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HUncmumym cucmemnozo ananuza PAH

IIOKJ'Ia}I TIOCBAIICH np06neMaM HCIOJIB30BAHUSA JTUHTBUCTHYCCKUX METOIOB ITOUCKA B COBpEC-
MCHHBIX ITOMCKOBBIX MallIMHaX. HpI/IBeJ_'[eHbI 0COOEHHOCTH ITOUCKOBOTO ajropuTtMa Exactus, npea-
CTaBJICHA €ro JKCICPUMCHTAJIbHAA OLICHKA. C,IleHaHLI BBIBOAbI O NPCHUMYIICCTBAX 06’B€ILI/IH€HI/I$I
JMHTBUCTHYCCKUX U CTATUCTUYCCKUX aJITOPUTMOB ITOUCKA.

Beeoenue

Pa3zpaboTki B 00JacTH TEXHOJIOTMH TOMCKAa HH(OPMAaIMKM COCPEJIOTOYEHBl Ha METO/aX, OCHOBAaHHBIX Ha
CTaTHCTHYECKHX XapakTepucTukax JokyMmeHToB (TF*IDF-Beca TepMOB, cCBUIOUHOE PAHXUPOBAHUE U T.1.). DTH METObI
XOPOIIIO MPOPAOOTAHBI M YCIIEUTHO IIPUMEHSIOTCS BO BCEX MOMYIISPHBIX MMOMCKOBBIX MamrHaX. C yBepeHHOCTHIO MOXKHO
yTBEpKJaTh, 4TO JajbHENIIee pa3BUTHE CYLIECTBYIOIIUX CTATHUCTHUECKHUX METOJOB YK€ HE MOXKET 3HAuUTEIbHO
YIIy4IINTh KA4eCTBO MOUCKA, B TO BPEMsI KaK OCTAETCsI PsJ] MONCKOBBIX 33/1a4, C KOTOPBIMH YKa3aHHBIE METOJIBI TI0 CBOCH
MIPUPOAE HE MOTYT CIIpaBUTHCS. Cpesu 3THX 3a/1a4 MMOMCK OTBETOB Ha BOMIPOCHI, TIOMCK TOKYMEHTOB, OJTM3KHUX TT0 CMBICITY
3ampocy, a TakXkKe LIMPOKUH Kilacc 3a/iad, KOTOpble TPeOyIOT pacCMOTPEHMs] TEKCTa KaK CPEACTBA KOMMYHHKALUH,
Tepesiady CMbICIa, @ He KaKk Habopa IeroYeKk CHMBOJIOB.

Mexay TeMm, KOJUIEKTHBAMH JINHTBUCTOB pa3paboTaHbl HOBbIE METOBI MOWCKA M aHAN3a TEKCTOB, KOTOPHIC B
MEPCNEeKTUBE MOTYT MPUHECTU CYIIECTBEHHBIM BBIUTPBIII B TOYHOCTH U MosnHOTe mnoucka. [1, 2]. OcHOBHBIM
MIPEISITCTBHEM K HEMOCPEACTBEHHOMY MCIOJIB30BAHHIO THX METOAOB B MOMCKOBBIX MAIIMHAX SBISAETCS CIOXKHOCTBH
MPOrpaMMHOM peanm3alid U OTCYTCTBHE SKCHEPHUMEHTAIbHON MPOBEPKH B YCIOBUAX OONMBIINX OOBEMOB JAaHHBIX.
HewusBecTHO, HACKOJIBKO XOpOLIO padOTaeT METOJ, IOKa OH HE MNPOBEPEH Ha OOJBIIUX KOJUIEKIHSAX TEKCTOBBIX
JOKyMEHTOB. HemanoBakHbIM BISETCS U TOT (DAaKT, YTO KOJJICKTUBBI JIMHI'BUCTOB, KaK MPAaBHUIIO, HE UMEIOT XOPOIIeH
ammapaTHOM 0a3pl M OMBITa peaNu3alid 3a7ad B 00macTH mporpaMMupoBaHus. [loBeIeHHE ITHHIBHCTHYECKOTO
aNroOpuTMa «I0 YMa» U €ro MpoBepKa B paMKax cepbe3Horo copeBHoBanus (Hampumep, TREC unun POMMUII) BecbMma
TpyAOEMKasi, He/IeIeBas 1, Kak CIEACTBHUE, HEMOAbEMHAsI ISl JIMHTBUCTOB 3371a4a.

