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BcTtynneHue

Mbl sKUBeM B MUpe, Bee GOoJIblie HAOMHSAOMEMCS U(MPOBBIMU OMOITHIKAMHY,
MIO3BOJISTIOIINMHE B3aMMOJIENCTBOBATD C JIPYTUMH JIFOIbMU U OOIIUPHBIMU HH(DOPMa-
IIHOHHBIMU pecypcaMu. [IpUBJIeKaTeIbHOCTD 3TUX YMHBIX YCTPOMCTB OTYAaCTH 00Y-
CJIOBJIEHA TEM, YTO OHU HE [IPOCTO MEPEAI0T NHMOPMAIIUIO, HO TAKKE NOHUMAIOM €€
JT0 HEKOTOPOH CTereHu, 06J1erdast KOMMYHUKAIIIO BBICOKOTO YPOBHsI, KOMOUHUPYSI,
bubrpys u 060011ast JTaHHBIE B JIETKOYCBOsieMyTo (hopmy. Takie MpUIOKEHNUS, KaK
MAIlIMHHbIE TIEPEBOIYUKHU, CUCTEMbBI «BOITPOC-OTBET», UHCTPYMEHTbI TPAHCKPHUIIIIAN
roJI0CcOBOIT MH(GOPMAIIK U 0000IIEHUST TEKCTA, & TAKXKe 4aT-O0ThI, CTAHOBSITCSI He-
OTBEMJIEMON YaCTHIO HAIIEH JKU3HU B KOMIILIOTEPHOM MUDE.

Eciiv BBI B3s17TM B PYKM 9Ty KHUTY, 3HAYUT, BAC, KAK M HAC, UHTEPECYIOT BO3ZMOKHO-
CTHU BHEJ[PEHWS KOMIIOHEHTOB aHAJIN3a €CTECTBEHHOTO SA3bIKa B MMUPOKUIT CTIEKTP
npuksagHoro 110. KommoneHThbl aHain3a si3bika OCHOBAHbI HA COBPEMEHHON MH-
(bpacTpykType aHan3a TeKCTOBON MHMOPMAIINH: KOJAJIEKIINU IIPUEMOB U METOIOB,
00 BeMHSIONIEN HHCTPYMEHTHI /17151 paOOTBI CO CTPOKAMU; JIEKCHUECKUX PeCcypcax;
KOMITBIOTEPHOI JIMHTBUCTUKE; AJITOPUTMAX MAIITMHHOTO 00YUeHUsI, TIPe0OPas3yoIInX
JIaHHbIE HA €CTECTBEHHOM SI3bIKE B MAITMHHYIO (hopmy 1 06paTHO. OHAKO, TPEKIe
4eM IIPUCTYITUTD K 0OCY/KIEHIIO 9TUX IPUEMOB U METO/OB, BasKHO OTIPEIETUTD ITPO-
6JIEMBI ¥ BO3MOKHOCTH 9TOW MH(MPACTPYKTYPHI U OTBETUTH HA BOTIPOC: TOYEMY ITO
MIPOMCXOIUT ceivac?

TUNUYIHBII BBITYCKHUK MeeT B cBoeM ciioBape puMmepro 60 000 cyioB u Teicsyn
rpaMMaTHYECKUX KOHCTPYKIIMH, HCOOXOAMMBIX JJIst OOIIEHUS B IPO(DECCUOHATBHOM
KoHTeKcTe. Ha mepBbIil B3MJISIT 9TO JIOBOJIBHO MHOTO, HO TIPE/ICTABBTE, HACKOIHKO
pocTo ObLTO ObI HalcaTh KOPOTKUIT crieHapuii Ha Python, GeicTpo oThicKMBatOIHIA
OTIpe/IesIEH e, STUMOJIOTHIO ¥ TIPHMEPBI FCTIOIb30BAHUS JIIOOGOTO TEPMIHA B 3JIEKTPOH-
HOM cioBape. DakTHIecKy B TOBCETHEBHON JKU3HU CPETHII aMepPUKaHEIT UCTIONb3YeT
JIUNIb JIECSATYIO YaCTh JUHIBUCTUYECKUX KOHCTPYKIUH, 3adpukcupoBaHHbIX B OKC-
(hOpICKOM CITOBape, U TOJBKO 5 % M3 Paclio3HABAEMbIX TOUCKOBOH crcTeMoit Google.

W Bce ke MTHOBEHHOTO JIOCTYTIA K TIPABUJIAM U OTIPEIeIEHUSIM HEIOCTATOUHO JIJIsS
aHaiusa Tekcra. Ecim 661 910 6110 Tak, Cupu (Siri) u Anekca (Alexa)! nmpekpacto

! Tosocosbie BupTyasbhbie omonHukn. Cupu paspaborana B komnanun Apple, a Anekca —

B Amazon. — IIpumeu. nep.
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noHuMasi Ob1 Hac, Google Bo3Bpaiia Obl TOJIBKO 3HAYNMbBIE PE3YJIBTAThI TONUCKA,
a MbI MOTJTH GBI MTHOBEHHO OOTIATHCSI € TIOOBIMU JIFOJIBMU B MUPE, TOBOPSIIIIUMU HA
moboM si3biKe. [ToueMy KOMITBIOTEPBI TAK CUIIBHO OTCTAIOT B PEIIEHNH 33/1a49, KOTOPBIE
JTIOJTH CTIOCOGHBI PeriaTh 6e3 3alMHKIH, C CAMOTO PAHHET0 BO3PACTa — 3a/0JITO JI0 TOTO,
KaK HAKOISIT CJIOBAPHBIN 3a11ac, KOTOPBIM 00J1af1afoT B3pocJble Jioan? OueBuHoO,
4TO /17151 OOIIEHNUST HA €CTECTBEHHOM $I3bIKe TPOCTOTrO 3aMOMUHAHUS HEJIOCTATOYHO,
KaK He[OCTATOYHO U JI€TEPMUHUPOBAHHBIX BEIYUCIUTETBHBIX METO/IOB.

Cno)xHOCTU KOMNbIOTEPHON 06PaboTKMN
€CTeCTBEHHOro fi3blka

EcrecTBeHHBIE SIBBIKI ONPE/IETISTIOTCS HE MTPABUJIAMI, & KOHTEKCTOM UCNOLb308AHUS,
KOTOPBII TPeOYeTCst PEKOHCTPYUPOBATD JIJIsl KOMITBIOTEPHO#T 00paboTku. YacTo Mbr
caMu OTIpeJiesisieM 3HAUEHUST UCTIOJNb3YEMBIX CJIOB, XOTsI i COBMECTHO C JIPYTUMU
yuactaukamu 6ecezibr. CITOBOM «Kpab» MbI MOKeM 0003HAYUTH MOPCKOE SKHBOTHOE
WJTH 9€T0BEKA C YHBLIBIM HPABOM MJTH UMEIOIIETO XapaKTEePHYIO MTPUBBIUKY [BUTATHCST
GOYKOM, HO TIPH 3TOM 002 — TOBOPSIIIIIA/ABTOP U CJIYIIATEb/dUTATETb — JOJIKHbI
COTJIACHUTRCS ¢ OOTIMM TIOHUMAHNEM B X0/Ie finasiora. [1oaToMy s3bIK 0OBIYHO OTpa-
HUYMBAETCS OOLIECTBOM U PETHOHOM — IMEPEIATh CMBICJ YaCTO HAMHOTO TPOIIe
JIIOIAM, UMEIOINM JKU3HEHHbBIIN OIIDIT, IIOXO0KUI Ha BAIll.

B orsmmurie ot popMabHBIX SI3bIKOB, KOTOPBIE BCET/IA SIBJISIIOTCS MPEAMETHBIMHU,
€CTEeCTBEHHbIE A3BIKM HAMHOTO OoJiee YHUBEpPCaIbHbl. Mbl UCIIOJIb3YEM OJIHO U TO
JKe CJIOBO TIPU 3aKa3e MOPEIPOAYKTOB Ha 00ell, B 09Me, OIMCHIBAIOIIEH YHBIHIE
1 HeJOBOJILCTBO, U AJIA O6OSHa‘-IeHI/IE[ aCTpOHOMI/I‘{eCKOﬁ TYMaHHOCTHU. I[JIH 1104~
JIePsKAHKS MHOKECTBA CMBICJIOB SI3bIK JI0JIKEH ObITh U30BITOUHBIM. VI30BITOYHOCTD
IPEJICTABJISIET CEPHE3HYIO MPOOJIEMY, TOTOMY Y4TO MBI He MOsKeM (1 He JIeJTaeM 3TOT0)
yKaszath OYKBaJbHbBII CMBICII JIJISI KaXK/I0H acCOIMAIINY, KasK /Bl CUMBOJI 110 YMOJI-
YaHWIO ABJISIETCS HEOHO3HAUHBIM. JIeKkcuuecKkast U CTPYKTYPHas HEOJHO3HAYHOCTh
ABJIAETCA OCHOBHBIM JOCTUKEHUMEM YEJIOBEYECKOTI'O A3bIKa; OHA HE TOJIBKO /Ja€T HaM
BO3MOJKHOCTDb I'€eHEpHUPOBAaThb HOBbIE MAEH, HO TaKKE II03BOJIACT O6HIaTI)CH JIIOAAM
C Pa3HbIM OIIbITOM 1 KyﬂbTypOfI, HECMOTpP:A Ha IIOYTU TapaHTUPOBAaHHbIE Cﬂy‘laﬁHbIe
HeZI0Pa3yMeHHUsI.

