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1.1 Motivation 

Witli iIie bouiidlcss üniount of intonnation stored in cornputer systems. retricving and filtering 

sprçiîïç storcd infoniiation is bcçoming a vcry iiiiportant issus anlong rcscarchcrs and 

prüciilio~iers. Tiierr ib a ~ I W L  ~ C I I M I I J  01. ~c)u.L.I.IUI i~~(Oriui.iiiw r ~ t r i c u l  SYS~CI I IS  111üt CÜII 

rcirirvr and tilicr sucli infomüiion in a vcry effL.çtive maniicr. Tlie dc.niatid will continur io 

erow wiili itie increasing popiiliiriiy of the World Wide Web and compuiers in gcnerd. 
b 

Forniulaiiiig prccisc and efkciivc qucrics is noi an süsy task. Evsn cxpcricnçrd uscrs niüy not 

Iiaw ilic tinic to srcütc wcll-fomiulüird qucrics. Uscn can use ditkrsnt words tiian iiuiliors for 

dcsçribing ihc sünic çonccpt. For csarnplc. considsr tlic qucry: 

1 C'lilrr is tlic c[]ijcf ~ ' f i a ~ p ~ t - ~ r i r w  o11 r*rop.is :' 

Tliis qiicry will retrieve al1 docunicnts that contain [lie word ro~il,et*ritiiir. the word ct.ops. aiid iIic 

word LJ[~;'cI. This secms logical but it is inadeqiiate if wc çonsidcr iliat ilierc niay be sonie 

dwiinicnis [liai desçribr ilir efkct of çold weailier on çrops. Surh dociinients will noi bc 

retricvcd because the query çontüins the word ~ett1pwtio.c while ihe doçurncnts çoniaiii ilic word 

~ o k l .  One way of iit~proving ihc iiser's qucry effectivencss is by expiinding the qucry (Le. üdding 

synonynis). Herc is an esample or  the potrniial expansion of itie word ternperuntr-c: 

temperüture + çold. hot. mild. wcatlirr. ... 

As c m  b ~ .  seen from iht: above cxaniple. aiiiomatically adding words to the user's initial que. 

(yucry expansion) is a very irnporiant ürea of research. 



Another way to iniprow rctrirval cffectivcness is to use adunced feütures provided by 

information rciriewl s ysienis. Al tliougli soiiic in forniaiion rctriwal systciiis includc ad\mçcd 

feaiurcs sucli as Boolcün operators. many uscrs do not bother io Ieani tlicm and in some cases 

niay not evcn know thai ihey exisi. A good cxaniple is [lie Iiiternct search cnginc AltaVista. 

Very fcw uscrs of AIiiiVista arc awarc ihat it  cornes with Boolcan operators to forni ad\mcrd 

and çoiiiplex qiirrics. Automatical l y trans forniing the user's naturiil languagc query in to a niore 

powsrtùl que. rcprrssniation k g .  t3001cün hnn) iniprovcs retricval pcrfoniionçs ütid Iiidcs ttie 

coniplexity of ilic sysiciii tkom tlic uscr. 

1.2 Information Rctrieval 

Inforniaiion rciricvül ( IR)  is a discipline [liai dcals witli tlic rcprcseniatioii. storagc. organization. 

indcxing. scarçhing. iind licçessiiig of in fomiütion itcnis. In forniaiion iicnis in i n format ion 

rcirirval are typiçülly icxt or other unsiructurcd fornis [Sülton and McGill I%3] [Kellcdy 19971. 

Wiili [lie trcnicndous pr~wili in science and tcçhnolopy. thc nunibcr of publicütions hüs 

dramüticülly incrcüsed. Tlic r ~ t c  of inçreasc of availablc in forniai ion is bcçoniiiig imiiieüsurablc. 

Though inicrcsi in ihis discipline is not new. as the amount of information avüilüblc continues to 

grow. so docs intercst in IR. 

Conçcptually, an iiifomiaiion rciricval sysieni çoniains a collection of docunienis. qucries. and a 

siinilarity funciion iliüt niatçhcs a set of documents io a query. This is i llusirated in Figure 1 - 1 . 

A uscr spcçities a qiiery and scibmits ii to the IR system. The IR systcm [lien rctrievrs al1 the 

documents tliai match [lie query iising a similarity function. 



Figurc 1-1 Information Retricïnl Systm - Coiiccptuül Overvicw 

I Results 
(Documents) 

In intbrniütion rctrieval. a docutiisnt is il piccc 0finfoniiü[ion storrd and labclcd in a roiiiputrr 

systcni. Exümplcs of docunicnts incl ude texi tïlcs. HTM L tilcs. ncwsgroup post ings. aiid 

pict~res or iniag~.s. A groi~p of docun~ct~ts tliüt ü user wants to rctricvc froiii is süllcd a 

collcct loti. 

A qucry is a scqiicnçc of\rwds thlit dcscribcs and speçitics tlic infoniiaiion the uscr wnis.  Onc 

Ionn of a qucry is a natiiral Innpiiagc qucry. In tliis forni. a uscr san spcçifies Iiis or hcr qwry 

iising plain Englisli (or üny otlier nüturül Iüngusge). Ali rxûiiiplc of such a qiicry is "iihi.l~ h s k  

h i i - C J  sltorild I hl!,+, fiw i y *  i \ l Z ' "  Ariother fom~ of qucry is tlic Boolcün form. In ii Boolcan 

que.. the words of ille qiicry are çonibined wih Boolcrin opcrütors such as A N D  and OR. 

Pürcntliescs lire usiially providcd to resolve thc ordcr of prescdrncc. An excimple of a Boolcün 

q u q  is 

(mandarin OR navcl) AND orange 

- -  
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Tlic goid o h  qurry is to rrtricve al1 dociinients tliat niatcli the qucry. Words in tlie query arc 

çonnected çonj unctively ( AND-cd) to reducc tlic result set and disjiinçtively ( OR-cd) to broiidcii 

the sçopc of ths  qiicry. To retricvc ttic rnntcliing documents. a siniilarity function is uscd. Tlic 

sirniliirity function dctemiines how çloscly a document maichcs a query. A simple brni of ü 

sirnilarity funçtion niiglii çonsidcr only doçuiiiciits tliat contain dl the words in tlic qucry to bc 

siniilrir. 

1.3 Performance o f  Information Retrieval Systems 

Tlic iwo standard nictrics of IR systcnis pertorniancc arc rccall and prccision. Ncitlicr of tlicsc 

two mcasurcs cüii bc dciilt witli withoui çonsidcring tlic otlier: 

R e ~ d I  is dcti~ied üs tlw nunibcr of relevant docurncnts rctriewd dividcd by itic total nunibcr 

of relevant docuiiicnts in tIic sollc.ction. For cxümplc. suppose tticrc arc 80 documcnis that 

;ire rclcvünt to qucry Q in ilic collcçtion and an IR systcin thüt rctrievcs a total of 60 

docunirnts aniong wliicli 40 arc rrlcvüiit to Q. The rrçdl of this systcni for tlic query Q is 

.IO/XO = W u .  Sinçe any system cün açliievc a rcçall of 100% if Ü I I  docunients in a çollcction 

arc rctricwd. ü systcni aiteinpis to niaxiniize botli rccall and prrçision simultüncously. 

hucivi~~~ is de tincd as iIic number of rclcwnt docunients rctrievcd dividcd by tlic total 

niiniber otüocuiiirtnts rctrirvçd. In the above exürnple. an IR systctn has rctrieved ü total of 

60 documents but only 40 of tliem arc rclevant to Q. In tliis case. the prccision of tliis systeni 

for the query Q is 40160 = 67" U. 
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1.4 Objective of This Thesis 

Traditional IR systems trcat qucries and documents as "bags of words". For a giwn query, the 

rctrieved docun~ents are ranked based upon the iiunibcr of ocçurrcnces of the words in 

doçunienis t hüt niatcti the qucry words. The rctricvai mcthods arc purely slütistical. Soiiie 

rcsearc tiers Iiüve ex plorcd tlir use of Natural Lünguüge Processing ( N  LP) techniques. in üddit ion 

to the srütisiical approachcs. to eiiliancr the rctricval perfomiançe. Unfortunately. the cnipiriçül 

results of using N LP techniques hüvc gcneral l y not provided evidence of iniprovcd pcrtbniwnce 

[Str~alkowski. Lin. and Perez-Carbüllo 1'1971. On ttie other hünd. some NLP techniqucs have 

proven to bc effrcti\.c. Exümples of SUCII techniques arc tlic usc of plirwd ternis ( c g .  joint 

venturc) and propcr noun rxtniction [Str~nlkowski. Lin. and Pcrez-carbal Io 1 W7]. Plirüsc 

nornializlition hris also bren uscd in informitlion rctricval [Strzalkowski, Lin. m i  Pcrcz-Carballo 

1 gC)7]. Phrüse normülization involws tind ing chcad. modifier> pairs in tcxt using syntact ic 

analysis. For cxarnplc. tlie plirÿscs it~fi)t-rrido~i t -cnio~d.  r ~ ~ w i o d  r,fqit?\i)t.ttrufioti. and wa-iwc 

itl/i)r~~titioti arc reduccd to the pair <ret rirve. intomiat ion>. 

In ttiis tliesis. we study ilic rnhançcmeni of tlir query coniponcnt of infomiütion retricvül. The 

p a l  of qucry cnliançrmciit is io improw retricvül efkctiveness. Two rncthods will be 

considered to üçhicvc ttiis improwmcnt. The tirst mctliod is translat ing naturd language qucrics 

inio fuzzy Boolcün queries. Tlic second method is query cxpünsion. wliicli is applied on iop of 

the qucry trmslat ion. 
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1.5 Outline of the Thesis 

In tliis cliiiptcr we Iiaw iiitroduceû ihc coniponçriis of infomiatioii retrievül systeiiis. ttieir 

iiiiportünce. and wliat compoiicnts arc of interest to tIiis tliesis. Chaptcr Z will presciit 

background infortnation and a literature revicw of que- reprcseniation. formulatioii. and 

expüiision. iiiclodin~ tlic Iütcst rcseürcli and devclopiiieiit in tliis areü. Our approüç h for 

snhiinçing qiicry perhrniünçc wi I l  bc prescnted in ç1iiipic.r 3. Cliüptrr 4 presciiis tlic 

r.upcriiiicnial rwilts ofour iipproücli. Finally. Cliiiptsr 5 stütes our conclusion and outlincs future 

work. 
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2.1 Introduction 

As nieniioncd in the prcvious çhaptcr. tlie objective ofany iiifoniiation rctriewl systcni is to store 

inlontiation (cg . .  indcxing) about a set of documents and rctricvc: iiII relevant dociinicnts Ior 

spcçitic uscr qucrics. rlierc arc two goals to be açliiwcd by IR systcnis. 'Tlic tirst goal is to 

müsimizc the nunibcr of rclcwnt documents retricved in ilic result set for user qusrics (i.c. to 

niaxiniize rccall). Tlic second goal is io iniprovc tlic quiil ity of tlic result sct by plaçing ttic niost 

rclcvünt dosuiiirnts t h .  The two goals arc üshie\-cd by idciitifying tlic irnponünse of cücli word 

in doçiiiiicnts and qucries. 

A doçunisnt (or a que.) consists of a sct of words. Tlic b:isic constiticcnt o h  tcxt docuiiicnt and 

a qiicry is the word. In inforrnütion rctricval tcrminology. a singlc word or concept thiii appcars 

in a docunicnt or a qucry is cüllcd a tcrrn. In the exüniplc. "IC%ctt iSs rhc &r.t t $ t o ) i p o - t i n o r  or i  

~77)p .s? ' .  the words r ~ . r , i / > ~ ~ t z l r c i , u .  c t w p s .  and ~ $ k r  would ccisli bc soiisidered a terni. Ewli i c n  in 

a collection is üssigwd a wriglii. Tlic. weighi rcprcsents tlic iniportüncc of the terni amon@ otlier 

ternis in [lie collcçtion in  rcgards to çontcnt. Tcniis arc ussd as content idcnti tiers. Thereforc. it 

is [tic ternis in tlic dauiiicnt tliüt Iiavr thc highcst weights that dctcrnminc ilic docunicnts' 

contents. 



2.1.1 T e m  Weighting 

The occurrciice frcqiiency of a terni r in document d is callcd r~~>-~?i/ i*r~tfrroic: \* ,  11: Tlic total 

occurrence frequency of a tenii r in tlic collectioii is ilic total of tlic tcnii frequencies of al1 

docunicnts in the collection [Salton and McGill 19831: 

whert. rr  is thc total nuniber of docunicnts in the colltxtiori. 

Tlic ternis witli w r y  higli and vcry low frcqucncies are igiiorcd. Only ternis with nicdiuin 

frcqucnçy arc considcrcd. Tlic rmge ofnirdiuni frcqucncy is usiiiilly dctcrn~incd by an ürbitrary 

tlircshold. Ths el iminütion of higli hqucnçy words could d c g d c  rccall bccüusc cl iitiinating 

broad tcniis çauscs lcss docunicnts to be retrievcd. To add to tIic problcni. the cliniinütion of low 

frequciicy words could degrüdc botli precision and rccdl. This is bcçausc niissing somc vcry 

spcci tic and unconinion tcnns causes rclcvant docunir.nts io bc missed. 

Tlic usc of t Iiis absolute frcquency nieasure sornet iiiics hiins rctrieval pcrfomiaiicc. .4 tcrm 

niiglit be important in one sollcct ion whi le irrclevünt in anotlier. For cnamplc. ilic terni c . o i ? l p i t r ~ ~ t -  

is considercd irrclevant if al1 tIic collection is related to compuicrs. This is bccause thc term 

t w i r i p ~ ~  niüy appear in every siiigle doçunicnt in tlic collection. This niakes the terni cor~pi t t~~r 

a very poor content identifier. and hencr. wiil not discriniinatc relevant documents. 

Calçulating the occurrence frcquency of a term in a document. r / ;  is noi enough to determine the 

importance of thai trnn. The number of documents that contüin that terni should be considerd 
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as well. Tlie totiil nimber of docunicnts in tlic collcction that contain thc terni t is callcd 

<locsimo~t ~ ~ I J I ~ C J I I C : ~  - CI/: The iniportance of n terni t is proponionül to the occurrence freqiicnçy 

ofr in ü docuiiiciit. r / ;  and inversely proportioiial to tlic total iiuniber of docuiiicnts in tlic 

col lcct ion t tiüt soiiiaiii t. Tlic i11i~~~r.w c loc i r t r io i r~  ~ ~ I J ~ I I C W C T  is de tïiied as fol lows [Frükcs and 

Bacza-Y aies I 992): 

II  
iclj' = log : - 

(p. 
wticre II is thc nunibcr of docuiiieiits in tlie collection. 

For cxüniplc. considcr a collcctioii of I O00 dociimcnis. Assunie the terni < Y ) N ~ ~ I ~ C J I *  occurrcd in 

800 doçunicnts. the tcnii p ~ * o p r r ~ i  occurrcd in 400 docuincnts. and tlic terni.flty)p occurrcd in 

1 00 dosurncnts. The invcrsc document frcqucncy i&of /Iopp!* is t tic Iiiglicst üiiioiig tlic t tirec 

words. More spcci ticül ly: 

1 O00 
log 2( - 1 000 1000 

800 
I < log:(-) < log.(-) 

300 I O0 

Hcncc. ilic icmis with Iiiglicr document frcqucnc y Iiûve a lowcr invcrsc docunicnt freqiicnçy. In 

otlicr words. coninion tcniis woiild Iiwc low itl/'valucs whilc iiic Iiiglicst iî//'ïaluc is assigiicd to 

terms unique io one document. 

Thus. ternis thiit are considcrcd good çontcni ident i tiers would appeür frcqiient l y in individual 

documents and rmly  açross the çollsçtion. Therefore. ihc weight of û ierm ! çould bc cülsulütsd 

as follows [Filikes and Barza-Yatcs 19921: 
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In this fiinction. r will Iiave a higli weiglit if i t  occurrcd iii fcw documents. Specitisally. relative 

ticqiicncy idcntitïcs the ternis thai arc uscd wy frcqiicnily in some doçuiiwnts (i.c. Iinvr Iiigh 

frequency) and have low (icqucncy in [lie rcst o f  thc collsction. 

2.1.2 Stop List 

A stop l is t  is  a l is t  o f  words tliüt I iaw vcry Iiigli licquency. Thcsc words (ülso cüllcd srop iivori/s) 

are usually ignorcd duc to tlieir 1irnitt.d scniaiitic content and. tlicrclorr. arc wry poor 

discriminators o f  rclsvliiit docuiiicnts. Table 2- 1 [Salton and Mc<; i Il. 19831 l ists soiiic cnaniplr 

stop words. 

