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PCT/ US01/ 49260 The present invention relates generally to nmethods and
systens o osoepes eri zed 5 searching in |arge bodies of testrughdat@a, and
specifically to creating search indices. Background Art Fast and precise
text search engines are widely used in web and desktop applications. 10
Enmer gi ng hand- hel d devi ces EOSSYaENDEX COMPRESSION possess enough storage
capacity to allow entire noderate-size docunent collecti onsmm m on
the device for quick reference and browsing purposes. Equip Mmmyﬁlﬁl’f
devices with advanced index-based search capabilities is desire

st orag;egﬂn{lggfwnpl d devices is still rather limted. Mst advance

i nf al (IR applications create an inverted index in order

to 15 20 su ort hi allt sear ch.servi ven co |on of
docunents. - Abeasspt g veitionelie SEieteli e i o S Sud e RoBRBIEHES whi ch | s
-descri Beghcfine i cﬁ'iEi oPtBdha? dafd, aftdecitieily herBthpGeastficen | exi cal

rel ations, app i cation: tware |brar|es Proceedi ngs of the Twelfth
Annual Internatlonal ACNISIGIR Conf erence on Research and Devel opnent in
Information Retrieval, pages |198-206 (1989), which is incorporated herein
by_reference. h docunent in the docunent collection is analyzed and
re%res§%¥§§ﬂ%¥5§&ﬂector profile of indexing units, or terns, based on the
content of the document. A termm ght be a word, a pair of closely rel ated
wor ds (| exi dist adfpreqiss t@st)sea@h cBEIPRT &9 éVldqi}ﬁEWdtl@ Mrebiand deskden snphicationsst or ed

in an index. wi,t h soci at n oSt i |ist conpr.is
post | ndInesinnang R REs A BpRlora posthef Biguelbiosp 82 cob BT/ 3 iwe
cont ai nipfige ﬁlH&erBt%fsEBe Reifehol18¢tidnE %o bSEiBIed B ithPdeSRTPEIEK rﬁ’él‘én&ocﬁﬂ' bl'y
sone additional infornmation about the occurrences of the termin the

docune rhrpwsmg pu@gsetsthmpphg thest dedces withnadvancaddnddx-based sesficlt dapabilities isences.
A typical, scoring node i,n .man ti. retrieval systems is the
t116| df eé’lr?fﬁ%blt Stg‘ég?:?? b@ﬂfﬁgdéﬁw gaﬂﬁ@ %Eeé WI%Bn An Introduction to Mdern

Information Retrieval, (MGawH I, 1983), which is incorporated herein by
ref erence. TMestaduansedinfounstion resieveldBRrapplicationsprepig an dnyvaried indsx i prdsyisency

ftind t f
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Buckl ey, et al., in "New retrieval approaches using SMVA TREC 4,

Pr oceedndedngbaseden il relations, scpplieation: Seftware élhwle@"rmeedzyzgs afhe 25. 48
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termt g2 fakion Retricv@pAges 1987206 11989), wilieh isdnd dSorbtbd heRiOby leféerdel Backv gt f

is the average termfrequency in docunment d, N is the nunber of documents
in the doshinestinding dddumest edilecM@nalwtedowdumnsegteddwﬁaaqutm@rqfelqa of indexing ~d-~

is the Iength of do ~d~ | ted by the ua

root of “Hi§e® rﬁﬁ‘ﬁ’bseg %’?H 3%‘? M&pgh}&dopwnant %“rga %0181399%&50&%5 1y
extr aCtl%%:téJ\Q@Pd@ 1BRiRA FAMIRE) or @ﬁﬂaﬁé" Bhéh 1eRS RES oM MdPBlstdi8d b & madOwane
retrieve fromt e 1 nverted I ndex. The docunent posting scores are

agounul at sdodiated postinddisinent scor es by summ ng the scores of postings
pertaining to the sanme docunent. At the end of this process, the docunents

are sorted by pgoktaig list compfisesqostinddgwheeinrsaci posting koinpsisdsan ideifiesof a

document containing the term, a score for the term in that document, and possibly some

additional information about the occurrences of the term in the document, such as the number of
occurrences and offsets of the occurrences. A typical scoring model used in many information
25 retrieval systems is the tf-idf formula, described by Salton and McGill in An Introduction to
Modern Information Retrieval, (McGraw-Hill, 1983), which is incorporated herein by reference.
The score of term ¢ for document d depends on the term frequency of ¢ in d (tf), the length of

