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Abstract

In this thesis, a W eb based Searc h Engine for Indian languages is implemen ted. This

soft w are allo ws full-text indexing and searc hing of a database of HTML do cumen ts

written in an y Brahmi-based Indian Language and English. Gatherer, Indexer and

Searc h Pro cessor are the basic comp onen ts of this searc h engine. Gatherer retriev es

HTML do cumen ts and gathers information from the do cumen ts whic h is then used

b y the indexer to create the do cumen t index. The searc h Pro cessor con tains the

logic of do cumen t searc hing based on the searc h query . It is capable of searc hing all

phonetically equiv alen t w ords and di�eren t forms of a k eyw ord of an y Indian language.

Indexing and searc hing of Hindi and English text has b een tested on it.
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Chapter 1

In tro duction

With the rapid gro wth of In ternet, the a v ailabilit y of information b ecomes less of a

problem as large amoun ts of digitally stored information is readily a v ailable on the

In ternet. But this information is so m uc h that it b ecomes increasingly di�cult and

time-consuming for the users to �nd the information relev an t to their needs. This

explosiv e gro wth of information on the In ternet has greatly increased the need for

information retriev al systems. Y aho o, Infoseek, Excite, Alta vista, are some searc h

systems (searc h engines) that o�ers extensiv e co v erage b y trying to index on the

en tire W orld Wide W eb (WWW). Some of these searc h engines (lik e Alta vista) ha v e

m ultilingual searc h capabilities, but it is con�ned to some Europ ean languages. None

of these supp ort Indian languages. Hence w e found the need for a searc h engine

capable of searc hing Indian language do cumen ts.

1.1 Multilingualism on WWW

A wide n um b er of languages are sp ok en b y h uman b eings in the w orld, and most

of the p eople prefer to ha v e information in their o wn language . The WWW, b eing

the largest rep ository of information, should ha v e the information in suc h a w a y so

that maxim um p eople can tak e b ene�t of it. But unfortunately , this information is

not reac hing to the widest of the masses. This is primarily b ecause of the sw eeping

dominance of English and w estern-Europ ean languages on the w eb.

Ho w ev er this situation is b eginning to c hange, b ecause most of the new In ternet
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users will not ha v e English as a mother-tounge, and almost ev ery one w an ts to use

In ternet in his or her nativ e language. W e can predict that, in sev eral y ears, w e

will ha v e a situation similar to the one in publishing regarding the represen tation of

di�eren t languages.

The arriv al of the languages other than English, p oin ts out the need of the supp ort

in In ternet based applications lik e HTML, HTTP serv er, Bro wser, Searc h Engines,

etc. The main hindrance in ac hieving this supp ort on the W eb is p o or standards

and proto cols in terms of m ultilingual text represen tation and rendering. Of late,

this has b een realized and new er standards and proto cols ha v e b een prop osed and

implemen ted. No w HTML has sev eral tags whic h allo w one to sp ecify fon ts and

language attributes of a particular section of text. The new er v ersion(1.1) of HTTP

also has sev eral new tags esp ecially to aid language negotiation and thereb y to ac hiev e

m ultilingualism on W eb. A c haracter co ding sc heme, UNICODE[13], has already

b een designed to supp ort the in terc hange, pro cessing, and displa y of text in man y

languages of the mo dern w orld. Unico de is a large c haracter set that includes most of

the w orld languages. Moreo v er, there are searc h engines that index and searc h text

in man y Europ ean languages other than English.

1.2 Motiv ation

As the In ternet is b ecoming p opular in India, the n um b er of the do cumen ts written in

Indian languages is also increasing da y b y da y . Man y news-pap ers and magazines of

the Indian languages are no w a v ailable on the In ternet. There are searc h engines whic h

pro vide capabilit y of searc hing the do cumen ts of v arious Europ ean languages. The

most p opular searc h engine `Alta vista' can searc h the do cumen ts of man y Europ ean

languages lik e F renc h, German, Greek, etc. But there is no suc h searc hing facilit y

exists for an y of the Indian language. The motiv ation of this thesis w as to dev elop

a searc h engine whic h could index and searc h the do cumen ts of Indian languages

a v ailable on the In ternet. Though, w e ha v e pro vided the searc h engine for Hindi

Language, the same design can b e applied to searc h the do cumen ts of an y other

Brahmi-based Indian language.
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1.3 Organization of Thesis

Rest of the thesis is organized as follo ws. Chapter 2 in tro duces the terms and concepts

of the searc h engines and the Indian Languages . Chapter 3 discusses the design and

implemen tation details of di�eren t parts of our searc h engine. Results of testing,

F eatures of the soft w are, and future w ork are discussed in c hapter 4. User man ual of

the searc h engine is pro vided in the app endix.
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Chapter 2

Bac kground

2.1 Searc h Engines

A Searc h Engine is a program (CGI, serv er mo dule or separate serv er) that accepts

the request from the HTML form, searc hes the indexed database and returns the

result page to the user. In this thesis, an attempt has b een made, to dev elop a

Searc h Engine for Indian languages whic h pro vides the capabilit y of indexing and

searc hing of the text written in an y of the Indian language as w ell as in English. In

order to fully comprehend the capabilities of suc h a searc h engine, it is essen tial, to

understand the basic functionalit y of the searc h engines and computer represen tation

of Indian languages. This c hapter pro vides the bac kground whic h will b e useful later

when w e discuss the design of our searc h engine. F or rest of the discussion Hindi

is c hosen, b ecause all the Indian languages originating from Brahmi ha v e a common

structure, hence all argumen ts for Hindi are also applicable to other Brahmi-based

Indian languages[4].

2.1.1 T yp es of Searc h Engines

The increasing sophistication of searc h engines mak es the categorization of searc h

engines problematic. But the searc h engines can b e divided in to four categories based

on the original t yp e of services o�ered b y them [1].
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F ull-T ext Searc h Engines

F ull-text searc h engines (also kno wn as free-text searc h engines) analyze the con ten ts

of the do cumen ts in suc h a w a y as to allo w users to searc h for an y string of text

they wish to �nd. A go o d full-text searc h engine will incorp orate some form of

relev ance w eigh ting mec hanism, so that items that ha v e a higher lev el of relev ance

are displa y ed �rst. The relev ance can b e based on the factors suc h as the n um b er

of times the searc h w ord o ccurs in the test, the p osition of the searc h w ord in the

do cumen ts, etc. Alta vista and Lycos are full-text searc h engines.

Catalogue-based Searc h Engines

Catalogue-based searc h engines (also kno wn as index searc h engines) use some form

of classi�cation system. This system classi�es the do cumen ts in di�eren t categories.

These categories could b e lik e en tertainmen t, In ternet, medicine, coun try , etc. E�-

ciency of searc hing in catalogue-based searc h engines dep ends on the w a y in whic h the

items are categorized. The n um b er of categories at eac h lev el determine the n um b er

of lev els that need to b e tra v ersed. Man y catalogue-based searc h engines also o�er

full-text searc hing of �les. Y aho o is a go o d example of this category .

Meta-Searc h Engines

Meta-searc h engines (also kno wn as m ulti-searc h engines) allo w users to searc h for

the same k eyw ords using more than one searc h engine, either sequen tially or sim ul-

taneously . MetaCra wler and Find it! comes in this category .

Sp ecialist Searc h Engine

The searc h engines that are sp eci�cally designed to pro vide resp onses relev an t to

sp eci�c areas of kno wledge, comes in this category . This do esn't include those searc h

engines run b y individual companies. It restrict itself to a few examples of wide

ranging database searc h to ols that co v er the needs of particular user comm unities.

The example of this category is In teractiv e Mo vie Database Searc h(IMDb).
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2.1.2 P arts of a Searc h Engine

The searc h engines ha v e three ma jor elemen ts [2].

1. Gatherer

2. Indexer, and

3. Searc h Pro cessor

Gatherer

A searc h engine �nds information for its database b y accepting listing sen t in b y

authors w an ting exp osure or b y getting the information from their gatherer. It is also

called the \w eb cra wler",\spider" or \rob ots". These are the programs that roam the

In ternet and store links and information ab out eac h page they visit. These agen ts

normally start with a historical list of links, suc h as list of most p opular or b est sites,

and follo w the links on these pages to �nd more links to add to the database. A W eb

Cra wler could send bac k just the title and URL of eac h page, it visits, or just parse

some HTML tags, or it could send bac k the en tire text of eac h page.