JINHrBUCTUYECKME AaHHbIe: JIeKCEeMbl U C/I0Ba

YT0OBI TIOJTHOCTBIO UCITOIH30BATh AaHHbIE, 3aKOANPOBAHHBIE B SA3bIKE, MbI /[OJIZKHbI
HAaY4YHWTb Halll pa3yM /IyMaTb O A3bIK€ HE KaK O IIOHATHOM W €CTECTBEHHOM, HO KaK
O ITPOMU3BOJIbHOM 1 HEO/ITHO3HAYHOM. EILHHI/IHGfI aHaJ/In3a TEKCTa ABJIACTCA 1eKcemda,
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CTPOKa KOAMPOBAHHBIX 6ANTOB, IpeacTaBsaiomas coboi Tekct. Crosa, HAPOTUB, —
9TO CUMBOJIBL, IIPEACTABJIAIONINE CMBIC/I 1 OTOOPAKAIOIIE TEKCTOBbIE MU BepOa/ib-
Hble KOHCTPYKIIMK KaK 3BYK WM u3o0paskeHue. JIeKkceMbl He sIBJISIIOTCS CJIOBAMK
(XOTsI HaM TPYHO CMOTPETD Ha JIEKCEeMbI ¥ He BUJIETh CJIOB). PaccMOTpUM JiekceMy
"crab”, n3oOpaskeHHyio Ha puc. B.1. 9Ta jekceMa nmpecTaBisieT CMbICI0BOE CJIOBO
crab-n1 — nepBoe oIpejieIeHUe CYIeCTBUTETBHOTO, B KOTOPOM UCIIOJIb3Y€ETCsI JIEK-
ceMa, obo3HavarIee pakooOpasHoOe, IPUTOIAHOE K YIOTPEOTIECHHIO B TIUIILY, SKUBYIIEE
B MOPSIX U OKeaHaX W MMeEIOIIee KJIEITHI, KOTOPHIMU OHO MOJKET YIUITHY Th.

BU3yalribHOe

3BYK CUMBOIJ
npeacrasrieHne

/krceb/ Crab

/kdvouras/ kaBoupag

Puc. B.1. Cnosa oTobpaxatoT CUMBOJIbI B MPeACTaBeHns

Bce apyrue OHATHS HEKOTOPBIM CITOCOOOM CBSI3aHbBI ¢ CHMBOJIOM, U BCE K€ CUMBOJT
COBEPIIIEHHO TIPOM3BOJIEH; aHAJIOTUYHASE CBSA3b OYIET BBI3bIBATH, HAIPUMED, Y Ipede-
CKOTO YATATEJISI HEMHOTO MHBIE ACCOIMAIIAN, HO C TEM K€ OCHOBHBIM CMBICTIOM. JTO
MIPOUCXO/IUT TIOTOMY, UTO CJIOBA HE UMEIOT YHUBEPCATHHOTO (DUKCUPOBAHHOTO CMbIC-
JIa, He 3aBUCSIIETO OT TAaKUX KOHTEKCTOB, KaK KyJIbTypa U SI3bIK. AHTJIOTOBOPSIIIITE
YUTATEIN UCIOJIB3YIOT aJallTUBHBIE (DOPMBI CJIOB € MPUCTAaBKaMu U cydhbukcamu,
M3MEHSIONMME BpeMs, PO U T. 1. UuTaresu, ToBopsATne Ha KHTAliCKOM A3bIKe, Ha-
IIPOTHUB, PACTIO3HAIOT MHOKECTBO MUKTOTPAPIIECKUX M300PaKEHU, CMBICIT KOTOPBIX
oTIpejiesigeT TIOPSIOK WX CJIeI0BAHUS.

M36bITOYHOCTD, HEOJHO3HAYHOCTD M 3PUTE/IbHbIE ACCOIUAIIAH JIEJIAI0T €CTECTBEHHBIE
S3BIKU IMHAMUYHBIMHE, OBICTPO Pa3BUBAIOIIMMUCS, CIIOCOOHBIME OTPaKaTh TEKY NI
OTIBIT. B HacTodAIIEee BpeMsi MOKHO CMEJIO YTBEP:K/IATh, YTO JJMHTBUCTHUYECKOE HC-
cJie/loBaHKe SMOrpaMM (CMailJIMKOB) TPOABUHYJIOCH B IOCTATOUYHON Mepe, YTOObI
nepeBectt «Mobu /{ukas!' Jlaske ecii ObI MBI MOTJIM CHCTEMATHUYECKH Pa3BUBATh

! Fred Benenson, «Emoji Dick» (2013), http://bit.ly/2GKft1n.
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rpaMMaTHKYy, OIIPEAE/IAONIY IO ITPpaBrJIda NCIIOJIb3OBAHUA SMOTPAMM, K TOMY BPEMEHU,
KOT/Ia MbI 3aKOHUNJIH ObI 3Ty paboTy, SI3bIK yIies Obl IaJIeKO BIIEPEl — JakKe SI3bIK
3MOFpaMM! HaHpI/IMep, C TOIO MOMEHTQ, KaK Mbl Ha4aJ/I MMUCATh 9Ty KHUTY, 9MOTPpaM-
Ma ¢ u300paskeHreM TucToseTa (™M) craja BOCIPUHUMATLCS He KaK OPYJKHE, a Kak
urpymka (1o KpaiiHeii Mepe, Korsa oHa oroOpaxaercs Ha cMapTdoHe), OTpaxkas
KYJIBTYPHBIN CABUT B BOCHPUATHN Ha3HAYEHMsI 9TOTO CHMBOJIA.

ITO He MPOCTO BKJIIOUEHNE HOBBIX CUMBOJIOB U CTPYKTYP, AN TUPYIOIINX SI3bIK, HO
Tak)ke BKJIIOYEHNE HOBBIX OMpPe/eIeHNi, KOHTEKCTOB U TIPUEMOB MCITOJIb30BAHUS.
Jlekcema «GaTapesi» UBMEHUJIA CBOIT CMBICJI B PE3yJIbTaTe Pa3BUTHsI 3JIEKTPOHUKI
U O3HAYAET «XPAHWUJIHIIE, TPeodpasyoliee XUMUIECKYIO S9HEPTUIO B JIEKTpUYE-
ckyio». Oxnako, cormmacuo ciyskbe Google Books Ngram Viewer!, B XIX u B nauase
XX BB. cJI0BO «baTapesi» dalile UCIOJb30BAIOCH ISl 0003HAYCHUST «apTHILIEPHii-
CKOTO WJIM MUHOMETHOTO TT0/[Pa3/leIeH s U3 HECKOJIBKUX OPYMIA NI MUHOMETOB,
a TaKyke MO3UINH, KOTOPYIO 3aHUMAeT TaKoe Mofipas/iesieHues . KoHTekcT moHmManus
SI3bIKA 3aBUCUT HE TOJILKO OT OKPY;KATOIIETO TEKCTA, HO TAK)KE OT TIEPHO/Ia BDEMEHH.
JLJ1st 4eTKOTO OIpe/IesIeH s CMBICIa CJIOB TpebyeTcsi 60JIbIle BHIYMCIEHU, YeM ITPO-
CTOM TTOMCK B CJIOBape.

BHeapeHWe MALLMHHOIo 06yueHus

Te ke KauecTBa, KOTOPBIE JEJIAI0T ECTECTBEHHBIN S3bIK TAKUM OOTaThIM HHCTPYMEH-
TOM YeJIOBEYECKOTo OOIIEHNS, 3aTPYAHSIOT €r0 aHaIi3 ¢ TPUMEHEHUEM J[eTePMU-
HUPOBAHHBIX TIPaBUJI. [MOKOCTH MHTEPIIPETAIMHN JIIOAbMU OOBSACHSIET, TOYEMY, UMEs]
Bcero 60 000 CUMBOJIBHBIX IIPEACTABIECHUI, MBI CIIOCOOHBI IIPEB30MTH KOMIIBIOTEPLI
B MTHOBEHHOM IMOHUMaHWUM si3biKa. [l0aTOMYy B TIPOrpaMMHOII cpejie HaM HYKHBI
CTOJIb JK€ HeYeTKKe M THOKKE BBIYMCIUTEIbHBIE METO/IbI, U TI09TOMY B HACTOSIIIEE
BpeMs JIJIT aHAJIN3a TEKCTOB MPUMEHSTIOTCST CTAaTUCTUYECKHEe METO/[bl MATMHHOTO
oGyuenus. Jlaxe mpu TOM, 4TO TIPHJIOKEHIST 00PAOOTKH €CTECTBEHHOTO SI3bIKA CY-
IECTBYIOT ysKe HECKOJIBKO JIeCATHIIETHIT, 100aBJIeHIe METOI0B MAIIMHHOTO 00yJe-
HUS B 9Ty cepy 06ecrednio onpeaeeHHyo rHOKOCTb M CKOPOCTh pearnpoBaHusl,
KOTOPBIE [TPU WHBIX YCJIOBUSIX ObLIN ObI HEBO3MOSKHBI.

[Testbio MAITMHHOTO 00YYEHMUST SIBJISIETCS MOATOHKA CYIECTBYOIIMX JaHHBIX IO/ He-
KOTOPYIO MOJIEJIb, CO3/IaHNE TIPEJICTABIEHUS PEATHHOTO MUPA, TOMOTAIOTIETO TPUHU-
MaTb PeIIeHUs LY TeHEPUPOBATH POTHO3bI HA OCHOBE HOBBIX JIAHHBIX, ITyTEM ITOUCKA
3aKOHOMepHOCTel B HUX. Ha rmpakTuke /1st 9T0ro BHIOMpPAeTCst CeMERCTBO MOJIEIEN,
OTIPEZIENITIONINX CBI3W MEXKIY IIeeBBIMU W BXOTHBIMU JTaHHBIMU, 3a1aeTcsa hopma,
BKJTIOYAIOIIAst TAPAMETPBI i 0COOEHHOCTH, & 3aTeM C TIOMOIIHIO0 HEKOTOPOI TIPOIIE/LY-

' Google, Google Books Ngram Viewer (2013), http.//bit.ly/2 GNIKtk.
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PbI ONITUMHU3AII MUHUMHU3UPYETCS OMNOKa MOJIETN Ha O0YYaIOINX JTaHHbBIX. 3aTeM
00y4YEeHHOI MOJIEJTH MOKHO TTepe/iaBaTh HOBbIE JaHHbIE, Ha OCHOBE KOTOPBIX OHa Oy 1eT
CTPOUTD IIPOTHO3 1 BO3BPAIIATh METKU, BEPOSITHOCTH, IPU3HAKU TPUHA/JIEKHOCTH WU
3HaueHus1. 3ajiaya COCTOUT B TOM, YTOObI HATH GalaHC MKy CIIOCOOHOCTBIO C BbI-
COKO¥1 TOYHOCTBIO HAXOJAUTh 3aKOHOMEPHOCTH B M3BECTHBIX JAHHBIX 1 CITOCOOHOCTHIO
006001IeHUS J1JIsT aHA/IN3A JAHHBIX, KOTOPbIE MOZIE/Ib He BHIe/Ia IIPEK/Ie.