Table 2-1 Stop List 

about rilons 3n arc ~~~OIIIL'S bcsidc 
across dong and around bccoming bcsidcs 
aticr üI rcüd y ;riiotlicr 3 s bccn bctwcen 
aticnvard also aiiy at bc forc bcyond 
again althougli anyliow bc beforcliand boih 
againsi ril\vays anyons bcc;inic bc II ind bui 
a l  1 riiiioiig iiiiytli iiig bcc;iusc bc i iig t'y 

tiiiywlicrc bccomc bclow a n  

Stop words comprise 40 to 50 percent o f  words in tcxt. In somc cases wlierc a sprcialiïcd 

collection is used. tcniis tliüt niiglit typically bc considercd important should bc trcüied üs ü stop 

words bccause o f  their insigni tiçüiicc as a content idsnti ficr. The terni c4otrtpi~icr* would probübly 

bc a stop word i f ü  çomputer related collection i s  used. 
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2.1.3 Stemming 

Stenminy is the proçess ofrenioving prcfixcs aiid sutTises from words in ü docunicnt or qucry 

[Frakes and Baeza-Yates 1 W ] .  Tlic goal of such an algorithm in inforniation retrieval is to 

group words that sliarri tlic saine conceptual nicaning. For exaniple. tlic endings of words 

iidked. I I I ~ / ~ L V - ( ' ) . .  and w i l k i t g  arc 311 steinmed to the word milk. A commonly uscd stcniiiiing 

ülgoritlirn is the Porter stenimcr. There arc advantagcs in using stenirning algorithms. Thc first 

advünt;igc of stcniiiiiny is to niininiizc tlir use of disk spacc. In tlic prwious exiiniplc. insteüd of 

storing üII the h m s  o f  thc word w d k .  oiily tlie terni i i d k  is stored in thc inhnnation retricval 

datübasc to rcpresent d l  its fomis. The othcr advüntüge is broadcning tlir likcliliood of word 

niatçli in the retrirval process. On the otlier Iiand. stciiiming algoritlinis Iiüvc ü drüwbaçk. 

Stciniiiing tlie word p o r t ~ ~ t -  in Porv i~  s t ~ ~ t w w t -  io ptwt would cüusc an IR system to rctrieve 

docunicnts abolit boats or wine. 

2.1.4 Vector Space Model 

Docuitirnts (or qucrics) çün bc rcprcscnted using ternis. Only thc mcaningful (c.g non- 

stopwords) arc uscd io rcprcscnt doçunicnts. 111 tliis niodcl. cüch docunicnt is convcrtcd into a 

vector of tcmis. In otlier words. ü documcnt d in ü collection can be reprcsentcd as [Frakes and 

Bawa-Y aies I 9921 : 

r/  = < i l .  t ? .  t . ~ .  .... tr,t > 
whm t, is the wcight of a temm in ilie colleciion. 

The tcnns rcprcsent the Oûriires of a veçtor. Tlic lcngth of tlic vector IN is the total nunibsr of 

ternis in tlir collection. In otber words. the vcctor o fa  document contains dl the meaningful. 
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stt.iiiiiit.d. ;ind distinct ternis in the collection. If a terni docs not esist in a docunicnt. tlic value of 

tliiit terni is set to zero. For exaniple. coiisidcr a docuiiicnt vector witli tliree ternis. irr\iwmitio~~. 

wn-icizrl. iiiid pzr$)nmsrcc. d = CS.  2, O> nieans tliat docunieiit d coiitains tlic tcrni i+i-mition 

and tlic terni rcrrioril witli wciglits 5 and 2. rrspcctiveiy. The docuiiicnt cidoes not contain tlir 

tcnn pv$)i*mi~av. Tlie tf*idj'wcigliing sçliciiic is often iiscd witli tliis niodel. Tlic Boolcan 

sslisnic caii ülso be uscd witli tliis modcl. In tlie Booleaii sclicmc. the utcight of a tcnii is eitlicr I 

or O dcpcndiiig if tlic tcrni esists in the docuincnt or noi. Queries arc also rcprcscntcd as vcctors 

in tlic sanic way as docunicnis. A qiicry y cün bc dctiiicd as a \ w o r  i t l .  t:, .... i k > .  wlicrc i ,  

rcprrscnts tlic wciglit. or iiiiponance. of term in qucry q. 

2.1.5 Similarity and Ranking 

Simi lariiy is itic mcasurc of tiow sirnilar a doçiinicnt and a qucry are. The rctrisvül proccss docs 

not rcquirc a full niaich bciwscn tlic ternis in qucry and docuiticni vcciors. An IR systciii 

typicülly iiscs a siiiiilarity mcüsurc wiili ü thrcsliold to dctcrniinc ilie siniilariiy bctwccn a query 

vector ririd dl tlic document wctors in the col lcct ion. Tlie docu~ticnt vcctors tliat scorc ihc bcst 

arc rctricvcd tirst. Di fkrcnt simi lari ty rnc;isures liaw bccn dcvclopcd. One cxamplc is the inncr 

produçt siniilarity mcasurc. In tIiis nicüsure. the inncr product is üpplicd to the çorrcsponding 

tcrni wciors [Buckiey. Miira. Wdz. aiid Cardic. IW71: 

In tliis fomiula. the siniilariiy betwccn a documcnt D, and a qucry Q, is detcrmined by tlic inncr 

produci of the ternis in the docunirnt vcctor aiid qucry vcctor. Docunisnts that are Iiiglily similar 

to ihe qucry are rdnkrd higlier. IR systsms typically display iIie most similar documents tirst. 



2.1.6 Query Expansion and Relevance Feedback 

Q L ~ L J ~ *  evptiu.~uhu is the process of building a new qurry from the initial user qurry. The new 

query is built by adding ncw ternis from other documents in the collection or by üdding 

synonys  froni a thesaurus. The added words should bc very cftkctive and improvc reiricval 

pcrforniünce. Siiicc qucry expansion broüdens tlic scope of the qucry concepts. it  results iii 

improvcd sysicni rccall. Query expansion deals wiih the fundaineniül issue of word iiiismütch in 

inforniütion rctricval. As iiicntioned carlier. word mismaich happens whcn uscrs sclcci diî'krent 

words to dcsçribc concepts in their qucries than autliors do in Jcscribing the s m e  concepts in 

tlicir docunien ts. 

In ~ C J I L W U I L T  / i ~ d w k .  users arc expeci~d to provide tI1c systcni w i t h rclevünce j udgmciit. When 

ü query is submiited ro ilic IR system. the user indicaies the relevani docunicnts from ihc rcsult 

set. Then tlic sysiem iiscs ths ternis in tlicsc rclevant doçunienis as expansion tcnns. Tlic 

expansion ierrtis arc tlien addrd to the initial qiicry. The ncwly fornicd yurry is subniitted ügain 

io the IR systcm. Tlic rcsult set of tliis newl y fornicd qucry is cxpected to contain niorc rclcvant 

documents than the initial rcsuli set. 

The niost comnionly used reltrvançe fccdback procedure is the Rocçliio's rncthod. In tliis 

mctliod. new ternis are addcd from relevant documents and initial qurry ternis are re-weiglitcd 

[Frakes and Baeza-Yütcs 19921: 



wlic're 
Q,,,,, = ihe vector Ior the iiiitiül query 
RI = tlis vector for rclcvaiit docuiiicnt i 
SI = tlie c'cctor for non-relevant documcnt 1 

n,  = the numbcr oî'rc\t'wnt ~ O C U I I I C ~ ~ S  

n: = the nuinber ot'irrelcvüni documc.iits 

Ternis tliat cxist in the relevant docwiiiei~ts ;iiid do not exist in thc 

qucry. Wciglits of initial qiiery ienns arc iiicrciiscd if thcy üppcür 

initial qiiery arc addcd to the 

i i i  t lie rclcvlini docuiiicnts aiid 

rcduccd iî'tliey appclir i i i  iIic non-relrvüni dociiniciiis. Tcnns in relevant docuiiiriiis coniribiitc 

~ 4 t h  positive wcigliis wliilc ternis in non-rclcwiit docunienis contribute wiili ncpativc wcigliis. 

Typiçally. ncgÿtivc-wciglii icrms iirC not iiddrd to the q~cry .  

Thc problciii with tliis iiirtliod olcspünsion is tliüt users usuülly do not have ilic tinic to providc 

tlic system with sucli fccdbück. To addrcss ttiis. IR systcnis dcïclopcrs providc o "pscudo" 

rcI~'va~ice fcdback [hlitrü. Singhal. ;ind Bucklcy IWX] wlicre uscrs do no[ h ü ~ c  to providc aiiy 

fecdback. In this approücli. the iiiiiiül qucry is prcscnted to [lie IR sysicni and iIic top t i  

docuiiirnts (cg .  tr = 10) arc uscd for ilir relevancc fcdback proccdurc. Tlic top tr docunictits ;ire 

assuiiicd to br ihr niost rclcvnnt to tlic initial qucry. Tlirrefore. undcr tliis assuiiipiion. tlicse 

dociinirnis iiïc coiisidcrcd tlir bcst candidates for expanding the tenns of tlic initial qiicry. Thc 

additional trrnis h r  expansion are trikcti for ilicsr docuiwnts using Rocçliio's rtieiliod. 



2.2 The TREC Collection 

Test col lcct ions arc creatcd for cvaluat ing experiiiiental intbmiiit ion rctrievd systcnis. Tliey 

usually consist of a set of daunients and qiieries. One of tlis niost coiiinion collections used in  

rvaluating inforniation retricval is thc TREC collection. 

TREC (Tcxt REtrirval Conl;.rciiçr) is an annual conkrençc for rvaluatiiig IR systcnis. IR 

rcsciirclicrs around the world can pürticipütc in tliis con fcrencc. This confcrciicc lias bccn Iicld 

six t imes. To idcntify the confcrcnce ünd its çollcction. the iiuniber of the coiifcreiiçc is used 

imiricdiatcly aftrr thc word TREC. For cxaniplc. TREC-4 iiirüns the fourth çonfcrencc and 

collcction. Sincc dl participants use the s m c  docuiiicnt collcction (TREC). sysrcnis arc 

t.valuaisd by coiiipüring and contrast iiig aiiioiig ilien~. The conlkrcncs is fundcd by tlic Nüi ional 

Inst itiite of Standards üiid Tccliiiology ( N  IST) and t tic Dcfcnse Advünced Rcsearcli Projccts 

Agrncy (DARPA). 

Tlic TREC collection consists ol'a Iürgc iiiiiiibcr of qucrics and thcir rclcvüiit dosuniciits. al1 

crcatcd by huniüns. I t  is divcrss and covers multiplc domains. Tlic collection conies witli 

rclcvancc fcedback tliüt cnumeratcs al1 the rclsvünt docuincnts for a givcn qucry. This 

enunicrition is donc by Iiunians and is used to test the pcrfomiance of IR systcnis. 

TREC daumcnts arc obtüined from dit'fcrciit sources sucli as newspapers and abstracts of 

technicül papers. Docunicnts contain SGM L tags to dcscribe the di fferent coniponcnts of the 

document such as document number. title, and terit. Tlic following qucry (207) is reprcsentativc 

of TREC-1 queries: 



<DOC> 
<DOCNO> AP900633-Cl07!3 < DOCNO> 
<FILEID>AP-NE-06-73-90 9 3 7 2 E D T c  FILEID> 
<FIRST>r i PM-Canada-Quebec 0 6 - 2  3 Ù73 3 <  FIF.ST; 
<SECOND>PM-Canada-Quebec, 0 7 6 4 ~  SECOND> 
cHEAD>Fnilure of Accord Causes Resencment But No Immediats Secession 
Movec HEAD> 
cHEAD>With PM-Canadai HEAD> 
<HEAD>An A P  News Analysisr HEAD> 
iBYLINE>By JEFFREY ULDRICHc BYLINE> 
<BYLINE>Assoc iateà Press Wr i ter<. BYLINEr 
<DATELINE>MONTREAL i A P )  < DATELIN€> 
r TEXT. 

The failure of the Meech Lake constitutional accord will be strongly 
ressntsd in much of French-speùking Qusbec, bu: an immediats marcn toward 
independence is unlikely. 

The proposed agreement would have net Quebec's pr:ncipal çondi~ions For 
signinq Canada's 1 9 8 2  constitution. The most important and most symbolic of 
its provisions was a clause calling Quebec "dis~inct society." 

The "distinct society" clause had no immediate practical impact on the 
province or its people .  It served mainly ta sooche bruised Quebecois feelings. 

The clause was also a guideline for the îanadian Supreme Court, requirinq 
it to take the province's special situation i n r o  account when rulinq on 
challenges to laws affectinq Quebec. 

But the 1987 agreement was declared dead Fridùy night aftsr it fell short 
of ratification by a l 1  10 provinces, which w a s  required by this weekend. 

A widened political debate in the pravince seerned certain. An eventual 
referendurn on either independence, o r  more likely some sort of sovereignty- 
association with Canada is possible. 

But a highly passionate rssponse, or a violent çeparation, does not appear 
to be in the cards. 

During the long debate, Quebec officiais were careful not to make any 
threats of secession or other future action during the long debate. They 
refused even to acknowledge that any continqency plan was in the works should 
the accord fail. 

Quebecois voters rejected a 1980 referendum that proposed talks with the 
&deral government on political autonomy for their province. 

The Ekech Lake accord gave al1 provinces, not just Quebec, the right to opt 
out of some federal-provincial spending programs. It gave provinces more say 
in imrnigrat ion - part icular ly important in Quebec, where French-speaking 
immigrants are desirable. Tt also covered nominations to the Supreme Court and 
a new constitutional amending formula. 

The accord died because opposition prsvented ratification in the provinces 
oE Manitoba and Newfoundland. 

In Manitoba, a Cree Indian leader who is a member of the provincial 
lsgislature sucessfully submarined attempts to push through approval by 



throwing up procedural obstacles. He forced adjournment of the leglslature 
unîil Monday, two days past tonight's midnight deadline for passage. 

That meant chers could be no unanimous approval by the provinces. 
In Nswfoundland, Premier Clyde Wells, hsaring the news from EIanitoba, 

postponed a vote on Meech Lake indefinitely. 
"Tt's a sad day for Canada," Prime Minister Brian Mulroney said after the 

dsath ûf the accord. 
In tact, most Canadians were sick of the discussion ana debatt, which had 

occupied the headlines for the past several months, and with increasing 
intensity for the past several weeks. 

Some Queberois with nationalist or separatist feelings were happy, 
believing the rejection of the accord would be a step toward independence. 
Others were bitter. 

"Tr:? c e  ~ i r  w i t h  11s r h ~  r!evr r i p a  d n d  s e @  w h a r  l~lir h a s i r  dimancl5 q r ~ ,  " 53 id  
Çerye Dube, a power Company exccutive. "The bare minimum was asked, and they 
trampled on Our flag. We were told: We don't want you in Canada. No, Canada, 
we can't accept that." 

"For a while it looked good," cornputer systems analyst Robert 
Gagnon sa id  of the accorà. "Ic looksd like i t  w a s  going to bring the country 
together." 

Quebec Premier Robert Bourassa exprsssed "profound Disappointment" at the 
failure oE the agreement but gavs no indication what his next move would be. 

Jacques Parizeau, leader of the separatist Parti Quebecois opposition 
party, offered to sic down with Bourassa, a Liberal, to diçcuss the future of 
the province. 

Quebec's G.5 million inhabitants represent a quarter of Canada's 
popuiation. Montreal is its second city. Quebec's economy is an integral parL 
of the Canadian economy and the province is the country's largest. 

The Meech Lake dsbate already was having an impact on foreign investrnent 
and on the Canadian dollar because it raised Lears about Canada's stability. 

But widespread opinion among Quebecois was that there probably would bs an 
expression of strong feelinq chis weekend on St. Jean Baptiste Day, the Quebec 
nacional d a y .  Then, r h e  convsncional wisdom said, people wouid head off for  
vacation and generally forget about it. 

One constitutional specialist - asked before the measure died what the 
immediate impact of its failure would be - affered a low-key reçponse. 

"They' l l  probabiy form a cornmittee, " he said. 
< TEXT> 
< T EXT 3 

EDITOR'S NOTE: Jeffrey Ulbrich is the Associateci Press bureau chief in 
Toronto. 
< TEXT> 
c DOC> 

2.3 WordNet 

WordNct is a general-purpose lcxiçül database. WordNet was manually çonstniçted by a tcam o f  

rcsccirclicrs at the Cognitive Psychology Lüb in Princeton University. Nouns. wrbs. adjeçtivcs. 

and adverbs are orgmized into synonyrn sets called synsets. A synset of a word rcprcsents one 

of its scnscs. Eacli synset mûy have a list of s~ionynis  of tliat sensr. Synseis arc conncctcd with 
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cadi othcr using lex ira1 relüt ioiiships. Tlic type of lexical rclationsliip is dcpciidant oii tlic 

synset's part-oFspccch. For cxaniple. nouns Iiiivc is-ti and purt-(!f'rrlütionships. Figurc 2- I 

shows al1 the six scnscs of thc word .s\tviug [Voorhees 19911. 