Indexer

Ev erything the spider �nds go es in to the second part of a searc h engine, the index.

The index, sometimes called the catalogue, is prepared b y the program called indexer.

The index is lik e a gian t b o ok con taining a cop y of ev ery w eb page that the spider

�nds. If a w eb page c hanges, then this b o ok is up dated with new information. The

purp ose of indexing is to pro cess the do cumen ts to b e searc hed and to extract appro-

priate information. This information is stored in a data structure that will allo w fast

searc hing of the text. During Indexing, the searc h engine pro cesses do cumen ts in a

n um b er of steps, including w ord extraction, stop w ord remo v al, w ord stemming and

term w eigh t calculation.

� W ord Extraction

F or indexing purp oses, it is necessary to con v ert the do cumen t text from a long

stream of c haracters in to a stream of w ords. This pro cess is often called wor d
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br e aking , wor d se gmentation , or lexic al analysis . According to the language of

the do cumen t text, the indexer uses a di�eren t algorithm to extract w ords from

the text.

� Stop W ord Remo v al

In some languages suc h as English, functional w ords ( e.g. \the", \a", \and",

\that") are useless for indexing purp oses. Similarly there are man y w ords (lik e

vh , m { \ , vo , y � etc.) o ccurring in Hindi as w ell. These w ords o ccur in almost

ev ery do cumen t of the language, and therefore do not help in distinguishing

b et w een do cumen ts that are ab out di�eren t topics. F or this reason, these func-

tional w ords are remo v ed and are not indexed. The pro cess of remo ving these

functional w ords is called stop w ords remo v al, and the functional w ords b eing

remo v ed are called stop w ords.

� W ord Stemming

In man y languages, including Hindi and English, a w ord ma y exist in a n um b er

of morphological v arian ts. F or example, the English w ord \compute" ma y also

exists in its other morphological v arian ts suc h as \computing", \computed",

\computer" or \computers". Similarly the Hindi w ord lwkA ma y also exists

in other morphological v arian ts suc h as lwk � , lwko \ etc. While these mor-

phological v arian ts are di�eren t w ord forms, they represen t the same concept.

F or indexing purp oses, it is generally desirable to com bine these morphological

v arian ts of the same w ord in to one canonical form .This pro cess is called w ord

stemming and this canonical form is called r o ot-wor d or b ase-wor d . Without

stemming, do cumen t con taining w ord lwk � ma y not b e returned for the query

lwko \ since the indexer treats the w ord lwk � and lwko \ as t w o di�eren t w ords.

� T erm W eigh t Calculation

When giv en a searc h query con taining k eyw ords, an y searc h engine will return

the do cumen ts con taining those k eyw ords. This simple retriev al algorithm is

ine�ectiv e esp ecially when some of the query k eyw ords are v ery common, in

whic h case a large n um b er of do cumen ts will b e returned, most of whic h are

not ev en relev an t to the query submitted. F or adv ance searc h engines, eac h

do cumen t will b e asso ciated with a score indicating the relev ance of the do cu-

men t to the query . In this w a y , the do cumen ts are rank ed or sorted based on

the score so that do cumen ts ha ving highest scores (most relev an t) are displa y ed

�rst. In order to calculate the relev ance score, eac h do cumen t term or k eyw ord
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m ust b e w eigh ted during indexing to indicate its imp ortance within the do cu-

men t. Keyw ords are w eigh ted based on a n um b er of factors, suc h as the n um b er

of times the k eyw ord app ears in the do cumen t, the p osition of the k eyw ord in

the do cumen t, whether the k eyw ord app ears within the do cumen t title or in

meta-k eyw ord tag or in some heading tag.

Searc h Pro cessor

Searc h pro cessor is the third part of a searc h engine. This is the program that sifts

through the millions of pages recorded in the index to �nd matc hes to a searc h and

rank them in order of what it b eliev es is most relev an t. This searc h pro cessor could b e

a CGI program, searc h serv er, or a Ja v a servlet. The in terface of this program is an

HTML form. When the form is submitted, the searc h pro cessor tak es its v alues and

p erforms the actual searc h. Eac h searc h engine has their o wn w a y of deciding what to

do ab out appro ximate sp ellings, plural v ariations, and truncations. The user's input

go es through the follo wing steps b efore searc hing in the database, dep ending on the

implemen tation of the searc h logic of the searc h pro cessor.

� Query Pro cessing

The �rst task of the searc h pro cessor is to extract the k eyw ords from the in-

put giv en b y the user. If the searc h engine supp orts b o olean commands (lik e

AND, OR, NOT), the input could b e a complex b o olean expression of the k ey-

w ords. The query pro cessing routine parses the b o olean expression and extract

the k eyw ords from it. After searc hing eac h k eyw ord, the results are com bined

according to the b o olean expression giv en in the query and displa y ed to the

user.

� Stop W ord Remo v al

Searc h engines ma y remo v e the stop w ords from the query and searc h rest of

the k eyw ords, b ecause this sp eeds the searc h.

� Searc hing Algorithms

Eac h searc h engine uses its o wn logic for searc hing di�eren t forms of a w ord.

Some searc h engines use fuzzy logic to generate all forms of a k eyw ord and

then searc h these in the database. Some engines use thesaurus to generate the

8



synon yms of the k eyw ords and searc h those in the database. A go o d searc h

engine ma y tolerate some phoneme errors.

2.1.3 Other Issues

F ollo wing are some of the issues whic h are imp ortan t in determining the qualit y of

searc h engines:

Recall and Precision

The success of a information retriev al system is t ypically quan ti�ed in terms of r e c al l

and pr e cision . Recall refers completeness. This is the degree in whic h a searc h engine

returns all the matc hing do cumen ts in a collection . When w e obtain a large n um b er

of \hits" from a searc h, this is kno wn as high recall. Precision refers to the system's

abilit y to �nd only the relev an t do cumen ts. High precision means that the retriev ed

do cumen ts are highly relev an t to the sub ject of the query [3]. F ollo wing example will

clear the idea of Recall and precision.

There ma y b e 100 matc hing do cumen ts for a query , but a searc h engine ma y only

�nd 80 of them. it w ould then list these 80 and ha v e a recall of 80% . Similarly if

a searc h engine lists 80 do cumen ts found to matc h a query but only 20 of them are

relev an t to the user, then the precision w ould b e 25%.

It ma y b e noted that the recall and precision measured dep end on a prior kno wl-

edge of what is relev an t in the collection.

Searc h Result Ranking and Listing

Searc h engines assign eac h do cumen t, they �nd, some measure of the qualit y of matc h

. This measure is called relev ance score. In order to calculate the relev ance score,

they follo w a set of rules, in v olving the lo cation and the frequency of k eyw ords on a

w eb page. Searc h engines will c hec k to see if the k eyw ord app ears in the title, if it

app ears at the b eginning of the do cumen t or it app ears in the heading . F requency of

a w ord in the do cumen t is the ma jor factor through whic h searc h engine determines

relev ancy . Do cumen ts with a higher frequency of a w ord are often considered more

relev an t than other do cumen ts [2].
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2.2 Indian Languages and Co ding Standards

India is a m ultilingual coun try ha ving 15 o�cially recognized languages, written in

v arious scripts. These existing scripts are deriv ativ e of ancien t Brahmi and P erso-

Arabic scripts. Urdu, Sindhi, Kashmiri are primarily written in P erso-Arabic scripts.

All other Indian languages ha v e ev olv ed from the ancien t Brahmi-script .The Northern

scripts are Dev anagri, Punjabi, Gujarati, Oriy a, Bengali, and Assamese, while the

Southern scripts are T elugu, Kannada, Mala y alam, and T amil . Di�eren t standards

ha v e b een en visaged for languages whic h originate from P erso-Arabic scripts, and for

languages whic h originates from Brahmi scripts. The standards for Brahmi-based

Indian scripts are review ed b elo w [3] .

