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- ABSTRACT |

A LINGUISTICALLY MOTIVATED
INFORMATION RETRIEVAL SYSTEM FOR TURKISH

Information retrieval (iR) has become an important application in _today’s cemputer
: -,WOrld because of the great increase in the amount of web-based documents and the .
widespread 'use of the Internet. HoweVer the classical “bag of words” approach no longer
meets user expectations adequately In this context the use of natural language processing

(NLP) techmques comes into mmd

In this the51s we 1nvest1gate the question of whether NLP techniques can improve
.the effectlveness of information retrieval in Turklsh We implemented a linguistically
 motivated information retrieval system, called TURNA (TUrkish information Retrieval
engine based on Natural language Analysis) The :SYStem uses knewledge of three different
~ levels of natural language processing in document and query processmg morphologlcal

- syntactical and lexico- semant1cal levels.

" Different combmatlons of these NLP techmques are tested on a set of Turkish
documents and quenes The results are evaluated in terms of precision and recall. It is
- shown that natural language processing techmques, especially stemming and the use of

syntactical head-modifier pairs, can improve information retrieval effectiveness in Turkish.



OZET

' TURKCE ICIN GELISTIRILMIS DILBILIME DAYALI
| BIR BILGIYE ERISIM SISTEMI

Agdaki b,elgelerdeki biiytik artis ve 1nterne,t’i_n'yayg1n kullanim1 nedeniyle, bilgiye
erisim-giiﬁﬁmﬁzﬁn bilgiséya‘r"dﬁnyasmda onemli bir uygulama haline gelmistir. Ancak,
klasik ~ “kelime  torbasi” yaklaslml “kullanic1  beklentilerini  artik - yeterince
karsllayamamaktadlr Bu baglamda dogal dil 1$1eme (DDI) tekniklerinin kullanimi akla
gelmektedlr

s e

gelistlremeyecegl sorununu ele almaktaylz TURNA adinda, d11b111me dayah bir bilgiye
- erigim sistemi gergeklestlrdlk Sistem, dokuman ve bilgi isteklerini islemede dogal dil
vlglememn iic degisik duzeymdekl b11g11er1 kullanmaktadlr bi¢imbilim, sozdizim ve

~ kavramsal sozlik diizeyleri.’

~Bu dogal dil 1§Ieme tekmklenmn deglslk birlesimleri Tiirkge belgeler ve bilgi
1stekler1nden olusan bir kiithe uzermde s1nanm1$t1r Sonuglar kesinlik ve geri¢aginm
* agisindan ele alinmigtir. Dogal dil isleme tekniklerinin, 6zellikle govdeleme ve sézdizimsel
tamlayan-tamlanan . 1k1hlenmn kullammmm Tiirkge  bilgiye er1§1m etkinligini

E gehstlrebﬂdlgl ortaya gikarilmigtir.
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o 1. INTRODUCTION |

- Information retrieval (IR) [1] is a relatively old ﬁeld of research, but its importance
has increased srgmﬁcantly after the emergence of the Internet and the mcrease in the
number of digital documents Every day, m1lhons of quenes are run by Internet users in the

search engines (e.g., in Google [2]) world wide in order to satlsfy therr information needs

in this huge ocean of information.

An information retrieval (IR) system is an mformatron system ie., it is used to store

1tems of information to be processed, searched retrieved, and presented to various user
| populations [1]. Therefore, mformat1on retrieval systems have common. concerns with
g lother 1nformat10n systems such as database systems. As in other information systems an
information retneval system should organize the stored data efficiently and prov1de

effectwe search procedures in order to satrsfy particular user requests

One dlfference of information retneval systems from other information systems is
: that IR systems work on brbhographlc records and textual data, whereas the others, such
as database systems, generally deal with structured data [1]. The documents and user
: : vquenes in information retneval systems are usually natural language formulatlons This

“provides the motivation for using natural language processmg techmques in order to

1mprove 1nformatron retrieval.

The aim of this’ study is to bu11d an mformatron retneval system which uses natural
vlanguage processing techniques in order to prov1de more effectlve searches in Turkish.
Natural language processing techniques can be apphed at dlfferent levels: Phonological,
‘morphologrcal lexrcal syntactrc semantic and pragmatlc Moreover these techniques can
“be apphed at any or a combination of different stages in an 1nformat1on retrieval task,

_including document processmg (and 1ndex1ng) query processmg, query matchmg, and -

ranking.



We implemented an information retrieval system, called TURNA (TUrkish
o information Retrieval system based on Natural language Analysis), in order to test the

effects of different natural language processing techniques on retrieval performance.

In the morpholog1ca1 level we make use of the Turkish morphological analyzer‘
_developed by Oflazer [3], in order to see the effect of stemmmg for ‘Turkish information
| retrieval. Also, the morpholog1ca1 level information obtained is used for a higher level

analysis, namely the syntact1cal level.

' In the lexico-semantical level, we use Turkish WordNet [4, 5], being developed at
Sabanci University, as part of the BalkaNet Project. The user queries are optionally -
expanded in order to also include synonyms, _hypernyms/hyponyms, and/or

holonyms/meronyms of their individual terms, as a way to improve retrieval effectiveness.

In the syntactical level, we implement a finite-state parser for recognizing a subset of

: Turklsh noun phrases whrch are expected to carry a hrgher level meanmg The syntactrcal

L 1nformat10n is used to extract head-modifier pairs from the noun phrases in order to

* discover the effect of using syntactrcal phrases in 1ndexmg and retrieval tasks. =

‘We evaluate the effects of these various techniques on a test set of Turkish -
documents and queries in terms of the two well-known quality measures in information

retrieval, namely pre0151on and recall.
L.1. Outline of the Thesis

| .Chapte‘r 2 gives a literature survey' on information retrieval and natural language
processing concepts together with some of the related work in this area. In Chapter 3; a
brief description of the architecture and 'implementation df the TURNA system is given.
; " This chapter is fclllowed‘ by more détailed descripticns'of the mcrphological, syntactical,
and lexicc'-semantical. level proceSSing of the system in chapte_rs 4,5, and 6, respectively.

- The indexing and retrieval strategies of the TURNA systemi are given in Chapter 7. This is
3 folloWed by a performance evaluation of the System in Chapter 8. iChapter 9is a

conclusion.



Appendix A includes the list of ’étop words used by our information retrieval system.
Appendix B gives the natural language queries used in the performance evaluation.

APpendix C gives information about the implementation environment.



© 2. LITERATURE SURVEY

We ﬁrst g1ve a general description of 1nformat10n retrreval Then we present how

and why natural language processing techmques can be used in mformatlon retneval

- together with some of the related work.
2.1, Information-Retriveval

Information retneval (IR) [1] deals with the representatron storage, organization, and
accessmg of information items. Theoretlcally, there is no restnctlon on the type of the
mformatron items. Mostly, however, the information 1tems ofi mterest are textual including
- newspaper or research artlcles reports, and documents of any kind. Such textual items .
must be analyzed in order to determrne their information content and the1r ablhty to satisfy

partlcular 1nformat10n needs of the users.

Ina library, each i 1ncom1ng 1nformat10n item, e.g. book, journal, etc, is analyzed and
appropnate descnptlons are given to them (in the form of library catalog 1nd10es) in order
to facilitate the desire of the users in finding particular items of Ainterest. In [6], the
information retrieval task is described as the ‘_‘digital twin” of the task of a person in a
~ library searching for items about a certain subjeet In both a library and a computerized

information retneval system, the 1 user has an information need which must be- formulated
~ either as hbrary indices or query terms. In response to the information requests certam

_materials are suggested (retneved) by the system

Every information retn'eval_syste_m consists of a set of information items (DOCS), a
set. of requests (REQS), and a mechanism _(SIMILAR) to - determine which of the
information vitems possibly satisfy the requirements of specific 'requests, by mapping |
| speciﬁc“queries to particular items [1]. The relationship between these parts is given in

Figure 2.1.

| Theoret1cally, the documents related to partrcular quenes can be obtamed by direct

. comparison. However in practice, the srm1lar1ty is not determmed duectly Instead the



documents are first converted to a'speciai form busin‘g an indexing language (LANG) [1].

- The user queries are also converted to such a representation using the same indexing V

“language, as. seen 1n Figure 2.2. ThlS mappmg of information items to the indexing
language can be done manually, automatlcally, orbya comb1nat1on of these two methods.
The mapplng of documents is called the 1ndex1ng process, whereas the mapping of requests

represents the query negotiation process 111

- SIMILAR -

_ Mechanism for
- determining similarity

Set ofrequests' L . o S Set of documents
- Figure 2.1. A general information retrieval system

" Mechanism for
_ determining similarity
(SIMILAR)

Set of requests- e e e ,' E ” o Set of documents
. : Indexing language '

Figure 2.2. Functional overview of information retrieval -

- The documents which will be retrieved in respohse to a query are determined using

 the representations of the documents and the queries based on the indexing_language.‘ With



the apphcatron of the srmllarlty relatron the documents relevant to a particular query are

identified and returned to the user, generally in the order of relevance

'Although IR is a relatively old ﬁeld»with rnore than four decades of ' research, its
irnportance has grown tremendouSIy in the, last years. The reason is the big increase in the
numberof docurnents in digital form and the. wldespread use of the World Wide Web.
- People now have access to numerous data thanks to the Intemet. However, information
retrieval techniques have not developed with the same speed. Usually, the users of current
~ information retrieval systems'such zts Google [2] and Yahoo [7], face two important
- problems. One problem is having to go through hundreds or thousands of irrelevant hits
-~ even for a simple search Another problem is that in such a search, some of the documents

will be missing in the results although they are relevant to the user s information need.

~In general, web-based IR systems consist of three parts: crawler, indexer and search
‘engine. The crawler periodicatllyv. visits web pages and sends their content o the indexer. -
The indexer maintains a large database in _order_to keep track of which words are contained
in which documents. The'task of the search engine is‘ given .the user’s query and the
indexing information, trying to match relevant documents. After this process, the list of

retneved web pages is presented to the user.

There are two metrics commonly used for evaluating the effectiveness of an IR
system: precision and recall. Precision is about how relevant the search results are, and is
defined as the ratio of the number of relevant retrieved documents to the total nurnber of
retrieved documents. Recall is defined as the ratio of the number of relevant retrieved
documents to the total number of relevant documents in the whole doCument"collection.
Degraded precision. causes a lot of garbage hits, whe_reas degraded recall .corresponds to

useful documents missing in the results', bo_th* of which are undesirable. ’

The ultimate goal of every IR system is to increase both precision and recall. The
challenge is to understand and represent the documents in the corpus and the user queries ‘

in such-a way that relevance decisions can be made efficiently.



2.2. Natural Language' Processing in Information Retrieval

- The documents and user queries under consideration in information retrieval are
" natural language formulatlons most of the time. Therefore, ava1lable natural language
processmg techmques can be reviewed, and techmques suitable for information retrieval .

purposes can be used as a solutlon to improve the effectlveness of 1nformat10n retrieval in

a particular natural language.

In this section, we will first examine the various levels of linguistic methods. After
that, the types of hngulstlc variation, which are respons1ble for degraded effectiveness in
' mforma’uon retrieval systems will be reviewed. Finally, the motivation for natural

language processing in information retrieval will be presented.
2.2.1. Levels of Natural Language‘ Processing

‘In [1], natural lenguage- precessing is categorized into six levels: Phonological
morpholog1cal lexical, syntactic, semantic, and pragmatlc levels in the order from the

lowest level to the hlghest

~ The phonological level is related to the treatment of speeeh sounds. Therefore this
level is 1mportant for speech recogmtlon or speech generation systems, and not used in

wntten text analysis.

The morphologzcal level is related to the processmg of md1v1dua1 word forms and
- recognizable portions of words. The prefixes and suffixes can be recognized and removed f
to_ form word stems based on the morphologlcal knowledge about a certain natural

language.