Muorue npuIoKeHus JAJs aHaJu3a eCTeCTBEHHOIO S3bIKa BKJIOYAIOT HE OJIHY,
a 11eJ10e MHOKECTBO MO/IEJIel MAITMHHOTO 00yYeHUsT, B3AMMOIEHCTBYIOTIIX MEKILY
co60ii ¥ BIMSIONMX APYT Ha Apyra. MOe MOTYT MTOBTOPHO 00y4aThCsT HA HOBBIX
JIAHHBIX, HAIIEJIUBATHCSI HAa HOBBIE TIPOCTPAHCTBA PEIIeHUH U [Ja’ke HACTPauBaThCs
IOJT KOHKPETHOTO TI0JIb30BATEJIS 7151 HETIPEPBIBHOTO PA3BUTHUSA 110 Mepe TOCTYTLIEHUS
HOBOI MH(OpPMAINN 1 U3MEHEHUS PA3JTNYHBIX ACTIEKTOB IMTPUJIOKEHUS C TeYECHUEM
BpeMeHU. 3a KyJINCaMW TPUJIOKEHUS KOHKYPHUPYIOIINE MOIETN MOTYT PaHKIPO-
BaTbhCH, CTAPETh U B KOHEYHOM CY€Te MCcYe3aTh. ITO 3HAYUT, UTO TPUJIOKEHNS Ma-
IIUHHOTO 00YUYEHUS PEATTM3YIOT JKU3HEHHbIE IIMKJIbI, 00€CTIEYMBAIOTIIE COOTBETCTBUE
JIMHAMUKH Pa3BUTHUSI M PETHOHAJILHBIX 0COOEHHOCTEN SI3bIKaA C PAGOUYMM ITPOIIECCOM
MOIEP’KKU I MOHUTOPWHTA.

UHCTpYyMEeHTbI A4NA aHaNu3a TeKCTa

[TocKOJIbKY METO/IbI aHAJIM3a TEKCTA IIPUMEHSIIOTCS B [IEPBYIO 04Y€Pe/b B MAIIMHHOM
00yueHnn, HEOOXOANUM SI3bIK MTPOrPAMMUPOBaHUst ¢ GOTATHIM HAOOPOM HayUYHBIX
1 BBIYMCAUTEIbHBIX OnbaoTek. Ha oTy poJb Kak HeJb3s JIyulle MOAXOAUT S3bIK
Python, Brirouatommuii B cebst Habop MoIHbIX 6uGAMOTEK, Takux Kak Scikit-Learn,
NLTK, Gensim, spaCy, NetworkX u Yellowbrick.

QO Scikit-Learn — pacuupenwe st 6ubaunorekn SciPy (Scientific Python), mpe-
JocTasJistioniee pukaaaHoil nnrepdeiic (API) mist 06061eHHOr0 MaTHHHOTO
o6yuenus. Ocuosannoe Ha Cython ¢ momepKKoii BBICOKOTIPOM3BOAUTETBHBIX
6ubanorex Ha C, takux kak LAPACK, LibSVM, Boost u apyrux, pacimpenue
Scikit-Learn coueTtaer BBICOKYIO TPOU3BOANUTENBHOCTD € TPOCTOTOM HCIOJIb-
30BaHMsI METOJIOB aHaJM3a HaOOPOB JTAHHBIX MAJIOTO U CPEIHETO pasMepa. ITO
pacimmpenne, pacupocTpaHseMoe ¢ OTKPBITBIM UCXOMHBIM KOJIOM U JIOTTYCKAo-
nee KOMMepUYeCKoe MCIOIb30BaHNe, TTPEAOCTABIIET eUHbIN UHTepdenc A
MHOTHX MOJIeJIell perpeccu, Kiaaccu(GuKkaum, KIacTepus3aiuy U yMeHbIIeHUsT
Pa3MEPHOCTH, a TAKKe YTUITUTHI JI7isl IEPEKPECTHOM TPOBEPKH U HACTPOIKHU TH-
neprapaMeTpoB.

O NLTK (Natural Language Tool-Kit — maker MHCTPYMEHTOB Jisi 06pabOTKI
€CTECTBEHHOTO sI3bIKa) — 9TO «barapeiikii B KOMILJIEKTe», pecype At 00paboT-
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KM €CTECTBEHHOTO sI3bIKa, HalMcaHHblii Ha Python skcnepramu B akagemude-
cKuX Kpyrax. [lepBoHavyaibHO CO3MaBABIIMIICS KAaK MHCTPYMEHT JIJIst OOyYEHUST
00paboTKe eCTeCTBEHHBIX SI3BIKOB, HTOT TAKET COAEPKUT KOPITYChI, JIeKCHJe-
CKHE Pecypchl, (paMMaTHKH, aJITOPUTMBbI 00pabOTKH SI3bIKOB 1 IIPEABAPUTETHHO
0Oy4eHHbIe MOJIENIN, TO3BOJIsIS IporpaMmmucTam Ha Python 6bicTpo npuctynarh
K 06paboTKe TEKCTOBBIX JIaHHBIX Ha PA3HBIX €CTECTBEHHBIX A3bIKAX.

O Gensim — nanexnas, a(phexTUBHAS 1 IPOCTasA B UCIIONb30BaHUN OUOINOTEKA,
TJIABHOIT T1€JIbI0 KOTOPOU SIBJISIETCST CEMaHTHYECKOE MOJIEJTMPOBaHue TekcTa Oe3
yuntess. [lepBoHadaabHO CO3/aBABINASICS JIJIST TOMCKA CXO/ICTB B IOKYMEHTAX,
B HacTosilee BpeMsi 3Ta OMOJIMOTEKA MPEAOCTABIISIET TeMAaTHYECKOE MOJIENIN-
poBaHUe JJIsi METOIOB JIATEHTHO-CEMAHTHYECKOTO aHAIN3a U BKJIIOYAET B celst
apyrue 6ubIMOTEKN MAITHHHOTO 00yueHust 6e3 yuuTesis, Takue Kak word2vec.

O spaCy peanusyer BBICOKOKAUYECTBEHHYIO 0OPabOTKY €CTECTBEHHOTO SI3bIKa,
00epThiBasi COBPEMEHHbIE aKaJeMUUYeCKre aJrOPUTMbI B TIPOCTON 1 yA00HbIIT
API. B wactHocTi, spaCy 1103BOJISIET BBINOJHUTD MIPEABAPUTEIbHYI0 00paboT-
Ky TEKCTa B TIOATOTOBKE K TJIyOOKOMY OOYUEHUIO U MOKET MUCIIOJIB30BATHCS JIJIsT
CO3/IaHMS CUCTEM U3BJIeUeHUs MHMOPMAITNHU UJTH AaHAJIU3A €CTECTBEHHOTO S3bI-
Ka Ha O0JIbIIMX 0ObeMax TEKCTa.

O NetworkX — KOMILIEKCHBIN TaKeT /s aHaiu3a rpadoB, MOMOTAIOLINIl co3/a-
BaTh, YIOPSI/IOYNBATH, AaHAJU3UPOBATH CJIOKHBIE CETEBbIE CTPYKTYPbI U MAHU-
Iy IMpoBaTh UMU. HecMOTpst Ha TO YTO OH He siBJIsieTcst GUOINOTEKON MallIMHHO-
ro 0Oy4YeHUsT WK aHAJIM3a TeKCTOB, IPUMeHeHe rpa)OBbIX CTPYKTYP AaHHbBIX
MTO3BOJISIET KOAUPOBATD CJIOKHBIE OTHOIIEHS, KOTOPBIe TPpadhOBble aITOPUTMBI
CIIOCOOHBI aHAJM3UPOBATh M HAXOAUTh CMBICJIOBbIE OCOOEHHOCTH, a CJIef0Ba-
TEJILHO, SIBJISETCS Ba)KHBIM UHCTPYMEHTOM aHAJIN3a TEKCTa.

Q Yellowbrick — KOMILIEKT UHCTPYMEHTOB BU3YaJIbHON AMATHOCTUKH JIJISI aHAJIN32
Y MHTEPIPETAIMU Pe3yJIbTaToB MaluHHOro obydenus. Jlomonnss Scikit-Learn
API, maker Yellowbrick mpemocrasisier mpoctbie U MOHSATHBIE BU3YaslbHbBIE
CpeacTBa st BRIOOPa MPU3HAKOB, MOJIEIMPOBAHKS U HACTPOIKHU IUIieprapame-
TPOB, YIIPABJIEHHsI IPOIECCOM BBIOOpa Mojiesell, Harbosree ahhekTuBHO onu-
CHIBAIOIINX TEKCTOBbIE JAHHBIE.

O ueM paccka3biBaeTCA B 3TOM KHMUre

B 570ii KHUTE paccKas3bIBaeTCst O IPUMEHEHUN METO0B MAIIUHHOTO 00YYeHuUsT It
aHaJM3a TEKCTa C MCI0Jb30BaHMEM TOJBKO YTO MEPEUYNCIEHHBIX OUOINOTEK Ha
Python. TIpukiraanoit xapakrep KHUTH MPEIIOIATAET, YTO Mbl COCPEOTOYNM CBOE
BHIMAaHUeE He Ha aKaJleMIUYeCKOHN JIMHTBUCTUKE UJIH CTATUCTUYECKUX MOJIETISIX, a Ha
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a(bdHeKTUBHOM pa3BepThIBAHUK MOJIEJIEN, 00yUEHHBIX Ha TEKCTE BHYTPH TIPUIIOKE-
HUS.