document d, and the inverse of the number of documents containing ¢ in the collection (idf).
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are returned. Indexing a | arge docunent collection results in huge index

fil

es that are hard to maintain. 15 There has been a | arge amunt work in

the fiel dyvefozingdex conpression, resulting in smaller indeypchhsgfvdipo
conpl ement ary approaches exist in the art. One approach is conpression at

the data structure level, that is, retaining all index data while trying to

obt
is

om
sor

r enovi ng from’t

ain a nor4n cmm(:j;ﬂmty tf-afrfesmris astdesm@ﬁi#ydﬁ’rris@cﬂcl@l&al ',I'Eﬁ“mtvhmtn@lapr gaCh
runi n i or conbini.ng terns, such as stop-wor
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I ndex terns ore UCG earc preci st on

.pract i dnlrefefdneet Thif fdrﬁﬂllmpmgldlemdﬁxtlﬁlswelﬁty@r yf deupieand fdraerihgissubj ect Of
i ndex conpression. In stop-word om ssion, |anguage statistics are used to

fimd words that occur so frequently in t he | anguage that they wll

‘i nevi tabh% ccurlbg(msttf()iocune s that are very frequent ' 25 in
the | an éﬁ ’(‘S%ﬁgu\/\gj %% ére en building an inverted index.
Words such as do not c ntribute to the retrieval task. The

TREC col | ection, as presented in "Overview of the Seventh Text Retrieval
Conference (TREC-7)," Pr-oceedings of the Seventh Text Retrieval Conference
( TREC- THereNavd griakhe avetage tdrm Héqusheynialodementd’, N tratungher of 88 Qmeninehe i s 2
WO 02/0S-1289 PCT/ USOL/ ~9210 incorporated herein by reference, enunerates

the fre nmon text docunents. ner n the t of the
195 ool Bhis b o R o P B LEH AB o S Ieests efeRrumetot
25% of the postings (Wtten, et al., Managi ng G gabytes, l\/brgan Kauf man

Publ i sHdsully,Sdhisapproximard bfahd Squars raot AfAROnumMbEraf (riqud)eanpandl ed herein

by
by
of

reference). 5 Latent Semanti c Indexing (LSI) is described, for exanpl e,
Deerweester, et al., in "Indexing by Latent Semantic Analysis", Journal
the Ameri ltsfaﬂﬂvalsbdim yermsrarg extractedtivoona 8edr's query, ans theis lqspbmve Postirpdy |
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enabl es t he nunber 0f ter in the

reduced eeping t

nost sigrhif poaess, therdusumbnts arer sontetd by ¢hedr dcorﬂsjmﬂsthe Sutuiments withn theo peonesr d

om ssion o era e at the granularity of terns. In other words, they only
enabl e PF ‘entire ternms fromthe index, so that once pruned, the term
no | onger appears in the index at all. When a termis pruned, its entire

postl ng |i stindexingadpygeidequatent erélqch@es@sulwnéme m;slm ﬁnlqsghatemmrq @emaméam de
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techni que of this sort is described by
sin, strummh:ecit that isg mtalmggfa rindexgiataRuhile myjng twbjweednmyoofpacthe 17t h
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The dynam ¢ techni ques are appl for a given query,

hus reducCing query

t B@ne Dhisasoitof irdeh prepuieg 1srta\reﬂuae “mlsé dh thmintiésng syétem By ramowngfremttheindax e

pCT/ usl tpq‘mq ﬁ@?{‘ to reduce search precision, but its pract1

25

plied to n al ready-stored i ndex. VO 02/ gs 289 D scl osuc{e of .l nvention
cal effect of reducmg index size is very

relevant to the subject of index compression.

In stop-word omission, language statistics are used to find words that occur so frequently
in the language that they will inevitably occur in most documents. Words that are very frequent
in the langnage (stop-words) are ignored when building an inverted index. Words such as "the"
and "is" do not contribute to the retrieval task. The TREC collection, as presented in “Overview
of the Seventh Text Retrieval Conference (TREC-7),” Proceedings of the Seventh Text Retrieval

Conference (TREC-7) (National Institute of Standards and Technology, 1999), which is
2



