear
h Pro
essor 
ontains thelogi
 of do
ument sear
hing based on the sear
h query. It is 
apable of sear
hing allphoneti
ally equivalent words and di�erent forms of a keyword of any Indian language.Indexing and sear
hing of Hindi and English text has been tested on it.
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Chapter 1
Introdu
tion
With the rapid growth of Internet, the availability of information be
omes less of aproblem as large amounts of digitally stored information is readily available on theInternet. But this information is so mu
h that it be
omes in
reasingly diÆ
ult andtime-
onsuming for the users to �nd the information relevant to their needs. Thisexplosive growth of information on the Internet has greatly in
reased the need forinformation retrieval systems. Yahoo, Infoseek, Ex
ite, Altavista, are some sear
hsystems (sear
h engines) that o�ers extensive 
overage by trying to index on theentire World Wide Web (WWW). Some of these sear
h engines (like Altavista) havemultilingual sear
h 
apabilities, but it is 
on�ned to some European languages. Noneof these support Indian languages. Hen
e we found the need for a sear
h engine
apable of sear
hing Indian language do
uments.1.1 Multilingualism on WWWA wide number of languages are spoken by human beings in the world, and mostof the people prefer to have information in their own language . The WWW, beingthe largest repository of information, should have the information in su
h a way sothat maximum people 
an take bene�t of it. But unfortunately, this information isnot rea
hing to the widest of the masses. This is primarily be
ause of the sweepingdominan
e of English and western-European languages on the web.However this situation is beginning to 
hange, be
ause most of the new Internet1



users will not have English as a mother-tounge, and almost everyone wants to useInternet in his or her native language. We 
an predi
t that, in several years, wewill have a situation similar to the one in publishing regarding the representation ofdi�erent languages.The arrival of the languages other than English, points out the need of the supportin Internet based appli
ations like HTML, HTTP server, Browser, Sear
h Engines,et
. The main hindran
e in a
hieving this support on the Web is poor standardsand proto
ols in terms of multilingual text representation and rendering. Of late,this has been realized and newer standards and proto
ols have been proposed andimplemented. Now HTML has several tags whi
h allow one to spe
ify fonts andlanguage attributes of a parti
ular se
tion of text. The newer version(1.1) of HTTPalso has several new tags espe
ially to aid language negotiation and thereby to a
hievemultilingualism on Web. A 
hara
ter 
oding s
heme, UNICODE[13℄, has alreadybeen designed to support the inter
hange, pro
essing, and display of text in manylanguages of the modern world. Uni
ode is a large 
hara
ter set that in
ludes most ofthe world languages. Moreover, there are sear
h engines that index and sear
h textin many European languages other than English.1.2 MotivationAs the Internet is be
oming popular in India, the number of the do
uments written inIndian languages is also in
reasing day by day. Many news-papers and magazines ofthe Indian languages are now available on the Internet. There are sear
h engines whi
hprovide 
apability of sear
hing the do
uments of various European languages. Themost popular sear
h engine `Altavista' 
an sear
h the do
uments of many Europeanlanguages like Fren
h, German, Greek, et
. But there is no su
h sear
hing fa
ilityexists for any of the Indian language. The motivation of this thesis was to developa sear
h engine whi
h 
ould index and sear
h the do
uments of Indian languagesavailable on the Internet. Though, we have provided the sear
h engine for HindiLanguage, the same design 
an be applied to sear
h the do
uments of any otherBrahmi-based Indian language.
2



1.3 Organization of ThesisRest of the thesis is organized as follows. Chapter 2 introdu
es the terms and 
on
eptsof the sear
h engines and the Indian Languages . Chapter 3 dis
usses the design andimplementation details of di�erent parts of our sear
h engine. Results of testing,Features of the software, and future work are dis
ussed in 
hapter 4. User manual ofthe sear
h engine is provided in the appendix.

3



Chapter 2
Ba
kground
2.1 Sear
h EnginesA Sear
h Engine is a program (CGI, server module or separate server) that a

eptsthe request from the HTML form, sear
hes the indexed database and returns theresult page to the user. In this thesis, an attempt has been made, to develop aSear
h Engine for Indian languages whi
h provides the 
apability of indexing andsear
hing of the text written in any of the Indian language as well as in English. Inorder to fully 
omprehend the 
apabilities of su
h a sear
h engine, it is essential, tounderstand the basi
 fun
tionality of the sear
h engines and 
omputer representationof Indian languages. This 
hapter provides the ba
kground whi
h will be useful laterwhen we dis
uss the design of our sear
h engine. For rest of the dis
ussion Hindiis 
hosen, be
ause all the Indian languages originating from Brahmi have a 
ommonstru
ture, hen
e all arguments for Hindi are also appli
able to other Brahmi-basedIndian languages[4℄.2.1.1 Types of Sear
h EnginesThe in
reasing sophisti
ation of sear
h engines makes the 
ategorization of sear
hengines problemati
. But the sear
h engines 
an be divided into four 
ategories basedon the original type of servi
es o�ered by them [1℄.

4



Full-Text Sear
h EnginesFull-text sear
h engines (also known as free-text sear
h engines) analyze the 
ontentsof the do
uments in su
h a way as to allow users to sear
h for any string of textthey wish to �nd. A good full-text sear
h engine will in
orporate some form ofrelevan
e weighting me
hanism, so that items that have a higher level of relevan
eare displayed �rst. The relevan
e 
an be based on the fa
tors su
h as the numberof times the sear
h word o

urs in the test, the position of the sear
h word in thedo
uments, et
. Altavista and Ly
os are full-text sear
h engines.Catalogue-based Sear
h EnginesCatalogue-based sear
h engines (also known as index sear
h engines) use some formof 
lassi�
ation system. This system 
lassi�es the do
uments in di�erent 
ategories.These 
ategories 
ould be like entertainment, Internet, medi
ine, 
ountry, et
. EÆ-
ien
y of sear
hing in 
atalogue-based sear
h engines depends on the way in whi
h theitems are 
ategorized. The number of 
ategories at ea
h level determine the numberof levels that need to be traversed. Many 
atalogue-based sear
h engines also o�erfull-text sear
hing of �les. Yahoo is a good example of this 
ategory.Meta-Sear
h EnginesMeta-sear
h engines (also known as multi-sear
h engines) allow users to sear
h forthe same keywords using more than one sear
h engine, either sequentially or simul-taneously. MetaCrawler and Find it! 
omes in this 
ategory.Spe
ialist Sear
h EngineThe sear
h engines that are spe
i�
ally designed to provide responses relevant tospe
i�
 areas of knowledge, 
omes in this 
ategory. This doesn't in
lude those sear
hengines run by individual 
ompanies. It restri
t itself to a few examples of wideranging database sear
h tools that 
over the needs of parti
ular user 
ommunities.The example of this 
ategory is Intera
tive Movie Database Sear
h(IMDb).
5