Onc çan rctricvc dl scnscs of 3 spcçific word and its part-of-specçh. Hrre is an cxüniplc ttiiit 

shows the WordNct output for ol 1 tlir scnscs of [lie word s i t o ~  as ü tioun: 

Sense  1 
snow, snowfa l l  - -  i p r c c i p i t a t i o n  f a l l i n g  from c l o u d s  i n  the Eorrn o t  i cc  c r y s t a l s )  =. p r c c r p i c a t i ~ n .  downfall - -  [ t h e  f a l l i n g  co c a r t h  of r a i n  s r  snow J r  h a i l  o r  
slcct o r  m i s t )  

s'tlnse 2 
snow - -  (a l a y ~ r  8 ~ f  snowilakcs cwhicc c r y s t a l s  af  Ero=cn w a t s r l  c o i t e r i n g  thc ground) 

= . l ayc r  - -  i a  rclatiq.~cly t h i n  çhcctlikc expanse  a r  r c g i o n  l y i n g  aT.wr ar u n d e r  
a n o t h c r )  

Sensc 3 
cocainc. cr>caln ,  coke.  s n w ,  c' - -  ( 3  n ù r c o r i c  (alkalaid) ~ x t r a c t c d  f r d m  coca l c s - ~ s ;  
u s e d  as a surfacc m c s t h e t i c  a r  t a k e n  f o r  plcasurc; can bccomé a d d i c t i r c )  

:> hard  d r u q  - -  ( a  d r u g  t h a t  i s  c o n s i d c r e d  r c i a c i v c l y  s t r s n g )  
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Figu rc 2- 1 The sis sciises of ilic word Swiug in  WordNci. 
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2.4 Short User Queries 

As mcntioncd earlirr. niost uscrs of IR systcnis do iiot Iiaw thc timr to spcnd Iorniulüting tlicir 

qucrics. For tliis reason tliey tcnd to use sliort qiirrics limited to a few kry words relatcd (in tlic 

usrrs' opinion) to the infomiiition tliey need. For example. the average number of words of a 

qucry reçorded on Internet scürcli cnpines is two [Croft 19951. Short qcierics tcnd to Iiüve l iniited 

covcragc duc to tcrn mismaiçli hrtwcsn qucrics and docunients. This problcm deçreoscs witli 

longer qucrics. This is bcçüiise witli loiigrr qucrics. the possibility of ço-occurrensc betwecn 

words in ihc qucrirs and documents is higlier. It  lias bccri obscwcd in TREC coiifcrençcs tliat 

long queries perfonn bettcr tlian short qucrics [Voorliees I UV-!]. In TREC-4 [Hünnün 19Uh]. tlic 

score oftlie top rankcd docuiiicnts dcsrcascs witli shortcr. niorc realistic qucrics. Appcndk A 

lisis al1 qucrics froni TREC-4. Tlic averigc nuiiiber of words pcr qucry ( including stopwords) in 

TREC-3 is 105.28 wliilc the üvrragc niinibcr of words pcr qiiery in TREC-1 is 39.16. 

Duc to thc wide usage of sliort qucrics in nwny applicatioiis. iniproving thc rctricval perfomiancc 

of slim qucrics Iiüs bccn ofgrcrii intercst to rcscürchers and prrictitioners. 

2.5 Query Enhancements 

Ressarshcrs have bccn workinç on tlic problcm of qucry expaiision sinçe the 1 W O s  [Vlcz. Weiss, 

Slieldon. and Gifford 1 Vi)7]. Thrre has becn many resrarch in this area. One of the rarlicr query 

expansion tcchniquss made use of gcneral-purpose ttiesauri [Frÿkcs and Bacza-Yaies 19921. 

This approaçh Jid not show any improvrment io the initial qucry retrieval pcrforrnancr. Results 

froni expanding a qucry using ~ncral-purpose thrsauri çould degrade query performance, 



produciiig rrsults tliat arc worse than tlic original query. This is partly duc to word sensc 

anibiguity. For exaniple. [lie word go lins niorc tliat 10 entries in [lie dictioiiary [Allen I995]. 

iiiaiiy of wliish may rcflect ü ncw scnse of tlic word go. Sonx synonyms For tlic word go arc 

t ~ i o i ~ ~ .  I / L J ~ W ~ .  p . v . v .  wuish. t ~ ~ d i .  and L J S ~ L J ~ ~ .  Mmy of tliesc represcnt ü difkrent sense for tlic 

wrb go. Even wi tliin a scnse. expans ion tliiit includcs al1 synonynis iiiüy negatiwly impact 

rcsults. 

Musi of tlic work donc. in üiitoniütic query expansion or moditicütion is büscd on tcnii ço- 

occurrcncc. If ü query tcrnl occurs (icqucnily in ihc relsunt docunicnts tlicn ttie iemi wciglit is 

incrcüscd. wliilc' if tlic tsriii ocsurs frcqucnily in iIie non-rcle\mt docuincnis. its wciglit is 

dccr~'ascd. Trnns wiih high wciglit arc' usuül ly üddsd to the qucry. 

Thcrc arc two iypcs of qucry cspüiision. mromoric and iirrcwc*fiir. Unlike inierücii\,c qucry 

expansion. üutoiiiüiic query cxpünsion does no1 rcquire iniervcntion on the part of the user. 

Autoiniliic qucry cspansion çan bc dividcd into two types. globtrl and /ocd [Xii and Croft ILN6]. 

Global qucry cxpmsion is donc iisins tlicsüuri. In tliis metliod. an IR system selccts the words 

tliat arc synonynis to the query tsniis froiii ;i tlicsaunis. The tlicsaurus çould be iiianuülly or 

autoniatiçally construcicd. An cxuiiiplc of münually consiruçted tliesaurus is WordNet. 

Automatiçaliy çonstructcd thesauri arc crcatcd by automaiically analyzing word occurrences and 

rclationships in tlic corpus lis a whole. Expansion makes use out of this infoniiation to add ncw 

ternis to qiierics. Tlicrc is weak evidençe that use of a generd thesaurus improves the 

r fkçt iveness of the searcli [Voorhees 1 9941. 
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Local qucry cxpansion is done using local docuinent ünalysis. Relcv:tncc fccdbüsk is based on 

tcrms froni the niost highly raciked docuiiieiits in thc rcsuli set. This iiirttiod involves selecting a 

set of teniis oiily Iioni the top n ranked documcnts retrievcd by the original query. Queries are 

tlien re-weiglitcd and expandcd based on thcsc ternis. 

2.5.1 Xu and Croft's Method 

[Xu and Croft 1W6] prcscntcd a ncw technique tIiüt is a cornbinaiion of tlir global and local 

docuiiicnt an;ilysis cüllcd Local Contcxt Aiiülysis. Qurry tcmis (concepts) bcing considercd in 

ibis approüch arc noun groiips. A noun groiip (plirüsc) is a single noiin. two adjaccni nouns. or 

ttirec adjacent noiins. This approach di ftkrs froiii oihcrs in [lie definition of a çonçcpt. 

Typically. conccpts lire al1 non-stop words in tlic qucry. This çrcatcs a rcstriçtion on the type of 

concepts tlirit cm bc cxpanded. Tlic main idcü of this approach is to brcük tlic top rünkcd 

docuinciiis in[« passages (a piissagc is u tcxt window of tixcd s i x ) .  Concepts arc consiructtd 

froni tcrnu witliin the passages (300 words in s i x )  r;itlicr than the entire documcnt. The 

rütionitlc for considcring passagcs nthcr ililin cntirc documents is thai if tlierc arc two conçcpts. 

one ocsurring üt the beginning of the documents and the otlicr oçcurring at the end. tliey are iiiost 

likely iinrclüted. On the otlicr hand. if iwo conçcpts occur rclativcly closc to cach otlirr (witliin a 

piissape). [lien tlirrc. is a good chiincc iliat tliey are relatcd. 
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Expcrirncnts were conducted for tliis approacli and results coiiipared wiih results of expcriineiits 

conductrd on t lie global and local anülysis approüches. Tlic local contrxt aiialysis oiitpcrfonned 

tlic otlirr two. This approacli uses tlis following algoritlim: 

1. Rctrievc the top 11 raiiked passages ( in tliis experinient ü 300 word window s i x  wüs uscd) 

2 .  Coiicepts (or noun plirwx) in ths top 11 passages arc. rnrikcd üccording to the following 

fiiiict ion: 

- a concept 
/ i l ,  = [lie nuniber of ocçurrcnccs of r ,  in p, 
ji; = tlic. numbcr of occurrc.nccs of c iii p, 
.V = the nuniber of passages in the çolltxtion 
Y, = the nuiiibcr of püssügcs containing r ,  
.Y = thc niiiiiber of passiiges containing c 

6 = 0.1 iii tliis paper to üwid zero bct vaiuc 

ln tlie abow funciion. the ~!f'cornponcnt givcs more weiglit to concepts tliat CO-occiir morc 

frcqucntly witli query terms. Tlie kif; çomponent rcduces tlic weiglit of concepts that occur 

ti-equcntly in the entire collection. The kif; çornponent gives more weight to infrequent query 

terms. Finall y. [lie advantage of multiplication is to emphasize CO-occurrence with al1 query 
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tcniis. This funciion for local çontext aiialysis weiglit nieüsurement is a variant of tlie !f*i# 

iiicasiire. 

eüçti qucry using tlic /w/ funciion. Tlic bcst ruii was 23.5% better tlian tlic büsrliiie wlicn tlic 

number of püss;igcs uscd wüs 100. 

2.5.2 Velez, Weiss, Sheldon, and Giffard's Method 

[Velcz. Weiss. Shcldon. iind (iif'ford 19971 prcscntcd an algoritlini Ior iiitcraçtivc' query 

cxpünsioti. (iivcn a qucry and a corpus. tlic algoritliin tirsi tïnds dl dociiincnts iiiütçtiing tlic 

user's qucry. I I  tlisn rünks tIic isrins in ilicss documents according to sonic wcight fiinciions. and 

t i i i d l y  displays (io iiscr) ilic top ciiiked tcrms as sugpstions for qucry cxpaiision. Thc algoriihiii 

Lct 
C' = corpus 
LI = q11cr" 
t* = nuiiibcr of tiiüidiiiig documenis to considcr 
t i  = nuiiibcr of suggestions io display 
II', = wciglii fiinction 

I . Sclcst al1 docuinciits D(q) E C thai niatçh tlic qiicry y. 

2. Sclcci a subsst Dr(</) of the top I* müiçliing Jocunients frein D(y ) 

3. Construçt tlic sct of tcrms T(q) froni tlie documcnts Dr( y)  such i113t T( y )  çontains al1 thc tcmis 

ii i  dI the dwiiiiieiiis in Dr((/) 

4. Coiistnici the subsct S E T(q) sucti that S sont;iins the top n nnked terms in T(q) using a 

weiglit func t ion If;. 
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5 .  Display thc siiggested teniis S for tlis query q io the user. 

Tlic discriininating Fcature of tliis algoritliiii is the wriglit funciion. This algorithm uses thrce 

di fkrcnt wciglit funçi ions. Tlic first one is tlic standard docuinciit frc.qurncy measure: 

In this wriglii functioii. ihe weiglit of terni t is eqii;il to ilic doeunient frrquency of the terni r i i i  

tlie mütching doçunicnts. Dr( cl). 

The second weiglit function that was used to evüiuatc tliis rilgoritlirn is tlic standard iemi 

frcquenc y mcüsurc: 

The ihird Iùnçtion tükcs into ronsidcr~ticin thc nunibcr of ocçiirrcnçc of ii tcrm r in the corpus and 

tlic size of docuiiiciits ihüt a iemi r is assigiicd: 

C 0.5 + 0.5(#'. ,j ) 
\ l?t,, ,  (qJ) = 

Ar 
müx , ,i$. .i 

* log( 
' i ~ t l ) ~  I / D / ) ( I  11 I DW 1 )  

The tirsi componcnt of this function rcduçrs the weiglii of ternis ihüt have higli frcqucncy across 

the corpus. To do this the tcnn frcqucncy weight is adjustcd witli invcrse document frequcncies. 

The second coniponent of the funciion handles document size. It normalizrs terni weigliis by 

doçumrni s i x  io counterüct the inçrcase in the weiglit of ternis ttiat appear in large docuiiicnis. 



Tlic algorithni wüs cvüluüted using conccpi reçall and preçision iniprovcmrnts. Conçcpt rccüll is 

a nicasurr of ilic ability of an algoritliiii io reçonimend tcnns thüt arc scniüntiçülly related to iIic 

iiscr's i i i  forniaiion nred. Tliat is. a nieüsure of liow l ikcly the autoinatically gcneriitrd iernis arc 

to bc acccptcd by Iiumans. 

In cvaluaiing tliis ülgorithiii. tcmis suggcsicd by tlic algoriilim werc coniparcd to tcrnis suggsstcd 

by Iiuiiians. More prcçiscly, the cvaluation is büscd on ilic ratio of ternis thai arc suggc.sicd by 

iIic ülgoritlim as expansion tcrnis for a piwn qucry vcrsus Iiuiiiün gcncritcd ternis tliüt arc 

cündidütcs for expansion of ihc qucy. 

Figurc 2-7 illusir;itcs ilic expcrinicntül rcsu lts. Thc graph rcprcssnts the number of ternis 

suggcsied by tlic algoriilim divided by tlie total nuinber of icrrns suggcstd by humüns vcrsus the 

nimber of suggcstcd ternis displüycd. Tlic tigure illustrütcs the rcsults using 8466 doçuiiiciiis 

üiid 1 50 qucrics. Figure 1-3 .  on tlic otlicr Iiünd. illustr~tes thc rcsiilts using 8-1660 docunicnis. 

Figure 2-3 illustriics (lie impact of using Ilirgcr dütü sets on rctricvnl cffiçtivcncss. 



Figure 2-2 Expansion ternis siiggestctd by the algoritlm for 8K docuniciits [Vclcz. Wciss. 
S heldon. and G i ftbrd 1 9971. 

@K Documents 1513 Oueiier 

Figurc 2-3 Ex paiision tcmis suggc'stcd by ilic algori tlim for X-IK docuiiicnis [Vclcz. Weiss. 
Slicldon. and (iiftord 19971. 

WK Dccurnents 150 Oueries 
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Prccision inipr~\~cmeiit tiieasures the ctTcct of adding siiggested ternis to the qiicry. Tlic 

cxpcriiiicnts showcd tliat adding uscful expansion ternis doesn't always improvr: tlic pcrfomiançe 

of a qucry. For csüniplc. üdding iernis suçli as budget. deficii. and loün to tlic topic txo~ioniic 

projcciion dccrcüscd prccision. Tlie expsrimentül results sliow tliat more thün 50 percent of thc 

huniii ti gciierü tcd trniis üctiiol l y decrciisc prcç ision. 

2.5.3 Hearst's Method 

[tlcarst 1 WJ] ;irgucs thai tlic goal of ail inlomiation rc.tricvül systcm is io ctiliançc the prccision 

of ilw top riiiiked Joçumcnts (süy top 5-30 doçuiiicnts). This ÿrguiiicnt is büscd oii iIic 

üssiimpiim tliat uscn arc intcrcstcd in tlic niost rclcviint (top) d~cun~cn t s  in the rcsi~lt SC[. To 

ücliicv~> tliis inçrci.tsC'CI prccision on ihc top riinkcd dociimcnts two çonstriiinis (or tilters) arc 

applicd. 

Ths tirst one is the Boolcan constraint. This tiltcr iiisurcs rhat cwry document in tlic rcsult sct 

coiiiains al1 qucry tcrms (or topiçs). A Boolcün qucry in ttiis üpproacli çonsists of ü çonjunci of 

disjuncis. EüçIi disjunct rcprescnts ü topic in tlic qucry. The Boolcan query is nianunlly 

coiisiructcd by Iiuniüns. For c.u;iniple. considcr qucry 107 of the TREC çollectioii: 

The tollowiiig Boolun query wûs çreated by tlie author for query 707: 
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Di.yjrrrlcf/ : Qucbcc OR Canada 
D i - ~ j t u i d :  iiidcpcndciiçr OR scpiiratists OR separaiion 

The final Boolciin query looks likr tliis: 

(Qiirbcc OR Canüdü) AND ( indcpcndrnçr OR sepimtists OR sepüriition ) 

hdding tlic topics (disjunçts) is a nianiial proçedurc wliilc tlic çonjunçtion ( AND-ing) of tlir 

disjiiiicts is donc auioiiiatically by tlic systcrii. Sinçe tlic scparütioii of topics is pcrl'oniied by 

Iiunians. i t  is casy to conclude tlint Qlr~~hc t*  and C ' t i r t d i r  botli belong to tlic scinic topis. Human 

inicncntion iri tcrni cxpnnsion is dso allowcd in this nictliod. In tIiis cnüniplc rlic üutlior addcd 

tlir tcnii .sq)<r~rr?iou to tlic qucry to cnliüiicr rciricval cffcctksncss. 