In preferred enbodi nents of the present invention, an inverted index
relating terns to docunents in a collection is pruned at the granularity
| evel of \foepgensy postings, rather than at termlevel grapgrashiyeas in
systens known in the art. By appropriate selection of the postings to 5
prune for a given terns, as described_ hereinbelaw, the size of the index
P be iatsardla Rehein by el GRIRSIES CegaPRE At PR corTing PHOEwaPaR
accura 8sdt BERE 135AHOR gt Hvob iR ih OTRECRWIedloR! #5ARMd dRIMovES are
deter mﬁﬁrgg{n{ggr %heg%clt?rsrent poiﬁnngs? anld are then gpgﬁi ed In order to

sel ect dbhet 23566 bf thg postings €Whitten, ot almMbdregingv@igtbyates, Miegan Khefnmmathubtisheas, e
applied in such a_10 manner that when a user seayches the conpressed

:i nver t edmibseRsiscos EHifarnaa, @R grueY 1s 1%‘?@?1?363 1’8¥elrﬂé¥[ﬁ§?ﬁ¥‘§)-r eturned is
substantially the same as the |ist of top-ranked docunents returned by the

sane query ilmtenhSemapiakndexing (e isttescrhrednfon gxarapladysDesrweesterpstad ettt

'inventign. are .l gs si nce sone .dpocunen oSt ngs age.r.e ed fromthe

| ndex. TeRsEydtey SEsp e Ao uRn PR oL R ph o S BT e by
usi ng cRuRREVEad R Nt 1 UADIDE Bp 28 L 4T, @edH id rlcofforited h&bRbytefetdiRe dBSR 15
in the posting list. Lossy and non-lossy nethods can conpl enent each ot her.

Aft er prepoesents thtviertadinden asa poskigt ¢fthiee omtricehcusinglestatistigaldechigqueteaiied
conpressed jn g nqn-1ossy. ng her eby att ai ni smal.l er .i ndex size
Chan | o SEguler 1 BC APomRBRLiod (SR)-oHhis FEreNe L ST E R T TBber 6 Eas fighe

t her ef [ ' ok : [ f

p ?g sen '? h?enx\etéméirgcﬁfée%hﬁ lép 3 ar%@gs (t)%%gﬁpﬂgi rc %?ﬁ?@%@%@gfgﬂ erﬁ% (L:-Bx(fﬂtﬂn SSIa
cor pus g stepxwordagnisson speraid at thel graliutayitg béfesm$.dn other vatdsntheppnlyrenebleed

i ndex of tens appearing in the docunments, the index ipcluding postin of
the t erRFBNNg eplie termsfrn the indeln 5o gt ppgs iR Migdetnyng JNSErAPRSATS Ihthe e ng
fromt N t i . i : ! i ng. 25 Ranki ng
t he pogatg ia%?@l%yaﬂ?ﬁfs@%ﬂ%&tﬁ?%@%pﬁa agl @égﬁéalr%a%ge(? gﬁt}ﬁﬁ%{@(@g each of at

| east some the teros separately.,. and uni ng._t he index nmay incl.ude

or uni gt he QEiERaPENR RFGY o fevie Aane b Op et EabecHrof it A78F g Hidex
P of er ablsMireRiyWabR Brehied, WHEIEY: deRGINUERSs drRIeBhMEM Podings QRSWoRR BARAL RIMBE e
froma user and setting the given |evel based on the paraneter and the
separ at &cumukatedrdontanen. scdres, and wiktles fhedankiPCProoSEkhewd contitfgror lsopndne, t he

o C e e e e by PSne oot Fu Bl YR e,
and Setﬁ}fo@gﬁ@tgg gg%emiz ﬁxﬁ&q(l'é@%%&i’z?ﬁaﬁié L §1e 7k l@l%ﬁ}”e?ﬁt%b oRa&sratde score

of one o uments ran romthe top i e ranking. 5 According
t 0 one PalkfstineRnin, Infoiiation) Relrtevgl Daiblih dvelind) wlfy 4 084 Specinklssitasf th $IGIRNg t he
score of the one of the documents by r. In _ano oc{ii ment, the at | east

y ther g
0R8 par BormePaRed 19448, alvghs agpcogporgipd pﬁgmﬁyrrpfeé?pcsfﬂ% ynamic techniques are

applied for a given query, thus reducing query time. Dynamic techniques have no effect on the

index size, since they are applied to an already-stored index.