- The lexical level i is concemed w1th opera’nons on full words, mcludmg common word -
| 'deletlon dictionary processmg of individual words, and expansion of given words using
‘thesaurus information. Some linguistic feature_s, including type information (e.g. noun, |
adjeetive, etc), are also recbgnized in this level,’to be further used in syntactical level

- processing.



The syntactzc level is desrgned to group the words of an 1nd1v1dua1 sentence into

structural units, such as noun phrases and verb phrases and to 1dent1fy subJect verb and

Obj ect grouprngs

- The semantic level adds contextual knowledge to the information obtained in the -

syntactic level in order to restructure the text to represent its actual meaning.

' Finally, the pragmatic level uses knowledge external to‘the document (e.g., common *

sense knowledge) in order to improve the Vinterpretation of the text.

| All of these levels of natural language processing are rei'ated with each other [8]. For
- example, in the written sentence “I bought Sting’s new record”, the fact that record is used
,as a noun, and not as a verb, can be understood using lexical and syntactic knowledge.
_i'Moreove'r, owing to semantic and pragrnatic levels, we can narrow its actual meaning by

~ concluding that it is a music record, and not a medical record or something else.

B The‘ promise of natura_l language processing ivsdthat some of this understanding can be

| incorporated into a ’compu_ter system, because natural languages have structure and ,
deﬁnable patferns in them. However, it vis_exp'erien_ced that, the higher thevNLPllevel in
question, the more difficult this incorporation becOmes [8]. Fortunately, the full scope of

natural language understanding may not be neededvin infornration retrieval applications -

[11.
2.2.2. Types of Linguistic Variation

Traditional IR systems are based on the simple assumption that if a query and a
’ 'document have a (key)word in common, then the document is to some extent about the
query [6] This is the well-known "bag of words" approach That i is, each document in the
“corpus is s1mply represented as a “bag” of words and tried to ‘be matched with the bag of
words representmg the user s query. This .simple approach does not take the hngursuc
o properties and variation of the text enough into consideration. In [6], linguistic vanatron is

~ categorized into four groups: Morphological, lexical,. synfactical, and semantical variation.



e Morphologlcal Varlatlon For example kitap (book) kitabim (my book) and
' kztaplar (books) are three drfferent variants of the same word in Turkish.
. Lencal Variation: Different words can represent the same meamng (synonyms) ‘
For example hzkaye and oyku (story) are used mterchangeably for the same
| meamng in Turkish. ‘ B
e Syntactlcal Variation: The phrases masamn ustundekz kitap (the book on top of
~ the. table) and masadakz kztap (the book on the table) have almost the same
meaning. - . |
e Semantical Variation: A single vyord may haVeﬂ different meanings in different
contexts. For example someone searchmg for site in Turkish can find documents

in both web desrgn and real estate contexts
2.2.3. Motivation for Natural Language Proc‘ess'ing in IR

Traditional IR Systems usually do not consider the linguistic variation ‘As a result,
they have degraded prec1sron and’ recall rates However the corpus to be searched is
essentially a natural language text. When using a search engme we try to formulate queries
in an 1ntelhgent way by selectrng the right words and the right logrcal and proxrmrty
E operators (e.g. AND OR NEAR etc) in order to have effective results. The motivation for
‘natural language processing (NLP) in IR is to build some of this ‘knowledge and _

understandmg into the system for better search results [8].

The possible ’gains which can«bev ex'pectedr in nsing natural language processing
techniques in inforrnation retrieval context can be stated as follows [11: First, NLP
~ techniques can make free language formulations'possible'for thc users in entering query -
, statements Thrs can make the system more efficient and effective by allowing the users to

- formulate their mformatron requests more precrsely and easily:

Second, natural lang'ua'ge processing techniques can be used for a more complex
- apalysis and a better content representation of the inputdocuments.‘- As an example, in a
traditional IR system giventhe query “es anlamlar sozlﬁgﬁ” (synonym dictionary), the
documents contarmng all three of the words, i.e. es (same), anlamlar (meamngs) and

' sozlugu (dictlonary) however in drfferent paragraphs and 1rrelevantly, can also be wrongly
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-retrieved. One can try to solve this problem by making an exact phrase search, which
v Would return all the documents containing these three words contiguonSIy and in the order
they are entered. However, this time, the dOCuments containing the ph'rase “eg ve zit
anlamlar sdzlugi” (synonyms and’ antonyms dlctlonary) will not be retrieved although they
are relevant. To overcome these problems, phrases can be used as 1ndexmg terms. To |
“identify the phrases, term co-occurrence statistics. and word adjacency operators can be
. used. However, statistical . methods cannot dlstmgulsh between cases such as “bxlglsayan

derse gotiirdi” (he took the computer to the Iecture) and “bllglsayar dersi” (computer

lecture), unlike hngulstlc methods.
2.3. Related Work -

Information retrieval systems can incorporate different levels of NLP. As an
example, IRENA [9] is a system‘ which makes use of morphological, lexico-semantical and
syntactical analyses of the English language. The work of Solak and Can [10], and the
work of Ciftei [11']‘ are information retrieval systems which use only 'm'orphological
analyses of the Turkish langu‘age.' In the.foll.owing section, these' information. retrieval

systems and a linguistically motivated retrieval system architecture [6] will be overviewed. .

23.1. IRENA

The IRENA (Information Retrieval Engine based on Natural Ianguage Analysis)
system consists of four subsystems: a syntactical analyzer, a lexical expander,v a

smorphvological expander,- and a retrieval system [9].

IRENA accepts queries in the form of Enghsh noun phrases The syntactical analyzer
~ is-used for extracting certaln keywords from the quenes The keywords are first stemmed
i “and then expanded to obtain all the morphologlcal Vanants of them. The keywords in the

queries are also lexically expanded to obtain all of their synonyms using a thesaurus. -

The retrieval subsystem takes this expanded query as input, and selects the
documents of the 'collectiOn"Containing the terms in the expanded query, by serially'

scanning each document. Only the ‘fragments of the selected docurnents containing the
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~keywords are processed by the syntactical analyzer, and the syntactical relations between

keywords are considered. The documents are returned to the user in a ranked fashion based ,

on the observed morphologlcal lexrcal and syntactlcal relations.

232, Related Work on,Stemming in Turkish IR

' In [10], the effect of using'stemming is evaluated for Turkish text retrieval. The

- stemming algorithm used is based ona morphological analyzer developed previously by

- Solak and used for spelling checking of' Turkish. During morphological analysis, a

fdic‘tionary of Turkish root words is used together with rules for Turkish morphophonemics

and morphotactics. In this work, all the possible stems of the'uvords'are added to the index

- database.

o

- The system is tested on a corpus of 533,news documents. A stop.word list of 293

- stenmed terms is used. The vector-space model is used for the documents and queries. The

results show that stemming decreases the size of the index database to one third Different

weighting methods are tested for the query and document terms with best—match retneval |

_i.e., the best-matching d; documents are retneved out of m documents

The effectiveness measures used in the -study are the total number of queries with no

relevant retrieved documents, the average prec151on and recall for all querres ‘The

v - effectiveness measures are obtained after retnevmg 10 and 20 documents which are stated

’as typ1ca1 values for ds. The expenment results indicate that the werghtmg functron has a

sromﬁcant effect on the retrieval. performance The increase in precrslon due to stemming

varies from 0.0 to 8. 8 per cent. Precision- values are low for all cases which is stated as

, mlsleadlng The reason is that the total number of relevant documents for some queries is
- less than d (10 or 20).

- In this work, the increase m retneval effectlveness due to stemming is low The .

‘ estlmated reason 1s that the stemming algonthm returns more than one stem in some cases,

resultmg in irrelevant terms. One approach is selectmg only one of the potentlal stems, but’

‘without a semantic 1nvest1gatlon incorrect results may be obtained. Another ~approach

suggested is the use of a language 1ndependent stemmmg algorithm.
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Another work on the effectlveness of stemmlng for Turklsh IR is done by letcl [11].
The apphcatlon built is a multimedia search engine for content-based retrleval of images
and text. vThe stemming technique is used in the textual part of the retrieval system. The
stemmer uses the lexicon files from the work of Gﬁngor [12]. One file contains the
information on the suffixes and the Finite State Machine (FSM) usedL Two different files
are used for root words and for proper names in Turkish. Two index files are created for

 faster access of these two files. The success rate of the stemmer is stated as 92 per cent.

The query server of the application supports two different search methods for the

queries: “all words” and “any of the words”. The effect of stemming is evaluated on the

processing time and retrieval performance of the quenes For this purpose, a part of a

Turkish newspaper site in the Internet i is indexed. The corpus. includes 748 documents
_ (including i image and text documents) Ten queries are used each containing two or three
words. The queries are classified into two groups. In one group, the roots found by the
stemmer have the same meaning used in the target documents. In the other group, at least |

one root is incorrectly found by the stemmer.

The results show that, when the stemmer is used, the number of relevant retrieved
documents increases or stay_s the same. When the stemmer finds the correct roots for the
query words, the number of irrelevant documents returned does not increase much. If the
stemmer finds the wrong root for only one of thevwords, this number -again does not
' increase much. However, if incorrect roots are found for more than one word, the number |

. .of irrelevant documents retrieved increases very much.
In Ciftgi’s work the stemmmg process does not take much t1me However, stemming -
increases the query t1me because it increases the number of words that match a query text
and the database query time is the most nnportant parameter in the total query time.

©2.3.3. A Linguistically Motivated Retrieval System Architecture |

The hngulstrcally motivated retneval system archltecture proposed in [6] consrsts -

of the following processing steps:
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: Tokemzatlon ‘The sentence boundaries and the words within the sentences are
detected by con51der1ng caprtahza’nons and spacmg |
Part-of—speech taggmg A part-of-speech label is assrgned to each word; e.g. verb,
“noun, adjectlve etc. _
| Morphologlcal normalization: The goal of morpholog1cal normahzatron is to map
different morphological vanants of the same word onto one representatlve form. -
‘This is usually done by stemmlng each word. | ,
" Collocation identification: This can be done either by usrng static collocat1on lists
or word co- occurrence statistics. Aftercollocatrons are identified, they are treated
as a single unit subsequently For example ‘social secunty” is a collocation.
Lexrco-semantrcal normahzatron The problem of 1ex1ca1 variation can be
 overcome by expandmg each word with its synonyms and other related words
Syntactrcal analysrs This is generally done for the 1dent1ﬁcat10n of phrases in the
sentences. Given the part-of-speech 1nformat10n for a text, sequences of part-of—
peech labels can be examined to 1dent1fy phrases. For exarnple the combrnatlon of
“adjective and noun surrounded by other. part-of-speech labels is a noun phrase. |
There may be ambrguous structures For thls purpose frequency statrstrcs and other .‘
_ heunstlcs can be used. o
Syntactrcal normahzatxon. The aim is to map. d1fferent formula’uons of similar
phrases onto one representatwe phrase form. In a noun phrase this can be done by
1dent1fymg and re gulanzmg head-modifier relations.
- Weighting (and rankmg) Welghts are gwen to the mdexmg terms, and the

retrieved documents are ranked accordmgly. ,
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3. THE TURNA SYSTEM

- In this chapter first, the approach and the archltecture of the TURNA system is
overviewed. Then, the user interface and the 1mp1ementat10n of the system is presented. A

detailed description of the most important system modules will be given in the following

chapters.
,3'1.. The Approach

The TURNA system operates on three different levels of natural 1anguage

processmg These are the morphologlcal lex1co semantical, and syntact1cal levels.

o In the morphological level,_the stemming technique _is performed. The words are -
stripped of their suffixes to find their stems. As an example,v all the different variations of
okul (school)found in the documents, such as okulda (in the school), fokula (to the school), |

" okulum (my school), will be indexed as okul (school) Similarly, the'query terms are also

= , stemmed In this way, documents contammg different morphologlcal forms of the same

word can be retrieved, 1mprov1ng the recall. Thxs approach may be especially beneﬁcral for

languages like Turkish, which is highly rich rn‘sufﬁx usage.