2.2.1 Nature of Indian Languages Alphab et

All Brahmi-based Indian scripts are phonetic in nature. The alphab et in eac h ma y

v ary somewhat, but they share a common phonetic structure. The di�erence b et w een

scripts primarily are in their written forms, where di�eren t com bination rules get used.

Hence all argumen ts for Dev anagari are also applicable to other Brahmi-based Indian

scripts. Also for simplicit y , elsewhere, the term Indian scripts implies Brahmi-based

Indian scripts [4].

Dev anagari c haracter set can b e categorized in to v o w els, consonan ts, matras, mo d-

i�ers, n umerals, punctuation and some sp ecial sym b ol lik e halan t and n ukta .

� The Consonan ts, V o w els and Matras

Indian script consonan ts ha v e an implicit a v o w el included in them. they

ha v e b een categorized according to their phonetic prop erties. There are 5 V arg

(groups) and non-V arg consonan ts. Eac h V arg con tains 5 consonan ts the last

of whic h is a nasal one. The �rst four consonan ts of eac h V arg constitute the

Primary and Secondary pair. The second consonan t of eac h pair is the aspirated

coun terpart (has additional h sound) of the �rst one. T able 2.1 and 2.2 sho ws

the sets of V o w els and consonan ts used in Dev anagari script.

Note that the consonan ts f and q are pronounced iden tically to da y . Eac h v o w el

except a has a corresp onding matra whic h can b e attac hed to a consonan t to

form comp osite c haracters.
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Primary Secondary

v arg1 k K g G R

v arg2 c C j J �

v arg3 V W X Y Z

v arg4 t T d D n

v arg5 p P b B m

non-v arg y r l v f q s

T able 2.1: Consonan ts of Dev anagari

V o w els a aA i I u U �

Matra A E F � � �

V o w els e e � ao aO a \ a,

Matra � { o O \ ,

T able 2.2: V o w els of Dev anagari

The v o w els e � and aO are actually diph thongs (i.e. a comp ound v o w el c harac-

ter, in whic h the articulation b egins as for one v o w el and mo v es on to another)

although in Hindi they get pronounced as longer v o w el form of e and ao re-

sp ectiv ely .

� An usw ar

An usw ar indicates a nasal consonan t sound. When an An usw ar comes b efore a

consonan t b elonging to an y of the 5 V args, then it represen ts the nasal consonan t

b elonging to the V arg (see T able 2.3). Before a non-V arg consonan t ho w ev er

the an usw ar represen ts di�eren t nasal sound.

� Chandrabindu

This denotes nasalization of the preceding v o w el (can b e implicit a v o w el

within a consonan t). e.g.
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aR

^

k = a \k pR

^

K = p \K gR

^

gA = g \gA sR

^

G = s \G

m�c = m \c p�CF = p \CF p�jA = p \jA sA�J = sA \J

G�VA = G \VA k�W = k \W J�XA = J \XA Y

�

�x = Y

�

\x

s�t = s \t p�T = p \T b�d = b \d g�D = g \D

cMpA = c \pA g

�

MP = g

�

\P KMbA = K \bA -tMB = -t \B

T able 2.3: Some examples

a  k , pA  c , h{  , m {  .

In dev anagari script it often get substituted with An usw ar, as latter

is more con v enien t for writing.

� Visarg ( , ) comes after a v o w el sound and represen ts a sound similar to h .

� Nukta and Halan t The n ukta ( . ) is used along with some consonan ts (lik e

* , � , � , ) , w , x , ' ) and is mostly used to represen t some foreign sound.

A sp ecial sign Halan t ( ) is needed to indicate that the consonan t do es not ha v e

the implicit a v o w el in it.

� All punctuation marks used in Indian scripts are b orro w ed from English

except for the full-stop, instead of whic h viram is used.

2.2.2 ISCI I standard

Since the 70s, di�eren t committees of the Departmen t of O�cial Languages and the

DOE (Departmen t of Electronics) ha v e b een ev olving di�eren t co de and k eyb oard,

whic h could cater to all the Indian scripts due to their common phonetic structure.

In 1980s the ISCI I co de (Indian Script Co de for Information In terc hange) w as rec-

ommended, and it is widely used for in ternal represen tation of Indian scripts.

� ISCI I c haracter set

ISCI I c haracter set [4] is a sup er-set of all the c haracters required in ten Brahmi-

based Indian scripts. F or con v enience, the alphab et of the o�cial Dev anagari
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has b een used in the standard. The ISCI I co de con tains only the basic alphab et

required b y the Indian scripts, and all the comp osite c haracters are formed b y

the com bination of these basic c haracters.

ISCI I co de has the adv an tage that there is only one w a y of t yping a w ord. The

sp elling of a w ord is the phonetic order of the constituen t basic c haracters. This

pro vides a unique sp elling for eac h w ord, whic h is not a�ected b y the displa y

rendition.

� Eigh t-bit ISCI I co de

In this section ISSCI I-8 [4] (Indian Script Standard Co de for Information in ter-

c hange) as standardized b y DOE in 1986, is review ed. The lo w er 128 c haracters

of the 8-bit table con tain the ASCI I c haracter set, while upp er half of the table

is used for Indian script co de. This co ding sc heme allo ws Roman c haracters to

b e freely mixed with Indian scripts.

� Sev en-bit ISCI I co de

Sev en-bit co ding sc heme is recommended for those computers and pac k ages

whic h do not allo w the use of 8-bit co des. In 7-bit co ding 128 p ositions are

a v ailable for represen ting all the c haracters of the script. This co ding has the

disadv an tage that Roman scripts cannot b e mixed with Indian scripts.

2.2.3 Other Standard

Another p opular represen tation, published b y NCST (National Cen tre for Soft w are

T ec hnology), is pure consonan t based co ding. In this represen tation the consonan ts

are alw a ys in their pure form i.e. with halan t. V o w els when added to consonan ts

results in the corresp onding matra sym b ol on the consonan t. The co ding table is 7-

bit table where some of the ASCI I co des are replaced b y the Indian script c haracters.

This co ding facilitates automatic alphab etization in p erfect order of Dev anagari. Also

it do es not disturb basic ASCI I co des of most of the signs whic h are common in

Dev anagari and Latin.

13



2.2.4 Wh y ISCI I ?

F or the implemen tation of our searc h engine for Indian languages , w e are using

eigh t-bit ISCI I enco ding b ecause of the follo wing reasons :

1. ISCI I has b een designed as p er ISO norms and has found acceptance in Unico de[13 ].

2. ISCI I co des allo w a complete delinking of the co des from the displa y ed fon ts[4].

3. The eigh t-bit ISCI I co de retains the standard ASCI I co de. This mak es it

feasible to use Indian script along with existing Engilsh computers and soft w are,

so long as 8-bit c haracter co des are allo w ed [4].

2.3 Morphological Analyzer

Since w e are using a morphological analyzer in our searc h engine, it is necessary to

ha v e a brief lo ok at it. Morphology is concerned with the in ternal mak e-up of w ords.

Morphological analyzer analyzes w ords grammatically . It determines class (i.e noun,

adjectiv e, v erb etc. ) of the w ords and extract the ro ot w ords.

Morphological theory can b e divided in to t w o categories: in
ectional morphology

and deriv ational morphology .

� In
ectional morphology is concerned with the manner in whic h the lexical

stem( ro ot w ord or base w ord) is com bined with grammatical mark ers (lik e ,

, , etc in hindi and s, es, etc. in english) for things lik e pluralit y and tense.

e.g. w ords lwk � and lwko \ are made from the ro ot w ord lwkA b y com bin-

ing matras and resp ectiv ely . Morphological Analyzers whic h supp ort in-


ectional morphology giv es the ro ot w ord of the input w ord b y remo ving an y

grammatical mark ers if presen t. F or example, if w ord nEdyA  is giv en as input

to suc h a morphological analyzer, then it will return the ro ot w ord ndF .