t he docunents to retrieve fromthe ranking, and a nunber r, of the terns
permtted in a query, and setting the given |level includes setting the

| evel basgg o9ishle score of the first document out 10 of g, depsuaRNts in
the ranking, (err), and r. Preferably, setting the given |level Includes

mul tiplying the score of the first docunment by 8 and dividing by r. In an

al t er npissleselopThavenidion pPruni ng the i ndex includes selecting the postings
to prune based on information on a statistical distribution of queries in a

sear ch spacenpdfbréEsResdimbts bhmelpﬁeééﬁpiuvaﬂion?aﬁﬁaiva% inB&UR MG g s tpdex
may include receiving at | east one paranmeter froma user and setting the

gi ven |dogumeiiaseeicallectipeisramnedstt éhe granhladity levetl efkdocanientippstifps rather thasst one
. par anet er i ncl.ude a .nunber of the scores to remain j.nt runed
ver t A TRk B o gt stns Khfun g 3y BB RPHEE FhetichetiBeBOsiES 1 ng
a probapihd ona%fveﬁtterhE§§ HeseABBd RéremnBaoCERiZbE tl{BiBHé)P an! H&qu%é?%ltpa‘i’l ting
-scores for each of the at | east sone of the terns by the probability of the
term anducedmiihogt digreficanilyaffentihgibe searankdcncpcn bf theliedgxdsdm agsetypoint ¢fi pl i ed
posting .scores, and the given level includes the score of docunent Mfrom
the top”'®¥- the ranking. In a preferred enbodi nent, creating the index

includes creating the index on a conputer 25 with |arge nenory capacity and
t ransf er r i ngPrefeeabily; aestriesf are detormingd forttlee docymentpostingshard; are thsd appliskip

ity., Pref bl the lim ' i-ncl handhel d
conput i iR o7Ed Heosiio B E foRale il 1t Mmcs frespRiitig uch »
PEI/ US| thddrred BaGh henT 8 8sép 568 8IHs thdWiRiireRBd MvettePRABR wath il eh YIRAE KR BAdsf rom

the follow ng detail ed description of the preferred enbodi nent’s t hereof,
t aken tdegembes retinnhd issubstanitallygbe samevs thé listrifgop-fanked doamimmtsattucneddiycther i al

illustration of, systemfor creating a search.index, i.n 5 accordance wth
a pref SIS AgRB ip -ﬁ@d@ﬁ%ﬂg mpdiods ghthepresentinyentign are lQssyi, sipge
that s ' wh r i i ndi e b

e aor oS Rdohdsindtind Fnityel 4R 0 SndeR s HBEAAS AU R in b o,

s a flthut cohpidss thwhdachensihg cahpact ditesudeaienbhdrepfesenthidmiBribogieridgthe data
ing)utti,nrgt pruni n? paraneters used in the nethaod of Fig. 2, in accordance
wi? h a iBriks Rasting Nanbowy sad popfossy metydp paseqmeplpmont fackb pthenddier ppwing e

Carryi nigd&jﬁ‘l a:[IQ?sylst\fl?&}, ittfépindex can be further compressed in a non-lossy manner, thereby

attaining a smaller index size than is possible with either one of the methods used alone.

There is therefore provided, in accordance with a preferred embodiment of the present
invention, an apparatus for performing a- method for indexing a corpus of text documents,

20 including steps for:

creating an inverted index of terms appearing in the documents, the index including

postings of the terms in the documents;
ranking the postings in the index; and
pruning from the index the postings below a given level in the ranking.

25 Ranking the postings may include determining a separate ranking for each of at least
some of the terms separately, and pruning the index may include pruning the separate ranking for

each of at least some of the terms.

Preferably, pruning the index includes receiving at least one parameter from a user and

setting the given level based on the parameter and the separate index ranking.



Fig. 1 is a schematic, pictorial illustration of a systemfor creating a
conpressed search index, in accordance with a preferred enbodi nent of the
present iWyerhiR A user 10 uses an index processing devipgegkdidReRccCeSS a
docunent archive 14. Docunents retrieved from 15 docunent archive 14 nmay be
conbined with an exi sting docunent archive on device 12. Devi.ce 12 creates
a conpr essedurthemmdredhe ntllexst dde parahieeer prafirable inclsdes g mibep dof decmticnksetd i n
detail hereinbelow, Typically, the conpressed, index or archive 22 is

t r ansf dFfriede framghe gidstis anep HEYHE & of the tpins peamitied; 18 aguery, Adisettingthe gbign

devi ce )lg %ﬁd&e? sét-{ig% hﬁqeég ibla%etdyotn}.'tfe}e Sdofd 5t &t F9nd @(?}él;ﬁ}%gg rFlél&{qz{/ ?@é ¥fée£1t}38 as

docunent archive us O Create Index I's trans

~wel | . TheheXankiggr can then use device 24 to fornmulate queries into the

document archive and to retrieve a |ist of appropriate docunents, despite
the 1imted glofanetrarRAbhbddinieR! sctiipl (€ chn 1&@@%@&5&1{/ irf&Yde§ Bividing BIEPT | S€S
a desktop conputer or server, while deviCe 24 is a portable, pervasive

devi ce,scergei thesore qfdhavdatemnents byrr. handhel d conputer, as shown in the figure.
Al ternatively, however, device 24 may conprise a desktop conputer or other
conput er 25 MRhéthERérhbetimEhy theit Idasttorkelparintdietihchiddta HMMRATS d8E bdrtion of
illustrates a nmethod for creating conpressed inverted index 22, In

accor déahe docwmentsaiopeteitee fromh thebandinge mtd afiumber rpotithe termispesnitied in a Thayst eps