In'the lexico semantical level, we implement the query expansion technique That is, |
',a given word. is expanded to all of its synonyms, and optionally to its hypernyms and
hyponyms (the is-a relation); holonyms and meronyms (the part-of relation). For example '
when the user enters a query containing the word hayat (life), the query is expanded i in
o order to include also its synonym yasam. _With this approach, the documents containing the

' synonym but not the actual word can also be retrieved, increasing the recall. ‘

In the syntactlcal level we con31dered the “Phrase Retneval Hypothesis” stated in

B [6] in order to overcome the shortcommgs of the tradltlonal “bag of words” approach. The o

| Phrase Retrieval Hypothesis states that if a query and a document have a phrase in
' 'common then. the document is to some extent about the query. This approach encourages -

the use. of phrases mstead of just smgle words as mdexmg terms. There are several
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 linguistically motivated IR systems based on the idea of analyzing the text syntactically in
' order to extract phrases (especially noun phrases) for indexing purposes [13 14, 15] The
reason for usmg noun phrases in these systems 1s that they are important content carriers in

almost every natural language [6]. Therefore, we concentrate_d on Turkish noun phrases in

~ the syntactical part of this work. »

The use of noun phrases as 1ndex1ng terms promlses an 1ncrease in precrs1on
However, recall would decrease if the problem of syntactical variation is not considered.
For example nehir kirliligi (nver pollutlon) nehirdeki kirlilik (pollutlon in the river), and

nehrin yogun kirliligi (intense pollution of the nver) are different syntactrcal formulatlons
~ about almost the same meanmg Therefore, some form of regularization is necessary for
: phrases In {6], this klnd of regulanzatlon is called syntactrcal normalization. The aim is to
map alternative formulatlons of the same meaning to a single normahzed form such as
nehir+kirlilik. The normahzatlon techmque we use is the extraction of word pairs with
' 'head-rnodlﬁer relation from noun phrases [13, 14, 15]. For example given the phrase aile

§1rketlermm kurumsallasmasz (1nst1tut10nahzat10n of family ﬁrrns) the head-modlﬁer pairs
are aile (modifier) + szrket (head) and sirket (modrﬁer) + kurumsallasma (head), which can
be easily found because Turklsh is a head-final language, i.e., modifiers always precede the
head [16]. In this approach, the terms aile+girket and §zrket+kurumsalla5ma can be used as
indexing terms. Using such subeompounds in indexing and retrieval instead of whole noun

phrases is a widely used solution to the normalization problem.
3.2. The System Architecture

The system (Flgure 3. 1) contains six- dlstmct modules Crawler, morphologrcal
 parser, syntactrcal parser 1ndexer 1ex1co _semantical expander and retrieval engine. In fact,
- the system provides two different functronahtles for two dlfferent types of users the_

admmlstrator and the ordmary user.

In the adm1mstrat1ve part, as in most of the web-based mformatron retneval systems,

the crawler is penodlcally run (either manually or automatrcally) in order to access web>

~ pages and their content. After this stage, the linguistic processing comes into play. The -

‘web documents obtained by the crawler are first morphologically and then sy‘ntactically
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parsed and normalized. After these steps the terms (smgle words or phrases) which will

be used in indexing, are obtamed

In the user part, first, a natural language text query is entered by the user. The query

_1s morphologically and syntactically processed Then, the obtamed terms are lexico-

semantrcally expanded, and submrtted to the retrieval engrne._ Using the index database, the

relevant documents are determined, and presented to the user in a ranked fashion.

ADMINISTRATOR =~~~ USER
v [ Crawler k documents )

v < e | Morphological |
{ Morphological J R : R .v . Parser g

Parser

| R ) »
- AR " Syntactical
o o N v e ‘ _ Parser . v
© Syntactical . . , R £ Co
R Parser - | ST 5
‘ : . : _ S s _ [ Lexico-semantical J

Expander

Y

. Retrieval
" Engine

Index
Database

A

{ " Indexer

indices

“Figure 3.1, Overview of the TURNA System Architecture
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3.2.1_. Crawler -

The crawler is related to the web programmmg part of the system and is common to
almost every web-based information retrieval system. Given the URL (Umform Resource
Locator) of a web site, the crawler retrieves the HTML document residing at this URL and -
the documents linked by it recursively. The documents retrieved by the crawler are -

processed in morphologlcal and syntact1cal levels, and sent to the indexer. -
3.2.2. Morphological Parser

The morpholbgical paréer' used in this work is the Turkish morphological analyzer,
developed by Oflazer [3] based on the PC-KIMMO environment [>17], and a lexicon of
about 23000 root words. The inplit to the morphologicva‘l'parserv is a file containing the
' words of a given dcicument. The output is the corresponding complited‘ morphologic_al and
lexieal. fOrrﬁs of each word, where each word may have mb're than one different -
morphological and 1exica1 parses. The-morphological parser serves two different purposes.
First, its output is sent to the synté.etieal' parser for a higher level analysis. Second, the
stems obtéine_d from morphological parsing are also used as indexing terms by the indexer,
as will be explained in Chapter 7. The following is an example output of the morphological
parser, i.e., a parse of the word hizmetini (the noﬁn “service” with the third person singulér,

possessive and accusative suffixes):

“hizmet .  +sH - +nH

((*CAT* N) (*R* '.'hizmet“.) (*POSS* 3SG) (*CASE* ACC) )
3.2.3. Syntactical Parser

The syntactical parser accepts the output of the _morphological parser as input, that
s, the- sentences of a document whose words are morphologicaily' parSed. Given this
ihformation the task of the'syr'itactical frdrser isto ethact noun phrases, which will be used ‘
in. the 1ndexmg part For example given the. sentence “Bu derslerm en az 12 kredzsz
'legzsayar Muhendzslzgz derslerinden segilir” (“At least 12: credlts of these courses are -

selected from Computer Engineering courses”), two posmble_noun phrases are:
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bu derslerin en az 12 kredisi (at least 12 credits of these courses)‘ ‘
- Bilgisayar Mihendisligi dersleri (Computer Engineering courses)
324 Indexer.

The noun phraSes obtained by the syntactical parser are processed and head-modifier |

' pairs are extracted from them based on the syntactrcal relatrons in the phrases. The head-

modifier pairs found are used- as indexing terms, in addition to the single words and ‘the |

; stems The indexer stores all of the mdexmg terms in a vector space model. The deta11s of

the 1ndex1ng strategy will be grven in Chapter 7.
3.2.5. Lexico-semantical Expander-

~ The lexico-semantical expander is the module which is responsihle for expanding
words in a given user query to all of 1ts synonyms. It is also possible to expand a word to |
its hyponyms and hypernyms (the zs-a relatron), and meronyms and holonyms (the part-of
relation). For 1ex1co semantical expansmn, we make use of Turkish WordNet, whlch is

being constructed as a part of BalkaNet Project [4,5].
3.2.6. Retrieval Engine

-The retrreval engine takes the user quenes wh1ch are entered as natural language text.
'The queries are morphologrcally and syntactically processed and lexrco semantlcally
expanded dependmg on the ch01ce of the user Usmg the indexing mformauon the query
is tried to be matched wrth the documents in the collectlon The list of documents returned

'by the retrreval system are ranked and drsplayed to the user.
“ 3.3. The User Interface and Implementation

~The mterface of the administrative part of the system is 1mplemented in Microsoft .
Vrsual Basic 6.0. The crawler is based on the source code avallable at [18] In the interface
_ (see Figure 3.2 and Flgure 3.3), the base URL address, from which the crawhng of web .'

o  pages will begin, is taken from the user. The user can also spec1fy the number of URLSs
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§ kept in memory during crawhng, or can glve no restnctlon for that “The funcuonahtles'
prov1ded by the interface are startmg the crawhng process, pausmg it, viewing the statistics

and changing some saving optlons The number of web pages scanned is also dlsplayed to

the user.

http://www.boun.edu.tr/academics/index. tur.html
hittp: /2www. boun.edu.tr/government/index _tur.html
hitp: /7www. boun. edu.tr/admissions/index._tur.html:
hitp://veww.boun.edu, tr/students/index_tur.html
http: /#www.boun.edu.tr/research/index_tur:html
http://www.boun. edu:tr/services/index_ tur.htmi

hittp:/www.library. boun.edu.tr/main- tr.html
h}}n'))um.lul hc I\J:b nrnte - . . o s

Figure 3.3. The statistics screen of the Administratiile Interface



When the admmlstratlve interface ‘is Ioaded the 1ndexer program starts to run
automatlcally in the background The indexer program, wh1ch is wntten in C++, analyzes

‘each document crawled by the system morphologlcally and syntactlcally, and builds
indices accordmgly R

Hobotlarla ilgil teknolouk gellsmeler Flobot teknoloulennln guncel
uygulamalar. Robat projeler ve pazan. Robaot aragtrmalari ve gelugtlrme
Robot mslemlennde ve ara(;lannda san yenilikler.Yapay zeka :

Figure 3.4. The user interface of the system . B

The interface for ordinary users'(F igure 3.4) is also implemented in Microsoft Visual

Basic 6.0. In the interface, as in most web search engines, the user enters his query into a



21

text box. The sear'ch‘ options preSented to the user include the types and weights of indices
- used during search (single words, ‘stemmed words ‘and/or head-modifier pairs), use of

Turkish WordNet (synonyms is-a and/or part-of relatrons) and requmng all of the words
in the search '

When the query and the optlons are submrtted the search program written in C++,
starts to run. The query is morphologrcally and syntactlcally processed and lexically
expanded 1f desired, by the search program. Using the indexing 1nformat10n each
~ document in the collectron is given a relevance score, and ranked from the most relevant to

 the least relevant in the user 1nterface The user can also navrgate to the URLSs dlsplayed in

the output.
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4. MORPHOLOGICAL LEVEL

In this chapter we descnbe the PC KIMMO envrronment and the corresponding

Turkish specrﬁcatron and how they are used in the morphologlcal level of the TURNA
prOJect : ‘ -

4.1. The PC-KIMMO Environment

PC-KIMMO [17] is an implementation of the KIMMO program, named after its
- | inventor Kimmo Koskennierni, for personal computers. It can be used by computational

' linguists descriptive linguists, and natural language processing system developers. The
‘program has two main functronahtres generatrng (producmg) and recogmzmg (parsing)
words using a two- level model of word structure. In th1s model, a word is represented asa
correspondence between its lexical and surface level forms. The lexical form of a word -
corresponds to its underlying representation ‘and the surface form corresponds to its
realization. For example, in English, the lexical form ° spy+s (plural of spy) corresponds to
“the surface form spies. In the followmg, : 1ndicates stress + indicates a morpheme
boundary and 0 indicates a null element [17] |

Lexical representatron 'spy+0s

Surface representatron: OspiOes o

* The PC-KIMMO description‘ of a language is specified by two different files
’ provrded by the user, and loaded 1nto the system. One is the lexicon file, contaimng thev
‘ words morphemes (the smallest meamngful parts of words) and morphotactic constraints,
that is how words are s_tructured from morphemes. The other file is the rules file,
specif}’ing the alphabet and the IVJhOnological rales. .

The two functional components of PC-KIMMO are the recogmzer and the generator
- (Figure 4.1). The recogmzer accepts a surface form as 1nput applies the Tules and consults
the lex1con and returns the correspondmg lex1cal form with a bnef explanation The

generator takes a lex1cal form as input, applies the rules, and returns the corresponding |
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surface form. Unlike ’;he recognizer, the generator does not use the lexicon. As stated, the

~+ generator produces a word, whereas the recognizer parses a given word.

- PC-KIMMO, available 'for_MS-DOS, ‘Microsoft Windows, Macintosh, and"Unjx, is
an interactive program controlled by 'co‘rnmands.typed at the keyboard, However, it can -
“also be controlled from command line with certain options. The command We are most
interested in this project is the recognize command The recognize command takes a
surface form from the input, and tnes to produce the 1ex1ca1 and morpholog1cal forms of it
. Both the lexicon and the rules must be loaded before this command can be called. The file

recognzze command is the command used for computmg the morpholog1cal and lexical

. ) forms of words ina glven mput file.