� Where in
ectional morphology is concerned with the com bination of stems with

grammatical mark ers, deriv ational morphology deals the construction of

stem themselv es. T ypical cases of deriv ational morphology in v olv es the class

c hanging su�xes whic h form adjectiv es from nouns, v erb from nouns, noun from

v erbs and so on, as the follo wing examples illustrate.
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m

�

K 
 (noun) | > m

�

K 
tA (adjectiv e)

d

�

D (noun) | > d

�

DvAlA (adjectiv e)

Dm 
 (noun) | > DAEm 
k (adjectiv e)

T able 2.4: Examples of deriv ational morphology

The resulting lexical stem are again sub ject to appropriate in
ectional morphol-

ogy , so w e get form suc h as d

�

DvAl � from d

�

DvAlA .

The morphological analyzer[8 ], w e are using in our searc h engine, supp orts

only in
ectional form of morphology .
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Chapter 3

Design and Implemen tation

This c hapter discusses the design and implemen tation of our searc h engine for Indian

languages. In the implemen tation of our searc h engine, w e are using the Gatherer

of an existing searc h engine h tdig [6 ]. Moreo v er, some other libraries lik e basic data

structure library , Common Gatew a y In terface library , and user in terface library of

the h tdig are also b eing used in our searc h engine. These libraries are not discussed

here. Instead the main stress is laid on the implemen tation of the features whic h are

imp ortan t for the searc h engines, in the con text of Indian languages.

3.1 Design Issues

In designing information retriev al engines it is v ery imp ortan t to consider the h uman

factors - ho w p eople searc h, ho w they mak e decisions. Normally , users sp ecify some

k eyw ords of a sub ject for searc hing the do cumen ts. Sometimes they w an t to restrict

the searc h criteria b y sp ecifying some b o olean op erators (lik e AND, NOT etc.) with

the k eyw ords and sometimes they w an t more n um b er of matc hes. F eatures of the

language for whic h the searc h engine is b eing made, also pla ys a ma jor role in searc h

engine design. F ollo wing are some Indian languages sp eci�c features whic h should b e

presen t in a searc h engine of an y Indian language :

� Di�eren t forms of the w ords

Almost in ev ery language, grammatical mark ers (lik e s, es, ing, etc. in English

and , , in Hindi) are used with a w ord stem (or ro ot w ord) and new w ords
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are made. These new w ords, called morphological v arian ts of the stem, presen t

the same concept but just di�er in tense, pluralit y etc. F or example lwk � ,

lwko \ are morphological v arian t of ro ot w ord lwkA .

It ma y b e p ossible that the do cumen t con tains a ro ot w ord, sa y lwkA and the

user giv es an y morphological v arian t of that ro ot w ord, sa y lwk � for searc hing.

The searc h engine should b e able to handle suc h conditions and should giv e the

matc hes of all the morphological v arian ts of the w ord.

� Phonetic T olerance

As w e sa w in section 2.2, Indian languages alphab et con tains man y c haracters

( , , etc.) whic h giv e same sound i.e they are phonetically equiv alen t.

These c haracters are used in terc hangeably in man y mo dern Indian languages.

e.g. J \XA , J�XA , J�XA and J  XA are phonetically equiv alen t w ords. Section 2.2

has pro vided the detailed description of all c haracters whic h are phonetically

equiv alen t.

User ma y use an y phonetically equiv alen t w ord of a k eyw ord for the searc hing.

So the searc h engine should b e able to supp ort some form of phonetic tolerance.

If the user giv es w ord J�XA for searc hing, then the searc h engine should giv e

matc hes for all its phoneme equiv alen t w ords J \XA , J�XA , J  XA .

� F on t Indep endence

Due to lac k of standardization in displa y tec hnologies, Indian language do cu-

men ts on the W eb are b eing written in di�eren t fon ts. Eac h w eb author uses

their o wn fon t enco ding in the HTML do cumen ts. There is no univ ersally ac-

cepted fon t or displa y enco ding. Therefore a searc h engine for Indian languages

should b e able to incorp orate di�eren t fon t enco dings. It should b e indep enden t

of the fon t enco ding used in the do cumen ts.

� Bo olean op erators

User ma y w an t to searc h more than one k eyw ord at a time. He ma y w an t

to com bine the k eyw ords according to some b o olean expression, to restrict or

generalize the searc h. Therefore a go o d searc h engine should allo w the use of

b o olean op erators( lik e AND, OR, NOT, etc.)

� User Con trollable searc h

Sometimes p eople ma y w an t the matc h on all the phoneme equiv alen ts of a
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k eyw ord and sometimes they ma y w an t an exact matc h. A go o d searc h engine

should pro vide the facilit y to con trol the searc hing criteria to the searc h engine

user.

3.2 General Design of our Searc h Engine

Our searc h engine is primarily designed to index and searc h Indian language do cu-

men ts a v ailable on the W eb. Ho w ev er, it can index and searc h English do cumen ts

sim ultaneously . Its design is language indep enden t. Only one mo dule is language

sp eci�c, and that is the morphological analyzer. W e are using a morphological an-

alyzer of Hindi language in the implemen tation. This Hindi morphological analyzer

can easily b e replaced b y the morphological analyzer of an y other Indian language.

With this replacemen t, our searc h engine can w ork for an y other Indian language.

A t the top lev el, our searc h engine can b e divided in to three parts : gatherer,

indexer, and searc h pro cessor. Gatherer collects the do cumen ts from the W eb and

passes them to the indexer. The main task of the indexer is to build an index of

the do cumen ts submitted b y the gatherer. During indexing, indexer parses HTML

do cumen ts, collects information ab out eac h w ord in the do cumen t, generates ro ot

w ords, remo v es stop w ords, and at last builds index on the k eyw ords and its ro ot

w ords (if an y) using the collected information. This index is used b y the searc h

pro cessor for the searc hing of the do cumen ts.

The detail design is sho wn in �gure 3.1. W e no w discuss eac h part in detail.

3.3 Gatherer

Gatherer w orks as a regular W eb user, sends HTTP request to the remote serv er

for collecting the do cumen ts. It starts its journey of the W eb from the starting urls

sp eci�ed in the con�guration �le of h tdig . It follo ws all h yp er links that it comes

across. Since w e are using the gatherer of h tdig in our searc h engine, w e are not

discussing it an ymore.
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       PHONETIC
       TOLERENCE

    ROUTINE

     

QUERY PROCESSOR

    HTML PARSER

   STOP  WORD

  REMOVAL

  ROUTINE

MORPHOLOGICAL               
     ANALYZER

  SEARCHING

MORPHOLOGICAL               
     ANALYZER

   STOP  WORD
  REMOVAL

  ROUTINE
  INDEXING

    DISK

INDEXING STRUCTURE

      SCORE
CALCULATION

RESULTS

 URLs from configuration
file

 QUERY BY USER

TO THE USER

INDEXER

SEARCH 
PROCESSOR

 

Keywords

search
results

    GATHERER

Figure 3.1: The Design of our Searc h engine
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3.4 Indexer

Ev erything the gatherer �nds go es in to the indexer. Indexer of our searc h engine

w orks in t w o phases. First phase runs with the gatherer. It tak es do cumen ts from

the gatherer, parses those do cumen ts, and collects the information ab out eac h w ord

of the do cumen t. Ro ot w ord generation and stop w ord remo v al are also p erformed in

the �rst phase. The information collected in the �rst phase is stored lo cally for the

use of second phase. The �rst phase creates t w o �les. The �rst one is the list of all

w ords and the second one is database of URLs. The main task of the second phase

of the indexer is to build the indexing structure.

3.4.1 Do cumen t P arsing and W eigh t calculation

Do cumen t parsing in v olv es the separation of text from the HTML tags. T ext of Hindi

and English languages is also separated b y the parser.

W ords o ccur with di�eren t HTML tags in the HTML do cumen ts. W e are assuming

that the w ords coming in headings, title, and k eyw ord tag represen t the sub ject of the

do cumen t. So the w ords o ccurring with these tags are assigned a higher w eigh ting

factor. In this w a y , the w eigh ting factor tells ab out the HTML tag in whic h the w ord

has o ccurred. After determining the w eigh ting factor the next task is to determine the

language of the w ord. In this pro cess, program c hec ks the parameters of the < F ONT

F A CE > tag. If w ord is surrounded b y a < F ONT F A CE > tag with fon t name as some

Hindi fon t (`xdvng' in our case), then it means the w ord b elongs to Hindi language

otherwise some other language. If the w ord b elongs to Hindi, it is con v erted in to

ISCI I enco ding.