R e A e
?F@ﬁg;%ﬁtﬁ@d&%}ﬂeﬁ%% éﬂ&nﬁi'ng‘:&ra gi.c form by downl oading over a network, or

alternativel e suppli’ed on tangi bl e nedia, such as CD-ROM or

o an_exi St GCHT o EbeiyGt GRbRo e G U ors e P Bl BoRpraet; on

sof t war g0 By By 1 nitial index A at an index 5 preparation step 46, by
extracting terns from each docunment, creating a docunent posting for each

termin each _document.. and l.isting the docunen ostings tn the index, as
o known | n P18 apeat s 8ot Afmic AGHR T RS KRR o8 abotfh ot
as descydséish inforhtifioBa kbt AAl4h6al Aistrivifiohi 0P Queriédiih @ 48arbRBFMRE ithiresiRbicy ltld 1 on
of the score are known in the art, and the manner chosen 10 is not

ed%ent i ddcumenttestipgsesent i nvention. Rather, it is sufficient that A(t, d) =
Oif t isnot ind, A(t, d) >0 otherw se. The user then inputs pruning
par anmet er s aRrufingaliciee may hpdidestegiviag at [ehe opapamnrices Srodd £uses and satingnk
the postings in index A at an index-ranking step 50. A cutoff level in the
r anki ncf8e ven jrvebbased pydhe parypeter dHbe indsyrankiig. sfi es the conditions of 15
t he pruning paranmeters. Al postings ranked bel ow the cutoff |level for a
gi ven t er m afle aiédast ent farametenmay inslude mupibsr Mpefithe scaxestorpmainde thei pruesd,
referred to as,index A*, is created at a posting renoval step 52. This

i ndex nRy°H58 74 her reduced in size by methods of term pruning and data

structure conpression known in the art, such as the nethods. described in
t B® Backgr oufrgfesably.weleptingtheingringsrircledss detenining aprobabilipr ofiah keaptigme ok | s

L T

conpr ess user s pornt o I ew,

or i gi naprobabiliety ofitheAbENR, éﬂ&aﬂ&ﬁ%t}ﬁuﬁdéﬁﬁcl_&ﬂéshﬁxﬁkih%dﬂme‘}ad@ﬁng&*by MeltipRedi ves a
list of docunents that are ranked according to their relevance to the query

terns, bestiogliseones; hed hegivangevel dncludss therrsoreef gocurBent df diospihie ereofcthe rasking:
pruni ng paraneters at step 48 and application of the paraneters at steps 50
25 and 52, iln dmefesrsd eatbotiinadnt tdnenting shie infexdinclndené¢rsatings the neldx by advmpnter

response . to the query, and the order of the docunents in the lList,.wll be
s@bst anVithlarge mgwQEY ERpciIHan “tSwE?ﬁmEﬁgth%‘PeF‘iag‘Fr pRnEEied yww@ﬁ}f%ﬂ%ﬁ's

"gener al &, part of the list that is of interest to users. In this
oY

sense, of the present invention are anal ogous to nethods of
| ossy conpr

si.on .of i e . and saund, . rein suWbstantial reduction of
dat a vol ume fs%eééhly’éb%-ﬁgg@&é%?‘iwﬁe%w %m‘é&%ﬁﬁﬁ&}%ﬁﬁl ca?PgJ,u%flg d & % 30 nost
part, inperceptible to the user. 7 WO 02/ 11; a289 PCT/ USI ) 1/ -492G Thr ee
preferred nmethods for specifying input paraneters (step 48) and applying

the paraneters (steps 50 and 52) will now be described. The first two
nmet hods del ete as many




docunent postings as possible, while keeping the top answers returned by
the pruned index in response to queries as close as possible to the top
answer s twetpeussd be returned by the original 5 index. Therglsps®aass i s
measured using a top-answers netric that is determned by the simlarity
between the set of top results returned by the original index to the set of
top r eddiefPeseription df Byatvivepspr uned i ndex. The third nethod, a uniform
docunent posting pruning nethod, renoves as many docunment postings as