Tlic sscond coiistrüiiit is ilir proxiinity coiistrdint. I t  is iiiorc rcstriciivc tl i l i i i  ilic Boolcün 

çoiistraint. Wliilc tlic Boolcüri constraint rcquircs cacb documcnt in tIic rcsult sri to Iiüvc Ü I I  tlic 

topics in the qucry. [lie proxiiiiity constraint rcquircs üII que. topics to appear in at Icasi onc 

scgiiiriit ofrvrry docunicnt in the result set. A scgrncnt is tsxt window ofsizc 100 io 3 0  words. 

Thc algorithni in tliis nictliod works as follows: 

I . Duçiinicnis circ dividcd inio scgiiicnts. 

2. Tlic user spcci tics tlic disjunçts using a user intertàcc providcd by the IR systcrn. 

3. Tlir systsni converts this into a Boolean query. 

4. The Boolean query is proccssed and tlic proxirnity consiraint is xtivated. 

5 .  The systcm tilters out al1 doçunients iliat do not Iiave at least one segment that contains all 

the que- topiçs. 



h. Tlie systrnis raii ks the rcniaiiiing docunicnts iisiiig t be standard vcctor spacc model. 

7. Iftlic rcsdting list of dociiniciits is no1 largc cnougli ilic systcin üppcnds ilic Iiir>,liest rankcd 

Ltocuiiiciits tliüt I i ü w  iiot yet becii addcd to tlic list. Whüt constitutes "enougli" is subjcçtivc. 

I i i  the cnpcriiiicnis for tliis nietliod. di fkrciit docunir.iit rut-off leïels wcrs used. The 

cxpcriniciitiil rcsults iirc not wry proniising whcn ilic TREC-4 collection is iiscd. Scc Table 2- 1 

for illustraiion. 

As sliown in Tüblr 2- 1 .  the bcst perçcntügc of inipro\.ciiirnt in prccision using tlic Boolcan only 

is 52 a[ sut-olf'30. wtiile prcçision was at its bcst (33) ai u t -off20 for ttic Boolean proxirnity 

constraiiits togctlicr. 

Cut- 
off 

< 
C 

1 O 
20 
30 
IO0 

2.5.4 Mitra, Singhal, and Buckley's Method 

[Mitrn. Singhal. and Buçklcy 19OX] prescntsd a new rnethod thüt combines the Boolcün qucry 

and str@itbnvard qucry ternis to improve retrieval cfkçtivencss. This approaçli was dcsigncd 

witli ihc sliort queries in mind. The motivation of tliis work is the pour perfomiüncc of the 

standard "pscudo" relcvance feedbaçk. Consider query 203 froin [lie TREC çollrçtion: 
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Büscd on rclevancc fcedback. only 4 out of the top 10 rctricvcd doçiinicnts w r r  bund to bc 

rcle\unt - a recüll of 2O1!0 for this query. Tlic rcason beliind tlic poor perforinünçr: is tliat not al1 

of the iop 10 docunients rciricvcd wcre relcvani to tlic yiicry. SOIIIC of tlic 20 ~ O C ' U I ~ I ~ I I ~ S  wcrc 

rcla1t.d io rccycling biit not to tlic recyçling of tires. For e'cünipl~.. rccycling ofaluiiiiniini. pliistic. 

uns. and so on. Adding words like çüns aiid glüss çliaiigrs the qucry concept and. as 3 rcsiilt. 

irrclcvünt docuiiiciits will bc rctric\vd. Thus. tlic c~~pilr is i~n is only 3s good as tlic top / r  

docunicnts. Iftlic top 1 1  doçumcnts are rclcwnt. good search tcmis words will bc addd  to thc 

qiicry. Othenvisc. unrclütcd words will bc addcd. wusinp tlie qucry's perforniançc to dcgradr. 

Tlic goal otm[Miira. Singliel. and Bucklcy IWX] is io iniproïc ttic relcvançc of ilic top 1 1  

doçiinirnts (i.c. iiiiprovc prccision of ilie top rankcd dociimcnis). Iftlicsc docuniciits arc 

relcvaiii. then tlic cxpünsion tvords are likcly to bc rclcvani and rcsult in iniprovcd qucry 

cffxti\~cncs';. 

Two sieps arc used to iniprovc the prccision of the top rank documents. The tirst sicp is the use 

of Booleaii çonstrüints. In tliis stcp. n l l  tiic non-stop words arc A N D 4  togethsr io forni tlic 

tiltsr. To ensurc tlic rctricvril of relevant docurnenis. al1 documents reiricvcd using iliis filter 

contain al1 tlic conçcpts in tlie query. For query 203. tlic Boolcm qucry will look like this: 

eçonomic AND impact AND rwycling A N D  tires 



Any doçiinicnt in the collcçiion tlirii contains tlic four words will be pan of the rcsult set of tliis 

qucry. If straigtitforward qucry words are tkd to a search cngiiic. there is no guaranice thai cadi 

of tlic top Jocunirnts contüins al1 four concepts. Documents niight be relüted to rccycling only, 

or cconoiiiic inipüct issiics tliat are not rclatcd to the rscycling of tires. This will dcpend on ilic 

i<#'wlurs ofquery trriiis. Tlierelorc. conjunciion of que- tcmis will cnsurc tliüt cücli of the 

rctrievsd docunicnts contüins al1 the concepts in the qiiery. 

Tlic secoiid sicp in\*ol\rcs re-rankiiig tlic top ranked Jocuniciits. Sincc ttic goül is to iiiüxirnizc 

tlic preçision o f  ttir top I r  (say 20) rankcd docutncnis. ü I~rgcr (grcütcr tlian t r )  set k (süy 5 0 )  of 

docuiiients are rctricwd. Tlic k rankcd docunicnts nced to bc rc-rünkcd niorc cftkctivcly and 

sclcct ilic top ) I  d ~ c i ~ n ~ c n t s  h m  h- h r  tlic rclcvancc fccdb;ick proccss. A ncw siniilurity nwüsurc 

is iiitroducetl for tlic rc-riinking proccss. This sirni lariiy rneasure iakcs iiito acçouni two aspects. 

Tlic tirsi aspect is tlic contribution of üII qucry tcmis to tlic tinal sçorc (rünk) ofil docuinciit: 

Wlicrc Sit~r,,,.,, is tlic ncur sçorc for 1i documrnt D and t, is a tcnn III the query. S~II~,,,.,, is the itlf 

siininiütion of dl tems in ttic qucry tliai rxisi in document D. 

Tlie sccond aspeçi in ilic similürity nieasure is icrm corrrlaiion. The authors bclirivc thai the CO- 

occurrcncc of trrm B and anotlicr terni A within the sanic documents makcs tem B less 

iniportünt. In othcr words. if two trrms CO-oçcur in documents the second term docs noi give 

muçh morc inforniaiion about the content of tlicsc dociiments. On the othcr hand. if two temx 



are indepcndcnt. thcn eacli tcrni Fully contributes (bascd on its idj) to tlic conteni of tlic dociinicnt 

i t  reprcsents. For e?tüniplc. çonsider query 218 of the TREC collection: 

I F  tlic tcnas L ~ ~ L J C ~ ~ W ~ Z I C  and t~ditioh,qi~ tend to ço-ocçur togcihcr in a docuniciit. thc tcmi 

rc~kti010gy docs not providc us with niucli niorc infonnütion about tlic mitent of tliat docunicnt. 

On tlic otlicr hünd. if tlic iwo tcnns r ~ ~ ~ / t ~ l o I o ~ \ +  and hINid iirc considsred. ilicn tlie two tcrnis 

contribute to tlic contciit idsniiîkiiion bccüusc ilicy arc indcpcndcnt. 

To iinpleiiicni tliis concept. ilic qiicry tcniis are soncd by their doçuiiicnt ~rcqiiencics in an 

incrcnsing ordcr. TIic docunieiii lisqiicricy is tlic frcqucnçy of occurrciicc o h  trnii in tlic k 

dociin~ents. Tlic îirst (or most rüre) tcrm contribuics witli its full ;<il: TIic subscquent terni is 

dcpcndcnt on tlic prwious match. If ii tcrni is highly corrclatcd to a prcvious niatçli. tlicii its 

wciglii is rediicd iind. ns ü rcsiilt. lias lcss çontributioii to the rctricvül effort. Thiis. thc Sit~i,,,.,, 

tùnction cm bc nwdi tid to includc tc'nii CORC Mon: 

\vticrc P(tlr,) is cstirnated based on word occurrcnccs in D and is givcn by 

Tablcs 2-2 and 2-3 show the experimenial results using the TREC-4 collection. 



Tiblc 2-2 Feedback rcsults usiiig autoniiitic tïltcrs (witliout terni correlation information) 

T u l ~ l c  2-3 Fccdbii~k rcsults using automatic t i  ltcrs ( witli t cm çorrclat ion inforniüt ion) 

Thc data in Table 2-2 is tlic rcsult of üpplying Sim,,,.,, wiihout corrclütion. whilc thc data in Table 

2-3 iiscs terni corrclation. Proxiniity constrriints arc uscd in tlicsc sxpc.rinicnts. Documents arc 

broken into bloçks of tixcd s i x  ( w )  windows. The score of a docuiiieni is eqiiül to tlic score of 

its bcst niatcliing block. As s h o w  in the tables. difkrent block sizcs (or w) wcrc uscd. A h .  

di ffcrent valuc.s for the numbcr of doçumcnts rc-rankcd (T) wcre csperinicnted with. 

\ t *  + 
l 'JI  
50 

100 

200 

As s h o w  in the tablcs. Sim,,,.,, witli no corrclütion pcrfomed its best ai w = IO and T = 50, 

wliik terni corrclation did bcst at w = 50 and T = 50. 

50 

0.3208 
5.6% 
0.3 109 
2.3'0 
0.2807 
-5.6'0 

1 00 

0.3 105 
5.2'" 
0.3 9 
4.0°0 
0.2s 67 
- 5 . 6 " ~  

200 

0.3 190 
5 . 2 " o  
0.3084 
1 .Sou 

0.2008 
- 4 . 3 " ~  

Fuil 
doc 

0.3 1Okl 
4.3"" , 
0.3 IO3 
4.200 
0.2937 
-3 .3"o  



2.5.5 Voorhees' Method 

So fiir tlic work has concentratcd on thc co-oscurrcncr of words. [Voorhecs 199.11 cspcriiiicntcd 

witli using tlir peiieral-purpose lexical databasc WordNei tbr qucry expansion. Undcr iliis 

mctliod. tIic cündidüte tcmis for c.upansioii arc choscn nianiiülly by Iiiimans. As a rcsult. the 

outconic of tIiis cxperiiiient is supposed to bc considercd tlic iippcr bound for ~iutoiiiiiiic 

expansion of siniilar kind. 

In tliis work. only iiouns arc considercd for c.xpaiision. Syiionynis arc addcd niünunlly io ihr 

original qucriss to broiidcn ilicir coveragc. The nianuaily addcd synonyms do not I i ü w  to br for a 

piinirulnr qucry terni. A ncw word that is belicvcd io irnprovc pcrformancc based on ün 

iindcrstünding ot'tlic query prcinise çould bc addcd. To cxpiind a word. tlicrc iirc müny potcntiiil 

words to chose lioiii. Tlic expansion is donc using one or a coiiibination of tIic following 

optioris: 

I . Expansion words arc tIic synonyms wi thin [lie synsct. 

2. Al1 dcsccndünts~anccstors in tlie is-a'pan-of Iiicrarcliy of the synsci. 

3. Al1 dcsccndiinis and ançcstors in al1 rcliitions of tlic syiiset. 

etc. 

Sincc options 2 and 3 (and otlicrs likc theni) could add too müny synonynw. a thrcsliold can be 

epplied to set the niaxiniuni distance betwrcn ihc original word and tlw potential synonyms. 

Speci tiçülly. only words tliat are r links or less apan from the qucry word are considercd wliere r 

is the threshold distance. For example. consider that the synsct guljlsr~-ukc was added io the 
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original qiiery. If flic expansion option is to ~ i s i t  dl desçcndents witli a ilircshold cq i id  to 1. ihen 

words l i  ke sliw. h o k .  c l r i i ~ .  piif!, and t~ppr-ocrch will bc addrd as cxpünsioii words (sec. Figure 2-  

I ). Howcvcr. words like chip rindpirck will be çonsidcred if ihc tliresliold uscd is 2. 

Thr cxprrinicntül rcsuiis of iliis nicthod did noi sliow any perforniançc iiiiproïcnient for long and 

rcletiwly coniplctc qiicrics. Howcvcr. simc impro\viiicnt in perforniüncc wüs ücliie\.rd on lcss 

coniplcie (or short) qucries. 
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CHAPTER 3 - QUERY TRANSLATION AND EXPANSION 

3.1 introduction 

To iiiiprove infomiation rctricval pcrlorniance. it  is neccssary io deicriiiine [lie relative 

iiiiporiünçc of roiiiponeni icmis and phrases. Once idcnti ticd. morc emphrisis u n  bc put on the 

iiiiportiint pliriiscs (and tmiu in gcncral) by iiicrcüsiiig tlieir wziglirs. Tlic goid ot'iliis weigliiiiig 

is itnproved rctrirval effccii\,encss. Considcr tlic qucry dw is rli~. ~w, io /n ic  imp1tc.t ~ / ' r t ~ q r l i / ~ g  

rircs? As hiimiins. we can judgc that for tliis qiicry. ilic phrase tt#r:idi/g riws is much inorc 

iniportani [han the phrase cco~ioviic inipucr. Idcnii Ging and boost ing important trmis w iiliiii teni 

crin signitiçünily iniprovc thc rciricval cffcçtivcncss. Furilierniore. idcntifying iniportani ternis in 

qiisrics niakcs tsm expansion morc rcalistic and Icads to bcttcr que- cspünsion bccausc 

cxpiiiision cnn bc limitcd to only iniponant icrrns. In ttic iibovc exümplc. adding the word i*iihfwt- 

as an cspansion io the word r i ~ ~ i .  is niucli more cfkctiw tlirin adding tlic \wrd ~ ; $ k . r  as an 

expansion io t lir word inywcr. 

Tl1 is tlirsis prcscnts a solution [liai converts a iiaiurd Ianguüpc qucry into a Boolcim query. To 

improvc rctricval rffc.ctivcncss of [lie autoinaticülly grneratcd Boolean query. tenn expansion 

will bc üpplied to the yiiery. Only the important ternis will bc espündcd. Imponünt ~ c m s  arc 

ihose words in tlic user's qucry ihiit. when expandcd. rcsuli in a signiticnnt improvcment in recall 

andior prccision. Nüturül languagc processing iecliniqucs (such as parsing) are used to break a 

que. into a Boolcan expression aiid to determine which terms are good candidates for 

expansion. This is the main contribution of this work sinçe this approacli has not becn discussed 

in t hr litttraturc. Figure 3- 1 provides an overview of the systcm architecture. 
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Figure 3-1 System arcliiteçture ovenicw. 

Database Dependency I----l \ */ 

d 

( Expander Query ).+,-, ,) 

, r\ 
Natural Language 

Q ~ w  

Thesaurus '------/ 

1 

I 

Expanded Bootcan / \ 
 que^ System 

A user riiicrs a nüiural languügc qucry. Thr query is then çonvcrtcd into ü Boolean query by the 

query irttnslütor coiiiponent using nniural Iünguagr tcchniqucs. Tlic rcsulting Boolcün qucry a n  

bc téd into ;in IR sysirm tliai supports the Boolean rnodel. Tlic rcsulting Boolean query çan be 

furtlicr enhanced by adding ncw tcnns from a tlicsaurus using tlic query cxpander coiiiponcnt. 

Tlic query cnpaiidcr generütcs an enpanded Boolean qucry tliai is rcüdy io bc fed in10 an IR 
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3.2 Query Translation 

As previotisly desçribcd. qurries arc translütcd froiii natuml languagc fomi to Boolran fomi by 

tlic qucry troiislütor çoiiiponciii. This coniponcnt is brokcn down into t h e  Funetional units. 