No w the w eigh t of the w ord is calculated using follo wing form ula :

w eig ht = (1000 � l ocation ) � w eig hting f actor

where l ocation = of f set � 1000 =content l entg th , and

weighting factor is w eigh t of the tag in whic h the w ord is coming,

c ontent length is the size of the do cumen t and

o�set is the o�set of that w ord in the do cumen t.

The sum of the w eigh t of eac h o ccurrence of the w ord giv es the w eigh t of the w ord

in that particular do cumen t. W eigh t, do cumen t id, and w ord frequency are the �elds

of the data record whic h ha v e to b e stored in database with the w ord as indexing k ey .
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This w ord is passed to the morphological analyzer for further pro cessing.

3.4.2 Morphological Analyzer

The primary task of morphological analyzer is to return the ro ot w ord of a giv en

input w ord. This is necessary to searc h the di�eren t forms of a w ord. F or example, if

the w ord lwk � app ears in the do cumen t then its ro ot w ord lwkA and original w ord

lwk � will b e stored in the database. No w, if user giv es w ord lwko \ for searc hing,

then its ro ot w ord lwkA will also b e searc hed in the index, whic h is already a v ailable

in the database. In this fashion, di�eren t forms of the w ords are supp orted b y the

searc h engine.

After generation of the ro ot w ord from the giv en input w ord, the stop w ord list

is c hec k ed for these w ords. If an y of the w ords exist in the stop w ord list, b oth these

w ords (ro ot w ord and original w ord) are not included in the database, and the next

w ord is extracted from the do cumen t. The morphological analyzer used in our searc h

engine do es input/output in wx-k eyb oard sc heme (see App endix), therefore eac h w ord

is con v erted from ISCI I to wx-k eyb oard sc heme b efore passing to morphological ana-

lyzer, and returned ro ot w ord is con v erted bac k in to ISCI I from wx-k eyb oard sc heme.

The �rst phase ends with the creation of t w o in termediate �les. The �rst �le

stores the list of all w ords and second �le stores the database of URLs.

3.4.3 Indexing Data Structure

The second phase of the indexer creates a URL database and w ord database from the

in termediate �les that w ere created in the �rst phase. This w ord database is accessed

via an index of the k eyw ords. The index �le is organized as a v arian t of basic tries[9]

referred as compressed tries[5].

A basic trie is an m-ary tree (m is the size of alphab et set) in whic h the ro ot no de

p oin ts to another no de for eac h of the p ossible alphab ets a w ord ma y ha v e. Eac h of

these no des, lik ewise, con tain a p oin ter to a no de for eac h p ossible second alphab et

and so forth. The basic trie is space ine�cien t, therefore w e are using compressed

tries, whic h is discussed b elo w.
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Compressed T ries

The storage mo del of the w ord database is dev elop ed in t w o lev els. A t the topmost

lev el w e ha v e indexing structure of compressed trie and at the lo w er lev el w e ha v e the

database whic h con tains record for eac h w ord (see �gure 3.2). Searc h pro cessor �rst

need to tra v erse the indexing structure to �nd the required record in the database.

        Indexing Structure of trie

     Word Database which contains data record

Figure 3.2: Organization of W ord Database

W e are using a t w o lev el structure at eac h branc hing lev el in the indexing structure.

The �rst lev el is kno wn as a LEVEL A NODE and leads to a LINKED LIST of

LEVEL B NODES at the second lev el. A t the leaf lev el w e ha v e D A T A RECORD

stored in the w ord database. One other structure SKIP ARRA YS also exists in the

database.

The A lev el no de is essen tially an arra y of elemen ts, whic h corresp ond to c haracter

ranges. These arra y elemen ts con tain p oin ter p oin ters to link ed lists of lev el B no des.

Searc h through a lev el A no de o ccurs b y mapping the curren t c haracter to one of the

elemen ts in the lev el A no de and follo wing the p oin ter in it to the corresp onding link ed

list of lev el B no des. Figure 3.3 illustrate a lev el A no de, whic h has six elemen ts and

has the c haracter ranges as sho wn. Choice of the c haracter range and the n um b er of

elemen ts in the lev el A no de dep ends on the application. Distribution of the c haracter

ranges should b e done suc h that the link ed lists of lev el B no des ha v e appro ximately

equal length once the record ha v e b een inserted. This will ensure that the di�erence

of maxim um and minim um searc h time is not high. Figure 3.4 sho ws the structure

of lev el A no de in our implemen tation. In the �gure c haracter ranges are written in

the form of 8-bit ISCI I co de.

The B lev el no de is the no de that distinguishes the path for one attribute from

another in the same range of the A lev el no de. These no des are created on demand
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and main tained as lexicographically ordered link ed lists. Lev el B no des lead to other

A lev el no des or to Data records.

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 Nodes

Figure 3.3: Generalized View of the Data Structure In v olv ed in the T ries

0-127          128-179      180-195      196-207      208-214      215-255

Figure 3.4: Character range distribution in A lev el No de of our implemen tation

Skip arra ys are structures that are b eing used to minimize the space utilization b y

LEVEL A and LEVEL B no des (�gure 3.5). The common part of the k ey is k ept in

a skip arra y , whic h o ccup y m uc h lesser space as compared to the Lev el A and Lev el

B no des. F or example, if a database con tains only t w o records with the indexing

k ey b eginning with `M' and the k eys are Mario and Mariah, then it is eviden t that

the path for b oth the records is decided b y the last letter in Mario i.e. `o' and b y

the second last in Mariah i.e. `a'. It w ould b e un wise to ha v e the t w o lev el no de

structure for the letters `a', `r', and `i'. Th us, the substring \ari"is k ept in a Skip

arra y structure.
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   i

 a Skip ArrayLinked List of B level

Nodes

 o  a

record with key Mariah             record with key MarioData 
Blocks

   L  M

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

A Level Node 

Figure 3.5: Compressed T ries with skip arra y

Wh y T ries?

F ollo wing are some reasons for the selection of compressed trie.

� T rie is most suitable for retrieving all the w ords whic h ha v e common pre�x.

� T o retriev e a data record, the n um b er of comparisons do es not dep end on the

n um b er of k eys indexed. Instead it dep ends on the length of the k ey .

� An insertion in to tries is lo calized and do es not propagate to higher lev els in the

indexing structure. Insertion only causes the expansion of the trie structure.

3.5 Searc h Pro cessor

Searc h pro cessor is the actual searc h engine of the searc h system. Here it is imple-

men tation as a CGI program whic h is exp ected to b e in v ok ed b y an HTML form. It
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will accept b oth GET and POST metho ds[17] of passing data to the CGI program.

HTML form is the primary in terface of the searc h pro cessor. When the form is

submitted, the searc h program will tak e v alues from the form and p erform the actual

searc h in the indexing structure. The HTML form con tains an input text �eld where

user will en ter the searc h w ords. This form has some other option for con trolling the

searc h criteria and for formatting of the results. The Searc hing pro cess is divided in to

the follo wing four mo dules, whic h execute in the giv en sequence.

3.5.1 Query Pro cessor

Searc h pro cessor gets a list of w ords from the HTML form that in v ok ed it. Query

pro cessor tak es this list and if the searc hing program w as in v ok ed with the b o olean

expression parsing enable, then it do es syn tax c hec k on that list. If there are syn tax

errors, it displa ys the syn tax error. If the b o olean parser w as not enabled, the list

of w ords is con v erted in to a b o olean expression b y putting either "and"s or "or"s

b et w een the w ords. This dep ends on the searc h t yp e sp eci�ed b y the user.

In b oth cases eac h of the w ords in the list is con v erted in to ISCI I enco ding, if it

b elongs to the Hindi language. The language of the w ords is sp eci�ed in the HTML

form b y the user. No w, the query pro cessor passes eac h of these w ords to the phonetic

tolerance routine.