Cepne3HOl MPOOIEMOil SABIIAETCS OTCYTCTBHE Y JIMHTBHUCTOB 3HAHUHM B O0ONIACTH MaTeMaTHKH, YTO MPHUBOIUT K
HETIOHMMAaHUIO CTaTUCTHYECKUX (POPMYIT M METOIOB, HCIIOJIb3YEMbIX ITOAABIISIONINM OOJIBIIMHCTBOM MOMCKOBBIX MAIlIMH.
B pesynbrare TMHTBUCTHYECKHUE AJITOPUTMBI HUKAK HE YUUTHIBAIOT XOPOIIO 3aPEKOMEH/I0BABIIYIO CE0s1 CTaTUCTHUECKYIO
COCTaBJISIONIYIO aJITOPUTMOB TIOMCKA.

B mocienHue HECKOJBKO JIET LENBIO pa3pabOTUMKOB ITOMCKOBOW MammHbl Exactus siBisiercst addexTuBHOE
B3aNMOJICHCTBHE JIMHIBUCTOB, MAaTEMATHKOB, IPOTPAMMHUCTOB Ha ITyTH PEIICHUS 331a49l OOBEIUHEHHS CTATHCTHUECKIX
U JMHTBUCTUYECKUX METONOB Toncka [1, 2]. B pe3ynbrare Takoro B3amMOAEHCTBUS pa3paboTaH 3KCIIEPUMEHTAIbHBII
MIPOTOTUII OUCKOBOW MamuHbl Exactus, codeTaromui Kak CTaTUCTUYECKHE, TaK M JMHIBUCTHYECKHE (CUHTAKCHC U
CEMaHTHKY) TIOJIXO/BI K TTOHCKY.

Ocobennocmu nOUCK06020 aneopumma Exactus

ITouckoBriit anroputm Exactus oObennHSET CTATHCTHUECKHE M JUHTBUCTHYECKHE METOAbI Toucka. M3
CTaTHCTHYECKUX XapaKTepucTUK TekcTa B Exactus yumteiBatorcst TF*IDF Beca TepMOB M 3Ha4MMOCTH (pparMeHTOB
TekctoB (Ha ocHoBe HTML-pasmerkn nokymenro). Ha srame mHaekcannu JOKYMEHTHI IpeoOpasyioTcst K (opmary
«IIJIOCKUN TEKCT», a 3aTEM B BEKTOpP CJIOB JOKYMEHTA C Y4eTOM MOP(OJIOTHH PycCKOro si3bika. OleHKa XapaKTepHOCTH
CJIOB JIOKYMEHTY paccuutbiBaeTcs Ha ocHoBe TF*IDF BecoB ciioB (tepmoB). Jlanee, cTpositcss mpsiMoil M 0OpaTHBII
WHJIEKCHI CJIOB, AaHAJIOTHYHO OOJBITMHCTBY MTONCKOBBIX MamH MHTepHeT [4].