Descriptions of tliese funct ioniil units arc prcsented in the ncnt subsect ions. 

For ilic purposes of this work the qurry traiislator Iiandlcs oiily single sciitcnce naturd lmguagc 

qiicrics. If a qucry contaiiis niore tlinn oiir srntcnçe. oiily tlic tirst sc'ntrncc will bc proccsscd. 

Tlic set of qiicrics used to cvaluotc tliis work contains iiiostly singlr scntoicc qucrics. 

3.2.1 Parser and Dependency Tree 

M e r  a uscr eiitcrs a nütural Iünguagc qucry. tlic qucry is proçrsscd ünd brokcn down into ils 

basic constiiucnts by a p ~ ~ r .  A pilrser is a prograiii tliiii iükcs a sciitcncc as its input and breaks 

ii down into its consiituents bascd on a spccificd grüiiiiiiar [Allcii. I W?]. The output dcsçribcs 

t Iic scnicncc's stnicturc. This output u n  bc presrntcd usi ng çonst iturncy or dcprndcnsy trccs. 

.A consiitucncy trcr (or parsr trec) sliows Iio\v the sentence is brokcn down into sub-çoniponeiits 

sucli üs noun plirüscs. wrb plirases. cic. Thcsc siib-coiiiponents arc funlicr broken down into 

tlicir siib-coiiiponcnts such as noiins. dctcmiiners. erticlcs. w b s .  etc. This brcakdown continues 

uniil it rcnchcs the indi~~idual constituents. To illustrütc. the consiitucncy trec for tlic srntcnçc 

h'i/~i ~ u r c t l  J r h  r o  / ~ j ~ i l z ~  is prcsentcd in Figure 3-7. 
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Figure 3-2 Saiiipls constiiuency ircc. 

I P 

N 

Kim 

V 

wanted 

N 1 

John t O 

a constituency tree 

v 
leave 

A dcpcndcncy trec sliows tlic Jcpendrncy rcl;itionsli ips beiwccn words ii i  a scntcncc. EüçIi 

dcpcndcncy rcliitionship çonsisis of a hcad. a type. and ii rnodi fier. For cxaniplc. ilic dcpcndciiçy 

rclaiioiisliip iypc in KUN i i ~ i r i r ~ '  is  a subjcct wlicrc w ) t r c d  is ilie Iiciid ünd A'i t~i  is ilic moditicr. 

Tlic rooi oftlic trcc is ilic 1ic;td of tiic scntcricc. The h c d  of ttic scntcncc is ilie word tliat does 

noi rnodify any oilicr \ r d  [Lin. IW.i]. Figure 3-3 illustrüies the drpcndcnçy trec for the 

SU bj comp fifid 
Kim wanted John to leave 

a dependency tree 



For the purposes ofthis project. the dcpendency tree is used. This is bccaiise ttic seiiiiintic 

structurc of a scnteiicc corresponds niorc çloscly to tlic depcndency irsc. Considsr tlic following 

sxüniple for query 203. The fol lowing shows the dependcncy trcc output for ibis yucry: 

(what 
( i s  
(the 
(economic 
( impact 
(0 f 
(recycling 
(tires 

1 

- N 
be Be - De t 
- A 
- N 
- P 
recycle V-N 
tire N 

< impact 
c impact 
< impact 
c impact 
" 
> impact 
> of 
> recycling 

sub j ) 
be 
àet 1 
j nab) 

of 1 
pcomp-c) 
compl) 

Tlic dspciidriiçy trcc çontoins important inforniaiion about the scntcncc. The tirsi çolunin 

contüiiis al 1 tlie words in ü swtcncc. Tlic second colunin is tlic root forni of tlie words. Tlic tliird 

colunin iiidiçatcs tlic part-of-spceçh (noun. verb. üdvcrb. adjcçtiw. etc. of al1 ternis in a 

srntciicc. In tliis cxaniplc. riw is detcrmincd to bc noun ( N  ). The tiftli çoluinn shows tlic tcmi 

niodi ticr. Tlic dcpcndcnçy trcc idcnti tics tlic hcüd of cüch niodi fisr and dcsçribcs the rclütionsliip 

betwccn a nioditier and its tieüd. Eüçh pair (modi ticr. liead) tliüt iippears in [lie dependcncy trcc 

ouipiii is syntactically dcpcndent. In the above enaniplc. tlic nioditier ofilie tcnn rcc:idi/~g is rLu 

and tlic syntaçtiç dependcncy relationsliip beiwcen ttiern is cort~pl. as shown in colunin six. 

Table 3.1 sliows soine Jcpendcnçy rclüt ionsliips and ihcir descriptions. Colunin four indicaies 

wlietlicr tlic nioditirr appears bcbrc or aftcr the berid in tlic scntcncc. Tlic symbol (<) means that 

the Iiciid appeürs before the modifier. 
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0iie final bit of information presented in tlic depcndency trce is tlie identific;ition of tlir hcad of 

the seiiiençc. I n  tlic übovc exainple. the tenii impwr is [lie hcad of the srnicncc. Tliis 1s 

indicaicd by ün asterisk. 

ï r h l e  3- I Depcndency rclationships. 

Tlic parscr of çlioicc for iliis projcci was M INIPAR ( prcviousl y cal Icd PRINCIPAR [Lin. 1 W31). 

Rcla tionship 1 Description 

MINIP.4R is a brond çovcragc. principal-büsed parscr. li contains a Icxicoii with ovrr 00.000 

coiiip 1 
çonj 
dei 
J 1 
jtiüb 
lcx-niod 
11 n 
subj 

entries. M INlPAR produçss both constituency and dcpcndcnçy trccs. Thc rcsults ofan 

a word and its tirsi çomplcn~cnt 
two words connectcd by conjuiiction 
a noun and its detcrmincr 
a scntcncr: niocii tkr  
a noun and its adjectival modificr 
lexical nioditicr 
;i noun and its nominal t~ioditicr 
a subjrst and a prediçate 

cvaluütion of the porscr iising tlic SUSANN E corpus sliow tliüi dcpendcncy rclaiionsliips çan bc 

corrcstly identi ticd for iipproniniritcly X j 0  0 of words [Lin. IW51. 

3.2.2 Individual Term Weights 

Typically. in inforn~rition rctric\al systcms, ternis arc assigned weigliis bascd on tlieir occurrence 

frcqucncy in dowmrnts. WC follow a similar approacli but thc frequeiicy uscd in our method is 

more restriçted. We use tlic. occurrcnce frequcncy of a trrm bascd on its part-of-speech. For 

cxamplc. consider a temi t in a query y. If the part-of-speech of r is a noun in the qucry y, then 

wc use tlir occurrence frequency of r as a noun only. In otlier words, if r çould be a noun, a verb, 

or an adjective, dcpcndiiig on the sentence that i i  is pan of. WC ignore the occurrence frequency 
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of r as a vcrb and an adjcçtivt. beçausc r ocsurs as a noun in the qucry q. This is made possible 

by the ilse of a piirser. 

.4fter the pctrser iissigns the part-otlspeech to al1 qucry ternis. wcights are iissigned to ternis using 

the following forniulü: 

The wriglii of a tenn r with part-of-speech p.+- is calculütr.d using the logarithiii of the division of 

tlic overall occurrence frcquciicy of the part-of-spccch to whicli r bsiongs by the part-of-speech 

oçcurrcncc frcqucnçy of r. The occurrence frequençy of tcrms is storcd in a dependrncy dütabase 

(will be Jiscussed in Scciion 3.2.3) .  For a giveri tcnn I and i ts  part-of"spccçh ps. one can yurry 

the depcndcncy databasc for iIic/;,. and-/;,,,,. For rxaitiple. çonsidcr qucry 313 of tlic TREC-4 

collection: 

The word impicr is analy~ed by MlNlPAR as a noun in this qucry. The system drteminrs its 

wcight by qucrying the dcpcndency databasc for two values. The fint valuc is the total nuniber 

of nouns in the depciidency databasc.j;,,. The sccond valuc is the nunibcr of occurrrncrs of the 

term t m p t ~ l  as ü noun is the dcpcndency dütabasc.j;*,,,. The wcight of the temi inipict is 

calculatcd by dividing the two values and appiying the logarithm function on the rcsult. Using 

the above formula. terms hüving a lower occurrence liequency are given higher weights. 
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Thcre are special tcrnis tliat do not contribute using tlicir fully calsulaicd wcight. The weiglits of  

these tenns arc rcduçrd to lcssen their intlucnçc on tlic overall query results. One situiition 

whcre such ü wright reduction is uscd occurs wliere tcrnis arc moditicd by wli-words such as 

w h r .  w l r i t 4 .  and iiow. For qucry 203 presentcd abovc. the wçight of the tenn iuiptrcbt is rcducd  

bcçause it is inoditied by wlitrr .  In addition. the wcights of ternis that niodify the terni nioditicd 

by wh-words should ülso be rcduced. As ri result. for this cxamplc. the wcights of the ternis 

i h r .  iSs. and rhi~ would bc rcduçcd because thcy modify the word i u r p r c r .  In Our expcrinicnt. 

terni wcigliis of this typc werc rcduced by half. Howe\w. in prüctiçc. this opcration docs not 

need tu bc pcrfoniicd sincc tlicsr trniis will alrcüdy be ignorcd bcçausc tlicy tend to bc stop 

words. 

That is. not al1 ternis in a scntcnçc will Iiave tlicir weiglits cülculated. T c m s  thüt arc analpcd üs 

poor discriiiiinators arc ignorcd. Tlicrc arc tlirec possible rcüsons for ü terni to bc ignored by tIic 

qucry trins lator: 

1. i g r lo r i t i , g  ' 1  I L V * ~  h t i s ~ d  0 1 1  i t s  p ~ r ~ - r - r ~ ~ . s / ~ c ~ c ~ c * I i .  

For cxûniple the word r l w  is çonsidrred a poor discriminator bccause of its part-of-speech (a 

dcicrminant). and tl~crcforc. is tIor considercd as pan of the resulting query. A terni tliüt has 

onc of the part-of-spreçli typcs listed in Table 3-1 is ignored. 
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Tablc 3-2 ignorcd part-of-speech typcs. 

Be 1 ü Be Ibrni such as ' is'. 'ürc'. and 'bc' 

Pa rt-of-spccç h 
Of 

Dct 1 a determiner sucli üs 'the'. 'a'. *an'. and 'siiçh' 

Dcscrip tiun 
'of 

Ttic ii rcletionsliip. ii is tlic lubcl for scntciiiiül niodificrs. In ttiis dcpcndcncy 

rclationsliip. a niodi tisr c m  bc ü prcposii ioiiül ptirasc. an advcrbiül phrnsc. or a clause t liai 

modi tics tlic scntcncc. Tcrnis witli tliis kind 01' reiationsliip tcnd to aci ns aiixiliary ternis 

ihat arc usiially iiscd to cnhanw tlic t10w of the scntcnce. An  cxümplc of ü icnii iliai 

would bc ipiiorcd büscd on this type of rclationship is ~ o r n l x r r  in que- 2 1 O of ihc TREC- 

4 collection. C h  h r i  tiiis ÿii relütionship io the tcrn~ tloiw. 

Thc lev-i~iod rclat ionsliip. /er--~~iod is rhe label for lexical modi tiers. This dcpendency 

relüiionsliip allows us to idrntify ternis i h i  are signi ticant only in combination. The 

individual ternis çan be ignored. A good example of a lexicül rnodificr is powJr in query 

204 of the TREC-4 collection. 
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Tlie dcpciidcncy trre for poiiw p / m  of the abow qiicry is: 

S.. 

( n u c l e a r  - A  < plants jnab) 

(power - U plants l e x -mod)  

i p l a n t s  "power plantM N < in s u b j  ) 

S.. 

1 

The qucry i~irisiüior ignorcs ilic irmi pobi9er becüiisc i t  is bcttcr uscd as part of a plirüsc 

ilim on its own. In ttiis qtiery ilic icrni poii*c~rp/ti,ir is trcaicd as one tcmi. The wcighi of 

suçli ü tcmi is cülrulaied by dividing ihc total number of noiins in ihc dcpcndcnçy 

datab3sc ovcr tlic ocçiirrcncc frcqiicncy of ihe icrm poitt~r p h r  as a noun. Tlic logaritlirn 

Riiiciion is thcn üpplicd on tlic resiili of the division. 

3. Ig~ioriq~ '1  /CJF/N h . w c /  ( I I I  stop WI-d /i.st. 

Tlic qucry iranslator uses ü lisi of stop words (taken from thc SMART IR sysiem) to ignore 

pour discriminators (sec. Table 2- I ). 

3.2.3 Dependency Oatabase 

Brfore üny further discussion about the qurry translater. ii is nccessary ro discuss the dcpcndency 

databrise and sliow how it is uscful to Our approacli. 



The drpcndrncy databasc wüs çrrated by cxtrücting syntactiç dcpcndcncies bctwecii words froni 

ii corpus using MIN lPAR [Lin 19981. Thc dcpcndency database çonsists of tlic following: 

A list of ewry word ii* bund in the parsed corpus and its part-of-speech. Words with 

vcry low occiirrcnçc frcquency (c.g. Iess tliün 5 tiiiies) through thc entirc corpus arc 

not riddcci to the dat;ibase. 

Ttic occurrcncc frcqucncy of i r  for eacli of ils part-of-speech types ii;,, in tlie corpus. 

-4 list ofcwry nioditkr t ~ i  ( i n  combination with ils part-of-spcccli iypss ni,,) of tlic 

tcrnm it;,,. aiid the rclütionship bctwccn NI,,, and kt;, , .  Tliese conibincitions arc rcfcrrcd 

to as "Dcpendensy Triples". 

Tlie occurrcncc ti-cqucncy t q , ,  and it;,, for a spccific syntactic dependciicy 

rclüt ionsliip. 

The occurrcncc licqucncy of cadi pan-ofispecch type. 

Tlie likrl itiood ratio of t q , ,  and H;,, (wil l bc uscd in the ncxt srct ion 1. This is a 

cdculatcd value rcprcseniing the likelihood ihai tu,,, and H;,, will CO-occur. 

To bcttrr describe tlic dcpcndcnçy databasc. let us çonsider an cxaniplc. Figurc 3-4 presrnts the 

inhrmation availablc in thc dcpcndençy database for the word t-iqdc. 

Page #47 



Figure 3 4  Dcpcndcncy dütabüse output for ttie word i . c ~ c : , r h .  The numbrrrd itcnis 1-6 are 
explained Following the depcndrncy Jatabasc output. 

r e c y c l e  1 1 8 4  ( 1  1 

v 5 3 9(?' 

V:compl :N (3 1 475(4 '  184 (5 '  

s y s  tern 
t i n  
t i r 1  can 

t i r e  

t r a s h  
t r a s h  c a n  
t r u c k  

... 
'1:conj : V  1 O 9 

handle  I 
produce 1 
r e d i s t r i b u t e  1 
remove 7 - 
Save 
staff 

... 
V : s u b j  :N 129  6 3 

.mer i c d n  4 
a s t r o n a u t  1 
bag 1 
burdsn 1 
b u s  iriess A Y 

buy 1 
Buying 1 
c i t y  4 
cornmuni t y  3 
c o u n c i l  member 1 
( id i ror  .. 7 

10,3969 
3 . 1 7 5  
4 . 5 6 5 2 5  
28.6703 

- ,- 471 i-i. 2 4 0 3  
4 0 . 8 5 3 8  
5 . 1 8 7 4 1  
6.80176 

( I ) Thc numbcr 1 184 is the total number o f  dcpcndcncy rclationships that involves thc word 

t*~~c-rk (incliiding bot11 nouns and verbs). 

( 2 )  The number 539 is the Frcqurncy of the word r*ccyr.lC as a verb (part-of-speech type) in the 

pürsed corpus. 





3.2.4 Associated Term Weights 

Seiiicnces ( or querics) consisi of a set of ienns. Tlisse trnns have graniinaticalisyniaciic 

dependencies ürnong eüçli oihcr. As previously rncniioned, the dependcncy tree of a sentence 

represcnis ail the tcrms of a sentence and tlieir syntactiç dependcncics. Tlie dependency ircc of 

query 203 could bc represcnted üs illusirated in Figure 3-5. 

Figure 3-5 Dcpcndcncy trce for yuery 103. 

impact 
k 
\ jmb )' t of ' S U ~ J  oe aet  \ economic 

I \ o f  
what i s the % 

pcomp-c 

\ 
recycling 

\ 
camp 1 

\ 
tires 

Tlis associaicd tcnn wsighi in a query (or trec) is dcrived froni the wciglii o f  ihe t cm  (or no&) 

itsclf and the links (or edges) thai arc nssociated with tlic [cm. Morc preçisely. the associaicd 

tcrnl wriglit in ü tree is calçulated by adding the weights of iis edçcs to the weight of tlic icrm. In 

Section 3 . 2 2 .  wc prescnted tlic mctliod of calçulating individual temi wciglits. Now wc need to 

dctemiinc the wcigliis of üeprndency links ( i.r. the links betwcen words). 