3.5.2 Phonetic T olerance Routines

The phonetic tolerance routine expand the list of w ords b y generating their phoneme

equiv alen t w ords. If the user sp eci�ed `the exact matc h' searc h criteria then no

additions are made b y this routine. This routine is divided in to t w o parts. First part

in v olv es the generation of the new w ords in whic h only the nasalized c haracters ( ,

, , etc. see T able 2.3) are replaced b y their phoneme equiv alen t c haracters. The

second part uses phoneme rules sp eci�ed in the phoneme rules �le. This �le con tains

the pairs of other phonetically equiv alen t c haracters of Indian language alphab et, and

an in teger v alue called matc hing p ercen tage. F or example,

[GA] - > [GA] [NUKT A] - > 70

indicates that if g o ccurs in a w ord then generate a new w ord in whic h g will b e

replaced with � . And if this new w ord is later found in the index, its �nal w eigh t
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will b e 70% of the w eigh t v alue stored in the data record. This �le can b e c hanged

according to the requiremen ts of v arious Indian languages.

3.5.3 Morphological Analyzer

The w ords generated in the last step are passed to the morphological analyzer for

generation of the ro ot w ords. Since, among all the phoneme equiv alen t w ords, only

one w ord is grammatically v alid, so the ro ot w ord will b e returned only for that v alid

w ord. Morphological analyzer ignores other w ords. Here a grammatically v alid w ord

means the w ord whic h is presen t in the dictionary . e.g. a \ko , a  ko , and a�ko are

phonetically equiv alen t w ords but w ord a \ko is grammatically v alid. So morphological

analyzer recognizes only this w ord and returns ro ot w ord ( a \k ) for it.

3.5.4 Stop W ord Remo v al

Before searc hing the w ords in the indexing structure, it w ould b e b etter if w e remo v e

all the stop w ords from the list. This impro v es the searc hing time as non-relev an t

w ords are not searc hed.

3.5.5 Searc hing in Database

No w eac h w ord of the list is searc hed in the indexing structure. Searc h b egins at

the ro ot. The curren t c haracter sa y k eyw ord[i] is mapp ed to a �eld in the A lev el

no de. The searc h pro ceeds b y follo wing the p oin ter to the link ed list of B lev el no des

asso ciated with it. If a B lev el no de exists in the list with the same k eyw ord as

k eyw ord[i], then the searc h con tin ues b y follo wing the p oin ter to the no de at the next

lev el asso ciated with the B lev el no de, else the searc h stops and returns failure. If a

v alid p oin ter to an A lev el is found then the searc h con tin ues b y rep eating the ab o v e

steps. This is rep eated eac h time an A lev el no de is reac hed b y the searc h. If a data

record is reac hed, then it is stored in the `result list', and searc h con tin ues for the

next k eyw ord. After �nishing the searc hing of all the k eyw ords, the `result list' is

used for result ranking and displa y .
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3.5.6 Results Ranking and Displa y

Before ranking, the results are com bined according to the b o olean expression of the

query . No w the results are rank ed. The rank of the matc h is determined b y the

w eigh t of the w ord that caused matc h. The do cumen t in whic h the k eyw ord has

higher w eigh t, is giv en higher rank. A W ord's w eigh t is determined b y the imp ortance

of the w ord (as explained in the section 2.1.2) and b y the phoneme rules (see section

3.5.2). F or example w ords in the title of a do cumen t ha v e a m uc h higher w eigh t than

w ords at the b ottom of the do cumen ts.

Finally when the do cumen t ranks ha v e b een determined, the resulting matc hes

are displa y ed in the order of ranks.

3.6 User In terface

The user In terface of the searc h engine is made up of an HTML from, through whic h

user giv es k eyw ords for searc hing. Users are exp ected to en ter Indian language (Hindi

in curren t implemen tation) k eyw ords in wx-k eyb oard enco ding sc heme. A list of

transcription rules for Hindi language whic h uses this enco ding sc heme has b een

pro vided in the app endix. A h yp er link to these transcription rules has also b een

pro vided in the HTML form for the con v enience of the user.
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Chapter 4

Conclusion and F uture W ork

4.1 Exp erimen ts

This soft w are has b een tested on a database of 780 Hindi do cumen ts spanning 14

MB of disk space. W e found that the index size is 113% of the total do cumen ts

size. It is reasonable b ecause this index allo ws fast searc hing of the database. Some

snapshots of the user and searc h engine in teraction are giv en in the follo wing pages.

wx-k eyb oard sc heme has b een used for input and output of Hindi language, while

ASCI I co de has b een used for en try and displa y of English text.

Figure 4.6 sho ws the searc h results of all the morphological v arian ts of the w ords

=yAr � , Edlo \ and mE�dr . This task is accomplished b y searc hing the ro ot w ords =yArA ,

Edl and mE�dr . This �gure also depicts the use of b o olean expression in the query .

Figure 4.7, displa ys the matc hes for all the phonetically equiv alen t w ords. Fig 4.8

sho ws the use of English w ords in the searc h engine.

4.1.1 Recall and Precision of our Searc h Engine

In order to measure the recall and precision of our searc h engine, follo wing tests w ere

conducted.

� W e indexed 34 Hindi do cumen ts, out of whic h 21 do cumen ts w ere relev an t to a

k eyw ord aA  K � \ and 11 do cumen ts w ere relev an t to a query ( cA \d or cA \dnF )[14].

When the k eyw ord ` aA  K � \ is giv en for searc hing, our searc h engine retriev ed 18

28



do cumen ts, out of whic h 17 do cumen ts w ere relev an t to that k eyw ord, i.e. 80%

recall and 94% precision. Our searc h engine retriev ed 9 do cumen ts for the query

( cA \d or cA \dnF ), out of whic h 8 do cumen ts w ere relev an t to this query , i.e. 72%

recall and 89% precision.

� In the second test, total indexed do cumen ts w ere 106, out of whic h 21 do cumen ts

w ere relev an t to the k eyw ord aA  K � \ and 13 do cumen ts w ere relev an t to the query

( cA \d or cA \dnF ). Searc h engine retriev ed 22 do cumen ts for the k eyw ord aA  K � \ , out

of whic h 17 do cumen ts w ere relev an t. This ga v e 80% recall and 77% precision.

F or the query ( cA \d or cA \dnF ), our searc h engine retriev ed 19 do cumen ts, out

of whic h 11 do cumen ts w ere relev an t, i.e. 80% recall and 57% precision.

Our searc h engine missed some relev an t do cumen ts b ecause it do esn't supp ort

synon ym searc h.

4.2 F eatures Summary

The salien t features of our searc h engine are as follo ws:

� It giv es the matc h on all the morphological v arian ts of the giv en input w ord.

� It supp orts phonetic tolerance.

� The searc h engine is indep enden t to the fon t enco dings. It can b e easily con�g-

ured for di�eren t fon t enco dings.

� Users can con trol the searc h criteria.

� Searc hing of English do cumen ts is also supp orted b y our searc h engine.

4.3 F uture W ork

� Our searc h engine do es not supp ort `Sandhi'. F or example, it cannot giv e matc h

for the w ord rAm

^

, whic h is coming in the comp osite w ord rAm �˜r . This feature

can b e incorp orated in the searc h engine later. This will require the replacemen t

of the morphological analyzer with a new one whic h supp orts `Sandhi' and

deriv ational kind of morphology .
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� In our searc h engine users can not use b oth Hindi and English w ords for searc h-

ing, sim ultaneously . Searc h engine can b e extended to pro vide this feature.

� The user in terface of our searc h engine can b e mo di�ed to pro vide input and

output in Dev anagari script.

� Our searc h engine do es not supp ort synon ym searc h. It can b e extended to

supp ort this feature th us allo wing the searc hing of original w ords as w ell as

their synon yms.
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Figure 4.6: Example sho wing the searc hing of di�eren t forms of the w ords
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Figure 4.7: Example sho wing the searc hing of phonetically equiv alen t w ords
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Figure 4.8: Example sho wing the use of English w ords
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App endix A

User Man ual

The searc h engine implemen ted in this thesis is a complete w orld wide indexing and

searc hing system whic h supp ort indexing and searc hing of an y Indian language. It is

made as three executable mo dules. These are :

� Gatherer

� Index Builder and

� Searc h Pro cessor

The gatherer and index builder are executed b y the searc h engine administrator

on p erio dic basis. The in terface of b oth of these program is command line driv en.

The searc h pro cessor is in v ok ed b y an HTML form. The details of eac h mo dule is

listed in the follo wing paragraphs.