[Ipennaraemast HaMu MOJIesIb aHAJIM3a TEKCTA HATIPSIMYIO CBSI3aHa C TPOIIECCOM
MAITMHHOTO 00YYeHUsT — MOUCKa MOJIEJIU, COCTOSIIIEN 13 PU3HAKOB, aJITOPUTMA
U rUIeprapamMeTpoB, KOTopast faBaja Obl JTydIliue Pe3yabraThl Ha 00yJaroInux JaH-
HBIX, C TIEJTBIO OIIEHKU HEM3BECTHBIX TAHHBIX. JTOT IIPOIECC HAUMHAETCS C CO3TIAHUS
obyuaromiero Habopa JaHHbIX, KOTOPBIH B cepe aHaIN3a TEKCTOB HA3bIBAIOT KOP-
MyCcOM. 3aTeM MBI MICCJIEyeM METOIb N3BJICUEHUS TPU3HAKOB U TPEIBAPUTEILHOM
006pabOTKH JIJIs TIPEJICTABIEHUS TEKCTA B BU/IE YMCIOBBIX JAHHBIX, HOHATHBIX Me-
TOJIaM MAITMHHOTO 00y4eHust. Jlajiee, TO3HAKOMUBIINCH C HEKOTOPBIMI OCHOBAMH,
MBI TIepeiiieM K UCCJIe/IOBAHUIO TPUEMOB KJIaCCUMUKAIUN U KJIaCTEPU3AIUU TEKCTA,
pacckas 0 KOTOPBIX 3aBepIaeT MePBbIe IIaBbl KHUTH.

B nocseayionux riaBax 0OCHOBHOE BHUMaHUE yAEAsIeTCs PACHIMPEHUIO MOJIeIei
6oJiee GoraThIMU HAOOPAMHU ITPU3HAKOB 1 CO3/IaHUIO TIPUIIOKEHUI aHAI3a TEKCTOB.
CHavajia Mbl TTOCMOTPHM, KaK MOKHO TIPEICTABUTD U BHEAPUTH KOHTEKCT B BUJIE TIPH-
3HAKOB, 3aTEM TepPeiieM K BU3YaTbHOI HHTEPIIPETAIMH [IJIsT YITPABJICHUS TPOIIECCOM
BbIOOpa Mo, [T0TOM MbI TOCMOTPUM, KaK aHAJTM3UPOBATh CJI0KHBIE OTHOLIEHWS,
M3BJIEKaeMble M3 TEKCTa ¢ IPUMEHEeHHeM TpreMoB aHasmsa rpados. Ilocse atoro
06paTHM CBOI1 B3IJIsI/I B CTOPOHY MAJOTOBBIX areHTOB M yIJIyOUM Hallle IOHUMaHUe
CHHTaKCHYECKOTO ¥ CEMAaHTUYECKOTO aHA/IN3a TeKCTa. B 3akiouenne KHUru Oyaer
IPEJICTABIEHO MPAKTHYECKOe OOCYKIeHNE TPHEMOB MACIITAOMPOBAHIS AHATM3A
TEKCTa B MHOTOIIPOIIECCOPHBIX CHCTEMaX ¢ MpUMeHeHueM Spark, u, HaKOHeIl, Mbl
PacCMOTPHUM CJIEAYIOMIUI Tl aHAIN3a TEKCTa: TIIyGoKoe 00ydeHwe.

KoMy aapecoBaHa 3Ta KHMra

Ira KHUTa aJ[pecoBaHa mporpamMMucTam Ha Python, marepecyromnmmcst mpuMeHeHneM
MEeTO/I0B 00pabOTKH €CTECTBEHHOTO SI3bIKa M MAITMHHOTO 00YYEHMsI B CBOUX PO-
IPpaMMHBIX ITPOAYKTaX. Mg HE IpearoJiaraeM HaJan4duAa y HallluX qyTaTeen CIIeI -
AJIbHBIX aKa/IEMUYECKUX NJIN MaTeMaTUYECKUX 3HAHUU U BMECTO 3TOr0 OCHOBHOE
BHUMaHUeE y/IeJIsieM HHCTPYMEHTaM 1 IIPHeMaM, a He MPOCTPAHHBIM 0ObhsICHEHHSIM.
B 1epByio odyepesnb B 9T0ii KHKUre 00CyKAa€TCs aHaln3 TEKCTOB Ha aHTJIMICKOM
SI3BIKE, TIOITOMY YUTATEJIAM ITPUTOJAUTCA XOTA 6bI 6330B06 3HaHME I'PaMMaTUYECKUX
CYIIHOCTEN, TAKMX KAaK CYLIECTBUTEIbHBIE, TJIAr0/Ibl, HAPEUNsI U IpUIaraTebHble,
1 TOT'O, KaK OHU CBA3aHbI MEKIY CO6OI>,I. qI/ITaTe]H/I, HE MMEIoIre OInbITa B MalllH-
HOM O6yT~IeHI/H/I 1 JIMHI'BUCTUKE, HO O6]Iaf.[aIOH_[I/Ie HaBbIKaMU IIPOTrpaMMUPOBaAHUA
na Python, ne Gynyt uyBcTBOBaTh Cebst TTOTEPAHHBIMU [IPU U3YYEHUN HOHATHH,
KOTOPBIE MBI IIPECTABUM.
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Mpumepbl koga u peno3uTopun Ha GitHub

[Ipumepst Kofia, KOTOPBIE BCTPETSITCS BaM B 9TOI KHUTE, OMICHIBAIOT TOPSIIOK pea-
juzaryy Ha Python pemennii KoHkpeTHbIX 3a1a4. II0CKOIBKY OHU OPUEHTHPOBA-
HbI HA YKMTaTesIeil KHUTH, Mbl COKPATHJIN WX, YaCTO OIYCKas BaKHbIE MHCTPYKITHH,
HeoOXoMMbIe It PaKTHYECKOTO BHINOJHEHNUsI, HAPUMep MHCTPYKIUU import,
UMIIOPTHPYIOIIKE MaKeThl M MOLYJIM U3 CTaHAapTHOW Gubanorexun. Kpome Toro,
OHH 4aCTO OCHOBBIBAIOTCST HAa MIPUMepax Kojia U3 TPEbIAYIIIX PasIesioB WIN TJIaB
U WHOT/IA TTPEJICTABJISIIOT CO60M (hparMeHThl KO/, KOTOPbIe HY;KHO HEMHOTO M3Me-
HUTb, 4TOOBI 00ecHeyrTh X paboTOCIIOCOOHOCTh B HOBOM KoHTeKcTe. Hanpumep,
MBI MOKEM OTIPEIEIIUTD KJIacC, KakK MOKa3aHO HIKE:

class Thing(object):

def __init_ (self, arg):
self.property = arg

ITO olpe/ieIeHre KIacca CIIYKUT TIeJISIM OITUCAHUsT OCHOBHBIX CBOHCTB U CO3/IaHUIO0
OCHOBBI JIJIsI IaJIbHEIIero oOCysKaeHus getaneil peanusaiuu. [1031Hee Mbl MOKEM
100AaBUTD B 9TOT KJIACC HOBBIE METObI, KaK IIOKA3aHO HIKE:

def method(self, *args, **kwargs):
return self.property

Muororoune B Hauase (hparMeHTa yKa3bIBaeT Ha TO, YTO HTO MPOJOJIKEHUE OIpe-
JeIeHHs KIacca U3 NMpeAbIAyIero hparMenTa. ITO 03HAYAET, YTO IPOCTOE KOTIN-
poBanue (pparMeHTOB NpUMepa He MO3BOJIMUT HOJIyYnTh paboTaioumii kog. BaxHo
TakKe OTMETUTb, YTO KOJ| IperonaraeT paboTy ¢ JaHHBIMU, XPaHAIIUMUCS Ha
JIMCKE, B KaTajiore, IOCTYITHOM JIJIsl YTEHUS BBITTOJHSAEMOiT mporpamme Ha Python.
MbI IPUJIOKIIN BCE YCUJTHSL, YTOOBI CIeJIaTh KO KaK MOKHO GoJiee 06001IeHHBIM,
HO MBI HE MOKEM TapaHTUPOBATh €ro paboTOCIOCOOHOCTH BO BCEX ONEPAIIMOHHBIX
CHUCTEeMax 1 CO BCeMU MCTOYHUKaMU TaHHDbIX.

JLJist TIOI/IePsKKU YnuTaTeseil, KOTOpble MOTYT MOKeJNaTh OMpoOOBaTh MPUMEPHI
y cebst, MbI peaii30BaJIk MOJHOIEHHBIE JEHCTBYIONINE TIPUMEPBI 1 COXPAHUIN MX
B penosuropun Ha GitHub (https://github.com/foxbook/atap). tu npumeps
MOTYT HEMHOT'O OTJIMYATHCS OT IIPUBEJAEHHBIX Ha CTPAHUIIAX KHUTH, HO JOJIsKHbI
C JIEFKOCTBIO 3aIycKaThes Mo yrpasienueM Python 3 B mo60ii cucreme. Kpome
TOTO, UIMEITE B BUJLY, YTO KOJI B PETIO3UTOPUH TIPOOJIKAET OOHOBJISITHCS; 3arJISTHUTE
B aitn README, r1ie omuchbIBaIOTCS BCe MI3BMEHEHMST, UMEBIITHE MecTO. Bbl MokeTe
CO3/IaTh CBOIO KOIUIO PEIO3UTOPUSI M UBMEHUTH KO/ JIJIs BBIIIOJIHEHUST B BallleM
OKPYsKEHUU, U Mbl HACTOSITEJIbHO COBETYEM BaM CJIeJIaTh 3TO!
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Tunorpadckue cornawieHms

B 37011 KHUTE TPUHATHI caeAyolue TUIorpadcKre COrIalleH s
Kypcus

Wcnosbayercst st 0603HaY€HUST HOBBIX TEPMUHOB.
MOHOWWUPUHHBIA WPUPT

HpI/IMeHHGTCH JUUIA Oq)OpMJIeHI/IH JIMCTUHTOB IIPOTPaMM U ITPOTPAMMHBIX 3JIEMEHTOB
BHYTpU 0OBIYHOTO TEKCTA, TaAKUX KaK UM€Ha ITEPEMEHHDBIX 1 (byHKHPIﬁ, 6asbl JIaHHDBIX,
TUIIbI JIAaHHBIX, IEPEMEHHDBIX OKPYKEHUA, MTHCTPYKIIMU 1 KJIIOYEBBIE CJIOBA.

MoHowupuHHsIl KypcuB

O6o3Ha4aeT TEKCT, KOTOPBIN J0/KEH 3aMemaThesl GaKTUICCKUMY 3HAYCHUSIMU,
BBOJIUMBIMU TTOJTH30BATEIEM WU OTPENEeTeMbIMU N3 KOHTEKCTA.