2.1.2 Parts of a Sear
h EngineThe sear
h engines have three major elements [2℄.1. Gatherer2. Indexer, and3. Sear
h Pro
essorGathererA sear
h engine �nds information for its database by a

epting listing sent in byauthors wanting exposure or by getting the information from their gatherer. It is also
alled the \web 
rawler",\spider" or \robots". These are the programs that roam theInternet and store links and information about ea
h page they visit. These agentsnormally start with a histori
al list of links, su
h as list of most popular or best sites,and follow the links on these pages to �nd more links to add to the database. A WebCrawler 
ould send ba
k just the title and URL of ea
h page, it visits, or just parsesome HTML tags, or it 
ould send ba
k the entire text of ea
h page.IndexerEverything the spider �nds goes into the se
ond part of a sear
h engine, the index.The index, sometimes 
alled the 
atalogue, is prepared by the program 
alled indexer.The index is like a giant book 
ontaining a 
opy of every web page that the spider�nds. If a web page 
hanges, then this book is updated with new information. Thepurpose of indexing is to pro
ess the do
uments to be sear
hed and to extra
t appro-priate information. This information is stored in a data stru
ture that will allow fastsear
hing of the text. During Indexing, the sear
h engine pro
esses do
uments in anumber of steps, in
luding word extra
tion, stop word removal, word stemming andterm weight 
al
ulation.� Word Extra
tionFor indexing purposes, it is ne
essary to 
onvert the do
ument text from a longstream of 
hara
ters into a stream of words. This pro
ess is often 
alled word6



breaking, word segmentation, or lexi
al analysis. A

ording to the language ofthe do
ument text, the indexer uses a di�erent algorithm to extra
t words fromthe text.� Stop Word RemovalIn some languages su
h as English, fun
tional words ( e.g. \the", \a", \and",\that") are useless for indexing purposes. Similarly there are many words (likevh , m{\ , vo , y� et
.) o

urring in Hindi as well. These words o

ur in almostevery do
ument of the language, and therefore do not help in distinguishingbetween do
uments that are about di�erent topi
s. For this reason, these fun
-tional words are removed and are not indexed. The pro
ess of removing thesefun
tional words is 
alled stop words removal, and the fun
tional words beingremoved are 
alled stop words.� Word StemmingIn many languages, in
luding Hindi and English, a word may exist in a numberof morphologi
al variants. For example, the English word \
ompute" may alsoexists in its other morphologi
al variants su
h as \
omputing", \
omputed",\
omputer" or \
omputers". Similarly the Hindi word lwkA may also existsin other morphologi
al variants su
h as lwk� , lwko\ et
. While these mor-phologi
al variants are di�erent word forms, they represent the same 
on
ept.For indexing purposes, it is generally desirable to 
ombine these morphologi
alvariants of the same word into one 
anoni
al form .This pro
ess is 
alled wordstemming and this 
anoni
al form is 
alled root-word or base-word. Withoutstemming, do
ument 
ontaining word lwk� may not be returned for the querylwko\ sin
e the indexer treats the word lwk� and lwko\ as two di�erent words.� Term Weight Cal
ulationWhen given a sear
h query 
ontaining keywords, any sear
h engine will returnthe do
uments 
ontaining those keywords. This simple retrieval algorithm isine�e
tive espe
ially when some of the query keywords are very 
ommon, inwhi
h 
ase a large number of do
uments will be returned, most of whi
h arenot even relevant to the query submitted. For advan
e sear
h engines, ea
hdo
ument will be asso
iated with a s
ore indi
ating the relevan
e of the do
u-ment to the query. In this way, the do
uments are ranked or sorted based onthe s
ore so that do
uments having highest s
ores (most relevant) are displayed�rst. In order to 
al
ulate the relevan
e s
ore, ea
h do
ument term or keyword7



must be weighted during indexing to indi
ate its importan
e within the do
u-ment. Keywords are weighted based on a number of fa
tors, su
h as the numberof times the keyword appears in the do
ument, the position of the keyword inthe do
ument, whether the keyword appears within the do
ument title or inmeta-keyword tag or in some heading tag.Sear
h Pro
essorSear
h pro
essor is the third part of a sear
h engine. This is the program that siftsthrough the millions of pages re
orded in the index to �nd mat
hes to a sear
h andrank them in order of what it believes is most relevant. This sear
h pro
essor 
ould bea CGI program, sear
h server, or a Java servlet. The interfa
e of this program is anHTML form. When the form is submitted, the sear
h pro
essor takes its values andperforms the a
tual sear
h. Ea
h sear
h engine has their own way of de
iding what todo about approximate spellings, plural variations, and trun
ations. The user's inputgoes through the following steps before sear
hing in the database, depending on theimplementation of the sear
h logi
 of the sear
h pro
essor.� Query Pro
essingThe �rst task of the sear
h pro
essor is to extra
t the keywords from the in-put given by the user. If the sear
h engine supports boolean 
ommands (likeAND, OR, NOT), the input 
ould be a 
omplex boolean expression of the key-words. The query pro
essing routine parses the boolean expression and extra
tthe keywords from it. After sear
hing ea
h keyword, the results are 
ombineda

ording to the boolean expression given in the query and displayed to theuser.� Stop Word RemovalSear
h engines may remove the stop words from the query and sear
h rest ofthe keywords, be
ause this speeds the sear
h.� Sear
hing AlgorithmsEa
h sear
h engine uses its own logi
 for sear
hing di�erent forms of a word.Some sear
h engines use fuzzy logi
 to generate all forms of a keyword andthen sear
h these in the database. Some engines use thesaurus to generate the8



synonyms of the keywords and sear
h those in the database. A good sear
hengine may tolerate some phoneme errors.2.1.3 Other IssuesFollowing are some of the issues whi
h are important in determining the quality ofsear
h engines:Re
all and Pre
isionThe su

ess of a information retrieval system is typi
ally quanti�ed in terms of re
alland pre
ision. Re
all refers 
ompleteness. This is the degree in whi
h a sear
h enginereturns all the mat
hing do
uments in a 
olle
tion . When we obtain a large numberof \hits" from a sear
h, this is known as high re
all. Pre
ision refers to the system'sability to �nd only the relevant do
uments. High pre
ision means that the retrieveddo
uments are highly relevant to the subje
t of the query [3℄. Following example will
lear the idea of Re
all and pre
ision.There may be 100 mat
hing do
uments for a query, but a sear
h engine may only�nd 80 of them. it would then list these 80 and have a re
all of 80% . Similarly ifa sear
h engine lists 80 do
uments found to mat
h a query but only 20 of them arerelevant to the user, then the pre
ision would be 25%.It may be noted that the re
all and pre
ision measured depend on a prior knowl-edge of what is relevant in the 
olle
tion.Sear
h Result Ranking and ListingSear
h engines assign ea
h do
ument, they �nd, some measure of the quality of mat
h. This measure is 
alled relevan
e s
ore. In order to 
al
ulate the relevan
e s
ore,they follow a set of rules, involving the lo
ation and the frequen
y of keywords on aweb page. Sear
h engines will 
he
k to see if the keyword appears in the title, if itappears at the beginning of the do
ument or it appears in the heading . Frequen
y ofa word in the do
ument is the major fa
tor through whi
h sear
h engine determinesrelevan
y. Do
uments with a higher frequen
y of a word are often 
onsidered morerelevant than other do
uments [2℄. 9



2.2 Indian Languages and Coding StandardsIndia is a multilingual 
ountry having 15 oÆ
ially re
ognized languages, written invarious s
ripts. These existing s
ripts are derivative of an
ient Brahmi and Perso-Arabi
 s
ripts. Urdu, Sindhi, Kashmiri are primarily written in Perso-Arabi
 s
ripts.All other Indian languages have evolved from the an
ient Brahmi-s
ript .The Northerns
ripts are Devanagri, Punjabi, Gujarati, Oriya, Bengali, and Assamese, while theSouthern s
ripts are Telugu, Kannada, Malayalam, and Tamil . Di�erent standardshave been envisaged for languages whi
h originate from Perso-Arabi
 s
ripts, and forlanguages whi
h originates from Brahmi s
ripts. The standards for Brahmi-basedIndian s
ripts are reviewed below [3℄ .2.2.1 Nature of Indian Languages AlphabetAll Brahmi-based Indian s
ripts are phoneti
 in nature. The alphabet in ea
h mayvary somewhat, but they share a 
ommon phoneti
 stru
ture. The di�eren
e betweens
ripts primarily are in their written forms, where di�erent 
ombination rules get used.Hen
e all arguments for Devanagari are also appli
able to other Brahmi-based Indians
ripts. Also for simpli
ity, elsewhere, the term Indian s
ripts implies Brahmi-basedIndian s
ripts [4℄.Devanagari 
hara
ter set 
an be 
ategorized into vowels, 
onsonants, matras, mod-i�ers, numerals, pun
tuation and some spe
ial symbol like halant and nukta .� The Consonants, Vowels and MatrasIndian s
ript 
onsonants have an impli
it a vowel in
luded in them. theyhave been 
ategorized a