~ RULES | | LEXICON
Surface Form: = - _ 1 Lexical Form: _
. Ly A ‘ ' o
spies ———>| = Recognizer = ———"~ ’spyts

: N(spy)+PLURAL

h 4

. Spies @ Generator <= ..‘Spy+s

Figure 4.1. The PC-KIMMO system
4.2. Two-le'_&"el Descfiption of Turkieh Morphology

Oﬂazer .has' epe'ciﬁed a two-level de.scr_iption of Turkish -morphology [3], and
- implemented it for the PC-KIMMO environfrient‘ The lexicon contains about 23,000 root
words. The implementation includes 22 two-level rules covering Turkish phonetlcs and
verbal and nominal finite-state machmes for the Turkish morphotactlcs Almost all the

spec1al cases and exceptions of the rules are covered in the implementation.



~The phonetic rules constrain the surface realizations of rnorphological constructions.

-When a morpheme is affixed to a word, it has to agree with the prec’edin(7 vowel according

. to the vowel harmony rule. Moreover there are crrcumstances when the vowels in the roots

: and morphemes are deleted Srmllarly, consonants in the root words or the sufﬁxes may
undergo modifications, and sometrmes they are deleted. ‘There are several exceptions o

these rules because of the large number of words assrrmlated from other languages mostly

: :'from Arablc and Persran

- Turkish is an agglutinative language in which derivational ‘and inflectional suffixes
~are affixed to root words in order to form word structures. An exaggerated but valid
- example of a Turkish word and its morpheme structure is grven in Figure 4.2 where +’s

- indicate the morpheme boundaries. The- meamng of the word can be translated as ¢ ‘as if you

were of those whom we mrght consider not convertmg into an Ottoman” [3]:

OSMANLILASTIRAMAY ABILECEKLERIMIZDENMISSINIZCESINE

OSMAN+LI+LAS+TIR +AMA-+Y ABIL+ECEK+LER+IMIZ+DEN+MI§+SINIZ+CESINE -

Figure 4.2. An example Turkish word together‘with its morpheme decornposition ‘

* Turkish has‘ 'ﬁnitertate but ‘rather cornp'lex' morphotactics [3] The “inflectional
suffixes do not change the meamng of the word they are affixed. They only add some
features (such as possession or tense) to the functlonahty of the word. On the other hand
the . derivational suffixes change the meamng (and sometrmes also the category) of the

~ word they are affixed.
4.3. The Morpht)logical Analyzer R
In the morphologrcal level of the TURNA system the PC-Klmmo system is used

together with the lexicon and the rules developed by Oﬂazer for Turklsh ‘Web documents

~or quenes are submrtted to the system as text ﬁles and the f ile recognzze command is used
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The morphological parses of the words in a given document are also returned as a text file.

vWe process this file in order to obtain the morphological level information to be used in the -

3 syntactlcal level of the TURNA system

An example output of the morphologxcal analyzer is given in Flgure 43. The
_'example contains the four possible parses of the word etkinlikleri (meamng act1v1ty”

together w1th some mﬂectronal sufﬁxes) output by the recogmzer component

- etkinlikleri o S
0 etkin -~ +HHk . +Ar - +sH 0
((*CAT* ADJ)(*R* "etkin") (CONV* N "lik") (*AGR* 3PL) ~ (*POSS* 3SG))

0 etkin HHk - HAr o wH 0
((*CAT* ADT)(*R* "etkin") ("CONV* N "lik") (*AGR* 3PL)  (*CASE* ACC))

0 etkin +Hk HAH 0

((*CAT* ADJ)(*R* "etkin") (*CONV* N "lik") (POSS* 3PL) )

0 etkin - +Hk - HAH 0

((*CAT* ADI)(*R* "etkm") (*CONV* N "hk") (*AGR* 3PL)(*POSS* 3PL) )

Figure 4.3. An example output of the Turkish 'morphological parser:

The abbreviations we are most interested. in the outputs of the recognizer_.are CAT
(the category of the root),‘_.R_ (the root morpherne),‘C_’ONV (a conver_sion of the word
“category due to a derivational suffix), POSS (the'posses_sive sufftx), and GEN (the genitive -
suffix). - | o

The word categones include noun, adJectwe verb, adverb, conjunctive etc. We use
this 1nformat10n in the syntactlcal level of the TURNA system The original category of the
~ root’ can be converted to another category asa result of denvat1ona1 suffix affixation. In the

~ example, the word etkin (the word “active” in English), which is originally an adjective, is
converted to the word etkznlzk (actrvrty) which is a noun, as a result of the derivational

| sufﬁx {HE. In the mdexmg part we use the form of the word obtained after the addltlon of

@ Botjazwu Universitesi Kutuphanem @
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! denvatlonal suffixes. In this example given the word etkinlikleri, the word etkmlzk is used

" as the 1ndex1ng term obtained from stemming, and not the word etkm

v  Inflectional suffixes can be added to nouns or verbs in Turkish Since we are mostly
1nterested in noun phrases. in the TURNA prOJect we especmlly con51dered the inflectional
sufﬁxes for nouns in Turkish (F igure 4.4) [12] |

- The possessive, genitive and case suffixes of a word are added as features to the
- word in the_implementation. This information is used by the syntactical parser in extracting

noun phrases.

- 1.. Plural suffix | -ldAr R
2. Possessive suffixes . : -(Dm -(f)mIz ;
| Wn -Onlz.
| oy ) G e o
3. Case suffixes 8 -DA - -.CA‘ |
T ; . pan I
-@)A_. -slz
) S/
-(indn -(p)lldn
Genitive suffix =~ -Win o

4. Relative suffix - R

Figure 4.4, Inflectional suffixes for nouns |
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5. SYNTACTICAL LEVEL

~ We concentrate on Turkish noun phrases in the syntactical level. After considering
two different grammar formahsms we present the ﬁmte state cascade whrch we have

designed and 1mplemented for Turklsh noun phrases
- 51 Turkish N_oun Phrases :

In [16], a noun group (noun phrase) is defined as any constltuent whose head i is a
‘noun. In Turkish, the head noun is the last element of the noun phrase, because Turklsh isa
: head-ﬁnal language; i.e., modlﬁers/spemﬁers always precede the modlﬁed/spemﬁed. For

~ example, in the n.oun‘phrvase O'grenbcintn kitab: (the book of the student), the head noun is

kitap (book) which is speciﬁed by the genitive noun dgrenci (student).

Noun phrases can have different and important functionalities in a sentence:

Subject of a Clause: _ o
' Cocuklar uyuyor (The chlldren are sleepmg)
* Ob]ect ofa Clause ,
Yeni bir kitap aldrm ¢ bought anew book)
. 'Complement ofa Clause
Cicegi evine goturdu (She took the flower to her house)
o Ob]ect ofa Postposmon ’
i Alzsverzs igin geldim (I came for shoppmg)
) Speclﬁers for Possessive:
' Donem ddevinin 6zetini okudu (She read the abstract of the term pmJect)
~» Modifier of a noun group: _ '
| Bilgisayar muhendzslzgz boliimiinden mezun oldular

(They graduated from the department of computer engmeermg)

A noun phrase can be con31dered as a sequence of segments: the specrﬁer segment

the modifier segment ~and the head (see Table 5 1) [16]. Specrﬁers ple out noun(s) out of .
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a set of possible nouns, whereas modlﬁers prov1de mformatlon about the properties of an
entlty or its relations with other ent1t1es |

. ‘Table 5.1.'Segments of a noun group

Segmentsb Alternatives s Examples ,
Spec‘iﬁer Quantifier : ‘ her, bazi, b1raz k1m1 herblr blrc;ok
|Adicle | bir
Demonstrative Adjective | bu, su, o, diger, ilk, sohuncu |
Genitivenoun | bahgenin |
Classifier noun - | mutfak dolab1 . -
Relativized noun | | evdeki, aksamki
Relative clause = .~ | Postadan glkan yolda gordugum

Modifier | Quantitative Adjective dort, yarim, ikiger, tigli’

Qualitative Adjective | gilzel, zor - |
Unit noun R bardak salklm tane -
Head ‘Common noun o ev, kitap
| Propernoun = ‘Deniz‘, Ankara
Pronoun | k_ ben, sen, onlar

The spemﬁer and the modlﬁer segments are optlonal Some examples are:
| evin - kuguk . ‘mutfagr . (the small kitchen of the house)'"

specifier + modifier + head -

evin  mutfag . (the kitchen of the house)"
specifier + head ) ' o h |
kigik  mutfak (the small kitchen)
modifier + head | . '

'n%u[fak AR : .. (the kitchen) -

‘head
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~ The order of the spec1ﬁer and modlﬁer segments is not ﬁxed e.g., guzel bzr g:zgek (@

_; . vbeautrful ﬂower) and bir giizel gzgek (one beautlful flower).

Nouns Or noun groups wrth gemtlve suff' ix are used as specrﬁers within a noun
- group. They can be used together with other specrﬁers .

evin bu odas: (thls room of the house)

When a sequence of gemtlve nouns is used as spec1ﬁers then each gen1t1ve-marked’ |
noun is followed by a possessive-marked noun:
. “evin : mutfagznzn o - perdesi
~house-GEN kitchen-POSS-GEN curtam-POSS
“the curtam of the kltchen of the house

Classifier nouns also require a possessrve—marked noun group to follow However

d classifier nouns do not take gemtlve suffix.
mutfak perdesi
kitchen curtain-POSS

~ “Kkitchen curtain”

A clas51ﬁer noun 1mmed1ately precedes the head noun; i.e., there cannot be other ,
spec1ﬁers and modifiers between the classifier noun and the head noun.
eski g:ocuk odasi (correct)
“the old children’s room”

gocuk eski odasz.(wrong) |
5.2. Grammar Formalisms

F.When designing a syntacti_cal analyier for an information retrieval application, three B
ﬁ‘ ‘requirements should be considered'[13] First, the 'system should be able to process large
~ amounts of text (usually gigabytes) in a reasonable time. Second, the system should be able.

o process unrestricted text. That is, , the system should be robust to the problems of

c .‘unrestncted natural language corpora such as unknown words and unrecogmzed‘ o

structures. Fmally, only a shallow understandlng may be sufficient for an IR application ‘ |
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because the goal of an IR system is; essentially to classify do}cuments as relevant or
_ __irrelevant with respect to a user query. This makes an NLP-ba'sed IR applicetion easier to

‘realize than some other NLP applications such as machine translation [13].

Keeping these requirements in mind, we considered two different formalisms for the - -

- syntactical processing: context-free grammars and finite-state parsing methods.- '

© 52.1. Context-Free Gram_mars

Context-F ree Grammars (CF Gs)_are the most,commonlyused systems for modeling '
constituency structure in natural languages [19]. They are also callled.Phrase-}Strucmre
. Grammars. A context-free grammar consists of a set of rules (productions) to eXpress how

~ the words of a language can be grouped together to form phrases and sentences. For

~example, the following i is a recursive rule for representmg the conJunctlon of noun phrases

- to form another noun phrase:

NP — NP CON NP

The symbols used in the productions are divided into two categories: terminal and
~non-terminal symbols. The nght—hand side of the arrow (—>) is an ordered list of one or
more terminals and non-termmals whereas the left of the arrow is always a smgle non-

“terminal symbol.