necessary t dteGhésRMCindetionomnill badadreFullPundshitd HeaRhéBHIRW i dRsledd error as
10 smal | as possible. The expected error is neasured using a nmetric which

i s def ideeqripsion of thequateopeé emhodimentsshereed, talken fagsthsr withdheidiamvings iie whidhet ween
-t he docunent scores returned by the original and conpressed indices for
each query. Fipd sarsphassteq pictotak illvstratedn ofexkysiemi fide otenting a seaardhhedex; irgi nal
index if, for any given query, both return identjcal "top answers" to the
qugry. a??ﬁfd@ﬁcet"ﬁél %)P’E—??%’Fe%é@l et of eresentinEenton; nyent i on derive from two
possi bl e neasures for "top answers”: The "k-top answers" nethod defines
the "top andligrkis aftow pearkthdbsshemaiicallyillustrates a majhakfor somprsssingindicesyier y,
wherein k i.s inpyt at .step 48..Defi r _as f.he maxi num al | owabl e nunber of
Lerm (3R By e Pregebmibadimrat ol i pseipal Rttt o ) At dl ) o
,, are ranked according to their magnitudes_ at_step 50, Let Zt be the,

ragni tude. ofFigrbise AW clarhiiatschemaateally ShYHetaiiRfe lafmiqugfosmputling prining | s
Tt t N : { , i lhe: A* = i ] i
for wnifbpinestls segfth e o o ML oCirficbbrafe vt bretthednliiihaft or IRV 19°

angwer preseat noenttbaf i nes the "top answers” in ternms of a threshold on the
di stance fromthe top score of the scoring function for a given query,
wherein s is input at step 48. For instance, for S =0.9, any docunment with
a higher score than 90% of the top score 25 is regarded as a top answer.
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each t ) t, d)) is found. Let Zt = s * max(A(t,
d)) , Then A'(t,.d)=0 if A(t, d).< Zt/r and A*(t, d) = A(t, d) otherw se.
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step 56. The term o _ o . o
24. Device 24 is distinguished from device 12 by its limited ability to store large indices.

Preferably the document archive used to create the index is transferred to device 24, as well. The
20 user can then use device 24 to formulate queries into the document archive and to retrieve a list

of appropriate documents, despite the limited storage capability of device 24.

Typically, device 12 comprises a desktop computer or server, while device 24 is a
portable, pervasive device, such as a palm device or handheld computer, as shown in the figure.
Alternatively, however, device 24 may comprise a desktop computer or other computer

25 workstation.

Fig. 2 is a flow chart that schematically illustrates a method for creating compressed
inverted index 22, in accordance with a preferred embodiment of the present invention. The steps

of this method are preferably carried out by suitable software running on device 12. The
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and whi losed In the prior art
25 and 52, it is assured that the list of documents returned by A* in response to the query, and the

order of the documents in the list, will be substantially identical to the top of the list returned by
A. This is generally the only part of the list that is of interest to users. In this sense, the methods
of the present invention are analogous to methods of lossy compression of images and sound,
wherein substantial reduction of data volume is achieved by sacrificing details that are, for the

30 most part, imperceptible to the user.



WO 112/ (15.1289 CLAI M5 PCT/US(11/-192C0 1. Apparatus for indexing a corpus
of text docunents, characterized by an i ndex processor which is arranged to
create anypRyeihes i ndex of terns appearing in the docunepigushibgndex
conprising postings of the terns in the docunents, the processor being
further arranged to create 5 rankings of the postings in the index, and
prune from tTheed prefexret mectihmis tfornspscifighpimpat parometetsastep 48handhapphamgkiheg. 2.
Appar atus according to claim1, erei ptocessor i rranged to