ording to their phoneti
 properties. There are 5 Varg(groups) and non-Varg 
onsonants. Ea
h Varg 
ontains 5 
onsonants the lastof whi
h is a nasal one. The �rst four 
onsonants of ea
h Varg 
onstitute thePrimary and Se
ondary pair. The se
ond 
onsonant of ea
h pair is the aspirated
ounterpart (has additional h sound) of the �rst one. Table 2.1 and 2.2 showsthe sets of Vowels and 
onsonants used in Devanagari s
ript.Note that the 
onsonants f and q are pronoun
ed identi
ally today. Ea
h vowelex
ept a has a 
orresponding matra whi
h 
an be atta
hed to a 
onsonant toform 
omposite 
hara
ters. 10



Primary Se
ondaryvarg1 k K g G Rvarg2 
 C j J �varg3 V W X Y Zvarg4 t T d D nvarg5 p P b B mnon-varg y r l v f q sTable 2.1: Consonants of DevanagariVowels a aA i I u U �Matra A E F � � �Vowels e e� ao aO a\ a,Matra � { o O \ ,Table 2.2: Vowels of DevanagariThe vowels e� and aO are a
tually diphthongs (i.e. a 
ompound vowel 
hara
-ter, in whi
h the arti
ulation begins as for one vowel and moves onto another)although in Hindi they get pronoun
ed as longer vowel form of e and ao re-spe
tively.� AnuswarAnuswar indi
ates a nasal 
onsonant sound. When an Anuswar 
omes before a
onsonant belonging to any of the 5 Vargs, then it represents the nasal 
onsonantbelonging to the Varg (see Table 2.3). Before a non-Varg 
onsonant howeverthe anuswar represents di�erent nasal sound.� ChandrabinduThis denotes nasalization of the pre
eding vowel (
an be impli
it a vowelwithin a 
onsonant). e.g. 11



aR̂k=a\k pR̂K=p\K gR̂gA=g\gA sR̂G=s\Gm�
=m\
 p�CF=p\CF p�jA=p\jA sA�J=sA\JG�VA=G\VA k�W=k\W J�XA=J\XA Y� �x=Y�\xs�t =s\t p�T=p\T b�d=b\d g�D=g\D
MpA =
\pA g� MP=g�\P KMbA=K\bA -tMB=-t\BTable 2.3: Some examplesa k , pA 
 , h{ , m{ .In devanagari s
ript it often get substituted with Anuswar, as latteris more 
onvenient for writing.� Visarg (, ) 
omes after a vowel sound and represents a sound similar to h.� Nukta and Halant The nukta ( . ) is used along with some 
onsonants (like*, �, �, ), w, x, ') and is mostly used to represent some foreign sound.A spe
ial sign Halant ( ) is needed to indi
ate that the 
onsonant does not havethe impli
it a vowel in it.� All pun
tuation marks used in Indian s
ripts are borrowed from Englishex
ept for the full-stop, instead of whi
h viram is used.2.2.2 ISCII standardSin
e the 70s, di�erent 
ommittees of the Department of OÆ
ial Languages and theDOE (Department of Ele
troni
s) have been evolving di�erent 
ode and keyboard,whi
h 
ould 
ater to all the Indian s
ripts due to their 
ommon phoneti
 stru
ture.In 1980s the ISCII 
ode (Indian S
ript Code for Information Inter
hange) was re
-ommended, and it is widely used for internal representation of Indian s
ripts.� ISCII 
hara
ter setISCII 
hara
ter set [4℄ is a super-set of all the 
hara
ters required in ten Brahmi-based Indian s
ripts. For 
onvenien
e, the alphabet of the oÆ
ial Devanagari12



has been used in the standard. The ISCII 
ode 
ontains only the basi
 alphabetrequired by the Indian s
ripts, and all the 
omposite 
hara
ters are formed bythe 
ombination of these basi
 
hara
ters.ISCII 
ode has the advantage that there is only one way of typing a word. Thespelling of a word is the phoneti
 order of the 
onstituent basi
 
hara
ters. Thisprovides a unique spelling for ea
h word, whi
h is not a�e
ted by the displayrendition.� Eight-bit ISCII 
odeIn this se
tion ISSCII-8 [4℄ (Indian S
ript Standard Code for Information inter-
hange) as standardized by DOE in 1986, is reviewed. The lower 128 
hara
tersof the 8-bit table 
ontain the ASCII 
hara
ter set, while upper half of the tableis used for Indian s
ript 
ode. This 
oding s
heme allows Roman 
hara
ters tobe freely mixed with Indian s
ripts.� Seven-bit ISCII 
odeSeven-bit 
oding s
heme is re
ommended for those 
omputers and pa
kageswhi
h do not allow the use of 8-bit 
odes. In 7-bit 
oding 128 positions areavailable for representing all the 
hara
ters of the s
ript. This 
oding has thedisadvantage that Roman s
ripts 
annot be mixed with Indian s
ripts.2.2.3 Other StandardAnother popular representation, published by NCST (National Centre for SoftwareTe
hnology), is pure 
onsonant based 
oding. In this representation the 
onsonantsare always in their pure form i.e. with halant. Vowels when added to 
onsonantsresults in the 
orresponding matra symbol on the 
onsonant. The 
oding table is 7-bit table where some of the ASCII 
odes are repla
ed by the Indian s
ript 
hara
ters.This 
oding fa
ilitates automati
 alphabetization in perfe
t order of Devanagari. Alsoit does not disturb basi
 ASCII 
odes of most of the signs whi
h are 
ommon inDevanagari and Latin.
13



2.2.4 Why ISCII ?For the implementation of our sear
h engine for Indian languages, we are usingeight-bit ISCII en
oding be
ause of the following reasons :1. ISCII has been designed as per ISO norms and has found a

eptan
e in Uni
ode[13℄.2. ISCII 
odes allow a 
omplete delinking of the 
odes from the displayed fonts[4℄.3. The eight-bit ISCII 
ode retains the standard ASCII 
ode. This makes itfeasible to use Indian s
ript along with existing Engilsh 
omputers and software,so long as 8-bit 
hara
ter 
odes are allowed [4℄.2.3 Morphologi
al AnalyzerSin
e we are using a morphologi
al analyzer in our sear
h engine, it is ne
essary tohave a brief look at it. Morphology is 
on
erned with the internal make-up of words.Morphologi
al analyzer analyzes words grammati
ally. It determines 
lass (i.e noun,adje
tive, verb et
. ) of the words and extra
t the root words.Morphologi
al theory 
an be divided into two 
ategories: in
e
tional morphologyand derivational morphology.� In
e
tional morphology is 
on
erned with the manner in whi
h the lexi
alstem( root word or base word) is 
ombined with grammati
al markers (like ,, , et
 in hindi and s, es, et
. in english) for things like plurality and tense.e.g. words lwk� and lwko\ are made from the root word lwkA by 
ombin-ing matras and respe
tively. Morphologi
al Analyzers whi
h support in-
e
tional morphology gives the root word of the input word by removing anygrammati
al markers if present. For example, if word nEdyA is given as inputto su
h a morphologi
al analyzer, then it will return the root word ndF.� Where in
e
tional morphology is 
on
erned with the 
ombination of stems withgrammati
al markers, derivational morphology deals the 
onstru
tion ofstem themselves. Typi
al 
ases of derivational morphology involves the 
lass
hanging suÆxes whi
h form adje
tives from nouns, verb from nouns, noun fromverbs and so on, as the following examples illustrate.14