Ocob6ennocts Exactus 3akiqrogaercs B TOM, 9TO B MHIEKCAX CIIOBa COPTHPYIOTCS HE TOJIHKO Ha OCHOBAHUHU HX
CTaTUCTUYECKUX XapPAKTEPUCTUK, HO U C YyYETOM CMBICJIOBBIX 3HAUE€HHUH CJIOB, KOTOPbIE OMPEAEISIOTCS HAa OCHOBAHUU
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TTOJIOKEHUI TEOpUH KOMMYHHMKAaTHBHOM TpaMMaTuku pycckoro sizbika [3]. To ecTh cioBa paccMaTpuBaroTCs HE Kak
JIEKCeMBI, a KaKk CHHTakceMbl. CHHTaKCeMOl Ha3bIBaeTCSd MUHUMAJIbHAsl CUHTAKTHKO-CEMaHTHYeCKas eJUHMIA S3bIKa,
Hecymass CBOM 0O0OOIIEHHBIH KaTeTOPUAIbHBIA CMBICH B KOHCTPYKIHUSX pa3HOM CTENEHH CIOXKHOCTH W
XapaKTepU3YIOIascs B3auMoJieiicTBHEM MOP(OJIOrnYecKruX, CEeMAaHTHUYECKUX U (PyHKIMOHAIBHBIX NpH3HakoB [3]. B
OCHOBY IIOJXOZIa TIOJIOXKEHO YTBEP)KACHUE: CMBICH NPEIIOKEHHs OMpPEeseTCsl COBOKYMHOCTBIO BXOMAIIUX B HETrO
CHHTaKCEM M MHO)KECTBOM CBsi3eH Ha HuX. Takoil mMoaxon MO3BOJSIET Pa3leNATh T€ )K€ CaMble CIIOBA C TOYKH 3PEHUS
JIEKCUKH B Pa3IMYHBIX CEMAHTUYECKUX 3HAUCHHUSX B MHIEKCE (CyOBEKT, OOBEKT, pe3ylnbTaTuB U T.J.). JTO, B CBOIO
odepesib, MO3BOJISIET 0O0JIee TOHKO CONMOCTABIISATH MOWCKOBBIM 3alpoc M JOKYMEHTHI B HHJEKCE, HAaXo[s TOJIbKO Te
JIOKyMEHTBI, B KOTOPBIE BXOJIST CJIOBA B TOM )K€ CEMaHTHUECKOM 3HaYEHHH, YTO U B 3ampoce. TeM caMbIM, B pe3ysbTaTax
MTOMCKA JOKYMEHTHI OJIM3KHE 3arpocy IO CMBICIY BBIJAIOTCS paHbIIE OCTAIBHBIX, YTO MPUHIUIHAIHHO HEBO3MOXKHO
JIOCTUYb NP UCHOIb30BAHUH TOJBKO CTATUCTUYECKUX METO/0B [2]. PaccmoTpum npumep:

HYCTL HUMCCTCA 3alpocC: «K YeMy MpuBOAUT FI/IHepTOHI/IH?»,

" JOKYMCHTBI, COACPIKAIINEC CIICAYIONUC (bpaFMeHTI)I TCKCTA:

HOKyMeHTlI ((FI/IHepTOHI/IH IMMPUBOAUT K HAPYIICHUIO KpOBOCHa6)KeHI/ISI TKaHeﬁ»,
HOKyMeHTZI ((XpOHI/I‘-IeCKoe HEAOCBIITAHUEC MPUBOAUT K TMIICPTOHUN.

B 3ampoce c10BO «4TO» B JaTEIEHOM MAACKE C MIPEUIOTOM «K» UMEET CEMaHTHICCKOE 3HAUCHUE «PE3YIIETaTHBY
- pe3yabTaT BO3IEHCTBHUS YEro-Jn0o0, a CIOBO THIEPTOHUS MMEET CEMAaHTHUECKOEe 3HAYEHHWE «Kay3aTHB)» - MCTOUYHHUK
BO3JEHCTBUS. B mepBoM JOKYMEHTE CIIOBO «HAPYIIEHUEY, SBJISIIOIIEECS YIPABIISIONIMM B CIIOBOCOYETAHUU «HAPYILICHUE
KpPOBOCHAaO)KCHHSI TKaHEH», MMEET CEMaHTHYECKOe 3HAYeHUE «PEe3ylIbTaTUB» W OyHeT SBIATHCS OTBETOM Ha
TMOCTaBJIEHHBIN BOIIpOC. Bo BTOPOM K€ NJOKYMECHTE, «PE3YIbTaTUBOM) ABJIACTCA CIIOBO (TUIICPTOHUMA», a «KAYy3aTHUBOM»
CJIOBO «HEJIOCHIIIAHUEY, T.e. BTOPOH TOKYMEHT COBCEM HE OJIM30K IO CMBICITY 3aIpOCy, Jake HAPOTHB, XOTs MO CJI0BaAM
JMOCTUTHYTO TIOJTHOE COOTBETCTBHE. OTCYTCTBHE JIMHTBUCTHYECKUX aJTOPUTMOB TIPHBOAUT K TOMY, YTO BCE MOIMYIISPHBIC
TIOUCKOBBIC MAIllMHBI BBIJAIOT PE3YIbTAThl, CXO0KHUEC MMEHHO CO BTOPBIM TOKYMCHTOM, B TO BPEMA KaK IO aJITOPUTMY
Exactus nepBbIii JOKyMEHT OoJiee pEJIEBAaHTEH 3aIpocCy.