A.1 Gatherer

Command to run gatherer :

gather [options]
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Options

-h Restrict the gatherer to do cumen ts that are at most maxhops links a w a y from the

starting do cumen ts. this only w orks if -i is also giv en.

-i Initial. Do not use an y old database.

Files

$ f CONFIG DIR g /h tdig.conf - The h tdig con�guration �le.

$ f D A T ABASE DIR g /db.w ordlist - The in termediate w ord database �le created b y

gatherer.

$ f D A T ABASE DIR g /db.do cdb - The in termediate do cumen ts url database �le cre-

ated b y gatherer.

$ f CONFIG DIR g /con�g/ - Directory con taining the language and fon t related infor-

mation.

A.2 Index Builder

Command to run index builder :

build

Files

$ f CONFIG DIR g /h tdig.conf - The h tdig con�guration �le.

$ f D A T ABASE DIR g /db.w ordlist - The in termediate w ord database �le created b y

gatherer.

$ f D A T ABASE DIR g /db.do cdb - The in termediate do cumen ts url database �le cre-

ated b y gatherer.

$ f D A T ABASE DIR g /trie/ - The Directory con taining the indexing structure and the

w ord database.

$ f D A T ABASE DIR g /db.do cs.index - The do cumen ts url index.
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A.3 Searc h Pro cessor

It is a CGI program (named 'searc h') that is in v ok ed b y an HTML form.

Inputs

Matc h T yp e of searc h.

� All Default b o olean op erator is \and".

� An y Default b o olean op erator is \or".

� Bo olean Use b o olean expression giv en in query .

F ormat Result F ormat

� Long Detailed displa y of results.

� Short Brief displa y of results.

Searc h The Searc h criteria.

� No Phonemes Giv e matc hes only for w ords and there di�eren t forms.

� V alid Phonemes Giv e matc hes for w ords, there di�eren t forms and the

phoneme equiv alen ts in whic h only nasalized c haracters are replaced with

their equiv alen ts.

� All Phonemes Giv e matc hes for all phoneme equiv alen t w ords.

Language Language of the k eyw ords.

� Hindi Language of the k eyw ords is Hindi.

� English Language of the k eyw ords is English.

Files

$ f CONFIG DIR g /h tdig.conf - The h tdig con�guration �le.

$ f D A T ABASE DIR g /trie/ - The Directory con taining the indexing structure and the

w ord database.

$ f D A T ABASE DIR g /db.do cs.index - The do cumen ts url index.
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$ f D A T ABASE DIR g /db.do cdb - The in termediate do cumen ts url database �le cre-

ated b y gatherer.

$ f CONFIG DIR g /con�g/ - Directory con taining the language and fon t related infor-

mation.

A.4 Con�guration Files

Con�guration Files are divided in to t w o categories. The �les of �rst category sp ec-

ify the attributes for a particular en vironmen t. This category has only one �le

$ f CONFIG DIR g /h tdig.conf. The languages and fon ts related con�guration �les

come in second category .

A.4.1 $ f CONFIG DIR g /h tdig.conf

This is the main run time con�guration �le for all programs that mak e up searc h

engine. Eac h line in this �le is either a commen t or con tains an attribute. Commen t

line are blank lines or lines that start with a '#'. A ttributes consist of a v ariable

name and an asso ciated v alue:

< name > : < whitespace >< value >< newline >

The name con tains an y alphan umeric c haracter or underline ( ) The < v alue > can

include an y c haracter except newline. It is p ossible to split the < v alue > across sev eral

lines of the con�guration �le b y ending eac h line with a bac kslash ( n ).

If a program needs a particular attribute and it is not in the con�guration �le, it

will use the default v alue whic h is de�ned in htcommon/default.cc . F ollo wing are

some imp ortan t attributes sp eci�ed in htdig.conf �le.

� D A T ABASE DIR

This is the directory whic h con tains all database and other in termediate data

�les.

� ST AR T URL

This is the list of URLs that will b e used to start a dig when there w as no

existing database. Note that m ultiple URLs can b e giv en here.
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� EX CLUDE URL

The urls whic h con tains an y of the pattern sp eci�ed with this attribute will not

b e retriev ed b y the gatherer. This is used to exclude common things suc h as

an in�nite virtual w eb-tree whic h start with cgi-bin. e.g. exclude urls : cgi-bin

.cgi

� LIMIT URLS TO

This attribute limits the scop e of the indexing pro cess. The v alue for this

attribute is just a list of string patterns. As long as URLs con tain at least

one of the patterns it will b e seen as part of the scop e of the index. e.g

LIMIT URLS TO : $ f ST AR T URL g

� HTTP PR O XY

The URL sp eci�ed in this attribute p oin ts to the host and p ort where the pro xy

serv er resides. e.g. HTTP PR O XY : h ttp://202.54.56.146:3128

A.4.2 Languages and fon ts related con�guration �les

The formats of these �les are tak en from the con�guration �les of Iterm[7]. There is

a main con�guration �le or the sp eci�cation �le, whose name is specs . It is presen t

in $ f CONFIG DIR g /config directory . Besides sp eci�cation �le, there are other �le

whic h con tains information ab out ISCI I enco ding, fon ts, syllable rules of the language,

phoneme rules, and wx-k eyb oard enco ding. These �les are listed in sp eci�cation �le.

These �les are used for the purp ose of translation of ISCI I co de to fon t co de and

vice-v ersa.

All the �les ha v e a common format. Blank, newline, and tabs are ignored. Com-

men ts can b e presen t b et w een \/*" and \*/". Ev ery string should b e follo w ed b y a

blank and all the strings except where sp eci�ed can ha v e maxim um of 15 c haracters.

Rest of the string is ignored. % is a delimiter whic h should b e presen t b efore starting

of eac h new information. : and \- > are used as delimiters.

V arious sym b ols used to explain the format of �les are:

� <> indicates that the v alue conforming to the description in these brac k ets b e

sp eci�ed. The v alue ma y b e in form of string,c haracters or decimal v alues.

� fg means that the v alue can o ccur 0 or more n um b er of times.
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� [ ] indicates that it is optional.

Sp eci�cation �le format

V arious �les con taining the ISCI I co ding details, fon ts, t yp e, syllable rules, phoneme

rules, and wx-k eyw ord sc heme are sp eci�ed in this �le. All the en tries are in form of

string of c haracters. The maxim um n um b er of c haracters presen t in the fon t name

and �le could b e upto 100. Absolute or relativ e �lename ma y b e sp eci�ed. If relativ e

�lename is sp eci�ed, then path pre�x from specs �le is prep ended to the �le name.

The absolute �lename b egins with n .

%<Default Language>

%<Language name> : <normal font name> <bold font name> :

<file which contains ISCII coding detail>

<file containing the font details>

<file which gives the type map>

<file containing the syllable rules>

<file containing phoneme rules>

<file containing the wx-keyword encoding>

%Dev anagari

%Dev anagari :dvng10 dvng10 :iscii fon t t yp e rule phonemes morph

T able A.5: Syn tax - sp eci�cation �le

ISCI I Co ding sc heme �le format

The co ding sc heme �le con tains 7 and 8 bit details for Indian scripts. All the c har-

acters in the set are giv en some descriptiv e names. This name is used refer to the

c haracter in all other �les. F or example:

Corresp onding to eac h c haracter its equiv alen t 7-bit and 8-bit co ding is pro vided.

F or eac h c haracter there can b e only 8 bit co de, while in 7-bit co ding maxim um of 5

co des can form one c haracter.
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Descriptiv e Name Character

%Chandrabindu  

%Visarg ,

%Aa aA

%I i

%Ka k

%Kha K

T able A.6: Assigning descriptiv e names to c haracters

%[<Esc Character >]

{%<string description for characters> ->

<8 bit coding in decimal> ->

{<7 bit coding in form of character>} }

%x / ? Escap e Character (7-bit) ? /

%Chandrabindu � > 161 � > A

%Visarg � > 163 � > B x

%Aa � > 165 � > C k

%I � > 166 � > C l

%Ka � > 179 � > D

%Kha � > 180 � > E

T able A.7: Syn tax - co de �le

Decimal v alue is to b e sp eci�ed for 8 bit, ho w ev er, 7-bit co de are sp eci�ed in form

of c haracters.