m� K
 (noun) |> m� K
tA (adje
tive)d� D (noun) |> d� DvAlA (adje
tive)Dm
 (noun) |> DAEm
k (adje
tive)Table 2.4: Examples of derivational morphologyThe resulting lexi
al stem are again subje
t to appropriate in
e
tional morphol-ogy, so we get form su
h as d� DvAl� from d� DvAlA .The morphologi
al analyzer[8℄, we are using in our sear
h engine, supportsonly in
e
tional form of morphology.
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Chapter 3
Design and Implementation
This 
hapter dis
usses the design and implementation of our sear
h engine for Indianlanguages. In the implementation of our sear
h engine, we are using the Gathererof an existing sear
h engine htdig[6℄. Moreover, some other libraries like basi
 datastru
ture library, Common Gateway Interfa
e library, and user interfa
e library ofthe htdig are also being used in our sear
h engine. These libraries are not dis
ussedhere. Instead the main stress is laid on the implementation of the features whi
h areimportant for the sear
h engines, in the 
ontext of Indian languages.3.1 Design IssuesIn designing information retrieval engines it is very important to 
onsider the humanfa
tors - how people sear
h, how they make de
isions. Normally, users spe
ify somekeywords of a subje
t for sear
hing the do
uments. Sometimes they want to restri
tthe sear
h 
riteria by spe
ifying some boolean operators (like AND, NOT et
.) withthe keywords and sometimes they want more number of mat
hes. Features of thelanguage for whi
h the sear
h engine is being made, also plays a major role in sear
hengine design. Following are some Indian languages spe
i�
 features whi
h should bepresent in a sear
h engine of any Indian language :� Di�erent forms of the wordsAlmost in every language, grammati
al markers (like s, es, ing, et
. in Englishand , , in Hindi) are used with a word stem (or root word) and new words16



are made. These new words, 
alled morphologi
al variants of the stem, presentthe same 
on
ept but just di�er in tense, plurality et
. For example lwk� ,lwko\ are morphologi
al variant of root word lwkA.It may be possible that the do
ument 
ontains a root word, say lwkA and theuser gives any morphologi
al variant of that root word, say lwk� for sear
hing.The sear
h engine should be able to handle su
h 
onditions and should give themat
hes of all the morphologi
al variants of the word.� Phoneti
 Toleran
eAs we saw in se
tion 2.2, Indian languages alphabet 
ontains many 
hara
ters( , , et
.) whi
h give same sound i.e they are phoneti
ally equivalent.These 
hara
ters are used inter
hangeably in many modern Indian languages.e.g. J\XA , J�XA , J�XA and J XA are phoneti
ally equivalent words. Se
tion 2.2has provided the detailed des
ription of all 
hara
ters whi
h are phoneti
allyequivalent.User may use any phoneti
ally equivalent word of a keyword for the sear
hing.So the sear
h engine should be able to support some form of phoneti
 toleran
e.If the user gives word J�XA for sear
hing, then the sear
h engine should givemat
hes for all its phoneme equivalent words J\XA , J�XA , J XA.� Font Independen
eDue to la
k of standardization in display te
hnologies, Indian language do
u-ments on the Web are being written in di�erent fonts. Ea
h web author usestheir own font en
oding in the HTML do
uments. There is no universally a
-
epted font or display en
oding. Therefore a sear
h engine for Indian languagesshould be able to in
orporate di�erent font en
odings. It should be independentof the font en
oding used in the do
uments.� Boolean operatorsUser may want to sear
h more than one keyword at a time. He may wantto 
ombine the keywords a

ording to some boolean expression, to restri
t orgeneralize the sear
h. Therefore a good sear
h engine should allow the use ofboolean operators( like AND, OR, NOT, et
.)� User Controllable sear
hSometimes people may want the mat
h on all the phoneme equivalents of a17



keyword and sometimes they may want an exa
t mat
h. A good sear
h engineshould provide the fa
ility to 
ontrol the sear
hing 
riteria to the sear
h engineuser.3.2 General Design of our Sear
h EngineOur sear
h engine is primarily designed to index and sear
h Indian language do
u-ments available on the Web. However, it 
an index and sear
h English do
umentssimultaneously. Its design is language independent. Only one module is languagespe
i�
, and that is the morphologi
al analyzer. We are using a morphologi
al an-alyzer of Hindi language in the implementation. This Hindi morphologi
al analyzer
an easily be repla
ed by the morphologi
al analyzer of any other Indian language.With this repla
ement, our sear
h engine 
an work for any other Indian language.At the top level, our sear
h engine 
an be divided into three parts : gatherer,indexer, and sear
h pro
essor. Gatherer 
olle
ts the do
uments from the Web andpasses them to the indexer. The main task of the indexer is to build an index ofthe do
uments submitted by the gatherer. During indexing, indexer parses HTMLdo
uments, 
olle
ts information about ea
h word in the do
ument, generates rootwords, removes stop words, and at last builds index on the keywords and its rootwords (if any) using the 
olle
ted information. This index is used by the sear
hpro
essor for the sear
hing of the do
uments.The detail design is shown in �gure 3.1. We now dis
uss ea
h part in detail.3.3 GathererGatherer works as a regular Web user, sends HTTP request to the remote serverfor 
olle
ting the do
uments. It starts its journey of the Web from the starting urlsspe
i�ed in the 
on�guration �le of htdig . It follows all hyper links that it 
omesa
ross. Sin
e we are using the gatherer of htdig in our sear
h engine, we are notdis
ussing it anymore.
18
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3.4 IndexerEverything the gatherer �nds goes into the indexer. Indexer of our sear
h engineworks in two phases. First phase runs with the gatherer. It takes do
uments fromthe gatherer, parses those do
uments, and 
olle
ts the information about ea
h wordof the do
ument. Root word generation and stop word removal are also performed inthe �rst phase. The information 
olle
ted in the �rst phase is stored lo
ally for theuse of se
ond phase. The �rst phase 
reates two �les. The �rst one is the list of allwords and the se
ond one is database of URLs. The main task of the se
ond phaseof the indexer is to build the indexing stru
ture.3.4.1 Do
ument Parsing and Weight 
al
ulationDo
ument parsing involves the separation of text from the HTML tags. Text of Hindiand English languages is also separated by the parser.Words o

ur with di�erent HTML tags in the HTML do
uments. We are assumingthat the words 
oming in headings, title, and keyword tag represent the subje
t of thedo
ument. So the words o

urring with these tags are assigned a higher weightingfa
tor. In this way, the weighting fa
tor tells about the HTML tag in whi
h the wordhas o

urred. After determining the weighting fa
tor the next task is to determine thelanguage of the word. In this pro
ess, program 
he
ks the parameters of the <FONTFACE> tag. If word is surrounded by a <FONT FACE> tag with font name as someHindi font (`xdvng' in our 
ase), then it means the word belongs to Hindi languageotherwise some other language. If the word belongs to Hindi, it is 
onverted intoISCII en
oding.Now the weight of the word is 
al
ulated using following formula :weight = (1000� lo
ation) � weighting fa
torwhere lo
ation = offset � 1000=
ontent lentgth, andweighting fa
tor is weight of the tag in whi
h the word is 
oming,
ontent length is the size of the do
ument ando�set is the o�set of that word in the do
ument.The sum of the weight of ea
h o

urren
e of the word gives the weight of the wordin that parti
ular do
ument. Weight, do
ument id, and word frequen
y are the �eldsof the data re
ord whi
h have to be stored in database with the word as indexing key.20