GoF or mERGE G0 e gl o Heerribed afhe i C om0 gy Sl61E o B
separ at Rlimed Hostifkss PEsibIBSRIRNELAInE et NG tethide hépRliesame of
t he terms.miorb%.s %gpg:ﬁat&ﬁﬁs ’accordieﬁﬁg]°to claim 2, ?urtﬁggfﬂéﬁ%}lacter?zed by a
user i nespohsecte queries scdoseian gossible eatht taynensparsahatvesuld b esteinad b éheporipied sor

is_arranged_to set the given_|evel based on the paraneter, and the, separate
i miex rAMR: Fﬁé.e clpsengshisagasred BEIGR @itoryansyy ey metrcdhatihdrtgiminghby de spaddity one
par anet L f i I i , and
Dby S (e BF D (BT i by RESTERAINAA (BTG PP TBMG ARutcBERY o or
i s arr ahgprontdirsiex. t he | evel based on the score of one of the docunments
ranked k fromthe top in the ranking. S. Apparatus according to claim4,
wher ei n t he THeGERS S¥thdds a@ﬁff@masbxmmeﬁésuhggpngﬁﬂgemeih@u,eﬂenﬁmﬁas\mmyﬁg the
score of the one of the docunents by r. 6. paratus according to claim 3,
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docunents in the ranking, (err), and r. 11 WO 02/ 0y289 PCT/U SO 1 7492C O
7. Appandtcompresswstidilicgs toy eadhajuerys, wherein the processor is arranged to
multiply the score of the first docunent by (err) and divide by r. 8.
Appar at us acTieraimpgedsed mdax i definedh e ©emidah® the origimabindéxsifafor amgpgitter quese| ect
the postings tq prune based on information on a statistical distribution of
quer i esPatiyTefurgddentigals o ansyyers, te theamigere f Wopfitherigheishembodaintsefthe 9.
Apar Al 5e e At Mohvi s Ib R mbMEEL RS «EiARAGERP) Zed by @ user interface
east o , Wherern

for recerving a e paraneter e processor is arranged to
T e O o B3 S R S S of B LR e
conpri ses s@radEP e qudi9, Wherbin i SRR besiep 8. TRIRE ak thel SRSt IbYSdekkr

i ndex. 11. Apparatus according to claim10, wherein the processor is

arranged bbtedss gy ariyrmmery. Pooeahitérint 4 thefvalites | Has@o)s e @f) , t.here mmired and t o
mul tiply the posting scores for each of the at |east some of the ternms by
t he probalidordig &f theft@ndp@itidesain ttep 30r BBKZ@bE thdagiatie Bfthelbythitéren fthé i pl i ed
posting scores, and wherein the given | evel conprises the score of docunent

Myhrom t h?arfkﬂ&. Ghen at step 52, A™(t, d) is setto 0 if Alt, d) < Z% , while A*(t, d) = Alt, d)

otherwise. Postings for which A*(t, d)=0 are, of course, removed from the index.

e The “§ -top answers™ method defines the “top answers” in terms of a threshold on the

distance from the top score of the scoring function for a given query, wherein & is input at
step 48. For instance, for & =0.9, any document with a higher score than 90% of the top score

25 is regarded as a top answer. Here, too, the values of A(t, d) are ranked at step 50. At step 52,

for each term 7, the maximum value max(A(t, d)) is found. Let Ze= & * max(A(t, d)).

Then A*(t, d)=0if Alt, d) < Z% and A*(t, d) = A(t, d) otherwise. Postings for which
A%(t, d)=0 are, of course, removed from the index.
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15 the ranking. 12. Apparatus according to claim1l1, wherein the index
processor is characterized by a conputer having | arge nenory capacity, and

conpri si Rgoappapgs us for transferring the index after prupcigshfiderevice
with limted nenory capacity. 13. Apparatus according to claim 12, wherein
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devi ce. |4 Figgpapandssprining perahwteriimopt atepreiBfocthe dhird, mdifainn gosting piisg of

t ext doc ts erein the thod |s characterjzed by steps for: 12 WO
02/ 0S- ﬁ%g&g@‘?‘iﬁv%vr?- MF?‘MSWP@ SIS %W@i’%&'&% Qutin qféﬁwt of all
appeari b3 t Betri ' oS ' e in
R e e R T B A

.i ndex teDpsstaingobiaaednion eyample, fremehe distribntion afitermg)in thé 3anguage, from a

.AYn. AY[ 2. A Ayl . A . AYHs. Afns. AyHs . Af[ .. . AFH | AF5s. AF( L&6EFUXk

RT 2{ vﬁﬁeﬁ‘/ie% ?M%ﬂe%eeaﬁn&a% %@]1 eéx/f@alj %ﬁ%@gﬂ%gq% e 3}%@‘5}]@9&]@ &}%fg%] ca
. AN N J/\ 0, . .

ol el s pelGEARIG LYol s i e 3 Tegem, oy

] caV] calistabutiov] refi¢ataihe pratsab] ity et a haai eill] apasfrdm a Yikry submitted to the search