Syntectical parsing in context-free grdmmars can be thought of as a search through
the space of all possible parse trees in ﬁndmg the correct parse of a sentence. There are .
several methods for parsing with context-free grammars, correspondmg to drfferent search'
- strategies, such as top- -down,  bottom-up and a combmatlon of these methods [19].
However the problem with context-free grammar parsing is the lack of efﬁc1ency and

robustness necessary for an information retneval apphcatlon :
5.2.2. Finite-State Parsing

Another idea is to use finite-state methods in syntactical parsing. It is stated that

 finite-state methods are suffioient for applications which do not requir‘e'co‘mplete parses
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_ [19] Finite-state methods are more efficient than other methods when an unrestncted text

-~ corpus is to be parsed, because they rely on simple ﬁmte state automata rather than full

o parsmg [19]. Informatlon retneval can be con51dered as such an apphcatlon

One inadequacy of ﬁmte state methods is in modelmg some types of recursive rules
~ This is the pomt where finite- state methods are dlstlngurshed from context-free grammars,
- which rely heavily on recursive rules [19]. Thus, it can be argued that it is not possrble to
model all of the syntax of a natural language with a finite- state method. However, finite-

state methods can ‘approximate the syntax adequately for our purposes. Therefore we

designed and 1mplemented a ﬁmte state parser for the syntactlcal part

A finite-state cascade [20] consists of a sequence of finite-state automata. A given
sentence is parsed going through this sequence of levels. At each level, certain kmds of
: phrases are built upon the phrases found in previous levels. In lower levels cores” of .

phrases are 1dent1ﬁed These basm phrases are grouped to form more complex phrases in

= hlgher levels. ’
5.3. A Finite-State Parser for Turkish Noun Phrases -

After considering previo.us work done on Turkish gramrnar [1>6> 21] and on finite-
state modeling of Turkish noun compounds [22], we built a simple finite-state cascade

(Flgure 5.1) which can recognize a subset of noun phrases in Turkrsh

The rules are shown with an arrow (—) notation for ease of usage" resembling
context-free rules. However, these rules are actually comprled together mto finite automata

and not treated like context-free rules [19].

; In this system, parsing corresponds to'a _series of finite transductions in which spans
of input elements are reduced to single elements The frrﬁte-state cascade, which we have

| des1gned for Turkish noun phrases, consists of four levels of recognizers (T;s). These

levels of recognizers are hrerarchlcally de51gned for the recogmtron of the multl-layeredv

structure in noun phrases
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‘NP1 —  nodun-
NP1 — noun* con noun

AP - avdj*v, ‘(con‘ ad:])
NP2 — NPl NPlposs -
T3' .
NP3 — (AP) NP1
‘NP3 — (AP) NP2

Ty |
NP4 ‘ ‘—)> NP3gen (Np3p‘°ss+ggn) * NP3P°SS o

Figure 5.1. A finite-state cascade approximating Turkish noun phrase structure

The first level, Ty, recogmzes the bas1c cores of noun phrases The first two rules in
Ty are related to the recognition of a single noun, or a sequence of nouns with the last two
' separated by a conjunctive; e.g. kn‘ap, kalem ve deﬁer (a book,. a pencrl and a notebook).
" The last rule in T ! 1s about recogmtlon of a sequence of adjectlves as modrﬁers or

' spec1ﬁers as in kuguk ve zeki (small and mtelhgent)

The rule in 7 is for the recognition of the possessive compoundS' e.g. matematik
dersi (the mathematrcs course). This is the lowest level of modlﬁcatlon that can occur

within a noun phrase and nothmg may ex1st between two members of a possess1ve'

o compound [21]

The rules in T3 recogmze a hlgher level constructlon that is, a noun group preceded -
by a sequence of adjectwes e.g. eskz masa (the old table) and yeni f zzk kztabz (the new
phys1cs book)
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The rule in the last level Ty, is for the recogmtron of - gemtrve-possesswe |
' construct1ons which is the highest level of modification that can occur between two noun
‘ phrases [21] e.g. babamzn arabasz (the car of my father) Thrs rule can recognize a |
- sequence of genitive-possessive constructrons as in babamzn arabasznzn tekerlegi (the
wheel of the car of my father) This is achreved in one application of the rule; however, the

inner structure of the noun phrase, i.e. whrch possessrve noun corresponds to Wthh
gemtxve noun is preserved. - "

We omitted the implementation of relative clauses which would require a higher

level analysis wrth subject-object-verb relatrons as in okulda gordugum kiz (the girl I saw
‘_1n the school).

There is amblgulty both in morphological and syntactlcal level processrng, a well-}
known problem in natural languages Accordmg to our- approach the syntactical analyzer

considers all the different morphological parses and produ_ces‘ all the possible different

"syntactical parses according to the rules.

. Ly . . g ‘NP4 verb .

B Ly NP3g = NP3y NP3 NP3 : verb
T —* A R A A
. Ly AP NPlg, “NP1jossgen . NPlyess - NP2 . verb-
' Ly AP NPlg, NP1 josstgen - NPlpyss  NPlyom NPl verb
7 e R T e S I i e B
- Ly adj NOUNge, nounp(,ss‘tgen CON NOUMNposs+gen nounposs nounnom noUNpes ~ verb

Eski bilgisayarin_yazicisimin ve tarayicisinin sorunlarzm bilgiislem sorumlusuna llettzm

(I reported the problems of the ‘printer and scanner of the old computer to the IT spemahst)
- Figure 5.2. Application of the finite-state cascade to an example Turkish sentence

The apphcatlon of the ﬁmte state cascade on an example sentence is given in Frgure o
5.2, The syntactical processrng starts at level 0 (Lo), given the part-of-speech tags and

features of each word in the sentence as 1nput At each level, L;; is taken as 1nput and L;is
produced as output usmg only the T; rules correspondmg to- that level. With each rule

application, a sequence of elements is reduced to a single element. If no rule apphes at a
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~level, the element is passed to the higher level w1thout change At the end of thls four-level

. processmg, the noun phrases in the sentence and therr inner structure are obtalned
5.4, Synfacti_cal Normaliz_ation

In [6], it is stated that every phrase has a smgle head accordmg to the lmgulstlc

prmc1p1e of headedness. A noun phrase can be represented as a head together with its
modifiers in the form of a phrase frame:

PF-= [head, modzﬁers(separated with semicolons)]

The head gives the main concept of the phrase, whereas modifiers are used to make it

more precise. Although the head-modifier relation is purely syntactical, it also implies a .

semantical dependence. This is the motivation for using syntaetical head-modifier terms in

inde_xing without the needvf_or a deep semantic analysis [6].

Given the noun phrase bilgisayar ve matematik dersleri (c_omputer and mathematics
“courses), the head is ders, and the modifiers are bilgisayar and matematik. Therefore, the
phrase can be represented as: ' -

[ders, bilgisayar;'matemdtik] e

In this representation, heads and modifiers can recursively contain other noun

o phrases as well. The format is:

[[headl, modzf ersi], [headz, modzf ersz]]

" For example, the noun phrase biiyiiyen ve geligen aile sirketlerinin krtrumsallasmasz
(institutionalization of growing and developing family ﬁrm’s)’ can be represented as: |
j [kurumsalla;md, | : | | R |
| | [sirket, | ,
buyuyen gelzsen azle] ]

) Moreover the modlﬁer part can be empty, leadmg to a denotatlon of the form

| [head] €.g [kitap].
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~~The structural information obtained from the syntactical anal'ysi’s is used in extracting
- the head-modlﬁer pairs from the identified phrases The parses are processed in drfferent
levels to extract head-modlﬁer parrs

: - ‘ In level 2, possessive compounds are processed. As an exampie, vthe head-modifier
: pairs matematik dersi (the mathematics course) and bilgisayar dersi (the ‘computer :
course) are extracted from the phrase matematik ve bllgzsayar dersi (the
| mathematrcs and computer courses)

~o Inlevel 3, noun groups preceded by a sequence of adJ ectives; are considered. Grven
~the phrase yeni matematik kitab (the new mathematrcs book) the head-modifier -
- pair yeni kitap (the new book) can be extracted. Moreover, the sub-phrases kiigiik ,
‘kalem (small pencil) ve kirmizi kalem (red pencil) can be extracted from the phrase -
kiigiik ve kirmizi kalem (small and red pencil). o | o _
o Finally, in level 4, genitive-possessive_constructions are considered. For example,
- from the.phrase bilgisayarimin eski klavyesiriin markas: (the brand of the old
| keyboard of my computer), the head-modifier pairs bilgisayar + kl&vye (computer
+ keyboard) and klavye + marka (keyboard + brand) can_be extracted in this level. - |

In the example sentence m Figure 5.2, the'head-modiﬁer pairs eski + bilgisayar (old |

+ computer) bzlgzsayar + yazict (computer + printer), bllgzsayar + tarayici (computer +
scanner) yazic + sorun (pnnter + problem) and tarayict + sorun (scanner + problem) can
* be obtained from the noun phrase eski bilgisayarin yazzczszmn ve tarayzczszm_n sorunlarmz
~ (the problems of the printer and the scanner of the :old computer) using such a processing
_on the inner structure of the phrase. The head-modiﬁer pairs" obtained in this way are used
.as 1ndexmg terms in addrtron to words and stems obtamed from the documents ‘The
premsron of the syntactical parser is-0.70; out of 1357 head-modlﬁer pairs obtained, 954

were correct in a test set of 46 documents.
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s. ;LEXICO-SEMANTVICAL ‘LEVEL’ |

- In thlS chapter, we start w1th an overview of lexico- semantlcal relat1ons that can take
‘place between words and con51der the use of wordnets in natural language processmc

- Then, we explam how we make use of Turkish WordNet in the TURNA project. .
6.1 Lexical Semantics -

- Alexicon is not merely a simple listing of words and their meanings. It actually has a
highly syStematic structure about the relations ainon_g words and their. meanihgs. Lexical v
semantics is the linguistic study'of this meaning-related structure [19‘], In this work, we

. consider the following types of relations between words:

) Synonymy' Two words are called ‘synonyms if they can vbe' substituted"for one
another in some context without changing the meamng or acceptablhty of a

- sentence [19] for example siyah and kara (black)

° F" HypOnymy and Hypernyihy: These te_fms correspond to the z's{a relation between
two words [6]. In this ’type of relation, the more speciﬁc WOfd is a hyponym of the
" more general one, whereas the more general one is called a hypernym of the more

‘ spemﬁc one. As an example otomobzl (car) is a hyponym of the word tasit

| (vehlcle) and tagit isa hypernym of otomobzl

e Merdnyiny and Hdlonymy: :These terms correspond to the . part—of relation
- between two words [6]. For eXain'ple, tekerlek (wheel) is a meronym of otomobil
- (car); that is, tekerlekis a part of Otomobil; Also, otomobil is'a holeaym of tekerlek;

. that s, otomobil has the part tekerlek. o | -

62 Use of WordNet |
' The usefulness of lexical relations in linguistic and computational 'vre'sea;fch has

resulted in efforts to create large electronic lexical databases for such relations. ‘WordNet.

| . [23] is a well-known and widely used lexical database for English.
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The success of English WordNet motivated the development of wordnets for other
languages [5]. Wordnets are lexical semantic networks that are based on the notion of

 synsets. A synset is a set of lexical 1tems which are synonymous in a certam context. The

: followmg 1s an example synset from WordNet

{person, individual, someone, somebody, mortal, human, soul} =

Semantlc relations, such as hyponymy and meronymy, are represented as links

'» between synsets Some of the noun relations in WordNet are g1ven in Table 6. 1 together

S w1th examples [19]

Table 61 Nodn relations in WordNet

Relation. Definition - ’ | Example:
Hypernym From concepts to superordinates | breakfast — meal
Hyponym From concepts to subtypes meal — lunch

Has-Member | From groups to their members | faculty — professor

Member-Of - | From members to their groups copilot — crew
| Has-Part From wholes to parts | table — leg
| Part-Of - | From parts to wholes | course — meal

Antonym | Opposites . : | leader — follower -

Turklsh WordNet [4 5] is bemg developed as a part of the BalkaNet project, which |
‘alms to construct a multilingual lexical database for the Balkan languages Turkish, Greek,

Bulgarian, Czech, Romanian, and Serbian together with individual wordnets.

In the TURNA prOJect we make use of the Turklsh WordNet which i is still under

development at Sabanc1 Umvers1ty We have been prov1ded with the XMI, ﬁle contammg .