This word is passed to the morphologi
al analyzer for further pro
essing.3.4.2 Morphologi
al AnalyzerThe primary task of morphologi
al analyzer is to return the root word of a giveninput word. This is ne
essary to sear
h the di�erent forms of a word. For example, ifthe word lwk� appears in the do
ument then its root word lwkA and original wordlwk� will be stored in the database. Now, if user gives word lwko\ for sear
hing,then its root word lwkA will also be sear
hed in the index, whi
h is already availablein the database. In this fashion, di�erent forms of the words are supported by thesear
h engine.After generation of the root word from the given input word, the stop word listis 
he
ked for these words. If any of the words exist in the stop word list, both thesewords (root word and original word) are not in
luded in the database, and the nextword is extra
ted from the do
ument. The morphologi
al analyzer used in our sear
hengine does input/output in wx-keyboard s
heme (see Appendix), therefore ea
h wordis 
onverted from ISCII to wx-keyboard s
heme before passing to morphologi
al ana-lyzer, and returned root word is 
onverted ba
k into ISCII from wx-keyboard s
heme.The �rst phase ends with the 
reation of two intermediate �les. The �rst �lestores the list of all words and se
ond �le stores the database of URLs.3.4.3 Indexing Data Stru
tureThe se
ond phase of the indexer 
reates a URL database and word database from theintermediate �les that were 
reated in the �rst phase. This word database is a

essedvia an index of the keywords. The index �le is organized as a variant of basi
 tries[9℄referred as 
ompressed tries[5℄.A basi
 trie is an m-ary tree (m is the size of alphabet set) in whi
h the root nodepoints to another node for ea
h of the possible alphabets a word may have. Ea
h ofthese nodes, likewise, 
ontain a pointer to a node for ea
h possible se
ond alphabetand so forth. The basi
 trie is spa
e ineÆ
ient, therefore we are using 
ompressedtries, whi
h is dis
ussed below.
21



Compressed TriesThe storage model of the word database is developed in two levels. At the topmostlevel we have indexing stru
ture of 
ompressed trie and at the lower level we have thedatabase whi
h 
ontains re
ord for ea
h word (see �gure 3.2). Sear
h pro
essor �rstneed to traverse the indexing stru
ture to �nd the required re
ord in the database.
        Indexing Structure of trie

     Word Database which contains data recordFigure 3.2: Organization of Word DatabaseWe are using a two level stru
ture at ea
h bran
hing level in the indexing stru
ture.The �rst level is known as a LEVEL A NODE and leads to a LINKED LIST ofLEVEL B NODES at the se
ond level. At the leaf level we have DATA RECORDstored in the word database. One other stru
ture SKIP ARRAYS also exists in thedatabase.The A level node is essentially an array of elements, whi
h 
orrespond to 
hara
terranges. These array elements 
ontain pointer pointers to linked lists of level B nodes.Sear
h through a level A node o

urs by mapping the 
urrent 
hara
ter to one of theelements in the level A node and following the pointer in it to the 
orresponding linkedlist of level B nodes. Figure 3.3 illustrate a level A node, whi
h has six elements andhas the 
hara
ter ranges as shown. Choi
e of the 
hara
ter range and the number ofelements in the level A node depends on the appli
ation. Distribution of the 
hara
terranges should be done su
h that the linked lists of level B nodes have approximatelyequal length on
e the re
ord have been inserted. This will ensure that the di�eren
eof maximum and minimum sear
h time is not high. Figure 3.4 shows the stru
tureof level A node in our implementation. In the �gure 
hara
ter ranges are written inthe form of 8-bit ISCII 
ode.The B level node is the node that distinguishes the path for one attribute fromanother in the same range of the A level node. These nodes are 
reated on demand22



and maintained as lexi
ographi
ally ordered linked lists. Level B nodes lead to otherA level nodes or to Data re
ords.
A Level Node 

Linked list of B Level Nodes

  Array
Skip

  Data Record Data Record

A-E F-K L-Q R-T U-Z

   X    A        D   E

  To Other B level NodesFigure 3.3: Generalized View of the Data Stru
ture Involved in the Tries
0-127          128-179      180-195      196-207      208-214      215-255Figure 3.4: Chara
ter range distribution in A level Node of our implementationSkip arrays are stru
tures that are being used to minimize the spa
e utilization byLEVEL A and LEVEL B nodes (�gure 3.5). The 
ommon part of the key is kept ina skip array, whi
h o

upy mu
h lesser spa
e as 
ompared to the Level A and LevelB nodes. For example, if a database 
ontains only two re
ords with the indexingkey beginning with `M' and the keys are Mario and Mariah, then it is evident thatthe path for both the re
ords is de
ided by the last letter in Mario i.e. `o' and bythe se
ond last in Mariah i.e. `a'. It would be unwise to have the two level nodestru
ture for the letters `a', `r', and `i'. Thus, the substring \ari"is kept in a Skiparray stru
ture. 23
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A-E F-K L-Q R-T U-Z

A Level Node 

Figure 3.5: Compressed Tries with skip arrayWhy Tries?Following are some reasons for the sele
tion of 
ompressed trie.� Trie is most suitable for retrieving all the words whi
h have 
ommon pre�x.� To retrieve a data re
ord, the number of 
omparisons does not depend on thenumber of keys indexed. Instead it depends on the length of the key.� An insertion into tries is lo
alized and does not propagate to higher levels in theindexing stru
ture. Insertion only 
auses the expansion of the trie stru
ture.3.5 Sear
h Pro
essorSear
h pro
essor is the a
tual sear
h engine of the sear
h system. Here it is imple-mentation as a CGI program whi
h is expe
ted to be invoked by an HTML form. It24



will a

ept both GET and POST methods[17℄ of passing data to the CGI program.HTML form is the primary interfa
e of the sear
h pro
essor. When the form issubmitted, the sear
h program will take values from the form and perform the a
tualsear
h in the indexing stru
ture. The HTML form 
ontains an input text �eld whereuser will enter the sear
h words. This form has some other option for 
ontrolling thesear
h 
riteria and for formatting of the results. The Sear
hing pro
ess is divided intothe following four modules, whi
h exe
ute in the given sequen
e.3.5.1 Query Pro
essorSear
h pro
essor gets a list of words from the HTML form that invoked it. Querypro
essor takes this list and if the sear
hing program was invoked with the booleanexpression parsing enable, then it does syntax 
he
k on that list. If there are syntaxerrors, it displays the syntax error. If the boolean parser was not enabled, the listof words is 
onverted into a boolean expression by putting either "and"s or "or"sbetween the words. This depends on the sear
h type spe
i�ed by the user.In both 
ases ea
h of the words in the list is 
onverted into ISCII en
oding, if itbelongs to the Hindi language. The language of the words is spe
i�ed in the HTMLform by the user. Now, the query pro
essor passes ea
h of these words to the phoneti
toleran
e routine.3.5.2 Phoneti
 Toleran
e RoutinesThe phoneti
 toleran
e routine expand the list of words by generating their phonemeequivalent words. If the user spe
i�ed `the exa
t mat
h' sear
h 
riteria then noadditions are made by this routine. This routine is divided into two parts. First partinvolves the generation of the new words in whi
h only the nasalized 
hara
ters ( ,, , et
. see Table 2.3) are repla
ed by their phoneme equivalent 
hara
ters. These
ond part uses phoneme rules spe
i�ed in the phoneme rules �le. This �le 
ontainsthe pairs of other phoneti
ally equivalent 
hara
ters of Indian language alphabet, andan integer value 
alled mat
hing per
entage. For example,[GA℄ -> [GA℄ [NUKTA℄ -> 70indi
ates that if g o