L e Ao b e AL S 1

<"""U# $$ R0 : : ; i i
2yt o] B (V)T oo e oy BE @A STy P soofaf il guories, Tho wee inppisd dsired ca
] ca] ca] caU] ca] c*aU] ca] ca] ca] ca]caV]ca]ca! &&&& e''"0O(X(()t)) **p***A++++D, , -d

1) ca) B O R A AR SR A SR Bl RB08 otce
60667 Tbbdifent of indeR k6mprdssioy Ak erMlatitk 614 aleGanl<aak §@) 30) sl Feiscadatal cal
ca] ca] ca] ca] ca] ca] ca] c*a] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca!’;

- =2r AVBASAPBREH stgERcoringAndex 4’ is created based on 4 and Dist:

G GGHH) H, H6HH| wr | ga\ :

Vol ca 4 CU] G B8] B AL DLRPIER 124 oHf) BHYGaPELS RT3 JhaS 9 75035
KXKKKKL

L&L{ L L LowRgthpliscones invingrestar dhan z Notadhetiv)this eethasa viscaglobilawtaegteravend| ca] ca

m&&%&%&a o c,a]tggéca] M Cg%ﬁ%%‘]i"dea]&qg(%]df&ﬂ B4t] €4¥A Ha] ca] ca] cal
i:g;/{ g:} g,g]\lfj@g?]é;?\éjpg%caé! f:g]};:(g\/é)cg (égv\iqse(?a] caV] ca] caV] ca] ca] caV] ca] caV] ca] ca
RSTgTTT@QUPUbUUSVUVVXXY| YY6ZZZZZZ[ ][} xsni d_ZU] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
A\ p |
|l Tlpal s hpahealseidarlsalal brnBl o srbalcalanl itk fal N GRlan o
Times data given in TREC, which contains about 132,000 documents. In order to improve the

method performance, the original index was modified. For each term, the minimum score in all
20 the document postings for that term was subtracted from all the other scores. After this correction
to the methods described above, the top-k pruning method allowed pruning of up to 25% of the
document postings without significantly degrading search results, using the top 10 scores per
term and queries of ten terms or less. The top-6 pruning method allowed pruning of up to 20% of
~ the document postings without significantly degrading search results, using the top 70% of the
25 scores per term and queries of ten terms or less. Both the top-£ and the top-d methods performed

better than the uniform posting pruning method for the document archive chosen.

Industrial Applicability

The invention is capable of exploitation in industry by providing, for example, apparatus

for indexing a corpus of text documents including an index processor which is arranged to create
9
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described hereinabove. Rather, the scope of the present invention includes both combinations

and subcombinations of the various features described hereinabove, as well as variations and
15 modifications thereof which would occur to persons skilled in the art upon reading the foregoing

description and ' which are not disclosed in the prior art.
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10 3. Apparatus according to claim 2, further characterized by a user interface for receiving at
least one parameter, wherein the processor is arranged to set the given level based on the

parameter and the separate index ranking.

4, Apparatus according to claim 3, wherein the at least one parameter comprises a number &k
of documents to retrieve from the index, and a number 7 of the terms permitted in a query, and
15 wherein the processor is arranged to set the level based on the score of one of the documents

ranked £ from the top in the ranking.

5. Apparatus according to claim 4, wherein the processor is arranged to set the given level by

dividing the score of the one of the documents by r-.

6. Apparatus according to claim 3, wherein the at least one parameter comprises a number 4,
20 of the portion of the documents to retrieve from the ranking, and a number 7, of the terms
permitted in a query, and wherein the processor is arranged to set given the level based on the

score of the first document out of the documents in the ranking, &, and 7.
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9. Apparatus according to claim 8, further characterized by a user interface for receiving at
least one parameter, wherein the processor is arranged to set the given level based on the

parameter and the index ranking,

10.  Apparatus according to claim 9, wherein the at least one parameter comprises a number

10 M of the scores to remain in the pruned inverted index.

11.  Apparatus according to claim 10, wherein the processor is arranged to determine a
probability of at least some of the terms and to multiply the posting scores for each of the at least
some of the terms by the probability of the term, and to rank all the postings by the multiplied
posting scores, and wherein the given level comprises the score of document M from the top of

15 the ranking.

12.  Apparatus according to claim 1, wherein the index processor is characterized by a
computer having large memory capacity, and comprising apparatus for transferring the index

after pruning to a device with limited memory capacity.

13.  Apparatus according to claim 12, wherein the device with limited memory capacity

20 comprises a handheld computing device.

14.  Apparatus for performing a method for indexing a corpus of text documents, wherein the

method is characterized by steps for:
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