A deprndency rclaiionsliip links iwo words in a sentence. For cxamplc. Figure 3-5 shows iliai 

the ternis ca)~~o~uic  and i~yxicf are l inked with the syntact ic dcpendenc y relat ions11 ip jnuli. Wliai 
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we arc. intcrested to deterniine Iicre is the weiglit (or strcngtli) of tliis relationsliip. The higlicr tlic 

wciglit (i.e.. the greatcr tlic streiigtli) of the relationship. the Iiiglier üssociatcd wciglit of [lie tcrni. 

The wciglit of tlic syntaçtic dcpendency relat ionslii p betwecn üny t wo teniis in tlic dcpendency 

trcc of ü yucry is dcriwd from tlic infoniiation stored in [lie depcndcncy databasc. Givcn üny two 

tcnns. tlieir part-of-spccçh. and the syntactic dependençy bctween tlieni. we ciiti ~iilçuliitr the 

wciglit of tlic rclutioiisliip bt.t\vccn iiicni using tlic following fomiula: 

.f rcprcsctits ttie licquency occurrence of I I I , , ,  and y,, for a spccitic syntactic 
dcpcndcncy rciüt ionstiip (i.c.. dcpcndciicy triple) 

t e  rcprcscni ttic l i  kcliliood ritio of thc dcpcndcncy triple 

In tlic enaiiiplc. prcscnicd in Figures 3-4 iind 3-5. the syntüçt iç dependciiçy rclationship bctwccn 

W C ~ C / I I I , ~  and riiu's for ttic piirüsc. r ~ ~ ~ y l i ~ i g  r i r e s  has a wciglit of3.562 1 (~ülculiitcd: I1.2485 ! 4). 

Tlic üssociütcd weight of ternis iii qiiery 503 is çoiiiputcd using thc following stcps: 

1 .  C'onipiitc the wcight or  tlic individual trmis: 
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Term Wcight 
i ni paç t 3.63555 (/o,q 1.546 l4e+071'3407) 
wlint O 

2 .  Coniputc [lie wcight o f  ihc links in the trcc: 

LiltA-3: iiiip;ict(N):pcoiiip-c:rccycliiig(N) + w = O (no ciitry üvüilüblc in the 
dcprndcncy dütabüss) 

3. Computc the associaicd tsmi weights: 

As sliowti abovc. ilic wcights o f  links tliüt Iiavc wcak syntüctic dcprndcncies such as (/'and hc 

werc not conipiitcd and ihey arc assumcd io be zero. This rulc was followed with onc cxçcpiion. 

The exception is related io the i/'syntactiç dcpendcncy. Al l  links of  the fomi N - of - N wcrc 

ircatcd as N - N. As a result. in the abovc examplc. wc cornputt. tlic weight o f  the link beiwccn 

~ - c J c ~ / L *  and inipucr and bypüss the (/' te m. This niakes our systrin trcat ternis li kc rc~tr i~wi /  ou' 
i / l j ; ) t*twtio~~ and ~.riqr.lopr~diri o/'~~liildhi/-rk as irt#i,trn<rtio,r twr-ievd and clddhirtii c~ttqrlopedirr. 

respeçtivcly. 
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3.2.5 Ttee Decornposition and Fuuy Boolean Query 

Tlirre arc scwrül possible yiiery fornis that çan bc fed into an IR sysiem. Tlir siniplcsi fomi 

reqiiircs keding üII the teniw in a query to ün IR systern withoiit giving üny considerit ion to the 

contribution of  individuül tcrnis to the que- inctining. In tliis cüsc. tlic IR systeni uses one (or 

more) of the iecliniqucs prescntcd in Chüpirr ? (say i f *  itll) to rctrieve and rünk the documents 

tliat nititcli a givcn qucry. This is vrry siniilar to usiiig iIie AltaVista Intemet seürch cngine. 

Using tliis form. thr input to an IR systsm l'or que- 203 woiild bc: 

A bcitcr fomiulütcd query is  acliieïcd wlicn wciglits arc. attachcd to tlic qucry tcrnis. Thc weight 

assignnicni is basd on tlic contribution oftlic individiiiil tcms to ihr n~cüning of the qucry. A 

possible nictliod for dcriving individual query ierm weiglits is shown in Section 3.2.1. Using ttiis 

forni. thr inpiii to an IR system for qucry IO3 would be: 

econotiiic: 3.64555 iiiiprict: 1.50 102 rccycling: 3.92807 tires: 4.13597 

In tliis approacli. thc rsplicii wciglii oEa tcnn is multiplicd by thc wcight of that terni as 

detcrmincd by the IR systcm. TIierefore. the sxplicit wcights result in the niaiçliing documents 

being ranked differently than without applying wciglits. For enamplc. if thrrr arc two tenns in a 

query that are üssiped thc same weiglit by thc 1R systcni, the terni witli the higher cxplicit 
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weight will be ranked higlicr and. tlicreforc. tlie docun~cnts iliat contain that terni will br 

displaycd bcfore tIic documents that contain the other terni. 

An cïen bettcr query forni is the weiglitcd hzzy Booleün qurry fomi. Tlic Boolean iiiodel gives 

Iiigli perhmiance in ternis of precision aiid rcçall if the query is wcll fomiulatcd [Fr~krs and 

Barzn-Yütcs I W?]. The fuzzy Boolcan niodsl solves the liniitation of [tic standard Booiean 

niodrl. For query "A and B and C and D cind E" the siandard Boolran niodcl requires that tlic 

niatchiiig doçunicnts contain al1 ihc tcrnis of tlic qucry. A documcni thüt contüins al1 but one of 

thc abovc tcrms will noi bc rciricved in responsc io tliis qucry. It is likcly. howe\w. tliüt the user 

woiild bc intcrcstcd in sucti a docunirni. and as a rcsiilt i t  should be rctrievcd. Similarly. for ü 

yucry A or B or C or D or E tlic siandard Boolsm inodcl would considcr ii document thüi 

çoniüins one of tIicsc tcnns to be just as iniportant ils a doçunieni çoniüining morc or dl of ihcni. 

Tlic fiizzy Boolcün iiiodel rccognizcs tliüt thc mosi relevant documents io a query arc tlic 

doçiirnenis thüi coniriin al1 the ieniis of the qucry. At the süme tirne. ii also rccognizcs thüt 

doçunirnis ttiat çontüin only a siibsct of tlic irrms of thc qucry. although lcss relevant. may siill 

be relevant. This approüch requircs tlic dctcmiination of al1 tlic possible ienn subscts for a givcn 

qucry. 

Dcicmiining all thc possible subscts of tcrms çan bc achieved by dcçomposing the qucry 

dcpriidensy irec into smaller dependency trees. Eaçh of the rrsulting dependency trees is 

considercd a query oti its own. More prrcisely. the query dcpendcncy ircc is dccomposed inio al1 
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possiblc siib-trees by breüking the links beiwecn nodes in a recursive nianner. To eliiiiinüte 

undesirrd sub-trees. the breakage of links çannot oçcur if a link is of one of ilic following types: 

Lexical moditier: the iink breükage is not pcrfornird if it  is a lexical nidifier. The two 

iiodcs that arc associated witli ihis rclütionsliip will be trcatcd as one nodc. resulting i i i  

inipro\ul reirie~ al prrforniüiicc. An example of ihis is bund in qucry 204. Trcaiing ilie 

tem p ~ ~ ~ r p l ~ i ~ r r  as one i em is niuçli more cffeçtiw than scparüiing tlic tcrm inio sub- 

trccs i hai contain p l m  and othcrs containing p o w r .  

Proposition. dricrniinant. and vcrb-io-be: examplcs of this type arc of; rhc. and is, 

rcspcciivciy. Haviiig two identical sub-trccs but one of tliem contüining an extra nodc of 

iypc proposition. dctrniiinani. or vcrb-to-bc is rcdundant bccausc a nodc ofthis iypc does 

noi contribuic to rciricvül pcrfonniincc. 

ji: üs disçussed cürlicr in Section 3.22. a nodc of tliis type is ignorcd and. tlicrcforc. 

crcüiing extra sub-irecs tliüi contains this nodc is not neçcssary. 

Eüçh of the dcpctidençy trres in Figure 3-6 is ircütcd üs i, scparatc qucry. The ternis of tlicsc 

qurrics arc AND-rd togcilicr io Fonii a Boolcan cxprcssion. Conscquetitly. the rcsuliing Boolcan 

cxprcssions arc Or-ed togctlicr to forni the final fuzzy Boolçan qucry. More Iornially. a fuzzy 

Boolcan qucry is gcncratcd by dccomposing a natural languagri query into al1 possible 

dependcncy sub-trrcs. Ternis in cach sub-trcc arc ireaicd çonjuçtivcly. and sub-trees ;ire treaicd 

disjiinçtivcly. The tcrm wcights arc calculüted açcording to tlieir frcquency and their association 

witli oihcr links in the sub-trer. 
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Figure 3-6 Deçoiiiposit ion of dcpcndençy tree for qiiery 103. 
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Figurc 3-7 sliows the wriglitcd Booleaii cxprcssions of the depciidençy sub-trecs for qiicry 203 

and Figure 3-8 sliows the Rnal wciglited fuzzy Boolean expression for tlic sarnc qucry. The final 

expression ( Figure 3-8) çan be fcd direçtly to an IR systein. 

Figure 3-7 Wciglited Boolsaii cnprcssions of tlic dcpcndcncy sub-irees for query 203. 

Main TL-ee = econornic:~.334439 AND impact:3.006705 AND (tire:7.798107 OR 

tires:7.798107) AND (recycle:7.490208 OR recycling:7.490708) 

Sub-trs5l = impact:l.H22777 AND (tire:7.798107 OR tires:7.7981071 AND 

(rscycle:7.490208 OR recyclirlg:7.4902U8) 

Sub-tree2 = (tire:7.798107 OR tirt?s:7.798107) MID trecycle:7.4902@8 OR 

rscycling:7.490708) 

Sub-tre93 = econornic:7.434439 M D  impact:3.006705 AND (xecycle:3.92ROI4 OR 

recycling: 3.928074) 

S u b - t r w 4  = mpact:l.R2"77 AND (recycle:3.928073 OR recyclinq:3.928074) 

Sub-cree5 = ecanornic:2.434439 AND impact:3.006705 

Yub-cree6 = cire:3 -235973 OR t i r e s : 4 . 2 3 5 9 7 3  

sub-treey = recycie:3,928074 OR recycling:3.978074 

Sub-rreeS 2 ;mpact:l.Y22777 

Sub-tree9 = econornic:1.250511 

.4s sliown in Figiirc 3-7.11 tcnn and its root are uscd to broiidcn tlic çovrrügc oof ucrics to 



Figure 3-8 Final wcigliicd Fuzzy Boolcan expression ibr query 203. 

(economic:2.134439 AND impact:3.006705 AND (tire:7.798107 OR tires:7.798107) 

AND trecycle:7.490208 OR recycling:7.49020@) 

1 OR 

(impact:l.R?7777 AND (tire:7.798107 OR tires:7.7981071 AND (rscycle:7.490208 

OR recyc!ing:7.390208) 

) OP. 

( 

( c ~ r e :  1 .   YUL LU) UR cires: I .  IYtilUi) AND 

(r'ecycle:7.39iS208 OR recycling:?.490708) 

OR 

(economic:Z.334139 AND impact:3.006705] AND 

(recycle:3.9LR074 OR recycling:3.9SSû74) OR 

~lnipact:L.S22777 AND (recycle:3.92R074 OR reçyclinq:3.928074) 

) OR 

(econmic:Z.434439 AND impact:3,0067D5) QI? 

(rire:4.735973 OR tires;4.235973) OR 

(recycle:3.978074 OR recycling:3.938074) OR 

impact : 1 . 3 2 2 7 7 7  dR 

econornic:1.250511 

3.3. Query Expansion 

So kir wc Iiavc becn disciissiiig qucry translütion. tlic proçcss of convening a naturd 1;mguügc 

qiicry into a Boolcün qucry. Tlic goal of tlic qiicry iranslütor is to iiiiprovc retricvül perforniünçc. 

This is acliiewcl by üssigning Iiigh weiglits to good discriniinaiors and gcncrat ing fuzzy Boolean 

qiicriss. Aliliough thc inipro\wmnt in rctriewl t.ffcctivenc.ss using thc qiicry translater is 

signitlçrini. tlicrr is an uppcr bound limii to thc dcgrcc ofiniproïcment. This is due to thc well 

knotrn information retrieval problem with word niisniatçliing. The vwiibulüry used in user 

qiicries often difkrs from vowbulary used by uuthon of relevant documents. The goal of tlie 

qiiery expandcr componenc is  10 further iniprove retrieval perfomiançe by introduçing new ternis 

to user querics that broadcn the sçope of query concepts. 
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Oiir qiicry cspünder uscs WordNct to cxpaiid qucry tcniis. Althougli tlicre Iiavc bccn niiiny 

atteni pis to rise tlicsau ri to iniprovc ret rieval perfomiünce. rescürcliers havc been hced w it  li t wo 

niain problcms: 

1 . Word scnsc disüinbiguütion: detrniiiiiing tlic correct sense or scnscs for a word is ü vcry 

diffiçuli task [Voorhees IW i ]  [Cliakrwarthy and l-lüase 19951. For cxample. WordNet 

considm the words S I I I S I ~ .  ice. and coc<riuc to be synoiiyiiis tbr thc word amiT. Cowim~ and 

.vlrr.sit Iiüvc totally di ffcrcnt nicaiiings. Dcciding wliicli word to clioosc for cxpünsion drpends 

of tlieir ronicxt in the qucry. lgnoring word contcxt wiihin queries and expünding al1 the 

possi blc senscs (synonyis ) of a word dsgradcs rctrirvtil pcr(0rmanc.c signi ticaiiily . 

[Cliiikrawrthy and Haase I 9951 inipleiiwntcd a d iscriminator t hat rcjccis undesirüblc word 

srnscs î'roni WordNct. Tlic discriminütor uscs 44 heuristics briscd on 1 2 kinds of 

rcletiocisliips bctwecn words. As an cxampic of a hcuristic. çonsidcr tlic plirase nroir ~ i m l  

s l i r s l r .  Tlic rclütionship in iIiis phrase is  ronjunction. Thc discrimiiiütor rcjrcis the c ~ ~ r i i r ~ ~  

scnsc of stoc~. becausc i t dors not sliürc any sinii lürity witli s l r d i .  

2. Tlic cnpansion of riII icrnis in a query (including those tIiat arc uniinportant) rilso signitiçüntly 

dcgradcs rctricval performance [Voortiecs 1 0041. 

Our ~pproacli overcomes ihcse problems by expanding only the iniportant ternis in the qucry and 

disünibiguaiing tlic undesired scnscs From WordNci. 
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3.3.1. Selective Term Expansion 

The query ex pandcr is scleçtiw iii wliat tcrnis to çhoosc for cxpünsion. To çonsider û terni for 

espansion. ii  n~ust satisfy thc following conditions: 

I . The wcight of the tcrni must bc Iiiglier tliün zero ( i.e.. bc an important terni). 

2. The terni niust bc in\ulvcd in n syntaçtiç depciidcncy rclütionship witli anotticr tcnii 

iliüt lias a weight hiplier tlian zero. 

3. Tlir part-of-speech ofihr tcnii rniist bc noun (oilictr parts of speech suçli as adjectives. 

adverbs. and verbs could bc uscd but nouns tend io bc tlic Ieasi ambiguoiis). 

Bascd on ilic iibovc conditioiis. cspünsioti Iiappcns lo pairs oiily. Only iiic nouii terni( s) out of 

ilic p;iir will bc considercd for ex pnnsion. In addition. if ü qiiery coniains an iniportant terni but 

is noi associaicd witli anothcr iiiiponiiiii icrn,. ihcn iliis terni will not bc cxpanded. This 

approüch is vcry rcsirictivc in çhoosiny poientiül tenns for cxpünsion. The algoritlm used by the 

for cvsry nodc A in the depeiidensy trcc : 
if A lias a weiglit greater tlian zcro { 

if A is a modifier to a n d c  B ~ I i ü t  has weight greüter tliün zero { 

S~ iHcad  = All noun synonynis of A in WordNct 

SynMod = All noun synonynis of B in WordNet 



Tlic output of the algorithm. SynHcad alid SyMod. coiitain the potential iiouns iliat are 

considercd for cspansion. Tlicsc lists of nouns arc retrieved from WordNrt as synonyms to the 

pair A and B found in the dependency trec. 