’the Turklsh WordNet ‘Each hne of the file' contams a synset and the umque ID of that
: synset Also the IDs of the synsets with which this synset is 1n a lexico- seman’ucal relation
(such as hypernymy) are glven correspondmg to links between synsets An example'
: port1on from Turk1sh WordNet is given in Figure. 6.1. In this example, two d1fferent‘
dsynsets are glven ‘The ﬁrst synset (wﬂh ID ENGZO 00006026-n) has two hypemym .»



synsets. One of 1ts hypernyms (the one w1th ID ENG2O 00003226-n) is also given in the_"
' ﬁgure IREE . . :

<SYNSET>

<ID>ENG20-~ 00006026 n</ID>
<POS>n</POS>

<S¥NONYM>§LITERAL>insan<SENSE>2</SENSE>{/LITERAL><LITERAL>ki$i<SENSE>l</S
ENSE></LITERAL><LITERAL>$ahls<SENSE>1</SENSE></LITERAL><LITERAL>biréy<SEN
' SE>5</SENSE></LITERAL><LITERAL>k1mse<SENSE>l</SENSE></LITERAL></SYNONYM>
<ILR>}<TYPE>hypernym</TYPE>ENG20- 00003226 -n</ILR>
<ILR><TYPE>hypernym</TYPE>ENG20-00005598-n</ILR> _
‘:<ILR><TYPE>holo_member</TYPE>ENG20¥O7463651—n</ILR>
<DEF>Herhangi bir kisi, kim oldudu bilinmeyen ki$i</DEF><BCS>l</BCS>
</SYNSET> o ’ R |

<SYNSET> , .

<ID>ENG20-00003226-n</ID>

<POS>n</POS> -
<SYNONYM><LITERAL>organ1zma<SENSE>2</SENSE></LITERAL><LITERAL>canl1<SENSE
v‘ >0</SENSE></LITERAL></SYNONYM> |
<ILR><TYPE>hypernym</TYPE>ENG20 -00003009- n</ILR> _

<DEF>Herhangi bir canli varllk</DEF>§BCS>l</BCS>

</SYNSET> o

| Figure 6.1. An example portion from Turkish WordNet

We'parse this XML file, in order to. obtain this information and load the WordNet
1nto the memory of our program Turkish WordNet is used in the query processmg part of
the TURNA system. The queries entered by the user to the search engine are processed
morphologlcally to obtain the stems Then, the stems are expanded lexico-semantically
according to the choice of the user. That is, the synonyms hyponyms-hypernyms and/or o
- .meronyms-holonyms of the query terms are also added to the query before the retneval

'process takes place Wlth this approach the documents contammg the synonyms (andi




' opt1onally the hyponyms the- hypernyms the meronyms and the holonyms) but not the

actual word canalso be retneved

The user can select the expansmn of query terms for any one or a comblnatlon of the
followmo opuons '

. 'SynQnymy

. ijponymy _
e Hypefnymy

o Meronymy

- o Holonymy
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7. INDEXING AND RETRIEVAL

In this chapter, we first overv1ew the Vector Space Model used in the mdexmg and

retrieval part of the TURNA system Then we present the mdexmg and retneval strategies ‘
of the TURNA system

7.1. Vector Space Model

“The Vector Space Model [19] isa w1dely used model in 1nformat1on retrieval. In this
‘jmodel documents and queries are represented as vectors of features ‘which correspond to
‘ the terms contained within the whole document collection: The value of each feature in the
vectors indicate the presence or absence of a given term in a given document. In the
following', Dj and Q;; denote a particular document vector and a particular query vector,
respectively, where s correspond to an ordered list of term values and N is the total

- number of terms in the whole document collectlon

) Dj = (f])', t2j? f3j, ...... ’, th). - :

' A (7.1)
Ok = (L1ks T2k 13Ky ---5 TNE) |
~ In the simplest case, the features of the vectors (’s) take the values of one or zero,
. indicating the presence or absence of a term in a given document or query In this
approach the relevance of a document to a query can be determined simply by countmg
the number of the terms common to both the document and the query. The similarity

‘between the document vector Dj and the_query vector Ok can be specified as the followmg.
Sim(Q D) = Tihtyxty 12
‘The inadequacy in the use of binary values (0 or 1) is that it does not differentiate. :v :

between the importance of terms that is, all the terms are considered equally important. A

better solution is to use numerical weights - 1nstead of Just ones and zeroes. In thls
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D (w]j: w2]: W3J,.......',IWM)

- Oe= (W1k, Woks Wikseevurey WhE)
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T ePrﬁ?sentatlon terms Wthh are more important in the document or the query will receive -
hlgher weights (shown as w's): o S '

- (7.3)

The representatlon of documents as vectors of term werghts allows us to view the
document collection as a matrix of welghts called a term- by-document matrix, where Wy
corresponds to the weight of the term 7 in the document J [19]. In this matr1x ‘the columns

'~ represent the documents of the collection and the rows represent the terms. In Table 7.1,a
. sample document collectlon and a user query is ngen The representat1on of these
| documents and the query in a srmple (binary) Vector Space Model is glven in Table 7.2.

Note that stemming is not consrdered in this simple system, and the terms system. and .

systems are evaluated as different terms, and as a result, the term systems is not represented

/in the query vector (because there is no such term in the document colAlection)'. o

Table 7.1. A sample‘ document collection and a query

Content

Document 4

| Document 1
Document 2
Document 3

Introduction to Modern Informatlon Retneval

Information retrieval systems

Query (Q)'

The Implementatron of the TURNA System v
User Interface of the TURNA Informatlon Retneval System
Implementatlon of the TURNA Informat1on Retneval System

The representatlon of documents and quenes as vectors provides the mfrastructure of

an mformatlon retrieval system. Such a system can accept a user query, create a vector

" representation for 1t, compare it with the vector representations of the documents in the

B eollection, rank the resulting list of documents according to their relevance, and present it

" to the user.
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- Table 7. 2 The representatlon of the sample documents and the query in the Vector |

Space Model
Terms Documents Q
’ 1 2 3 4

the 1§11 I1r10¢fo0
1mp1ementat10n 10100
of If11110]o0
TURNA 11 {1010
system' - Iy 1 (1107 0:
user o100} 0]
interface o0t1|lo0/|o]|o
information 01 1 1 1
retrieval Ojp 111111
introduction olo0ojo0o(1]0
to 610 0 1 0
modern 0]l o1]o0o|1 0

The method used to ass1gn term welghts in the document and query vectors has a big
impact on the effectrveness of an mformatlon retrieval system [19] Two factors are
- considered as useful in the weight ass1gnment term frequency w1th1n a s1ngle document

" and the dlstnbutlon of terms across a document collectlon

In the TURNA system the welghts are computed using the wrdely used welghtmg ‘~
- scheme #f x idf where tf (term frequency) refers to the number of times a partrcular term _
occurs in a given document or query, and zdf (inverse document frequency) isa measure of |
~ how rarely a partlcular term appears across all of the documents in the collectlon The df
‘value for each term #, and the welghts for term i in document J are computed as follows .
(where M is the total number of documents 1n the collectlon and n, is the number of |

_ documents in which term i oceurs):
zay Iog(M/nJ BT (7.4)

w,J=tf,-sz'dﬁ A .v : | ‘(7..5).

Wlth this scheme frequently used terms in a partlcular document w111 have hlgher o \

welghts because they may. reflect the meamng of the document more strongly than less’_ o
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lfrequently used terms. Moreover terms common to most of the documents in. the
: collectlon will receive lower weights and vice versa because it is thought that terms which

'v -are limited to a few documents are useful in d1stmgursh1ng those documents from the rest
- of the collectlon ’

In our system the similarity between a query Qk and a document D; is computed
- using the dot product formula normahzed with document length (length which is defined

as the number of words in document ;) i in order not to favor longer doctments [24]:

y .
i Wy, X Wy

Jlength, U (7.'6)_

7.2. Inde_xing Strategy

Each time a new Web page (document) is: crawled by the TURNA system it is-
: processed in the morphological and syntactical levels in order to obtam the 1ndex1ng terms

from ‘it, There are. three types of mdexmg terms (w1th the type 1dent1ﬁers given in
parentheses) '

e Single words before any processing )
T e Stems obtained after morphological processing (1)

o Head-modifier pairs obtained after syntaCtical processing ) :

An 1ndex in the TURNA system is a pair con51stmg of the actual mdexmg term and 1ts' ‘
| type. In Table 7.3, the 1ndex1ng terms obtained from the phrase ogrencz kuluplerz (student
"clubs) are g1ven The smgle words (type 0), the stemmed words (type 1) and the syntactlcal
head-modlﬁer pairs (type 3) are identified as indexing terms. Note that the mdexmg terms
| (OGrenm O) and (OGrenci, 1) are identified as different indexing terms one as the ongmal ‘

~word in the text and the other as a stem. This mformatron will be used by the retrieval

 engine in prov1d1ng the users with options on the type of retneval strategy he/she would

" like to use. Also note that, all the characters are in lowercase except. for the Turkish
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' characters ¢. 8, 1,0,5i that are converted to correspondlng uppercase characters (C G, 1,

.0, S U) to avoid any Turklsh character problems

L Table 7.3. Indexing terms for the phrase ogrenci kuliipleri

Indexing value ' ,‘.Type »
1. OGrenci , T 0
kulUpleri 0
OGrenci 1
kulUp _ 1.
'OGre_ncvi+ku1Up , 2

The document 1nformatlon of the collectlon is stored in a text file (documents txt)

w1th the following ﬁelds for each document and updated automatlcally with the addmon

-~ of new documents

e a umque document identifier ,
o the URL of the document

. the length of the documient (in terms of word count wh1ch is to be used in : :

normahzatlon of the correspondmg document vector)

The indexing terms of the Whole document'colle'ctiOn are also stored_"in a text file
“(alllndex.idx). Each time a new document is indexed, this o_rdered list of the indexing terms
“of the whole document collection is searched. If the indexing term is not already present in

the list of collection’s indexing’terms it is added to the list. In this way, the list of the_

llndexmg terms.of the whole document collection is built incrementally with the addition of

‘new documents to the system. The mdexmg system also keeps track- of the’ document

~ frequencies of each mdexmg term; that is, in how many documents a part1cu1ar indexing

‘term appears. This information is also updated with the addition of new documents to the :
system.. ThlS information is used in determining the weights of the document and query

- ’vectors together with the term ﬁequencms in a particular document and query
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When a new document is added to the system the correspondmg document vector 1s' -
: also created at the same time accordlng to the ordered list of the mdexmg terms of the
whole document collection. Tlns is accomplished by incrementing the value of the ‘
correspondmo vector position (the number of occurrences of a part1cular 1ndex1ng term in
“that document) for each of the lndexmg terms obtamed from that document. Each -

document vector is stored in a text file (<docID>. vec) These data are used in the query

v.matchlng process by the retrieval engine.

Another techmque we use in indexing term selectlon is utilizing a stop word list. A
stop word list, which is commonly used i in 1nformatron retneval systems, is a hst of high
_frequency words and closed-class that are ehmmated ‘from -document “and - query
| representa’uons One motlvatlon is that high frequency and closed-class terms, such as ama
. (but) ve (and), etc. carry little semantlc welght when they are isolated from the rest of the'

- sentence and selected as mdexmg terms. Second, eliminating them can save con51derable
space in the index files [19]. Stop words are usually selected from the part-of-speech tags

1ncludmg pronouns postpositions, and conjunctlves The Turklsh stop word hst we bu11t

- for the TURNA system is given in Append1x A.
- 7.3. Retrieval Strategy -

' The query entered by the user in the search engine is processed in the motpholdgical,

syntat:tical and lexico-Semantical levels and converted to a vector representation. However,
_since queries are usually sparse vectors with zero values everywhere except in a few term )
L positions, we stor_e the queries in a dlfferent data structure. Only the query term values that "

are nonzero are stored and used in the calculations.