Tak BblAENSATCA COBETbI N NPEAIOKEHNS.

Tak obo3HavaroTCA COBETbI, NPeANoXeHNA N NpUuMeyaHna obuiero XapakTtepa.

Tak 0603HaYaoTCs NMpeaynpeXxaeHns v NpeaocTepeXKeHus.

Mcnonb3oBaHMe NporpaMMHOro Koga npMMepos

BcnomoraTtenbrbie MaTepuraJbl (HpI/IMepr KOJa, YIIpaKHEHUA 1 T. /1.) OOCTYITHBI JIJIA
3arpysku 110 ajapecy: https://github.com/foxbook/atap.

ITa KHUTra IPU3BaHa OKa3aTh BaM IOMOII[b B PEIIEHIH BalliX 3a/1a4. B ob1iem cirydae,
BCe TIPUMeEPHI KO/Ia M3 9TON KHUTH BBl MOKETE MCTIOJb30BATh B CBOUX ITPOTPAMMax
U B JIOKyMeHTaIu. Bam He Hy;KHO 0OpaIaTthcsi B U3aTEIbCTBO 32 Pa3pelieHneM,
€CJTM BBl He COOMPAETECH BOCIIPOU3BOJIUTH CYIIECTBEHHDIE YACTH TIPOTPAMMHOTO KOJIA.
Hanpumep, eciii BbI pazpabaTbiBaeTe MPOrpaMMy U HCIIOJIb3yeTe B HEll HECKOIBKO
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OTPBIBKOB ITPOrPAMMHOTO KOJIA U3 KHUTH, BAM He HYKHO 00pAIIaThCs 3a pa3perire-
HreM. OIHAKO B CJIydae Mpojlaky WM PACIPOCTPAHEHUST KOMITAKT-/IUCKOB C IIPH-
MepaM¥ U3 3TOW KHUTH BaM HEOOXOAMMO TIOJyYUTh paspelieHue OT U3aTeIbCTBa
O’Reilly. Econ BBI OTBeuaeTe Ha BOPOCHL, UTUPYST JAHHYIO KHUTY WA TPUMEPDI
U3 Hee, MOJTydenue pasperienus He tpedyercs. Ho mpu BKIIOYEHUN CYTIECTBEHHBIX
06’beMOB TIPOTPAMMHOTO KOJIa TIPUMEPOB 13 ITOI KHUTH B BAIly JOKYMEHTAIIUIO BaM
HeoOX0MMO OY/IET TTOJIyYUTh Pa3pelleHne N31aTeIbCTBa.

MpbI ipuBeTCTBYEM, HO He TPeOyeM H00aBIISATD CCHIIKY Ha IEPBOMCTOYHUK IIPH I[ATH-
posanuu. [Toj CChIIKOIT Ha TIEPBOMCTOYHUK MBI II0J[Pa3yMeBaeM yKa3aHue aBTOPOB,
uznarenbcrBa u ISBN. Hanpumep: «Applied Text Analysis with Python by Benjamin
Bengfort, Rebecca Bilbro, and Tony Ojeda (O’Reilly). 978-1-491-96304-3>.

Huwxe npusogurcs oupegenenue BibTex mis aToil kauru:

@book{
title = {Applied {{Text Analysis}} with {{Python}}},
subtitle = {Enabling Language Aware {{Data Products}}},
shorttitle = {Applied {{Text Analysis}} with {{Python}}},
publisher = {{O'Reilly Media, Inc.}},
author = {Bengfort, Benjamin and Bilbro, Rebecca and Ojeda, Tony},
month = jun,
year = {2018}

3a 1oJIyYeHreM pa3pelieH st Ha UCIT0JIb30BaHKe 3HAYUTEIbHBIX 00bEMOB ITPOrPaMM-
HOTO KOJIa TIPUMEPOB U3 9TOI KHUTH 0OpalaiiTech 1o ajgpecy permissions@oreilly.com.

OT nsparenncrBa

Bammu 3ameuyanus, mpeyioskeHusI, BOIPOCH! OTIIPABJIANTE TI0 aipecy comp@piter.com
(u3narenbeTBo «I[IUTEpy, KOMITbIOTEPHAS PEAAKITNS ).

Mb1 OyzieM pajibl y3HaTh Ballle MHEHHE!

Ha Be6-caiite u3maTeabcTBa www.piter.com BbI Haiizere moapoOHY0 HHMOPMAIIHIIO
O HAIIUX KHUTAX.

bnaropapHocTu

Mbr xotesnn 6bI TOGJATOAAPUTD HANTIX HAYYHBIX PEJAKTOPOB 32 BPEMsI M CHLIBI,
HoTpauyeHHble UMW HA HAIIU MIE€PBbIC PYKONUCH, U 32 OT3BIBBI, KOTOPbIE TIOMOTJIN
cymiectBeHno yuyunuth 9ty kuury. Jlen Yyzanos (Dan Chudnov) u /lappen Kyx
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(Darren Cook) okazaiu BEJMKOJEITHYO MOJIEPKKY, KOTOPast IIOMOTJIa HaM OCTa-
BaTLCs B Kypce nocueanux poctkennit, a Hukous [Jounenmu (Nicole Donnelly)
Mpe/ICTaBUIIa CBOE BUIEHWE, TTO3BOJIMBIIIEE HaM a/IallTHPOBATh COJIEP;KUMOE KHUTH
O] HYK/IbI unTaTesieit. Mbl Takske XoTiM mobsrarofaputh JIba KoHcTaHTHHOBCKOTO
(Lev Konstantinovskiy) 1 Kocraca Kcuporannomynoca (Kostas Xirogiannopoulos),
aKaJIEMUYEeCKUIN B3TJIsI/] KOTOPBIX TIOMOT HAaM BECTH 00CYsK/IeHIe Ha COBPEMEHHOM
YPOBHE.

Her takux cjioB, KOTOpPbIE B TIOJHON Mepe BbIPa3u/Ii Obl HaIlly MIPU3HATETHHOCTD
BeuHo yJbIbaroremycs 1 obozapsioniemy peaakropy Hukosb Tau (Nicole Tache). Ona
BeJia TOT IPOEKT C CAMOT0 HAavaJia U BEPUJIA B HAC, Jiaske Korja (hUHUIITHAS YepTa,
KaK HaM Ka3aJoCh, YXOIWJIA OT HAC Bce Aablie u aaabiie. Ee Bepa B HAIIM CUJIBI,
ee HeOIleHUMbIE OT3BIBbI U CBOEBPEMEHHBIE COBEThI — BOT T€ YCJIOBUS, Oarogapst
KOTOPBIM MOSIBUJIACH 3TA KHUTA.

MbI 61arofapHbl HAIINAM J[PY3bsIM ¥ CEMbsIM — MbI He CMOTJIN ObI CIIPABUTHCS € ITON
paboroii 6e3 Bareii o yiepsxki. Harmum poguressim, Parmu (Randy) u JTwu (Lily),
Kapuae (Carla) u Tpuddy (Griff) u Tonn (Tony) u Tepese (Teresa); Bbl BocuTanu
B HAaC TBOPUYECKOE MbIIIJIEHUE, TPYA0JII00ME 1 JII0O0Bb K yuebe, Oarogapst KOTOPHIM
MbI CMOTJIN 3aKOHYUTH 3Ty KHury. Hammm cynpyram, JKakiaun (Jacquelyn), /Ixed-
by (Jeff) m Hukku (Nikki); Baia HensmeHnHast OIEPIKKa, ake KOT/IA BCe CPOKU
BBIIJIK U HAM [TPUXOANJIOCH paboTaTh 110 HOYaM U BBIXOAHBIM, OYeHb MHOTO 3Ha-
ynia 1g Hac. U, sakonert, namumMm getsaM, Mpene (Irena), Tenpu (Henry), Ockapy
(Oscar) u xkpomuike Oxeze (Ojeda). Mbl HazieeMcst, 4TO Koria-HUOY b BbI HaiiieTe aTy
KHWTY U TogyMaete: «KpyTo, Hallii pouTen Icaai KHUTH B T€ BpeMeHa, KOT/Ia
KOMIIBIOTEPBI €Ille He YMEJIM TOBOPUTH KaK 0OBIUHbIE JIFO/IH... CKOJIBKO 5KE MM JIET?»>



EcTecTBeHHbIe SAA3bIKM
U BblUUC/IEHNA

[IputosKeHust, KCTOMB3YIOIIHe MPUeMbl 00PabOTKU €CTECTBEHHOTO SI3bIKA JIJIST aHa-
JI3a TEKCTOBBIX U ayINOIAHHBIX, CTAHOBSITCS HEOTBEMIIEMOI YaCThIO HATITEH JKUZHIL.
Ot Halllero UMeHu OHU TIPOCMATPUBAIOT OTPOMHBbIE 00beMbl nHMpopMmaryu B Cetn
U TIpe/IIarailoT HOBbIE U [1€PCOHATIM3UPOBAHHBIE MEXaHU3MbI B3aMO/ICHCTBUS Ue-
JIOBEKA C KOMITbIOTepaMU. DTHU IMPUJIOKEHUST HACTOJIBKO PACIIPOCTPAHEHBI, YTO MBI
MIPUBBIKIN K MTUPOKOMY CIIEKTPY 3aKYJIUCHBIX UHCTPYMEHTOB: OT cliaM-(bUIBTPOB,
CTIEIATITNX 32 HATITIM TTOYTOBBIM TPAGhUKOM, 10 TOMCKOBBIX CUCTEM, KOTOPBIE BELYT
Hac PSIMO Ty/a, KyZia MbI XOTUM TOTIACTh, M BUPTYATbHBIX TIOMOIITHUKOB, BCET/IA
TOTOBBIX BBICJIYIIATh U OTBETUTb.