AnroputMm momcka Exactus B HWHACKCE MpeAcTaBisieT COOOH CIUSHHE W TEPECOPTHUPOBKY JMHEWHBIX
YHOOPAAOYEHHBIX CIIUCKOB, YTO ABJIACTCA aHAJIOTUYHBIM KOHICIIITUA OOJIBIIMHCTBA ITOMCKOBBIX MAIIIHNH [4]
[IpuHnMnuanIbHOe OTIIMYUE 3aKIII0YAETCS B yUETE CMBICIOBBIX 3HAUEHUH CJIOB B MHJIEKCE.

3Kcnepumenmaﬂbuaﬂ OUEHKa NOUCKoso2o anecopumma Exactus

OKcTeprMeHTaNIbHasl OIIEHKA AITOpUTMa MPOBOJMIACE B PAMKaX POCCHICKOIO CEMHHapa IO OIEHKE METO/IOB
nHpopmanmonHoro noucka B 2007 roxy [5]. YuacTHHKaM ceMHHapa pa3gaBajIiCh KOJUIEKIIUH JOKYMEHTOB M 3aIllpOCOB
(HEeCKOJIPKO MIJIJIMOHOB JIOKYMEHTOB U HECKOJIBKO ThICSY 3anpocoB). KoyuleKiun JOKyMEHTOB MHIEKCHPOBAIIUCH, TT0CIIE
YEro 1Mo HUM B aBTOMAaTHYECKOM PEKMME IPOTOHSIINCH 3arpochl. Pe3ynbraTel Moncka MoMeIainuch B (aiii, KOTOpbIid
3aTeM 00pabaThIBaIM HE3aBHCUMBbIE KCIIEPTHI-OLEHIIMKH, OTIPEEIsist CTEIICHb PEJIEBAHTHOCTH 3alIPOCOB U JOKYMEHTOB.
MeTo/10510THsl OLIEHKH OCHOBBIBAJIACH HA CIIEAYIOIIHUX IPHHIHIIAX!

1. DKcriepT OLEHMBACT COOTBETCTBHE JOKYMEHTOB HMCXOIHOMY 3allpoCy Ha OCHOBE PACHIMPEHHOTO OMHCAHUS

MHPOPMALMOHHOM TOTPEOHOCTH (K KaXKJIOMY 3alpocCy MPHUIIaraeTcst KpaTkoe OMHMCaHKue TOTo, YTO JOJKHO OBITh

10 HEMY HaHJIEHO).

2. Vcnonp3yeTcst METOA OIICHKH THTIA «00IIero Kotia» (pooling) ¢ mryounoi myma 50 [5].

3. Mcnonb3yroTest ClleIyIoIie IKaIbl OLIEHKH PEIeBAHTHOCTH:

* TOYHO PEJIEBAHTHO;

* BO3MOYKHO PEJIEBaHTHO;
* BEpPOSITHO PEJIEBAHTHO;
* HE PEJICBAHTHO;

* HEBO3MOXXHO OIICHHTb.

4. Pe3ynprar cUMTAETCS PEJICBAHTHBIM, €CJIM OH MOIYYHII OLEHKY 110 OJHOMY M3 MEPBBIX JIBYX MYHKTOB IIKAJIBI.

5. Jli1st BBICTaBIICHUS OLIEHKH PE3yJbTaTa MCIOJIB3YIOTCS JIBa CIOco0a:

* Crporas orienka AND — 1OKyMEHT TOJTy4JaeT OLIEHKY PEJICBAHTEH MM HEPEJICBAHTEH, €CIIN BCE OLEHIINKH
BBICTABIJIM COOTBETCTBYIOLIYIO OLICHKY.