Using qusry 203 as an cxümplc. notc thüt  therc arc two pairs [liai will bc coiisidcrcd for 

The qucry rxpündcr rctriwcs üII ilic noun sponyms froiii WordNei for thr word i t ~ r p t r c r .  Tlic list 

For itiis projcct WordNct wns clioscn as tlic thesaurus. Iiowcwr. any otlirr ilicsliurus could be 

uscd i n  a vcry sin~ilar rnünner. 

3.3.2. Word Sense Disambiguation 

ldrntifying the important tcrms Ior expansion and retrirving their synonyms is only one of tlic 

important functions of the qiicry cxpander. Its other important funçtion is to clioose the relevant 

synonyms to the que. and use only those syonyms thai are believed to broaden the scope of the 

qurry witliout huning performance. Tliereforc. the goal hrrr is to select only the synonyms 



relevant to the qucry from SynHead and SynMod. This is acconiplislicd using the following 

brprrt: SynHcad. SynMod. irrni A. term B. syntaçtic dependeiicy S 
Oiqxir: SynPair 

for cvcry t c n  X in SynMod { 

it'tlicre is an eniry in the dcpendency dütabasc for A(A,,):S:X(B,,) ; 
Add tlic pair X and .4 to SynPair 

1 
I 

for cvcry tcml X i i i  SynHcüd { 

if tticre is an entry in the dsprndrncy databasc for X(A,,):S:B(B,,) { 

Add tlis pair X and B to SynPair 
I 
I 

I 
I 

for evcry tcmi X in Syntlcad { 

h r  cvcry tcnn Y iii SynMod 1 
if therc is an entry in tlic dcpendcncy dütabüsc Ior 

X(Aps):S:Y( BP,) { 

Add the pair X and Y to SynPair 
I 
8 

I 
1 

Synonyms arc assigncd weights jus! üs wüs donc for tlic original qucry ternis. Tliat is. 

independent tcmi wciglits are calculaicd bascd on tlicir frequency occurrence and l ink wcights 

arc üdded io tlic indepdrn t  weights to çonie up wi th [lie associatcd terni wcights. Sinçc terms 

niodi tied by wh-questions have their weiphts rcduced. their synonyrn wciglits are reduced as 

well. 

The süiiiplc output (SynPair) for query 203 Iollows. From the list of ciglit possible synonyms for 

N ~ I ~ U C I  prcsentcd above. we have cxpünded the query to includc only threc - ~~i.seytr~.>rce. ejjcr,  

and ixuie. Tliesr: threr trrms are correct synonyms for the sense in whicli the original query used 
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i i q m r .  Our nirtliod of disambiguaiion succcssfully rliminüied bad espaiision choiccs such as 

SynPüir for ccononiç (adjective) : jnüb : impact (noun) 

cçononiic (adjective) : jnüb : consequense (noun) 
cçoiioniiç (üdjcctive) : jnab: cffcct (noun) 
ccononiic (adjective) : jnüb: issue (noun) 

Figiirc 3-9 siiows tlic c'tpanded wcigliird Boolean expressions of thc Jcpc~idciicy siib-irrcs t'or 

qucry 203 and Figurc 3-10 sliows tIic thal cxpanded weiglitcd fuzzy Boolcün csprcssion for ihc 

siinic qcicry. Tlic tinal espressioii ( Figure 3- 10) cün bc fcd direct ly to an IR systcni. 

Figurc 3 4  Ex pan Jcd \rfcigtitcd Boolcan expressions ot' ths dcpcndcncy sub-irecs Ior qucry 
203. 

)?di.? Tree = ((economic:7.434439 AND irnpact:3.ù06705) OR (economic:2.71736? AND 

consequence:3.5+115751 OR (economic:1.624R60 AND effecc:2.0514451 

OR (economic:1.394261 AND issue:1.531127) AND (tire:?.798107 OR 

tires:7.?9R107) AND (rscycle:7.490?08 O R  recycling:7.490208) 

S u b - t r w l  = lmpact:l.822777 AND (tire:7.794167 OR tires:7.7981d71 AND 

irecyclé:7.490708 OR recycling:7.49020R) 

Sub-cr~e2 = (tire:7.798107 OR rires:7.798107) AND (recycle:7.490208 OR 

recycling:7.490708) 

Sub-cree3 = ((economic:7.434439 AND irnpact:3.006705) OR (econornic:S.717367 AND 

consequence:3.541575) OR (economic:1.624R60 AND effect:2.û51345) 

OR (economic:1.394261 AND issue:1.531122)) AND (recycle:3.929074 

OR recycling:3.92R074) 

Sub-rreed = irnpact:l.822777 AND (recycle:3.928074 OR recycling:3.928074) 

Sub-cree5 = (economic:S.434439 AVD impact:3.006705) OR (econornic:3.717367 AND 

consequence:3.541575) OR (economic:1.634860 AND effect:S.051445) 

OR (economic:1.394261 AND issue:1.531132) 

Sub-cree6 = tire:4.235973 OR tires:4.235973 

Sub-treeï = recycle:3.926074 OR rscycling:3.928074 

3ub-crse5 = impact:l.S22777 
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Figure 3- I O  Final expanded weiçhied fuzzy Boolran e.upression for quciry 203. 

(economic:2.434439 AND impact:3.d06705) OR 

(economic:2.717367 AND consequence:3.541575 

(economic:1.624860 AND effect:2.051445) OR 

(economic:1.394261 AND issue:1.531132) 

i AND 

(impact:1.872777 AND (tire:7.798107 OR tires:7.798107) AND 

(recycle:?.490208 OR recycling:7.490208) 

) OF. 

( 

(tire:7.798107 OR tirss:7.798107) AND 

(recycle:7.490208 OR recycling:7.490708) 

OR 

( 

i 

(economic:2.434339 AND irnpact:3.006705) OR 

(economic:2.317367 AND consequence:3.541575) OR 

(sconomic:1.624960 AND effect:2.C51445) OR 

(ecunomic:1.394261 AND issus:l.5311?2) 

1 AND 

(recycle:3.926074 OR recycling:3.9SG074) 

OR 

(impact:1.832777 M D  (rscycle:3.928074 OR recycling:3.938074) 

j OR 

( 

(economic:2.334439 AND impact:3.006705) OR 

(economic:1.717367 AND consequence:3.541575) OR 

(economic:1.624860 M D  effect:2.051445) OR 

(economic:1.394261 AND issue:1.531122) 

OR 

(tire:3.2359730R tires:4.235973) OR 

(recycle:3.928074 OR recycling:3.928073) OR 

impact:1.822777 OR 

sconornic:1.250511 



CHAPTER 4 - EXPERIMENTS AND RESULTS 

1.1. Introduction 

In the prcvious çliüptcr. we preseiiied our approach for iniproving inforniaiion rctricwl 

pcrforniüiict.. In t l i i s  chaptcr we will prcseiii the espcrirncnts wc Iiaw performed and tlis rcsults 

o f  ~liose çxpr.riiiicii~s. We w i l 1  bsgin by describing tiic rnperimcniül cnvironnient and thcii 

prescnt tIic dote gathercd froiii thc csperiniciits. 

4.2. The Environment 

Tlic cnvironniciit is compriscd of  soliwrc coiiiponcnts and a test collcctioii Iiosted on a Sun 

Solaris workstüiioii. h parser. a qiicry tmslator. a qiicry cupünder. a tlicsaurus. and ii seiircli 

enginc çonsiitiitc [tic software coniponcni portion of tlic environniciit. Tlic tcsi collisti«n of  

clioiçc \vas tlic TREC collection (as dcscribed in Cliaptcr 3). 

4.2.1. The Parser 

Tlic pürscr u s d  in tlicse cspcrirncnis wus kt IN [PAR [Lin. 1 W 5 j .  I t  wüs devclopcd by Dr. 

Dekaiig Lin üt tlic University o f  Manitoba. MlNlPAR wiis çlioscn as t l ic parscr for this work for 

tlic following rcasons: 

It  is r i  broüd coveragc parscr. The test sollc.ction çontains a very broad rmge o f  topics that 

span many dornüins. 

I t  produçcs ii dcpendensy trce structure in addition to a constituency trec stniçturc. 

I t  achiews high accuracy. The depcndcncy relûtionships çün be correct ly idcnt i ficd for 

approxinutely 85% o f  words [Lin, 19951. 



I t  is implenicnied entircly in the C++ prograniining languagc. This makcs it  casicr to 

integrate with the otlicr software coniponents ofthis systeni. 

4.2.2. The Search Engine 

Thc scürcli cngine used in tlirse cxpcrinients was Ist.arçli [Nassar. lLK17]. Iscürcli was choscri as 

thr scarcli etigincr for this work for tlic fullowing rcüsons: 

Itsupportsfulltrxtseürcliiiig. 

I t  supports Boolcün and weighted qiicries. 

I t  is iniplcnicnted cntircly in tlis C++ proprüniming larigü~gc. Ttiis mükcs it  casicr to 

intcgcits witli the otlicr sot'twürc coiiiponcnts of this systcm 

It is Irccly üvailüblc ( including source code). 

4.2.3. The Thesaurus 

Thc tlicsuunis used in ilicsr experiiiicnts wüs WordNct [Miller. IW)]. WordNei wiis clioscn as ü 

Irxicül Jatabasc for this work for tlir following relisons: 

I t  is vcry rich in content. 

It is iiscul by nimy Infomiatioii Rctricvul and Naturd Language Proscssing rcscarclicrs. 

lt is iniplcnientcd cntirrly in the C programming Iüngiiage. This makcs it  casier to intcgratc 

with the othrr software components of tliis systcm. 

It is frcely üvüilablc (inçluding soiircc sodc). 
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4.2.4. The Query Translater and Expander 

The query translator and cxpündcr were developcd as pan o f  this work. Tlicy are the 

implcn~entation o f  tlir concepts and algoritlin~s prcsented in Chaptcr 3. Tliey werc writicn using 

the C++ prograniming languüge. This made ii casier to integrair witli MINIPAR. Iscarch. and 

WordNèt. 

4.2.5. The Test Collection 

Thc icst collection uscd in tliesc rspcrimciits was tlic TREC-4 collection [Haniian IWO]. 

TREC-4 was chosen for its slion-form qucrics. I t  wcis ncccssary io reciucc tlic sizc of  tlie 

collcçtion becausc of  limitcd disk spacr and proçcssing powcr (the TREC collection is 

üpproxiniatcly 2 GB o f  ~ t ) .  As ii rcsult we uscd only the Associüicd Prcss dociiincnts of 

TREC-4 (82 MB). 

4.3. Experiments 

Wc ran ttic qucry triinslator and tlic qucry cxpander on tlic collection and çalsulütcd the recüll and 

prccision for each q u c y  To fiiirly mcasure ihc cffcctivencss ofour iiicthod. we wiiiittd to 

clioosc a lower bound thai wc could cornpiire our rcsults against. Wc callcd this lower bound ilic 

htrsdir IL.. 

Tlic h~rseliw results wrrc achicvrd by passing the TREC querirs "as is" to the searcti engine and 

çornputing the rcçüll and prccision o f  cüch qucry. The query translator, on the other hand. Tirsi 

convcrts the TREC qurry into a Boolcan expression and weights the terms before passing i t  to 

Page #67 



tlic seürçli cngine. This conversion and weigliting is olso üpplicd wlicn the qucry expander is 

uscd. 

Our goal is to improve rrcall and precision in gcncral and in the top-ranked docunicnts of result 

scts in piirticulür. To tàci lii;iir mt'üsuremeni of how well WC arc nicetins tliis goal. wc cdçulatcd 

rccül l and prccision ai di ffcrcni dociiment sut-off points. Thc çut-off dctcm ines the nimber of 

top-rai~ked docunicnts io bc çonsidcrcd. TIiüt is. if iiic eut-off \vali~c is set üt ~t on1 y tlic top 11 

doçiiniciits rctric\*ed for cadi qiicry will bc uscd in cülculüting rccüll aiid prccision for tliot qi~cry. 

Intiiiiivcly we csprct iliüt the reçall will inçrcüsc as the sui-off incrcüscs and that preçision will 

dccreüs~' US the SUI-011' i i l ç r ~ ' ~ ~ ~ . ~ .  Our resiilts. as prcscntcd in the nest scction. arc consistent wi th 

this cspcctiit ion. 

TIic cut-ot't's wc uscd wrrc 30. 100. and 1000 documcnts. WC sclcçtrd 50 ris the luwcst ut-off 

bccausc wc bclicvc i t  is the maximuni nuniber of docunic.nts wc could rcasonabl y t'xpcct a user 

to rcvicw. Wc sclcctcd 1000 as tlic higlicst cut-offbccausc wc bcliew tiiai it is reüsonüblc 

nuinbcr of docurncnts upon whiçli to apply funlicr pruccssinp i 11 fiitiire expansions to this work. 

For exiiniplc. wc çiin analyse [lie top 1000 documents to dctcrniine new terni wcights bascd on 

tlieir occurrence and syniaçtic depcndcncies in these documents. As ü rlisult we gct a nrw set of 

top-rünkrd docuiiients. WC selected the cut-off of 100 ürbitrwily. 
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4.4. Results 

To measure rctrieval pcrfomiançe, we computcd prccision and recall for cach query at caçh çut- 

off uiider eaçli o f  :lie tliree query mrtliods (baseline, query transistor. and qucry enpander). We 

also çalciilated tlic avcragc prccision and rrtçal l for cadi cut-o ff ; query nirthod combinat ion. 

4.4.1. Recall 

Thc rcsulis of our experimciits show that ovcrüll prrfomiaiicc of the query translaior in tcrms of 

resüll is beltcr ttiün tlic bascline. Also. the query expaiider acliicvcd bctter overall rcsulis as 

ronipared to tlic query translütor. Teblc 1-1 and Figure 4- I prcseiit thc recüll resiilts üt cüçli of 

the selcctcd çut-offs. Appcndix B sliows tlic rccall rcsiilts tbr each query. 

Table 4-1 Rerd 1 Rrsults Suniniary. 

- - -  
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4.4.2. Precision 

Tablr 4-7 and Figure 4-1 show the preçision rcsults. Appendk C shows tlic precision rcsults for 

ciicli que-. Ovrrall, in ternis of prcçisioii. the query translaior achicved bettcr rcsults iliün the 

strüigiitforwürd basclinc resulis ai al l ciii-offs. Also. ihe query rxpander acliieved better overüll 

rcsulis üs coiiipürcd to the que. translütor 

Table 1-2 Prccision Rcsulis Suniniiiry. 

Page #7 1 





4-43. Statistical Analysis of the Results 

Takiiig a qucry il ;is a randoni variable. it is possiblc to usc statistical infcrence to draw 

conclusions about a population o f  querics bascd on a saniplc o f  the rcsults o h  querics. For our 

study we Iiave a saniple o f  48 querirs ( i.e.. 1148) - see Appendia A. As previously dcscribrd. 

wc haw cülculütcd the rcçall (Appendix B) and precision (Appendis CI for eaçh o f  tliesr 48 

qucrics uiidcr bascl ine. qucry translator. and qucry expander qiiery fomulat ions for cut-o f f s  o f  

50. 100. 1000. Descriptive statistics for cadi scenürio are prcseiitcd in tables 4-3a. & t a .  4-ja. 4- 

63.4-7a. aiid 4-Xn. To sinipli. t l i i s  ünalysis. we have üssuinrd a standard nonnal distribution 

(possiblc duc to tlic central limit tlicorcni). 

To trst  t l i r  Iiypotlicsis tliat our qucry translator and query expandcr iniproved results o w r  thc 

büscl iiic. wc çonducted paircd di fkrcnce tests. The rcspcçtivr nul l hypothcsis werc: 

I . Tlicre is  no diffcrencr. bctwccn tlic baszlinc mcm and the QT niean. 

2 .  Thcre is no difkrence betwecn thc büselinc rncan aiid thc QE mcan. 

3. Tlicrc is  no di fkrence betwcen the QT meün and the QE rncari. 

Tlic aiicniativc Iiypotlicsis wcrc: 

1. Mean QT 3 n i c m  base 

2. Mcan QE > niran base 

3. blcan QE > nican QT. 

line. 

linc. 

Test statistics for each scenürio are presented in tablcs 1-3b, 4 4 b .  1-jb. 4-6b. 1-7b. and 48b .  
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Tlic calsulated vdiies of ttic test statistic t support the rejectioii of nuIl hypotliesris #i and #2 at a 

<)O0; lcvcl of contidcnçe. Wc were not cible to rcjeject the tliird iiiill hypotlicsis at tliis level of 

cont'tdéiiçt.. 