urs in a word then generate a new word in whi
h g will berepla
ed with �. And if this new word is later found in the index, its �nal weight25



will be 70% of the weight value stored in the data re
ord. This �le 
an be 
hangeda

ording to the requirements of various Indian languages.3.5.3 Morphologi
al AnalyzerThe words generated in the last step are passed to the morphologi
al analyzer forgeneration of the root words. Sin
e, among all the phoneme equivalent words, onlyone word is grammati
ally valid, so the root word will be returned only for that validword. Morphologi
al analyzer ignores other words. Here a grammati
ally valid wordmeans the word whi
h is present in the di
tionary. e.g. a\ko ,a ko, and a�ko arephoneti
ally equivalent words but word a\ko is grammati
ally valid. So morphologi
alanalyzer re
ognizes only this word and returns root word (a\k ) for it.3.5.4 Stop Word RemovalBefore sear
hing the words in the indexing stru
ture, it would be better if we removeall the stop words from the list. This improves the sear
hing time as non-relevantwords are not sear
hed.3.5.5 Sear
hing in DatabaseNow ea
h word of the list is sear
hed in the indexing stru
ture. Sear
h begins atthe root. The 
urrent 
hara
ter say keyword[i℄ is mapped to a �eld in the A levelnode. The sear
h pro
eeds by following the pointer to the linked list of B level nodesasso
iated with it. If a B level node exists in the list with the same keyword askeyword[i℄, then the sear
h 
ontinues by following the pointer to the node at the nextlevel asso
iated with the B level node, else the sear
h stops and returns failure. If avalid pointer to an A level is found then the sear
h 
ontinues by repeating the abovesteps. This is repeated ea
h time an A level node is rea
hed by the sear
h. If a datare
ord is rea
hed, then it is stored in the `result list', and sear
h 
ontinues for thenext keyword. After �nishing the sear
hing of all the keywords, the `result list' isused for result ranking and display.
26



3.5.6 Results Ranking and DisplayBefore ranking, the results are 
ombined a

ording to the boolean expression of thequery. Now the results are ranked. The rank of the mat
h is determined by theweight of the word that 
aused mat
h. The do
ument in whi
h the keyword hashigher weight, is given higher rank. A Word's weight is determined by the importan
eof the word (as explained in the se
tion 2.1.2) and by the phoneme rules (see se
tion3.5.2). For example words in the title of a do
ument have a mu
h higher weight thanwords at the bottom of the do
uments.Finally when the do
ument ranks have been determined, the resulting mat
hesare displayed in the order of ranks.3.6 User Interfa
eThe user Interfa
e of the sear
h engine is made up of an HTML from, through whi
huser gives keywords for sear
hing. Users are expe
ted to enter Indian language (Hindiin 
urrent implementation) keywords in wx-keyboard en
oding s
heme. A list oftrans
ription rules for Hindi language whi
h uses this en
oding s
heme has beenprovided in the appendix. A hyper link to these trans
ription rules has also beenprovided in the HTML form for the 
onvenien
e of the user.
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Chapter 4
Con
lusion and Future Work
4.1 ExperimentsThis software has been tested on a database of 780 Hindi do
uments spanning 14MB of disk spa
e. We found that the index size is 113% of the total do
umentssize. It is reasonable be
ause this index allows fast sear
hing of the database. Somesnapshots of the user and sear
h engine intera
tion are given in the following pages.wx-keyboard s
heme has been used for input and output of Hindi language, whileASCII 
ode has been used for entry and display of English text.Figure 4.6 shows the sear
h results of all the morphologi
al variants of the words=yAr� , Edlo\ and mE�dr. This task is a

omplished by sear
hing the root words =yArA ,Edl and mE�dr. This �gure also depi
ts the use of boolean expression in the query.Figure 4.7, displays the mat
hes for all the phoneti
ally equivalent words. Fig 4.8shows the use of English words in the sear
h engine.4.1.1 Re
all and Pre
ision of our Sear
h EngineIn order to measure the re
all and pre
ision of our sear
h engine, following tests were
ondu
ted.� We indexed 34 Hindi do
uments, out of whi
h 21 do
uments were relevant to akeyword aA K�\ and 11 do
uments were relevant to a query (
A\d or 
A\dnF)[14℄.When the keyword `aA K�\ is given for sear
hing, our sear
h engine retrieved 1828



do
uments, out of whi
h 17 do
uments were relevant to that keyword, i.e. 80%re
all and 94% pre
ision. Our sear
h engine retrieved 9 do
uments for the query(
A\d or 
A\dnF), out of whi
h 8 do
uments were relevant to this query, i.e. 72%re
all and 89% pre
ision.� In the se
ond test, total indexed do
uments were 106, out of whi
h 21 do
umentswere relevant to the keyword aA K�\ and 13 do
uments were relevant to the query(
A\d or 
A\dnF). Sear
h engine retrieved 22 do
uments for the keyword aA K�\, outof whi
h 17 do
uments were relevant. This gave 80% re
all and 77% pre
ision.For the query (
A\d or 
A\dnF), our sear
h engine retrieved 19 do
uments, outof whi
h 11 do
uments were relevant, i.e. 80% re
all and 57% pre
ision.Our sear
h engine missed some relevant do
uments be
ause it doesn't supportsynonym sear
h.4.2 Features SummaryThe salient features of our sear
h engine are as follows:� It gives the mat
h on all the morphologi
al variants of the given input word.� It supports phoneti
 toleran
e.� The sear
h engine is independent to the font en
odings. It 
an be easily 
on�g-ured for di�erent font en
odings.� Users 
an 
ontrol the sear
h 
riteria.� Sear
hing of English do
uments is also supported by our sear
h engine.4.3 Future Work� Our sear
h engine does not support `Sandhi'. For example, it 
annot give mat
hfor the word rAm̂, whi
h is 
oming in the 
omposite word rAm��r. This feature
an be in
orporated in the sear
h engine later. This will require the repla
ementof the morphologi
al analyzer with a new one whi
h supports `Sandhi' andderivational kind of morphology. 29



� In our sear
h engine users 
an not use both Hindi and English words for sear
h-ing, simultaneously. Sear
h engine 
an be extended to provide this feature.� The user interfa
e of our sear
h engine 
an be modi�ed to provide input andoutput in Devanagari s
ript.� Our sear
h engine does not support synonym sear
h. It 
an be extended tosupport this feature thus allowing the sear
hing of original words as well astheir synonyms.
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Figure 4.6: Example showing the sear
hing of di�erent forms of the words31