* Hecrporas onenka OR - pesynbrar 1ojydaer OLEHKY PelIeBaHTEeH, €CJIU XOTs Obl OIMH OLEHIINK BBICTABUI
COOTBETCTBYIOILYIO OILICHKY.

JU1s OLIEHKM HCIIONB3YIOTCS METPHKH TOYHOCTH M ITIOJHOTHI, a Takxke |l-toueunsiii rpadpuxk TREC, xoTopsrii
0TOOpakaeT COBMELIEHHbIE [T0Ka3aTe I TOUHOCTH U TIOJHOTHI IIPH PA3HBIX MMOKA3aTeNsIX TOYHOCTH [5].
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Pesynsrarel skcnepumenToB Exactus mpuBeneHBI Ui ToucKa 1o koiutekuuu «bemopycckuit WEB». Ota
KOJUICKIIMSI MMOCTPOCHA KOMITaHUEH SIHICKC Kak BBIOOPKA W3 CTPAHHUI] JIOMEHA .by, MPHCYTCTBOBABIIMX B HHICKCE
IIOMCKOBOM MaruHbl SHaexc mo coctosauro Ha Maii 2007 roma, 00beM Koyutekuu 8 I'uradaiur.

Hwmxe npuBomsitcest 11-toueunsie rpaduku TREC miast oneHok AND m OR st cucremsl Exactus u apyrux
YYaCTHUKOB CEMHUHapa IMpH noucke mo xosuekuuu «benopycckuiit WEB».

ol

0.25 = —+—YyvacTHuk 1
1 —a— Exactus
0.2 ;% YyacTHuk 5
' = YuacTHuk 3
—— YyacTHuK 4
0.15 —— YYacTHUK 6
—— YyacTHuk 8
0.1 —— YyacTHuk 9
0,05
0 T T T T T 1
0 0,2 0,4 0,6 0,8 1 1,2
Puc. 1. I'pagpux TREC: AND-oyenxa.
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i
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Y4YacTHUK 3
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——YYacTHUK 6
0,2
—— YYacTHUK 8
0,1 \k — YyacTHuK 9
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-0.1

Puc. 2. I'pagpux TREC: OR-oyenxa.

Kak BuzHO U3 rpadukos, anroputm Exactus Ha xomutekiun «benopycckuit WEBY nokasan pe3ynbsrarsl, KOTOpble
B CPEITHEM HE XYK€ PE3yJIbTaTOB OCTAIBHBIX YIACTHUKOB. CIIEIyeT OTMETHTD, YTO OCTAIBHBIMH YYACTHUKAMH SIBIISTIOTCS
9KCIIEPUMEHTAIIbHBIE TTIOUCKOBBIE AJITOPUTMbI M3BECTHBIX OTEUECTBEHHBIX MOMCKOBBIX MamuH. Kpome Toro, B POMMUII B
2007 romy uCHonb30BaIack CBOOOMHO pacmpocTpaHsemas mouckoBast MamuHa Lucene (http://www.lucene.apache.org).
Haunyumme pesynsratel Exactus mokazan Ha crporoi oueHke AND, mpu BBICOKOM TOYHOCTH IOKa3aB JOBOJIBHO
BBICOKHE TOKa3aTenu MmoaHOThl. Ctporas omeHka AND oTpaxkaeT MHEHHsI BCEX JKCIEpPTOB, T.e. Ooiee Onm3ka K
HE3aBUCUMOMN, 00BEKTUBHOM OICHKE.

Hexoropoe orcraBanme ot nuaepoB B oneHke OR MOXKHO OOBSCHHTH TEM, YTO NPH TOMCKE BBITOIHSIINCH
ANTOPUTMBI CEMAaHTHUYECKOTO IMOWCKA, TAIOIIHE MPUOPUTET CMBICIOBOI COCTABIAIONMIEH TEKCTa, a HE JIEKCHYECKOM,
[I09TOMY MHOTHE JKCIIEPTHI MOIJIM TIOCYUTATh PE3YJIbTaThl HE COOTBETCTBYIONIMMHE CJIOBaM 3alpoca, T.e. He JOCTaTOuYHO
pENeBaHTHBIMHU.