The user preferences for a partlcular search (desrgnated as checkboxes) are taken

~ from the user 1nterface as command line arguments to the search program. The choices of

- the’ user ‘determine which type of indexing terms will be used dunng matchmg of a

partlcular query to the documents in the collection. Presented with the three optlons (smgle
) words (0), stems (l) and head—modlﬁer pairs (2)) the user can select any or a combmatlon :
‘of them. For example, if the user selects the options of stems and head~mod_1ﬁer pairs, then

in the retrieval, ex'actly' those terms of the document vectors of the collection (the indexing



46

terms w1th the selected types ie. 1and2 i in this case) are used to compute the s1m11ar1ty

measure w1th those terms (with types 1 and 2) of the query The user can also spec1fy that» i

fall of the words in the query should exist in the retumed documents

The ch01ce of the user also determmes whether or not query expansmn will be

performed ‘using the Turkrsh WordNet and if it w111 then which relations (synonymy,
’ hyponymy etc) will be included.

'In accordance with the user preferences, the' dot product of the query vector is -
dcomputed ‘with each document vector in the collection. The. resultrng nonzero numerical -

_ scores are sorted in descendmg order, and presented to the user w1th the corresponding
- document URLs ‘
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8. PERFORMANCE EVALUATION

In this chapter, we evaluate the performance of the TURNA system For thls '

purpose, we first 1ntroduce the quahty measures, the corpus and the quenes we have used.

“Then, we glve the expenments and present their results
* 8.1. Quality Measures )

- An information retneval system can be evaluated according to the following qualrty
- measures from the user vrewpomt [1]: | '

e  Recall: The ability of the system to retrieve useful documents. ‘
e Precision: The ab111ty to present only the relevant 1tems and filter out useless ones.
o User effort: The mtellectual and/or physical effort requlred from the users in
. formulating the queries, conducting the search and v1ew1ng the results
. Response time: The time between the submlssron of a user query a.nd the
B presentation of the results by the system '
) Form of presentatron The presentatlon of the outputs wlnch mﬂuences the user’s ‘

ab1hty to utilize the materials.

B Collection coverage "The extent to which relevant items are covered by the

- system. -

In the performance evaluatron we will mostly concentrate on precision and recall. A -
- document. collection can be divided 1nto four partltrons considering the combinations of .
" whether the documents are relevant or not and whether they have been retrieved or not in -

response to a particular user query (Figure 8. l) In this representat1on the prec151on and -

: recall can be deﬁned as:

| Precision=w/w +y) - o . 80
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 Recall=w/(wtx) P}

X Retriecved - Not Retrieved -

Relevant = -

Not Rele\}ant

: ‘rele\}ant and retrieved items
¢ relevant and not retrieved items

not relevant and retrieved itéms

N« % g

not relevant and not retrieved items

w+y: retrieved documents
-w+ x: relevant documents

W +Xx+y+z: documents in the collection

- Figure 8.1. Partititions of a document ‘collection'_ -

Mo_ré formally, precision and recall can be defined as in 83 and 8.4. Given the
corpus, denoted with the set'O; and the parameter A depending on the retrieval strategy, if a
‘query q retrieves the'éubse_t B, of O when in féc_t the subset 4, of O was intended, then

precision and 'recall are defined as [9]:

. Precision 3(q) = 5] v' o (8.3): o
ATt T P
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o Recalll(q)= N

N »(8.4)'

‘An alternative measure to precmon and recall is F measure [25] Tlus method

_changes the precmon value p and recall value r 1nto 1- dlmenSIOIlal scalar and 1t is in

agreement w1th the harmonic mean ‘of precision and recall:
F=2pri(ptn) @85
| 8.2. The Corpus and the Queries

TREC [26] is a well-known organization which provides standard document

- collections, queries, and relevance decisions to be used in IR research experiments for

~ languages such as Enghsh and Spanish. However, currently there is no such standard :
document and query collectlons for Turkish. Therefore for the performance evaluat10n we
~ have collected Turkish documents about d1fferent toplcs (1nclud1ng human resources N

: management smokmg, advances in robotic technologies, etc) from the Internet Some '

statlstlcs about the corpus are given in Table 8.1. Although the size of the corpus 1s small

with respect to TREC Databases which contain tens of thousands of documents 1t 1s a

reasonable size to start the tests

Table 8.1. Statistics about the corpus used in the experiments

Number of‘documents ’ - 615
Average number of words per document - ,' 231 |
“Number of words in the collection | 142,533

Total size _ ‘ 1.07MB

FWe formed five descriptive, natural_language queries which are giVen in Appendix

| B. Each document in the corpus was manually j_udged as releVa_nt or irrelevant (in a binary

fashion) beforehand with respect to each query, as in the TREC test sets. These relevance N

“judgements are used in evaluating the effectiveness of the system.
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8.3, Experiment Setup

In order to see the comparatlve perforrnance of drfferent mdexrng and retneval

: ,approaches we used the runs (numbered ﬁom 0 to 9) given in Table 8.2. The 31mplest;,

‘case denoted with Run 0, is using only srngle unprocessed words as 1ndex1ng terms. This

s fOHOWCd by approaches wrth dlfferent combrnatrons of usmg stems and/or head-modrﬁer

: parrs Another optlon is the use of lexrco-semantrcal expansron in the query terms

Table 8.2. Different combinations of indexing and retrieval approaches used:in the

experiments

Runs

Indexing and retrieval vapproach.

Single words : S |+

Stemmings + [+ [+ F [ F [+ [+ ]+ ]+

Head-modifier pairs .

Head-modifier pairs heavily weighted _. : ,b ' +|+

Synonym ‘ o o+ |+ I+

Hypernym/Hyponym
Holonym/Meronym

]+

In Run 1, only stems are used as indexing and query terms. Ifa stem is not found for '
“a given word, the word is indexed asitis. In Run 2, in addrtron to the use of stems, query'

" _terms are also expanded with their synonyms In Run 3, the query terms are also expanded

with their hypemyms hyponyms holonyms and meronyms 1n addition to therr synonyms.

- Runs 4, 5 and 6 are obtamed by usmg syntactrcal head-modrﬁer parrs in addrtron to B
 the stems used inruns 1, 2 and 3, respectlvely The difference of runs 7, 8 and 9 from runs

4,5 and 6 is that in these runs syntactical head-modrﬁer pa1rs are ten trmes more heavrly -

'werghted durrng retneval
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8.4. Resu’lts |

The perfonnance results are obtained on a personal computer whose system feauters
‘are given in Appendlx C. The average processing times of different stages in document |
: indexing and query processing for the test set are g1ven in Table 8.3. In the document
mdexmg part, the morphological processing stage includes the time between the input of a
document to the Morphologtcal Analyzer and its computed morpholog1cal analysis. In
query processmg, thlS is the t1me for the processing of the query by the Morphologlcal'

" Analyzer. As seen the morphologxcal processmg is about the same for both the documents
and the queries.

~Table 8.3. Average time durations of different processing stages in the TURNA

-~ system
Stage ‘ o Inde‘xingb | | Query Processing ‘_ :
Morphological processing - 2.78 sec/document | 2.75sec/query |
| Syntactical processing . .13.52 sec/document | 0.06 sec / query
Lexico-semantical expansion | . - = o .5.37 sec /»query
‘Matching o ~ o 18_9..37_sec/ query
Total | : : 16.3.0 sec / document | 198.39 sec / query .

The syntacucal processing is more dependent on the. 51ze and the complex1ty of the
 text. As a result, the syntactical processing of the documents takes much, more ‘time than
that of quenes Moreover, the finite-state parsing method used resulted in reasonable

processmg times.

The lex1co semantlcal expansmn technique apphes only to the queries, and not to the ‘
documents The time for expanding a query. lex1co semantlcally is quite long. The reason

for this is that we load the WordNet from an XML file into the ‘memory as a list of lex1cal

~ - records, and- currently use sequential search. Usage of more efficient data structure and

”algonthms for the wordnet would decrease thls time, Wthh is also one of the aims of

~ Turkish WordNet pro;ect
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The total processmg tlme ofa. query mcludes the times of its morphologrcal and |
syntactical processmg, its lexrco -semantical expans1on sequentral matchrng process with ‘_
each document vector n the collection, and ranking the results. Thrs time is quite long; -
however, it is mostly domlnated by the sequential query matching process as seen in Table
8.3. In the TURNA system, the query vector is tried to be matched by loadmg each
| document vector to-the memory from the correspondmg files and computing the dot
product The reason for such a long time is due to the brg number of file operatlons in that
- stage. One solution may be keeping all the document vectors in the memory; however this
vwould increase the memory usage very much dependlng on the number of documents in

the collection. Since this processing time j is 1ndependent of the natural language processmgb

| techmques involved and we are workmg on an expenrnental system currently, we have not
much concentrated on that aspect. ’

We compared the processmg power of the machme on wh1ch we made the tests with
" the machines of Google [27] G0001e uses clusters of more than 15 000 inexpensive PCS"
~ - instead of fewer but more expensive servers. The servers of Google range from smgle-
processor 533-MHz Intel- Celeron-based servers to dual 1.4-GHz Intel Pentrum 11 servers.

Google’s search applrcatron 1s suitable to extensive parallelrzatlon The overall index is

partitioned which enables a smgle query use multrple processors 1mprov1ng the

performance
- The number of 1ndexmg terms belonglng to different index sets is given in Table 8.4.
: »As seen, the number of mdexmg terms is reduced to about one half when stems are used as

indexmg terms 1nstead of unprocessed words

~ Table 8.4. Number of different types of indexing terms in the experiment

- | Index type Number of indexing terms

Single words | . 28,152
Stemmed words 13,185» |
Head-modifier pairs _ 7,571
Total | T 48908
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- For each run, the recall value 18 ﬁxed at certain levels to be able to compare the
PTCCISIOH values obtained [1]. Run 0 represents the tradmonal approach in which only
srngle words are 1ndexed wrthout the use of morphologrcal lexico- semantrcal and
syntactlcal analyses. As’ seen, the i 1ncorporat10n of morphologrcal mformat1on in Run 1, by
means of stemmlng, improves the effectrveness s1gn1ﬁcantly The 1ntroduct1on of lexico-

.semantrcal expans1on in runs 2 and 3 resulted ina decrease in average precrs1on (Table
- 8.5). ’ '

| In a related work on the effect of stemmlng for Turkrsh text retneval [10] precision
~and recall are computed for the first 10 and 20 documents in the ranked results that are

- returned. The number of relevant documents in that collection is less than 10 and 20 for-
- some of the queries, which can result in small and misleading numbers for premsron In our

experrment we show prec1sron values at dlfferent recall levels wh1ch is more precise.