Figure 4.7: Example showing the sear
hing of phoneti
ally equivalent words32



Figure 4.8: Example showing the use of English words33



Appendix A
User Manual
The sear
h engine implemented in this thesis is a 
omplete world wide indexing andsear
hing system whi
h support indexing and sear
hing of any Indian language. It ismade as three exe
utable modules. These are :� Gatherer� Index Builder and� Sear
h Pro
essorThe gatherer and index builder are exe
uted by the sear
h engine administratoron periodi
 basis. The interfa
e of both of these program is 
ommand line driven.The sear
h pro
essor is invoked by an HTML form. The details of ea
h module islisted in the following paragraphs.A.1 GathererCommand to run gatherer :gather [options℄
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Options-h Restri
t the gatherer to do
uments that are at most maxhops links away from thestarting do
uments. this only works if -i is also given.-i Initial. Do not use any old database.Files$fCONFIG DIRg/htdig.
onf - The htdig 
on�guration �le.$fDATABASE DIRg/db.wordlist - The intermediate word database �le 
reated bygatherer.$fDATABASE DIRg/db.do
db - The intermediate do
uments url database �le 
re-ated by gatherer.$fCONFIG DIRg/
on�g/ - Dire
tory 
ontaining the language and font related infor-mation.A.2 Index BuilderCommand to run index builder :buildFiles$fCONFIG DIRg/htdig.
onf - The htdig 
on�guration �le.$fDATABASE DIRg/db.wordlist - The intermediate word database �le 
reated bygatherer.$fDATABASE DIRg/db.do
db - The intermediate do
uments url database �le 
re-ated by gatherer.$fDATABASE DIRg/trie/ - The Dire
tory 
ontaining the indexing stru
ture and theword database.$fDATABASE DIRg/db.do
s.index - The do
uments url index.
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A.3 Sear
h Pro
essorIt is a CGI program (named 'sear
h') that is invoked by an HTML form.InputsMat
h Type of sear
h.� All Default boolean operator is \and".� Any Default boolean operator is \or".� Boolean Use boolean expression given in query.Format Result Format� Long Detailed display of results.� Short Brief display of results.Sear
h The Sear
h 
riteria.� No Phonemes Give mat
hes only for words and there di�erent forms.� Valid Phonemes Give mat
hes for words, there di�erent forms and thephoneme equivalents in whi
h only nasalized 
hara
ters are repla
ed withtheir equivalents.� All Phonemes Give mat
hes for all phoneme equivalent words.Language Language of the keywords.� Hindi Language of the keywords is Hindi.� English Language of the keywords is English.Files$fCONFIG DIRg/htdig.
onf - The htdig 
on�guration �le.$fDATABASE DIRg/trie/ - The Dire
tory 
ontaining the indexing stru
ture and theword database.$fDATABASE DIRg/db.do
s.index - The do
uments url index.36



$fDATABASE DIRg/db.do
db - The intermediate do
uments url database �le 
re-ated by gatherer.$fCONFIG DIRg/
on�g/ - Dire
tory 
ontaining the language and font related infor-mation.A.4 Con�guration FilesCon�guration Files are divided into two 
ategories. The �les of �rst 
ategory spe
-ify the attributes for a parti
ular environment. This 
ategory has only one �le$fCONFIG DIRg/htdig.
onf. The languages and fonts related 
on�guration �les
ome in se
ond 
ategory.A.4.1 $fCONFIG DIRg/htdig.
onfThis is the main runtime 
on�guration �le for all programs that make up sear
hengine. Ea
h line in this �le is either a 
omment or 
ontains an attribute. Commentline are blank lines or lines that start with a '#'. Attributes 
onsist of a variablename and an asso
iated value:<name>:<whitespa
e><value><newline>The name 
ontains any alphanumeri
 
hara
ter or underline ( ) The <value> 
anin
lude any 
hara
ter ex
ept newline. It is possible to split the <value> a
ross severallines of the 
on�guration �le by ending ea
h line with a ba
kslash (n).If a program needs a parti
ular attribute and it is not in the 
on�guration �le, itwill use the default value whi
h is de�ned in ht
ommon/default.

. Following aresome important attributes spe
i�ed in htdig.
onf �le.� DATABASE DIRThis is the dire
tory whi
h 
ontains all database and other intermediate data�les.� START URLThis is the list of URLs that will be used to start a dig when there was noexisting database. Note that multiple URLs 
an be given here.37



� EXCLUDE URLThe urls whi
h 
ontains any of the pattern spe
i�ed with this attribute will notbe retrieved by the gatherer. This is used to ex
lude 
ommon things su
h asan in�nite virtual web-tree whi
h start with 
gi-bin. e.g. ex
lude urls : 
gi-bin.
gi� LIMIT URLS TOThis attribute limits the s
ope of the indexing pro
ess. The value for thisattribute is just a list of string patterns. As long as URLs 
ontain at leastone of the patterns it will be seen as part of the s
ope of the index. e.gLIMIT URLS TO : $fSTART URLg� HTTP PROXYThe URL spe
i�ed in this attribute points to the host and port where the proxyserver resides. e.g. HTTP PROXY : http://202.54.56.146:3128A.4.2 Languages and fonts related 
on�guration �lesThe formats of these �les are taken from the 
on�guration �les of Iterm[7℄. There isa main 
on�guration �le or the spe
i�
ation �le, whose name is spe
s. It is presentin $fCONFIG DIRg/
onfig dire
tory. Besides spe
i�
ation �le, there are other �lewhi
h 
ontains information about ISCII en
oding, fonts, syllable rules of the language,phoneme rules, and wx-keyboard en
oding. These �les are listed in spe
i�
ation �le.These �les are used for the purpose of translation of ISCII 
ode to font 
ode andvi
e-versa.All the �les have a 
ommon format. Blank, newline, and tabs are ignored. Com-ments 
an be present between \/*" and \*/". Every string should be followed by ablank and all the strings ex
ept where spe
i�ed 
an have maximum of 15 
hara
ters.Rest of the string is ignored. % is a delimiter whi
h should be present before startingof ea
h new information. : and \-> are used as delimiters.Various symbols used to explain the format of �les are:� <> indi
ates that the value 
onforming to the des
ription in these bra
kets bespe
i�ed. The value may be in form of string,
hara
ters or de
imal values.� fg means that the value 
an o

ur 0 or more number of times.38



� [ ℄ indi
ates that it is optional.Spe
i�
ation �le formatVarious �les 
ontaining the ISCII 
oding details, fonts, type, syllable rules, phonemerules, and wx-keyword s
heme are spe
i�ed in this �le. All the entries are in form ofstring of 
hara
ters. The maximum number of 
hara
ters present in the font nameand �le 
ould be upto 100. Absolute or relative �lename may be spe
i�ed. If relative�lename is spe
i�ed, then path pre�x from spe
s �le is prepended to the �le name.The absolute �lename begins with n.%<Default Language>%<Language name> : <normal font name> <bold font name> :<file whi
h 
ontains ISCII 
oding detail><file 
ontaining the font details><file whi
h gives the type map><file 
ontaining the syllable rules><file 
ontaining phoneme rules><file 
ontaining the wx-keyword en
oding>%Devanagari%Devanagari :dvng10 dvng10 :is
ii font type rule phonemes morphTable A.5: Syntax - spe
i�
ation �leISCII Coding s
heme �le formatThe 
oding s
heme �le 
ontains 7 and 8 bit details for Indian s
ripts. All the 
har-a
ters in the set are given some des
riptive names. This name is used refer to the
hara
ter in all other �les. For example:Corresponding to ea
h 
hara
ter its equivalent 7-bit and 8-bit 
oding is provided.For ea
h 
hara
ter there 
an be only 8 bit 
ode, while in 7-bit 
oding maximum of 5
odes 
an form one 
hara
ter. 39



Des
riptive Name Chara
ter%Chandrabindu  %Visarg ,%Aa aA%I i%Ka k%Kha KTable A.6: Assigning des
riptive names to 
hara
ters%[<Es
 Chara
ter >℄{%<string des
ription for 
hara
ters> -><8 bit 
oding in de
imal> ->{<7 bit 
oding in form of 
hara
ter>} }%x /? Es
ape Chara
ter (7-bit) ?/%Chandrabindu � > 161 � > A%Visarg � > 163 � > B x%Aa � > 165 � > C k%I � > 166 � > C l%Ka � > 179 � > D%Kha � > 180 � > ETable A.7: Syntax - 
ode �leDe
imal value is to be spe
i�ed for 8 bit, however, 7-bit 
ode are spe
i�ed in formof 
hara
ters.Font map �le formatFont table and font 
hara
ters used for determining the number of 
hara
ters per roware spe
i�ed in font map �le. Also list of 
hara
ters to be moved to the beginning orto the end of the syllable are present in font map �le.Fonts are basi
ally 
ategorized into various user de�ned types. Ea
h 
ategory
ontains several mappings. To 
onvert an ISCII 
ode into font 
ode, font table issear
hed for mat
hing entries. \Conjun
ts" is a reserved keyword and all mappings40