F on t map �le format

F on t table and fon t c haracters used for determining the n um b er of c haracters p er ro w

are sp eci�ed in fon t map �le. Also list of c haracters to b e mo v ed to the b eginning or

to the end of the syllable are presen t in fon t map �le.

F on ts are basically categorized in to v arious user de�ned t yp es. Eac h category

con tains sev eral mappings. T o con v ert an ISCI I co de in to fon t co de, fon t table is

searc hed for matc hing en tries. \Conjuncts" is a reserv ed k eyw ord and all mappings
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%{ <font characters to be moved to the beginning> }

%{ <font characters to be moved to the end> }

%<font character to be considered as base char - for 7 bit coding>

%<font character to be considered as base char - for 8 bit coding>

{ %<type name>

{ %{<string description for characters>} -> { <font coding in decimal>} } }

% 69 / ? Characters to b e mo v ed to the b eginning ? /

% 13 / ? Characters to b e mo v ed to the end ? /

% 107 / ? Base c haracter for 7 bit co de ? /

% 107 / ? Base c haracter for 8 bit co de ? /

% Conjunct

%Ka Halan t Hard-Sha � > 35

%Ja Halan t Jna � > 43

%V o w el

% A � > 97

% Aa � > 97 65

%Consonan t

% Ka � > 107

% Kha � > 75

%Half-Consonan t

% Ka Halan t � > 63

% Kha Halan t � > 72

%Matra

% Matra-Aa � > 65

% Matra-i � > 69

%Reph

% Ra Halan t � > 13

T able A.8: Syn tax - fon t �le
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sp eci�ed under conjunct are �rst searc hed for. The user ma y edit the presen t fon t

�le to add more c onjuncts . The categories de�ned here are used in listing all the

com bination rules, details of whic h are presen t in rules section.

T yp e map �le format

W ord written in an y Indian script is comp osed of syllables. Syllables are a sequence

of c haracters com bined according to some rules. The user can pro vide the rules for

�nding v alid syllables.

T o sp ecify the rules �rst of all a t yp e map is to b e pro vided. This map categorized

the c haracter set. F or example the set ma y b e categorized in to vowels , c onsonants ,

matr as , etc. A particular c haracter not included in this �le is assigned the default

t yp e sp eci�ed b y the user. Maxim um of 50 di�eren t t yp es can b e presen t. \Begin"

and \End" are reserv ed k eyw ords and cannot b e used. Refer to T able A.9 for syn tax

of t yp e map �le.

Syllable rules �le format

This �le con tains the syllable rules whic h lists the v alid syllables. It also con tains

the com bination rules, whic h sp eci�es the mapping b et w een input ISCI I c haracters

and output fon t co des. The com bination rules follo w the syllable rules. \Begin" and

\End" are reserv ed k eyw ords and are used to denote the b eginning and end of syllable

or w ord.

� Syllable rules

No w using the categories in t yp e map �le syllable rules can b e sp eci�ed. There

are a n um b er of rules eac h ha ving some name. User can sp ecify all com bination

of categories represen ting v alid syllables.

Ev ery t yp e indicates one c haracter of that t yp e in the c haracter set. If there can

b e com bination of same t yp e, then the t yp e has to b e written do wn required

n um b er of times. Some rules are v ery complicated. T o sp ecify these rules, the

total com bination sp ecifying a syllable can b e split in man y rules. The user

can sp ecify that a particular rule do es not indicate a v alid syllable but it has to

com bine with some other rules to form a complete syllable. T o sp ecify this he
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%<default type>

{%<type> -> <string description for character> }

%In v alid

%A � > V o w el

%Aa � > V o w el

%I � > V o w el

%Ii � > V o w el

%Ka � > Consonan t

%Kha � > Consonan t

%Ga � > Consonan t

%Gha � > Consonan t

%Ra � > Cons-r

%Chandrabindu � > Mo di�er

%Ansu w ar � > Mo di�er

%Visarg � > Mo di�er

%Matra-Aa � > Matra

%Matra-I � > Matra

%Matra-U � > Matra

%Halan t � > Halan t

T able A.9: Syn tax - t yp e map �le

state what all rules can follo w this rule.

F or example:

R2:T yp e consonan t T yp e Halan t - > R3 R4

R3:END

R4:T yp e Consonan t

If there are no rules presen t after - > then it indicates that the com binations

presen t in that rule signi�es a v alid syllable.

� Com bination Rules

The input string of c haracters are com bine in some w a y to form displa y sym-

b ols of certain category in the fon t table. These can b e sp eci�ed in form of

com bination rules. These rules basically states that these com bination of c har-

acter from v arious categories (sp eci�ed in t yp e map �le) in the input string will

generate the fon t co des b elonging to certain categories (sp eci�ed in fon t map

�le). This helps in determining the lo cation in the fon t table where c haracters

43



{%<rule number>: {<types>} -> {<rule number>} }

%R0 :V o w el Mo di�er � >

%R1 :V o w el � >

%R2 :Consonan t Halan t � > R3

%R3 :Consonan t Halan t � > R4

%R4 :Consonan t Halan t � > R5 R6 R7 R8

%R5 :End � >

%R6 :Consonan t Matra Mo di�er � >

%R7 :Consonan t Matra � >

%R8 :Consonan t Mo di�er � >

%R9 :Consonan t � >

T able A.10: Syn tax - syllable rules

{%{ <character types> } -> {<font character types>}}

%Begin Cons-r Halan t End � > Half-cons

%Begin Cons-r Halan t � > Reph

%Halan t Cons-r � > Rk ar

%Consonan t Halan t End � > Consonan t Halan t

%Consonan t Halan t � > Half-cons

%V o w el � > V o w el

%Mo di�er � > Mo di�er

%Matra � > Matra

%Consonan t � > Consonan t

%Numeral � > Numeral

%Punctuation � > Punctuation

%Halan t � > Halan t

%Nukta � > Nukta

T able A.11: Syn tax - com bination rules
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of that particular t yp e are presen t. Also it helps to generate the fon t c haracters

according to the giv en con text. The string whic h matc hes is replaced b y fon t

co de. Generation of fon t co de are generally con text sensitiv e. This requiremen t

of the language is met b y sp ecifying the com bination rules.

Phoneme rule �le format

This �le con tains the pairs of phonetically equiv alen t c haracters of Indian language

alphab et and an in teger v alue called matc hing p ercen tage. In the rules, c haracter

descriptions are enclosed in `[' and `]'. In order to generate the phoneme equiv alen t

w ords, one side of the c haracters are replaced b y the other side of the c haracters in the

original w ord. An y no of c haracters can b e sp eci�ed on b oth of the sides. According

to the requiremen ts of the language, rules can b e added and deleted b y the users, and

matc hing p ercen tage can b e c hanged. The matc hing p ercen tage should b e an in teger.

{%{[<string description for characters>]} ->

{[<string description for characters>]} ->

matching_percentage }

%[MA TRA I] � > [MA TRA I I] � > 30

%[MA TRA EY] � > [MA TRA AI] � > 35

%[Ka] � > [KA] [NUKT A] � > 50

%[Kha] � > [KHA] [NUKT A] � > 50

%[CHANDRABUNDU] � > [ANUSW AR] � > 90

T able A.12: Syn tax - phoneme rules �le

Wx-k eyb oard sc heme �le format

The wx-k eyw ord sc heme is sp eci�ed b y indicating the corresp ondence b et w een the

c haracters in Indian scripts and c haracters of wx-k eyb oard enco ding. Morphological

analyzer used in our searc h engine accepts input and pro duces output using this

enco ding. Moreo v er, the searc h engine do es input/output with user in this enco ding.

Eac h k eyw ord en tered b y the user is con v erted in to ISCI I enco ding, using this table.
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{%<string description for characters> -> { <wx-keyboard encoded chars> } }

%I I � > i

%U � > u

%UU � > U

%KA � > k a

%KHA � > K a

%GA � > g a

T able A.13: Syn tax - wx-k eyb oard sc heme �le

Eac h group of c haracters on the righ t hand side of the rule is equiv alen t to the

c haracter whose description is sp eci�ed on the left hand side of the rule.
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