Nndopmarmonnsie MPOAYKTH € MOIEPKKON aHATN3a €CTECTBEHHOTO S3bIKA Ha-
XOJSITCS Ha [IepecedeHny dKCIIePUMEHTAIbHbIX UCCIe0BAaHUN U IIPAaKTUYECKO
paspaborku [TO. ITpuoxkeHms, aHAIM3UPYIOIINE PeYb U TEKCT, B3ANMOIECTBYIOT
HETOCPE/ICTBEHHO C TI0JIb30BATEIEM, YbH OTBETHI 0OECIIEYNBAIOT OOPATHYIO CBSI3b,
KOTOPasi OKasbIBaeT BJMSHIE W HA TIPUJIOKEHNE, M HA Pe3yJIBTaThl aHaIn3a. JTOT
6JI£[FOTBOprII71 UK/ 9aCTO HAYMHAETCA C CaMOT'O IIPOCTOr0, HO C TE4EHUEM BPEMEHU
MOXKeT IIepepacTy B MOILHYIO CUCTEMY, BO3BPAILAIOLLYIO LIeHHbIEe PE3YJIbTaAThL.

Kak Hu cTpaHHO, Ja)ke IPU TOM, YTO TIOTEHIIMATbHbIE BO3MOKHOCTH BHEAPEHUSI
aHaJIM3a eCTECTBEHHOTO A3bIKa B IPUIIOKEHUS IPOJOJIKAIOT YBEJININBATHCS, He-
[POMOPIIMOHAIBHO OOJIBIIOE KOJTUYECTBO BHEAPEHUI OCYIIECTBIISIETCS KPYITHBIMU
urpokamu. Ho mouemy sTuM He 3aHUMAIOTCs ApyTHe? Bo3MOKHO, OTYACTH TIOTOMY,
4TO [0 MEPE PACTIPOCTPAHEHUS ATUX BO3MOKHOCTEH OHI CTAHOBSTCS BCEe MEHee 3a-
METHBIMHU, MAaCKUPYsI CJOKHOCTD UX pPealu3allii. A Takke TOTOMY, YTO Pa3BUTHE
HAyKHU O JaHHBIX €llle He TOCTUTJIO YPOBHS, HEOOXOAUMOTO [/t TIPOHUKHOBEHU ST
B KYJIBTYPY pa3pabOTKU IIPOrPaMMHOTO 0OeCTIeueH s,
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MpbI TI0J1aTaeM, 4TO MPUJIOKEHUs], OCHOBAHHbIE HAa UCIIOJb30BAHUN €CTECTBEHHOTO
SI3BIKA, TOJBKO HAUMHAIOT PACTIPOCTPAHSTHCS U B OYIyIIIEM BO3bMYT Ha ce0st 3a/1auH,
KOTOpBIe cefiyac penaioTcs ¢ MOMOIIHI0 (JOPM U TMETIKOB MBITIBI0. /[y1g co3manus
TaKMX MPUIOKEHUI HHIYCTPUsE pa3pabOTKK TIPOTPAMMHOTO 0OECIICYEHYST TOJIKHA
MPUHSATDH HAa BOOPY>KEeHNE MTPUEMBI, NCITOIb3yeMble B HAYKE O IAHHBIX 1 OCHOBAHHBIE
Ha rutore3ax. YToObl 00eCiednTh BHICOKYIO Ha/Ie)KHOCTD ITPO/YKTOB, PeaTU3YIOIIIX
METOJIbI aHAJIN3a ECTECTBEHHOTO SI3bIKA, CIIEIIMAIICTBI 10 06pabOTKe TaHHBIX JT0JIK-
HBI KCITOJIb30BATh IIPUEMBbI PazpabOTKI TPOrPAMMHOTO 00€CIIeYeHNS, TOMOTAIOIIHE
CO3/1aBaTh KOJI BHICOKOTO KayecTBa. Bee aTu Mephbl 00beANHSIOTCSI TTOT ATH/IO0H HOBOI
MapaJIuTMbl HAYKH O JIAHHBIX, KOTOPasi CIOCOOCTBYET CO3/IAHUIO NPOOYKMOB HA OCHOBE
Memo008 AHaIU3A eCMeCmEenH020 S3blka W SIBJISIETCS TJIABHON TEMOMW 3TOI KHUTH.

NMapaaurma Data Science

Baarogapst uHHOBaIMAM B 00J1aCTH MAITMHHOTO 00y4eHKs U MacIiTabupyemMoi 06-
pabOTKH JIaHHBIX, TOSIBUBIIUMCSI B TIOCJIETHHUE [IECSATH JIET, B HAI OOUXO/] TIPOYHO
BOIILJIN TEPMUHBI «HAyKa O JaHHBIX» U «IIPUJIOKEHUE JaHHBIX>. TakKe MOSIBIIACH
HOBas1 podeccust, cneyuanucm no oopabomre u anarusy oannvix (data scientist) —
OTYACTH CTATUCTHUK, OTYACTH TPOrPAMMUCT U OTYACTH HKCIEPT B MPEAMETHOM
obsmactu. CrenuaanucTbl 10 00paboTKe U aHAIU3Y JAHHBIX ABJISIOTCS OCHOBHBIMU
cO3/IaTesIIMU [IEHHOCTeN B MHMOPMAIIMOHHYIO STI0XY, I09TOMY 9Ta HOBast POJib CTa-
JIa OJTHOM M3 caMbIX BayKHBIX M IIPUTATATENbHBIX Tpodeccuiit X X1 Beka, 1 oiHO 13
CaMBIX MAJIOMOHSITHBIX.

CrerameTsl 1o 06paboTKe U aHAIM3Y TaHHBIX COYETAIOT TUITMYHO aKaJeMUUYECKYIO
paboTy — UCCIIEIOBAHNS 1 OKCIIEPUMEHTBI — € TIPOIIECCOM CO3/aHMUS KOMMEPYECKOTO
npoaykra. OT4acTii 370 00bSICHSIETCS TEM, YTO MHOTHE CIIEIIMATUCTBI 110 00paboTKe
JIAHHBIX TIPEsK/Ie YUYUIUCh B acniupanType (rae o6pesn AOTMOJTHUTENbHbIE 3HAHUS
U TBOpPYECKME HABBIKU, HEOOXOMMbIE B HayKe O JaHHbIX ), HO TJIaBHAsk IPUYITHA
B TOM, YTO IIPOIIECC CO3/IaHUA NTPUJIOKEHUI TAaHHBIX B 3HAYUTEJIBHOU CTereHu oc-
HOBBIBAETCS HA 9KCIIEPUMEHTAX.

OcHOBHasI CJIOKHOCTD, KOTOPYTO MOAMETHJIN BU/IHbIE CIIEIIHATUCTBI B 9TON 00JIaCTH,
CBA3aHa C TeM, 9TO TIPOIECC NCCIIeIOBAaHUS IAHHBIX HE BCETa COBMECTHUM C TIPAKTH-
KOUl pa3paboTKK MPpOrpaMMHOTO obectiederus. [[aHHbie MOTYT ObITh HETIPeICKasye-
MBIMH, a TIOJIOKUTEJIbHBIH Pe3yJIsTaT He BCeTia rapanTupoBal. Kak ckazana Xuimapu
Meiicon (Hilary Mason) o paspaboTke IpUIOKEeHNUI JaHHBIX, <HAayKa O JaHHBIX He
BCer/a OTJIMYaeTCsi THOKOCTHIO> .

U Hillary Mason, The Next Generation of Data Products (2017), http://bit.ly/2GOF894
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Wiu, roBOpst nHaye:

Cywecmeyrom Qynoamenmanviole pasiudis Mejcoy paspadomxoil npozpamm-
1020 0becneuenust i UeHHLIMU UOCSMU, POACOAIOUMMUCS 8 X00e 2UOK020 NpPo-
uecca. [lompebrocmo 6 agppexmusvix udesix cosdaem snemenm Heonpeoee-
HOCTU BOKPY2 apmepaxmos HayKu 0 OAHHbIX — OHU MOZYM Obimb <NOJHOIMUS
8 CMBLCTIE NPOZPAMMHOZO 00€CNEeUeHUsL U NPU STMOM He UMEMb HUKAKOU UEeHHOCT,
NOMOMY UMO He HeCYM HACMOSULUX, OCTUCNEEHHBIX UOCH... MeMOO0L02UU 2UOKOT
PAspabomKu e Cnpassiomcs ¢ IMOoU HEONPEOeIeHHOCBIO.

— Paccen /Tncepnu (Russell Jurney ), Agile Data Science 2.0

Kax pesysbrar, mozmpasneseHus U COTPYIHUKHU, 3aHUMAIONTHAECST HpO6]IeMaMI/I HayKHU
0 IAHHBIX, YACTO PAbOTAIOT HE3ABUCUMO OT KOJUIEKTHBOB Pa3pabOTINKOB, CIIe/Lyst
mapaaurme, n3o6pakennoil Ha prc. 1.1. CorsacHo aToil cxeme, HCCIe0BATEH [TaH-
HBIX BBIIAIOT OM3HEC-aHAJIUTHUKY JIJISI CTAPIIEro PyKOBOACTBA, KOTOPoe nHGOPMU-
pyeT 00 U3MEeHEHUSIX TEXHUYECKUX PYKOBOIUTEIEN MM PYKOBOAUTEE TPOEKTOB;
B KOHEYHOM UTOT€ 9T U3MEHEHHSI IePeAAIoTCs Pa3paboOTIMKAM JIJISI PeaTu3aIlii.

TexHmndeckoe
Wccnenoatenn p| Crapuee N PaspaboTumki MpoayeT
JLaHHbIX PyKOBOACTBO PYK0BO/ICTBO

A 4

v

Puc. 1.1. Tekywas napagurma Hayku 0 AaHHbIX

Takast CTPYKTYpa BIIOJIHE MOKET YAOBJIETBOPATH MOTPEGHOCTH HEKOTOPBIX OP-
raHu3alIii, HO B IeJIOM OHa He ocobeHHO adderTuBHa. Eciu Obl nccenoBaTenun
JIaHHBIX M3HAYAJIbHO BXOIMJIH B COCTaB KOMaH/Ibl pa3pabOTUMKOB, KaK IIOKa3aHO Ha
puc. 1.2, IPOYKT COBEPIIEHCTBOBAJICS Obl HAMHOTO OBICTPEE, @ KOMITAHUS UMeJTa Obl
JIOTIOJTHUTE/IbHBIE KOHKYPEHTHBIE IPEUMYIIIecTBa. B MUpe He Tak MHOTO KOMITaHMiA,
KOTOPbIE MOTYT MO3BOJIUTD cebe co3/aBaTh 4TO-TO ABaskbt! UTo etie Hosee BaKHO,
YCHUIVSL, TPUKJIA/IbIBAEMbIE HCCIIE/IOBATEISIMU JIAHHBIX, HAIIEIEHbI Ha TT0JIb30BaTe el
1 [I03TOMY HEOOXOAMMO HCIIOJIb30BaTh IIMKJINYECKUN TTOXO/, TI0 aHAJIOTUH ¢ Pa3-
pabOoTKOIi T10JIb30BATEILCKUX HHTEPMENCOB.