Table 8.5. Interpolated precision results of runs 01,2 and 3

Recall Run0 |(Runl |Run2 |Run3
0.0 0.32 - 0.83 0.70  |0.67
0.1 0.32 0.83 0.70  10.67
10.2 0.35 0.73 0.67 0.64
0.3 0.37 0.74 0.67 ~ {0.62
0.4 0.38 ~ 10.68 0.58 0.54
0.5 0.38 0.66 -~ 10.57 0.51
0.6 032 10.64 0.57 0.51
0.7 0.30 0.56 0.55 0.43 .
0.8 -10.25 0.53 " |0.41 0.36
10.9 020 °~ [0.39 0.32 0.23
11.0 10.12 0.25 0.17 ~ [0.13

. The introduction of syntactical information, with head-modifier pairs as indexing
- terms, in Tuns 4,5 and 6, generally gives improved results v(Table 8. 6). "However this
‘increase is much better when head-modrﬁer pa1rs are more heav11y welghted dunng

- retrieval as inruns 7, 8 and 9 (Table 8 7.
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Table 8.§.'Interpolated precision results of runs 4, 5 and 6 |

|Recall [Run4 |Run5 |[Run6
0.0 - 0.80 0.81 0.68
101 - 10.80 0.81 0.68 -

0.2 0.78 0.67 0.65
0.3 0.76 0.67 0.65
10.4 0.71 0.62 . |0.56
0.5 - 10.66 0.58 0.51
0.6 -10.66 0.58 0.51
0.7 0.58 0.54- 1042
0.8 0.52 041 0.37
0.9 0.38 0.33 0.24
1.0 0.24 0.16 {0.13

Table' 8.7. IhterpOlatéd precision results of runs 7,8and 9

|Recall |Run7 |Run8 |[Run?9
.10.0 0.93 0.87 0.79
0.1 ~ 1093 0.87 0.79
0.2 0.78 . [0.76 0.69
103 - 1076 [0.71 0.65
104 10.72 0.64 0.62
0.5 0.72 0.58 0.54
0.6 - 10.67 0.58 0.52
107 10.61 - [0.54 . 0.46
10.8 0.52 044 0.38
0.9 039 1033 -10.24
1.0 026  |0.17 0.13 |

‘ The ‘prec‘isi_on-recall’ gréph for runs 0, 1, 4 and 7 are given in Figure 8.2. As seen, the -
_ linguistic processing in runs 1, 4 and 7 gives a great improvement over the traditional
approach with no linguistic processing; i.e. Run 0. The best results are obtained in Run 7,

where stems and heavily Weighted head-modiﬁer pairs are used in indexing and retrieval.
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Figure 8.2. Precision-Recall graph for runs 0,1,4 and 7

The premswn—recall graph for runs 7, 8 and 9 are given in Figure 8 3. These are the |
runs with' the best results in general However agam the use of 1ex1co semantlcal ]

_expansion in Tuns 8 and 9, resulted in a worse performance than Run 7

1,00
0,90
0,80
0,70
0,60
0,50
0,40
0,30
0,20
0,10
0,00

: |
——Run7{[ !

iIsion

—=—Run 8 '
——Run 9 |

- Prec

0 02 04 .06 08 1 12

Recall

Figure 8.3. Precision-Recall graph fof'runs 7,8and 9

‘The relative improvement of Run 7, where syntactical processing is ueed, is given

with respect to runs 0, 1, and 2 which are the cases where either no linguistic processing or

o
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relatlvely small amount of hngulsuc processmg (morpholog1ca1 and lexico- semantlcal' o "

- | processmg) is used (Table 8.8).

- Table 8.8. IniproVement of Run 7 over runs 0,l1and2

Improvement of Run 7
|Recall | Over Run 0 OverRun1 |Over Run?2
0.0 196% - 13% 34 %
0.1 196 % 13 % 34 %
0.2 121 % 6 % 17 %
0.3 105 %- 3% 14 %
04 189% 7% 124 %
10.5 89 % 8% 25%
-10.6 107% - 5% 18 %
10.7 106 % 9% 12 %
10.8 106 % -2 % 127 %
0.9 91 % - -1% 21%
1.0 113 % 3% 49 %

The recall pre01s1on and F measure values are also computed at dlfferent document

levels (Table 8. 9). That is, the recall rate is computed for the first 10 and 20 docurnents in

the ranked results that are returned. This gives ari idea on the recall, pre01s1on»and F

~ measure rates in the top ranked results. Although the results are close to each other, runs 1,

4 and 7 are ag'ain better in terms of these quality measures.

~ Table 8.9. Average recall, precision and F measure values at different document leve_IS |

Run " Recall Precision F-measure 7
No. of retrieved doc.s | 10 20 10 20 10 20
0. 0.10 | 0.22 | 028 | 0.32°10.15 |0.26

024 | 038 | 0.74 | 0.58 [ 0.36 | 0.46.
021 | 0.32° | 0.64 | 048 {0.31 |0.38
0.20 | 0.33 | 0.62 | 0.53 {0.30 |0.41
0.25 | 0.39 | 0.76 | 0.59 {0.37 | 0.47
0.20 [ 0.32 | 0.62 |.0.48 [ 0.30 |0.38
0.21 | 0.35 | 0.64 | 0.55 | 0.31 |0.43
0.25 | 0.40 | 0.78 | 0.61 [ 0.38 |0.48
0.23 1 033 [ 0.72 | 0.50 | 0.35 [0.40
0.23 | 0.37 | 0.70 | 0.58 | 0.34 |{0.45

wloo|ala|un|sluw|ro]—



In general the results of the expenments suggest that the use of syntactlcal head-

: modrﬁer pairs can 1mprove the effectlveness of a Turkish 1nforrnat10n retneval system by

-.prov1d1ng better content drscnmmators Moreover stemmmg techmque is shown as highly

-effective for Turkish IR,

However the use of lex1co semantlcal expansmn w1th the consrderanon of

synonyms hypernyms hyponyms holonyms and meronyms of query words resulted in

degraded performance One reason of this result may be word sense amblgurty That is,

words can be polysemous Le., their meaning can depend on the context [6] Therefore, the

words that are lexico- semantlcally related to a given word also depend on the context the

word is used. For example, the word uzay (space) can be expanded as mekan (space)
which i is in its synset; however these two words ‘are not always used i in the same context
and this can cause 1rre1evant retrieval results. Currently, the TURNA system does not use
any word sense disambiguiation methods. Also, the lex1co-semant1cal expansion technique

should be evaluated using a much larger and representatlve corpus and quenes
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9. CONCLUSION -

In thls chapter we summanze our work and suggest drrectrons for future
' 1mprovements '

9.1. What We Did

~ Information retrieval presents an 1mportant apphcatron area in today’s computer :

: world However most of the current IR systems are still based on the old methods, mostly }

~on the “bag of words”

‘potential for 1nformat10n retneval due to the large amount of natural language text
1nvolved inIR. '

In this thesrs we presented the desrgn and 1mp1ementatron of a linguistically |
‘ _motrvated 1nformatron retrieval system for Turkish, the TURNA system, as an attempt to

~ break out of the traditional “bag of words” approach. The system uses morphologrcal '

syntactrcal and lexico- semantrcal levels 6f NLP in document and query processmg

In the morphological- level, we made use of the Turkish :Morphological Analyzer

-~ developed by Oflazer [3]. The morphological processing is applied'to documents in orderd

- to extract the stems as indexing terms. It is applied to user queries in order to extract the

stems to be matched with the indexing terms of the documents in the corpus The

morphologrcal processing is also used as mput for a hrgher level analysrs namely the |

'syntactrcal processrng

In the syntactlcal level, we consrdered a robust and efficient approach surtable to IR -
- purposes Keeping the phrase retneval approach in mind, we developed a ﬁmte~state '
syntactrcal ‘parser to identify noun phrases in the sentences of the documents and the

queries. The syntactrcal head-modrﬁer pairs in t.he noun phrases are used to 1mprove the

retrieval effectrveness

approach. Natural language processmg presents an 1mportant '



~ morphological, syntactical and lexrco-semanncal level processmg The effectiveness of the

e resolutron The advantage of this approach is that it does not miss correct parses: However

59

In the lexrco semantrcal level ‘we made use. of a newly developrng project for
- Turkish;
o expansron to the query terms to i improve the effectweness of the searches. In this approach

syrionyms, hypemyms, hyponyms, holonyms and/or meronyms are added to the set of
- ‘terms representrng the query ' |

We represented the retneval system ina vector space model Three types of mdexmg -

- terms are dlstrngurshed for indexing and retneval purposes: smgle unprocessed words,

morphologrcal stems and syntactical head-modifier pairs.

We developed a set of Turkish documents and queries for testlng the effectlveness of
the TURNA retrieval system. We desrgned ten drfferent expenment runs for different

'_combrnatrons of the processrng methods. The runmng times were measured for

_system is evaluated in terrns of precision and recall.

The results of the experiment su_ggest that the stemming- technique_highly im'proves'
4 ~ the effectiveness of information retrieval. Although the finite-state cascade we desjgned'is |

“currently very limited, the syntactical head-modifier pairs have also‘i:rnproved the retrieval '

effectiveness. The improvement is even better when head-modifier pairs are heavily

. weighted. However the lexrco-semantlcal expansion technique resulted ‘in degraded

effectlveness

9.2. Future Work

In thlS section, we glve the points where the work reported in this the31s can be

_ 1mproved as future work.

~ One possrble extension is about dealing with ambiguity. The morphologrcal analyzer

E used in the morphological level outputs all the possible analyses of a g1ven word Wrthout -
- using any other knowledge, mcludmg contextual and statistical mformatron Currently, our

system considers all these different morphologrcal outputs without any. ambrgmty -

Turkrsh WordNet [4 '5]. We optionally apphed the lexrco -semantical -



the dlsadvantage is that some irrelevant parses are also mcluded Moreover the number of
different morphological variants results in an exponent1a1 growth in the number of inputs

_sent to the syntactical analyzer because" dlfferent morphologrcal parses are combmed to

form drfferent sentences

‘One solution to this ambrgurty problem may be employmg a part-of-speech tagger

between the morphological analyzer and the syntactrcal analyzer A part-of-speech tagger :

can facrlrtate different statrstrcal mformatlon heuristics and constramts in order to decrease

" the number of alternatives sent to the syntactical parser Some work on tagging Turkish

text can be found in [28]

The syntactical level processing is an area always open to improvement. The types of -

noun phrases that can be identified by the finite-state parser can be increased. Currently,
_our syntactrcal parser does not Tecognize relatrve clauses because they require a more
- complex analysrs The syntactical parser may be improved to recognize relative clauses

-and therr effect on information retrieval effectrveness can be mvestlgated

- In the search engme part, some other functionalities can be added that can be found

- in current commercral search engines; for example, the “exact phrase” search in Google

The long processing time in the query matchmg stage, whrch is mdependent of the |

’ “natural language processing techniques 1nvolved as stated in Chapter 8, can be decreased in

- amore reahstrc retrreval system

The number and coverage of documents and quenes in the corpus can be 1mproved

Test sets can be standardrzed as in TREC test sets to be able to compare wrth related work

in thrs area.

Techiques to solve the word sense arnbiguity problem can be considered especially-

in the lexico-vsemantical 'expansion part as another _future work;_

Fmally, the effect of phrases other than the noun phrase can be 1nvest1gated on

mformatron retrreval mcludmg the verb phrase
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ama
ancak
aynr
baz1
belki
| benim
bir

| biz

bizim
bé‘ylece
bu .
burada
cesitli |
cok

| gogunlukla

clinkii

da

degil

en -
fakat
genelde

genellikle

gibi

gore

henﬁz
hepsi ’
her

herhangi

©|iein

ile

ise

kadar o

kim

kimler

kimse

nasil
ne .
neredeyse

o .

oldukga

onlar |
onlarin

onui -

orada - -

ragrhen
sadece .
sen
senin -

siz

sizin

simdi

su

surada
ve

veya

‘yine




APPENDIX B: QUERIES USED IN THE EXPERIMENTS

‘ue' 1
Subject Robot technologles

 Text: Robotlarla zlgzlz teknolojik gelz;meler Robot Teknoloﬂerznzn guncel uygulamalarz

Robot prOJelerz ve pazari. Robot arastirmalar ve gelistirme. Robot sistemlerinde ve

araglarzna’a son yenilikler. Yapay zeka.

Juery 2 }
Subject : Eye diseases

Text: Goz hastalzklarznzn tedavisi. Gérme kaytplarz Korlugun sebeplerz Gozun saghig,

temizligi ve bakim. Goz doktorlarz Goz kontrol ve muayenelerz Gozlukler ve lensler

very 3
Subject : Envifonmental pbllution ‘

. Text: Cevremn kirliligi. Cevre korumayla zlgzlz galz;malar Cevre orgutlerz Cevre

uzmanlarmzn goriisleri.

ue” 4

Subject : Smokmg

Text: Sigara kullanimi. Sigaramn zararlarz ve sebep oldugu saglzk sorunlar1. Bzrakma

‘ yontemlerz

QuerysS
“Subject : Depresswn

Text : Insan psrkolo;zsz Depresyonun belzrtzlen te;hzsz ve tedavisi. Hag:la ve terapiyle

tedavi. Depresyonun zararlari. Psikiyatrinin ve psikolojinin sundugu ¢oziimler.



APPENDIX C: SYSTEM ENVIRONMENT

Our 1mplementat10n is tested ona PC w1th the followmg propertleS

o Opera‘ung system Microsoft Wmdows XP Home Edition _
e CPU Intel Celeron 2.60 GHz

"» Memory: 248 MB RAM

63_,
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