Wc Iiavc co~icli~dcd thai WC cm licliiew evcn bctter rcsults ifwc rcduçc thc variability in the 

siiniplc. Iiicrcasing tlic samplc s i x  (i.c.. thc nunibcr of querics) miglit hclp. r\dditionally. tlicrc 

arc ollicr ficiors contributhg to tlic high vüriability tliat wr will addrcss iii oiir fiitiirc work. 

Spccifically. h c  rcsults wcrc obiaincd by running t h s  qucries ügiiinst a sub-set of tlic TREC-4 

dociinicnts. Witli ii full docuiiicnt set. UT espeçt that wc woiild Iiaw fcwcr cxtrcnie rcsults (c.g.. 

IOO"u rccall for qucry 220 and 0% rccdl for qucry 1 3 3 ) .  This cxpscution is supportcd iti [Vlcz. 

Weiss. Slicldon. and Ciifford 19971 where a signi ticant iniprovcmcni \vas sccn going froni an Xk 

docunicni sci to an Xlk  document set. WC bclicvc ihat we did noi sec a stütisticûlly signiticünt 

iniproveincni using Q E  over QT bccüusc it  is higlily rcstrictivc (i.c. w r y  fcw querics açtual ly mct 

tlic criicriü Ior cspansion). 

To providc ail indication of ai wliat Icwl of coiitidcncc WC would bc ablc io rcjcçt tlic nul1 

Iiypoilicsis ( in  ihosc cascs wliere WC were unable io ai the 1)0° O Icvel) we havr also calculaicd P- 

\.a l llt!~. 
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Tahlc 1-3r Recall at çut-off50 - descriptive statistics. 

Tahlc 1-3b Rccüll ;it ciit-off 50 - test statistics. 

1 Test statistic IQT v. Baseline IQE v. Baseline lQE v. QT 1 

It Critical one-tail 1 1.29982481 71 

T ih lc  4 4 a  Rccüll ai cui-off 100 - dcscriptivc stüiistics. 

- - - - - - - -- - - - - . . 

Standard Deviation 

Table 4-43 Rccall lit cut-off 100 - tcst stat istics. 

Test statistic QT v. Baseline QE v. Baseline QE v. QT 
factors 

Tablc 4-5a Recall a i  çut-otl' 1 OOO - dcscriptivc siütisiiçs. 
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Oesc. Statistics 
I 

Mean 
Standard Deviation 
Variance 

Baseline 
69.6548% 

0.245688674 
0.060362924 

QT') 
73.8043% 

0.249638477 
0.062319369 

QE'' 
74.3275% 

0.251 331809 
0.0631 67678 



Table 4-Sb Recall at cut-off 1000 - test statistics. 

P-value - I - -  0.002931 1451 O. 109238~21 
t Critical one-tail 1 ::E982:8% i . ~ w m ~  i 7 1 -29982481 7 

Tahlc 4-6r Prcsision üt çut-off 50 - dcsçriptive stütistics. 

Table 4-6h Prccision at c'lit-off 50 - tcst statistics. 

lTest statistics IQT v. Baseline lQE v. Baseline IQE v. QT 

Table 4-78 Presision at eut-off 100 - dcscriptive statistics. 

I ~ e s c .  Statistic l~aseline IQT" IQE" 1 
plandard Devia tion 
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Table 4-7b Prccisioii at cut-off 100 - test statistics. 

Bt Critical one-tail 

Table  &(lu Prccision at çut-otY 1 0  - descriptive statisiics. 

Tablc  4-8b Prccision at cut-otT 1000 - tcst statistics. 

Test statistics QT v. Baseline QE v. Baseline QE v. QT 
factors l - 1 

" QT = Query Translator 
2' QE = Query Expander 

4.4.4. Data Analysis of the Results 

The qiicry translüior was generally able to iniproir retrieval rfiçtiveness. In some cases. it had 

no rftkst on tlic outcorne. In othcr cases. query translater decreascd thc retricvül effectiveness. 

During analysis of the data. wr made three observations worth mentioning: 
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1. No ~ h t u t g ~ >  i l  t  t * ~ w / r . ~  /IL// w t d c t * ( r i t  ~g 1  * ~ ~ i ~ w d  ~ { ~ / ~ J ~ L W C L J S .  

Altliougli sonie qurrics sreiii to show no improveinrnt using the qurry trünslator cornparcd to 

[lie baseline. tlierc arc üçtuülly diffcrences in tlic documents reirirvcd. For rxarnple. as 

showii in Appendices B and C ,  the pcrfonnance of qurry 203 does not show üny 

iiiipro\micnts bctwcen tlic qurry translator and the büsclinc for cut-off50. Howcwr, the 

rclcwiit doçiiiiicnts rciric\uî by tlic qucry tr;inslüior for qucry 203 are üçiually difireni tliün 

tlic rclcvünt doçuineiiis retricved iising tlic büsclinc. 

One of ilic dociinicnts rcirievcd using tlic büscliiic is a document aboiit tlic Iiopcs of i tic 

pvrrnnirni of Malaysia to incrcrisc rhc iiniouiii of tisli in its watrrs by purcliüsing inillions of 

uscd tircs tiom Japün and using tlicm to forni ürti ticiül rccî's off its coüst. This doçurncnt is 

çonsidcred rclcvatii bui was retrirvcd by tlic basrline only becausr i t  contaiiis the word r i t r .  

Using this nictliod. the document coiild jusi as cüsily Iiave been about tirc snfciy. 

Tliis doçunicnt \vas iioi part of tiic rcsult set at cut-off 50 using the qucry translator. Tlic 

qurry translritor rctricvcd anotlicr document on rcvycling tires thüt was iioi inçludcd in the 

b:isclinc. rnakiiig tlic ovcral l results the saiiir. Al1 the documents rciriewd by tlic qiicry 

trünslütor ai çut-off 50 were about rcçycling o f  tires. 
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For cxampir, ihc ternis . swcv . s s  sroq*. trirro~~iohilc. i~rdlcstt:i- .  and priirrtz ~-o~pot-tirio,i üpprared 

ii i  qiicries 278. 230. and 143. respcctively, causcd the query trmslator perfontiancc to 

dsgradc ai ut-off  50 cornparcd to [lie baselinc. 

3. L o ~ t g  ri,></ ii*c~//-/i)nwd y i i ~ ~ ~ * i e ~  ~ r v i t i  r o  peyfi)t-tti sligiitfi~ hc~rr~~r rlsi/t,y riir h~rsc~l i~ ic .  

This is bscüuse of tlic fuzzy uvigliicd Boolcan queries in tlic qucry translater. Thc wciglii of 

sotiie teriiis that arc not very iniponant scniünticülly sould Iiavc a Iiiglicr soiiibiiied wight 

tliüii a sin# tcrni thüi is more iniponani to query's scinüiiiics. For cxaiiiplc. que- 2-10 

gsncraies cxpressioiis such as <~.ssi.sf A N D  co/nf)tir. ~ ~ . y i r i / ) ~ w u t  AND trth-~urct~. and ci.s.si.v~ AND 

C . ~ / I I ~ W I  11131 arc no[ individually important to thc prcniisr of ihc qusry. 

Whcn wr cornp~ircd [lie qucry cxpündcr to the qucry translaior wc. madr tlircc observations basrrd 

on oiir milysis of tlic diiiri: 
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worsrn iIic retrirval pcrfomiünçe. A!i~t l icr  cxaniplc is query 212.  The tcnii clctrtli pe~itilty 

was gcnerüted as an expansion terni for the tenii tuil~ir~rl/~rrr~i.~hnioir. WC would expeçt 

pcrfortiiünçe to bc iiiiproved but i t  was not. 



CHAPTER 5 - CONCLUSION AND FUTURE WORK 

Information îïltcring and rctricval continues to bc a vcry important topic in our daily livcs. 

Information rctrievtil systcnis enablc us to tilter rclcvent documents and ignore thosr tliat arc 

irrclcwnt. As part of !lie tiltcring proccss. t hc relcvaiit Jocunients arc sortcd bascd on k i r  

c 1oscnt.ss to uscrs' information necds. 

For morc than tlircc dcçüdcs. rcseürchrrs and prüctitioncrs have been working oii dcîining 

cffcçtivc and cfticicni alporithms and tools to titçklr tlic cliallcngcs of tliis discipline. Most of 

t tic' work donc. in t his arca is stütisticül in nature. It  is niorc or Icss briscd on tlic occurrenw 

frcqucnçy of  words in docunicnis. 

In tliis tIicsis. \rrc prescntcd an ovcrvicw of iiihrniiitioii rctricval systcm ilicory and providcd ü 

rcvicw ofpüst und ciirrcnt liicraturc rclütrd to qiicry formulation and expansion. Wc thcn 

iiitroduccd :i ncw iiicthod for que. foniiulüiion and expansion. This mcthod depcnds Iieavily on 

naturtil Itinguüge proccssing. Naturd language qurries wcre convertcd to Booleün querics and 

üssigncd wcigtits based on thcir syniaçiiç dcpendcnçy. We cvriluütcd our work using th r  wcll- 

known TREC collection. The rcsults support and validaie the cfkctivencss of this mcthod for 

improviny rctricval pcrforn~ancc. 

Sinçe the rcsults are promising. future work semis warnntcd. Fint. we want to experiinent with 

niiilti-sentence querics. As staicd in Section 3. 1. the qurry tnnslator drveloped for this thesis 

handlcs only single sentence natunl languagc queries. As a result. if a query contains more than 
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one sentence. only tlie tirs[ sentence will be proçessed. In our fut~ire work wr. intend to expaiid 

tlis translater to handle multi-scntcnçc querics. 

Second. we plan to introduçc [lie proxiniity operator. NEAR. to tlic syntax of the Boolran qurry. 

Thc NEAR opcrütor will be morc effective in soiue situations than the A N D  operator. Tlie 

proxiniity opmitor cnlorccs two tcniis not only to occur in tlic sünic doçunicnt but also io bc 

within a short dist;incc frorii cacli otlier such ris witliiii the sanx sentencc or witliin i l  words. 

Tliird. tlic piirsing tcshniqucs still iicrd sonic iniproverncnt. Onc sucli iniprowincnt is the 

Iinndling of conj unction relationsliips. For esüiiiplc. considrr tlic plirasc .4 o/'B < m l  C'. I t  is vcry 

di fticiilt for thc piirscr to idcntify the participants in the conjiinçtion. Tlic pürscr has to niokc n 

clioicc bctwcrii ihc. followinp possibilitics: 

iAot'B)riridC 

A of (13 and C)  

Tlic parscr docs not ülways con~c up \vit11 ttic riglit answcr. This üfkçts the siruçturc of tlic qucry 

dcpcndcncy structure and. as a rcsult. ilic cffwtivcncss of the Boolcan qucry sufirs. 

Fourth. Ive intend to test or nictliod on a larger collection. We are planning io use more of tlic 

TREC collcct ions and the ir associaicd qucrics. 

Finally. wc would like to add additional processing to analyse thc top n (pcrhaps 1000) 

documents to determine new terni weights based on tlieir occurrence and syniactic dcpendençies 

in tlicsc documents and rc-weight the qucry to get a revised set of top-ranked documents. 
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APPENDIX A - TREC-4 QUERIES 

List of  the 102-150 TREC-4 topics (queries): 

Status o f  nuclcür prolifcration trcaties -- violations and monitoring 
What is ilic econoiiiiç iiiipact o f  rccycl ing tires? 
Wlicrc are thc nuclear power plants in the US. and what hüs been thcir rütc o f  prodiiction'! 
What c \ i h c e  is therc of  paraniilitary astivity in the U.S.? 
Prognosis or \riübi!iry o f  n poliiicül tliird pürty in U S .  
Whiit are the prospects of tl ie Quebcc sepnrütists üçhicving independciicc froiii the rcst o f  
Canada? 
What are [lie laie devclopnicnts in bioconvcrsion -- the conversion of  bio1ogic;il wastc. 
gürbügc. and plant niütcrial into encrgy. fcrtilizer. and other usefiil products? 
Idciitify whüt is bcing donc or wtiat idcas arc bcing proposcd to rnsurc thüt Social Srcurity 
will nut go brokc. 
How widesprcad is the illcgal disposal ofnicdic;il wastc in thc U.S. aiid wliüt i s  bcing 
donc to soinbat t l i i s  duiiiping'! 
How cffcctiw arc ihc driving uhile intoxicated (DWI) regulations. 
Whüt couniries Iiüvc bern accused o f  hi l ing to adequately proiwt U.S. copyriglits. patents 
and trsideniürks. 
As a rrsult o f  DNA tcsting. arc niorc dcfcndanis being absolvrd or convicted ofcrinirs? 
Wlicit arc. tl ic di fkrcnt tccliniqucs uscd to crsatc self-induçcd hypiiosis? 
Wliy is tlir iiitani niortülity raie iii ilic United Siatcs highcr than i t  i s  in niost otlicr 
industrial izcd nations'! 
Wliüt rcssarcli i s  ongoing io rcducc the effccts of  ostcoporosis in cxistins pÿticnis as wcll 
as prcvcnt tlic discüse occurring in tIiosc unaftlictcd ai this tinic'! 
Reponing on possibi lity of  and scarçh for extra-tcrrestrial lifc or intsl ligenec. 
How havc iiiini stccl niills changed the sicel industry? 
How lias the volume of U.S. iniports o f  Jüpanesc autos comparcd witli export o f  U.S. 
autos io Canada aiid Mrxico'! 
How do crossword puzzle niakcrs go about mûking tlieir puzzles'! 
Stcps takcn by ~Iiurcli. çovcnimcnis. community. civic organizations to lialt carnage 
among youtlis engagxi in dnig or gang warfare. 
1s therc data available tu suggest ihat capital punisliment is a dcterrcnt to çrinic'! 
What was responsible for tlic geai emergence o f  "MICROSOFT" in tlic çomputcr 
indus t ry '! 
What çan bc Jonc to lowcr blood pressure for people diaposed witli high blood pressure'? 
What is tlie main funçtion o f  the Federal Emergençy Management Agcncy (FEMA) and 
the funding levcl provided to mect rmergensics'? 
Have Iargc scüle statr: al lowed lotteries and pmbling improvcd the statr's financial 
çondit ions'! 
Idrnt i fy instances and rasons of  deaths in thc U.S. military causeci by other than rnemy 
(c-g., friendly tire. training accidents). 
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Wliat arc somc o f  the biggest sucçcss storirs in recent pars conccrning environmental 
rccovery from pollution'? 
Wliat is bcing donc to Iiclp people su ffering froni ssliizoplirenia'? 
I s  the autoniobile indusiry making an honcst effort io devclop and produce an elcçtric- 
powcrrd automobile'? 
Should the U.S. Govemment provide increascd support to the National Endowrnent for the 
Arts'! 
Reports of and evaliiation on the near-dcatli experience. 
Whüt are tlir laie devcloprnents o f  co gcnerition for clectricül powcr? 
Whüi progress lias bcen made in fuel cell iechnologyD? 
Whüt support i s  there in the U.S. for legnlizing drugs? 
Art. current laws o f  the sc'a utiiform? 
Idciitify altcrnativc sources o f  rnegy for automobiles. 
Wtiat i s  tlic funçtion. nnnual budget. and çost involved with thr müiiagmriit aiid upkccp 
of the U.S. National Parks? 
Are tlisrc certain rcgions in ihr Unilrd States where spccitiç cünçcn scciti to bc 
conccnir;itcd'? 
WIi;ii controls. agrccmcnts. tcchnological advünçcs or cquipnicnt arc iiow in usc or 
planncd to ;issist in combat inp tcrrorisni'? 
Find c.xaniplcs o f  doctor and law ycr groups considering penalties againsi mcnibcrs o f  11ieir 
profissions for nialkasancc and show ihc results of  suçli invcstigütions 
How has atliniiütivc action üffc.çit.d the construction indusiry'! 
Should tiic govemmcni restrict thc use o f  fossil fucls as cnergy rcsourccs by privütc 
corporiit ioiis and public utilitics'? 
Siatus ofrrüdc balance with Jüpün -- dctïcit problcin. 
W l iai  arc tlic trends and dcvelopinciits in rct irement conimunit ics'! 
Wliai is ilie rxtent o f  U S .  rirms exports? 
WIiüi arc the prcdist ions conccrning tlic econoniiç effccts o f  the U. K.-Cont inciii 
undcnvatcr tunricl (Cliunncl). 
Whai arc somc dcwlopmrnts in clcçtroiiiç tcchnology being applicd to and resulting in 
advanws for tkc blind? 
tlow has ilic dcplction or destruction o f  the min forest cffcctd tlic worlds wcatlicr'! 
Docs available data show a positive correlation beiwecn the sulcs o f  tirearnis and 
ainniunition in the U.S. and thc conimission o f  crinics involving tirearms? 
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