WccnegoBatenn
JaHHbIX 1
pazpaboTunki

A 4

Mpoaykt

Puc. 1.2, bonee yaayHas napagurmMa BHEAPEHUS] HAYKM O AaHHbIX B pa3paboTky
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OHUM U3 IPETISITCTBUI HA Ty TH [TaPaJIuTMbl TECHOTO COTPYAHUYECTBA UCCIIEI0BA-
TesIell JAHHBIX ¢ Pa3pabOTYMKAMU SIBJSIETCS HEPA3BUTOCTD IMPUK/IALHON CTOPOHLL
HAYKH O TAaHHBIX. BOJIBITIMHCTBO MyOIMKAINI 0 MAIIMHHOM 00y4ueHnH 1 00paboTKe
€CTECTBEHHOTO S3bIKa HOCT UCCIe0BATENbCKIH XapaKTep 1 He TTOIXOST I Pas3-
paborku npunaoxenuii. Hanpumep, HecMoTpst Ha Hajiudre OOJIBIIOTO KOJIMYECTBA
[IPEBOCXO/IHBIX MHCTPYMEHTOB JIJIsT MAITMHHOTO OOyUYeHNsT Ha TEKCTOBBIX JIAHHBIX,
HUMEIONIeCs: UCTOYHUKY UH(MOPMAIIMU — JIOKYMEHTAIIUsI, PYKOBOJICTBA U CTAThU
B OJIoTax — Kak MPaBUJIO, OMUPAIOTCS Ha UCKYCCTBEHHO MOA0OPaHHbIE MaCCHBBI
JAHHBIX, UCCIEA0BATENHCKIE HHCTPYMEHTHI U 9KCITEPUMEHTATbHBIN KO, JIutb
B HEMHOTUX UCTOYHUKAX OObSICHSIETCS, HAIIPUMED, KaK CO3aTh KOPILYC, JOCTATOYHO
GOJIBIION IS TIOAJEPAKKN TIPUIOKEHIS, KaK YIIPABJISTD €T0 Pa3MePOM 1 CTPYKTY-
POl MK Kak peoGpasoBbIBATh UCXOAHBIE JOKYMEHTBI B JAHHBIE, TIPUTOHbIE IS
HCITOoJIb30BaHus. Ho MUMEHHO 9T acIeKThI SBJISIOTCS BayKHENTIEH YaCThIO TTPAKTUKT
CO3/IaHUST MACIITAOMPYEMbIX MPUIOKEHUIN TaHHBIX, OCHOBAaHHBIX HA aHAJIM3E eCTe-
CTBEHHOTO SI3bIKa.

Hacrosiimast KHura npusBaHa BOCIOJHUTH 3TOT IIPOOEJI, IIPOJEMOHCTPUPOBAB ITPaK-
TUYECKUIT TIOIXO0/] K aHAJIM3Y TEKCTa, OPHEHTUPOBAHHBIN Ha Pa3paboTYNKOB. 3/1eCh
MBI TTIOKa)KeM, KaK MCIIOJb30BaTh JOCTYITHBIEC TEXHOJIOTUU € OTKPBITHIM UCXOTHBIM
KOJIOM [IJIsI CO3/[aH¥ST MOJIYJIBHBIX, JIETKO TECTUPYEMbBIX, THOKO HACTPAaHBAEMbIX
U MacIiTabMpyeMbIX TPUIOKEHII TaHHBIX. Mbl HaleeMCs1, YTO 3TH UHCTPYMEHTBI
U TIPAKTUYECKUE TTPUEMBI, PEICTaBJEHHbIE B KHUTE, TOMOTYT HUCCJIE0BATEISM
B CO3/IaHUU TIPUJIOKEHWH TAHHBIX HOBOTO TIOKOJICHUSI.

Ira raBa MOCIYKUT OCHOBOM IS CIAEAYIONNX TJIaB, 6osee OJM3KNUX K MPAKTUKE
IIporpaMMUpoBaHusl. B Hell onpeesisiioTes paMKU TOTO, YTO Mbl Ha3bIBaeM IPUJIOKE-
HUSMU JIAaHHBIX, OCHOBAHHBIMU HA AHAJIN3€E CTECTBEHHOTO SI3bIKA, U PACCKA3bIBACTCS,
KaK ITPOBO/IUTH UX B PeaJIbHOM MUPe. 3aTeM Mbl 00CY/IM apXUTEKTYPHBIE MTa0JIOHBI
MPOEKTUPOBAHNS MPUIOKEHUN /IS aHaAn3a TekcTa. HakoHerl, Mbl paccMOTPUM
0COOEHHOCTH SI3bIKA, KOTOPbIE MOKHO UCIIOJIb30BATh /ISl BHIUUCIUTENLHOTO MOJIE-
JINPOBAHUS.

anﬂO)KEHVISI AdHHbIX, OCHOBAHHbIE€ HAa dHAJIN3e
€CTECTBEHHOrIO A3blKa

WccnemoBatenn TaHHbBIX CO3/IAI0T MPUIOKEHNS JaHHBIX. [IpuoskeHns fanHbIxX n3-
BJIEKAIOT IIeHHbIE CBeIEHUS U3 MCXOAHBIX TaHHBIX U, B CBOIO OYePe/b, TeHEPUPYIOT
HOBBIE JaHHble!. Kak HaM IIpecTaBsieTcs, Ie/Iblo IIPUKJIAIHOIO aHa/In3a TeKCTa

U Mike Loukides, What is data science? (2010), https://oreil.ly/2GIBEOoj
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SIBJISIETCST CO3/IaHUE «TTPUJIOKEHUIT JAHHBIX, OCHOBAHHBIX HA AHAJIN3€E €CTECTBEHHOTO
SI3BIKaY, — TOJb30BATEIBCKUX ITPUIOKEHU, He TOJIBKO Pearnpyonnx Ha BBO TaH-
HBIX YeJI0BEKOM ¥ CIIOCOOHBIX aIaITHPOBATHCS K M3MEHEHHSIM, HO TAK/KE TIPEAETHHO
TOYHBIX W UMEIONUX OTHOCUTETHHO TMPOCTYIO OPTaHU3AINIO0. DT MTPUI0KEHUS
MPUHUMAIOT Ha BXO/Ie TEKCTOBBIE JIaHHbIE, Pa30MPAIOT UX HA COCTABHBIE YACTH, BbI-
HOJTHSIFOT BBIYMCJIEHUST HA OCHOBE 9TUX YacTell 1 BHOBb COOMPAIOT MX, BO3BpAIast
OCMBICJICHHBIN 1 aIalITUPOBAHHBIN PE3yJIbTaT.

OtHIM 13 HAIITIX JIFOOUMBIX TIPUMEPOB 3TOTO sABJIsieTcst pusioskenue Yelpy Insights
1Ist QUITBTPAIIMY OT3BIBOB, HCITOJIB3YTOIee KOMOMHAIIMIO U3 aHAJIN3a IMOITUH, 3Ha-
YUMBIX CJIOBOCOUYETAHUM (CJIOB, YaCTO MOSBJISIIONINXCSI BMECTE) U METOJIOB ITOUCKA,
4TOOBI ONPEAETUTh, HACKOJIBKO TOT MJIM WHOH PECTOPAH COOTBETCTBYET BAITUM
BKyCaM U JUETHYECKUM OTPAHUIEHUSIM. DTO TPUIOKEHIE UCTIONb3YeT OOTaThIil
CTHETIMATM3NPOBAHHBIN KOPITYC U TIPEICTABIISET PE3YIBTAThI B TPOCTOM U TOHSATHOM
BHJIE, TOMOTast TT0JIb30BATEISIM BBIOPATh pecTopat. Biarogapst aBroMaTHyeCKOii
UIeHTUMUKAIUY 3HAYUMBIX TTPE/JIOKEHUH B OT3bIBAX M TOJICBETKE TEPMUHOB,
[PUJIOKEHIE TTO3BOJISIET TOCETUTEJISIM PECTOPAHOB OBICTPO «II€PEBAPUTH> OOJIb-
10 06bEM TEKCTA M PEIIUTH, Ky/ia MOWTH y:KuHath. HecMoTpst Ha TO 9TO anaius
€CTECTBEHHOTO sI3bIKA He sIBJISIETCST OCHOBHOM 3amaueit Yelp, Bustame a1oil hyHK-
I[MY Ha OMBIT ToJib3oBaresieil Heocropumo. C MomenTa nostienus Yelpy Insights
B 2012 1. Yelp HeyKIIOHHO BHEAPSIET HOBbIE BO3MOKHOCTH, OCHOBAaHHbIE HA aHAJIN3E
€CTECTBEHHOTO SI3bIKA, ¥ 32 9T TO/IbI IPUOBLIb KOMITAHUY YBEJIUYIIach B 6,5 pasza'.

JlpyriM IpocTBIM TPUMeEpPOM BHEIPEHMST aHATTN3a €CTECTBEHHOTO S3BIKA C TIOTPsIca-
101M 3(PEKTOM MOXKET CITYKUTH MTO/JIEPSKKA «TETOB PEKOMEH AT >, pean30BaH-
Hast B MH(GOPMAIIMOHHBIX MTPOIyKTax Takux KoMiauuii, kak Stack Overflow, Netflix,
Amazon, YouTube u apyrux. Tern — 510 MeTaurdopMmariiust 0 pparMmeHTax KOHTEHTa,
BayKHAsI JIJIsI IOMCKA U PEKOMEH/IAINIA, U OHU UTPAIOT BAXKHYIO POJIb B OIIPE/IeJIEHU N
KOHTEHTA, KOTOPBIM 3anHTepecyeT KOHKPETHOTO T0JIb30BaTess. Tern onpenessaior
CBOMCTBA OTIMCHIBAEMOTO UMH KOHTEHTA ¥ MOTYT MCTIOTh30BATHCA /I TPYITTUPOBKI
CXOKUX 3JIEMEHTOB ¥ TPEJIOKEHNS ONMCATEIbHBIX Ha3BAHUN 71 TAKUX TPYIIIL.