%{ <font 
hara
ters to be moved to the beginning> }%{ <font 
hara
ters to be moved to the end> }%<font 
hara
ter to be 
onsidered as base 
har - for 7 bit 
oding>%<font 
hara
ter to be 
onsidered as base 
har - for 8 bit 
oding>{ %<type name>{ %{<string des
ription for 
hara
ters>} -> { <font 
oding in de
imal>} } }% 69 /? Chara
ters to be moved to the beginning ?/% 13 /? Chara
ters to be moved to the end ?/% 107 /? Base 
hara
ter for 7 bit 
ode ?/% 107 /? Base 
hara
ter for 8 bit 
ode ?/% Conjun
t%Ka Halant Hard-Sha � > 35%Ja Halant Jna � > 43%Vowel% A � > 97% Aa � > 97 65%Consonant% Ka � > 107% Kha � > 75%Half-Consonant% Ka Halant � > 63% Kha Halant � > 72%Matra% Matra-Aa � > 65% Matra-i � > 69%Reph% Ra Halant � > 13Table A.8: Syntax - font �le41



spe
i�ed under 
onjun
t are �rst sear
hed for. The user may edit the present font�le to add more 
onjun
ts. The 
ategories de�ned here are used in listing all the
ombination rules, details of whi
h are present in rules se
tion.Type map �le formatWord written in any Indian s
ript is 
omposed of syllables. Syllables are a sequen
eof 
hara
ters 
ombined a

ording to some rules. The user 
an provide the rules for�nding valid syllables.To spe
ify the rules �rst of all a type map is to be provided. This map 
ategorizedthe 
hara
ter set. For example the set may be 
ategorized into vowels, 
onsonants,matras, et
. A parti
ular 
hara
ter not in
luded in this �le is assigned the defaulttype spe
i�ed by the user. Maximum of 50 di�erent types 
an be present. \Begin"and \End" are reserved keywords and 
annot be used. Refer to Table A.9 for syntaxof type map �le.Syllable rules �le formatThis �le 
ontains the syllable rules whi
h lists the valid syllables. It also 
ontainsthe 
ombination rules, whi
h spe
i�es the mapping between input ISCII 
hara
tersand output font 
odes. The 
ombination rules follow the syllable rules. \Begin" and\End" are reserved keywords and are used to denote the beginning and end of syllableor word.� Syllable rulesNow using the 
ategories in type map �le syllable rules 
an be spe
i�ed. Thereare a number of rules ea
h having some name. User 
an spe
ify all 
ombinationof 
ategories representing valid syllables.Every type indi
ates one 
hara
ter of that type in the 
hara
ter set. If there 
anbe 
ombination of same type, then the type has to be written down requirednumber of times. Some rules are very 
ompli
ated. To spe
ify these rules, thetotal 
ombination spe
ifying a syllable 
an be split in many rules. The user
an spe
ify that a parti
ular rule does not indi
ate a valid syllable but it has to
ombine with some other rules to form a 
omplete syllable. To spe
ify this he42



%<default type>{%<type> -> <string des
ription for 
hara
ter> }%Invalid%A � > Vowel%Aa � > Vowel%I � > Vowel%Ii � > Vowel%Ka � > Consonant%Kha � > Consonant%Ga � > Consonant%Gha � > Consonant%Ra � > Cons-r%Chandrabindu � > Modi�er%Ansuwar � > Modi�er%Visarg � > Modi�er%Matra-Aa � > Matra%Matra-I � > Matra%Matra-U � > Matra%Halant � > HalantTable A.9: Syntax - type map �lestate what all rules 
an follow this rule.For example:R2:Type 
onsonant Type Halant -> R3 R4R3:ENDR4:Type ConsonantIf there are no rules present after -> then it indi
ates that the 
ombinationspresent in that rule signi�es a valid syllable.� Combination RulesThe input string of 
hara
ters are 
ombine in some way to form display sym-bols of 
ertain 
ategory in the font table. These 
an be spe
i�ed in form of
ombination rules. These rules basi
ally states that these 
ombination of 
har-a
ter from various 
ategories (spe
i�ed in type map �le) in the input string willgenerate the font 
odes belonging to 
ertain 
ategories (spe
i�ed in font map�le). This helps in determining the lo
ation in the font table where 
hara
ters43



{%<rule number>: {<types>} -> {<rule number>} }%R0 :Vowel Modi�er � >%R1 :Vowel � >%R2 :Consonant Halant � > R3%R3 :Consonant Halant � > R4%R4 :Consonant Halant � > R5 R6 R7 R8%R5 :End � >%R6 :Consonant Matra Modi�er � >%R7 :Consonant Matra � >%R8 :Consonant Modi�er � >%R9 :Consonant � >Table A.10: Syntax - syllable rules
{%{ <
hara
ter types> } -> {<font 
hara
ter types>}}%Begin Cons-r Halant End � > Half-
ons%Begin Cons-r Halant � > Reph%Halant Cons-r � > Rkar%Consonant Halant End � > Consonant Halant%Consonant Halant � > Half-
ons%Vowel � > Vowel%Modi�er � > Modi�er%Matra � > Matra%Consonant � > Consonant%Numeral � > Numeral%Pun
tuation � > Pun
tuation%Halant � > Halant%Nukta � > NuktaTable A.11: Syntax - 
ombination rules
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of that parti
ular type are present. Also it helps to generate the font 
hara
tersa

ording to the given 
ontext. The string whi
h mat
hes is repla
ed by font
ode. Generation of font 
ode are generally 
ontext sensitive. This requirementof the language is met by spe
ifying the 
ombination rules.Phoneme rule �le formatThis �le 
ontains the pairs of phoneti
ally equivalent 
hara
ters of Indian languagealphabet and an integer value 
alled mat
hing per
entage. In the rules, 
hara
terdes
riptions are en
losed in `[' and `℄'. In order to generate the phoneme equivalentwords, one side of the 
hara
ters are repla
ed by the other side of the 
hara
ters in theoriginal word. Any no of 
hara
ters 
an be spe
i�ed on both of the sides. A

ordingto the requirements of the language, rules 
an be added and deleted by the users, andmat
hing per
entage 
an be 
hanged. The mat
hing per
entage should be an integer.{%{[<string des
ription for 
hara
ters>℄} ->{[<string des
ription for 
hara
ters>℄} ->mat
hing_per
entage }%[MATRA I℄ � > [MATRA II℄ � > 30%[MATRA EY℄ � > [MATRA AI℄ � > 35%[Ka℄ � > [KA℄ [NUKTA℄ � > 50%[Kha℄ � > [KHA℄ [NUKTA℄ � > 50%[CHANDRABUNDU℄ � > [ANUSWAR℄ � > 90Table A.12: Syntax - phoneme rules �leWx-keyboard s
heme �le formatThe wx-keyword s
heme is spe
i�ed by indi
ating the 
orresponden
e between the
hara
ters in Indian s
ripts and 
hara
ters of wx-keyboard en
oding. Morphologi
alanalyzer used in our sear
h engine a

epts input and produ
es output using thisen
oding. Moreover, the sear
h engine does input/output with user in this en
oding.Ea
h keyword entered by the user is 
onverted into ISCII en
oding, using this table.45



{%<string des
ription for 
hara
ters> -> { <wx-keyboard en
oded 
hars> } }%II � > i%U � > u%UU � > U%KA � > k a%KHA � > K a%GA � > g aTable A.13: Syntax - wx-keyboard s
heme �leEa
h group of 
hara
ters on the right hand side of the rule is equivalent to the
hara
ter whose des
ription is spe
i�ed on the left hand side of the rule.
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