3aknrouenue

HonyquHHe B XOA€ OKCICPUMCHTOB pPE3YJIbTaTbl IMOKA3bIBAIOT TCPCIHCKTUBHOCTE MHTECTPHUPOBAHUA
JIMHTBUCTUYCCKUX U CTATUCTUYCCKHUX AJITOPUTMOB ITOUCKA TEKCTOB JJIs 3a/1a4 OBBILICHWS TOYHOCTH U IMOJIHOTHI ITOMCKA.
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Crenyer oTMETHTH TOT (DaKT, 4TO TOMCKOBas MaliMHa Exactus rmokasbiBaeT pe3ylbraTbl, KAK MHHUMYM, Ha TOM K€
YPOBHE, YTO U COBPEMEHHBIE allTOPUTMBI CTATHCTUYECKOTO ITONCKA.

BakHpIM pe3ynbraroM SIBISIETCS. W TO, YTO INPUMEHEHHE CEpPhe3HOT0 apceHasa JIMHIBHCTHYECKHX CPEACTB
(BKJIIOUAsl CMHTAKCHUC W CEMaHTHKY) JUld OoJbIIMX o0beMax MAaHHBIX MO03BOJMJIO orpaborars Exactus Ha ckopoctw,
COIOCTaBUMOM CO CKOPOCTHIO pabOThI COBPEMEHHBIX MOMCKOBBIX MalllH MHTEpHET. DTO O3BOJISIET yTBEPKAATh, YTO M0-
HaCTOSIIIEMY CEPbe3HbIE JMHIBUCTHYECKHE aHAIM3aTOPbl BIOJHE IPUMEHUMBI B pealIbHBIX YCIOBUSX. TeM Oonee, 4To
WCIIOJIb30BAaHUE COBPEMEHHBIX PacIpeAeIeHHbIX BBIYMCIUTENbHBIX CHCTEM W IMapaJUIeibHBIX BBIYUCICHUN MO3BOJISET
3¢ (EKTUBHO U B pasyMHbIE CPOKH 00paboTarh OO0JIbIINE KOJIEKIIUH TEKCTOBBIX JIOKYMEHTOB.

OpnHaKo, BCIO CHITY JIMHI'BUCTHYECKHX MOAXO0/I0B K ITOUCKY BO3MOXXHO YBHJIETh TOJILKO HA OCMBICIICHHBIX 3alpocax,
SIBJISIFOLIIMXCSL TIOJTHOLICHHBIMU BBICKa3bIBAaHUSIMH Ha €CTECTBEHHOM s3bIKe. B Hacrosiiee Bpems CIOXWIACHh KYJBTYpa
TIOWCKA T10 KJIIOUEBBIM CJIOBaM, KOIJIa 3apoc 3a1aéTcs MepedrcIeHueM 3HaYMMBIX JUIS [T0JIb30BaTelsl CJIOB, 3a4acTylo B
ciioBapHoil (hopme. ITO, KOHEYHO, 00ECIEHMBAET MCIOJIb30BaHHE JIMHIBHCTHKH, OAHAKO C BO3pacTaHHEM OOBEMOB
nHpopManuu B ceTH VHTEpHET MoJb30BaTeNlo npudémcsi BbIpakaTh CBOIO TOTPEOHOCTH B pa3BEPHYTOM M Oojee
OCMBICIICHHOM BHUJE, 4YTOOBI MOJydyaTh OoJiee peJeBaHTHBIE €ro IMOTPeOHOCTH pe3ynbrarhl. llpenmymiecTa
JIMHIBUCTHYECKHX TTOJXO/IOB K ITOMCKY OTBETOB Ha BOIPOCHI OYEBH/IHBI U HE MOJIEKAT COMHEHHIO.

JlanbHEHIIMMH HarpaBIEHUSAMH HCCIICIOBAaHUK SIBIISIOTCS BKJIIOYEHHE B aJITOPUTM HHIEKCALUH CCBUIOYHOTO
PaHXXUPOBaHUA U yUeT 3apaHee COCTABICHHOIO KaTajora pecypcos.
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