Cy1miecTByeT MHOTO, O4EHb MHOTO JPYTUX mpuMepoB. Reverb mpemmaraer mepco-
HAJIM3UPOBAHHBII arperaTop HoBocTel, 06ydeHHbIi Ha cioBape Wordnik. YaT-60T
Slack mopmepxuBaer obIeHE ¢ ABTOMATUYECKUM OTIPE/IeJICHIEM KOHTEKCTA.
Google Smart Reply MoskeT coctaBissTh BApHaHThI OTBETOB HA MOJIyYEHHBIE BAMU
9JIEKTPOHHBIE HchbMa. Textra, iMessage 1 ipyrue HHCTPYMEHTHI 0OMeHa MTHOBEH-
HbIMU COO6H1€HI/IHMI/I IIbITAIOTCA ITPE/ICKA3aTh, YTO Bbl HalledaTa€eTe, OIINpPasdACh Ha HE-
JTAaBHO BBENIEHHBIN TEKCT, a QYHKITUSA aBTOMATUYECKOTO KOPPEKTOPA UCITPABUT Balln
opdorpadudeckue omubku. ViMeercs: TakKe HECKOJIBKO HOBBIX F'OJIOCOBBIX BUPTY-

! Market Watch (2018), https://on.mktw.net/2suTk24
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aJIbHBIX MOMOITHUKOB — AJstekca, Cupu, Google Assistant u Koprana, — crioco6HbIX
aHAJIM3UPOBATh Peub 1 faBaTh (0OBIYHO) OOJIee MU MEeHee OCMBICTIEHHBIE OTBETHI.

Mpu yeM 34ecb peyeBble AaHHbIe? [JefCTBUTENBHO, 3Ta KHWUra NMoCBALLIEHa aHaNN-
3y TEKCTa, @ He aHanu3y ayavoAaHHbIX UM peyn, OHaKo B PeYeBOM aHanuse
ayavoaaHHble 06bIYHO CHavyana npeobpasyloTcs B TEKCT, K KOTOPOMY 3aTeM npu-
MEHSAIOTCA Pa3fIMYHbIE BUAbl aHaNM3a, B TOM UYUC/IE U OMMUCAHHbIE B 3TON KHUrE,
CaMo npeo6paszoBaHve peun B TEKCT — 3TO 3ajada MaLUMHHOro 0byyeHusi, KOTo-
past Takxe MnosyyaeT Bce 6osbliee pacnpocTpaHeHue!

YiomsiHy Thie 0COOEHHOCTH TIOJICBEYMBAIOT GA30BYIO METOOJIOTHIO PHJIOKEHNT,
OCHOBAHHBIX Ha aHAJIN3€ eCTECTBEHHOTO SI3bIKA: KJIACTEPU3ALUIO CXOXKEro TeKCTa
B 3HAYMMBbIE TPYIIBI WK KJIACCU(PUKAINIO TEKCTA C TIPUMEHEHNEM KOHKPETHBIX
MeToK. VHave roBopst — Maiuiioe odyuervie 6e3 yUuTessi U ¢ yIuTeJIeM.

B crremyiotiiem pasjiesie Mbl TTO3HAKOMUMCST C HEKOTOPBIMU aPXUTEKTYPHBIMU Ta0J10-
HaMU [IPOEKTUPOBAHYS, TIOIEP/KUBAIOIINMI KIU3HEHHbIH IIIKJI MOAEIN MAIITHHOTO
obyueHusl.

KoHBeliep NnpuiioXKeHns faHHbIX

CraHgapTHbIii KOHBEHep TUIIMYHOTO HPUIOKEHUS JAHHbBIX, N300pakeHHbINA Ha
puc. 1.3, peaqusyer uTepaTUBHBIN MIPOIIECC, COCTOSIIIMIT M3 ABYX 9TAIOB: COOPKU
U Pa3BEePTHIBAHIS — U SIBJISIETCS OTPasKeHNEM KOHBelepa MAITMHHOTO 00yJYeHus',
Ha stame c60pku ncxXoaHble faHHbIE TIPEOOPa3yoTcst B (hOPMY, MPUTOAHYIO JJIsT
nepeziaun B MOJIETTN U 9KCIIEPUMEHTOB ¢ HuMH. Ha artamne pasBepThiBanms mMpowc-
XOJUT BBIOOP MOJIeJIeil, KOTOPbIE 3aTeM HCIOJIb3YIOTCS /LIS OIIEHOK ¥ TIPOTHO30B,
HETIOCPE/ICTBEHHO 3aTPATUBAIOIIUX [T0JIb30BATEIS.

[Tosib3oBaTe/IM OTBEYAIOT HA BBIXOAHbBIE JaHHbBIE MOJeNel, co3iaBas 0OpaTHYIO
CBS3b, KOTOPAst, B CBOIO 0UYepe/ib, TI0/IaeTCs Ha BXOJI ¥ UCTIOJIb3YETCS ISl alalTalium
MoJiesieit. YeTbIpe cTajin — B3auMO/IENICTBIE, TAHHbIE, HAKOTLIEHNE U BBIYUCIECHUS
(06paboTKa) — ONMMCHIBAIOT APXUTEKTYPHBIE KOMITOHEHTbI Kask/10r0 stana. Harpu-
Mep, B TIPOIecce B3auMOIECTBIS Ha aTare cOOPKU HeoOXOoarMa YTHINTA /ISt BBOJIA
JAHHBIX, a TTOJh30BATETI0 — HEKOTOPBIN MpuKIagHoi naTepdetic. [lox cTagmeit
JIaHHBIX OOBIYHO MTOPa3yMeBAIOTCs BHYTPEHHIE KOMIIOHEHTBI, KOTOPbIE JeiCTBYIOT
KaK TIepeZIaTOYHOE 3BEHO JIJIs TIePeX0/ia K CTANU HAKOTIeHUs, (DYHKIIUN KOTOPOii
00bIYHO BBITIOJTHsIET Oa3a maHHbiX. CTajaust BeraucaeHuii (06paboTKI) MOXKET MpH-
HUMaTh caMble pastbie GOPMBI, OT TPocThiX SQL-3anpocoB 10 6JOKHOTOB Jupyter
U JIa’Ke BBIYUCIIUTEbHBIX KJIACTEPOB MO yIipaBaeHneM Spark.

! Benjamin Bengfort, The Age of the Data Product (2015), http://bit.ly/2GIBEEP
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J7an pa3BepTbiBaHUA

Puc. 1.3. KoHBelep NpunoXeHust AaHHbIX

Irar pasBepThIBaHMUS, TOMUMO BBIOOPA U UCITOJIb30BAHKS MOJIEJH, MAJIO YEM OT-
Jaudaercs ot 6ojiee MPSMOJTMHEITHON pa3paboTKU MPOrpaMMHOTO 06ecIieyeHMsI.
Yacro mpusnoxkenns nanubix peanusyiorT API, KoTopsiit ncmosnb3yercs npyruMu
HPUIOKEHUSIMHE, CITY;KOAMU FJTH MTOJTb30BaTeIbCKUMU HTepdeiicamu. OHaKO sTal
cOOPKM MIPUJIOKEHUI TaHHBIX TpebyeT 0co60ro BHUMAaHUsST — TeM (oJiee B ciydae
aHaJIM3a TeKcTa. Peansyst MpuIoKeHust JaHHbIX Ha OCHOBE aHA/IN3a ECTECTBEHHOTO
SI3bIKA, MBI CO3/1a€M JIOTIOJIHUTEIbHbIE JIEKCHYECKUE PECYPChI U apTehaKThl (Takue
KaK CJIOBAPH, IEPEBOIYMKH, PErYJISIPHBIC BHIPAKEHMSI U T. /1.), OT KOTOPIX 3aBUCHUT
paboTa IPUITOKEHMS.

Ha puc. 1.4 nokasano GoJiee pasBepHyTOE IpeACTaBIeHIE dTana cOOPKU J1ist Ha-
JI€KHBIX TIPUIOKEHUIT MAIIMHHOTO 00yYeHMs Ha OCHOBE aHAJIM3a eCTeCTBEHHOTO
si3bika. [Iporecc mepexozia OT UCXOAHBIX JAHHBIX K PA3BEPHYTOI MOJIENN IO CYyTH
COCTOUT W3 TIOC/IEI0BATEIbHOCTH HHKPEMEHTAIbHbIX TIPpeoOpasoBaHuii JaHHbIX. Bo-
[EePBbIX, MCXO/HbIE TaHHBIE MPE0OPa3yIOTCs BO BXOAHON KOPITYC, HAKATLIHBAIOTCSE
Y COXPAHSIOTCS BHYTPU XPaHUJIUIIA IaHHbIX. 3aTeM BXO/IHbIE JIaHHBIE IPYIIITUPYIOT-
Csl, OUMIIAIOTCS, HOPMAJIUBYIOTCA M IIPe00PasyIoTCss B BEKTOPBI JJIst OCAEyOIIeit
06paboTKu. B KoHEeuHOM TIpeobpasoBaHuy Mojieb (Il MOJEN) o0ydaeTcst Ha
BEKTOPU30BAHHOM KOPITyCe, U CO3/aeTCsT 0000IIEHHOE TIPEICTABICHNE HCXOTHBIX
JTaHHBIX, KOTOPOE TIOTOM HCTIOJIB3YETCST MPUTOKEHUEM.
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Puc. 1.4. NpnnoxeHust AaHHbIX HA OCHOBE aHasiM3a eCTeCTBEHHOIrO s3blka

Tpowka Bbi6opa Mmogenu

ApxuTeKTypa MPOJyKTOB MAITUHHOTO O6y'-IeHI/Iﬂ JIOJIKHA TIOJJICPKUBATD U ONITU-
MU3UPOBaTh PeoOPa3oBaHusl JaHHBIX, 00eCHeYrBasi IPOCTOTY MX TECTUPOBAHUS
U HACTPOIKH, YTO SIBJISIETCS €€ OTJIMYUTEIbHOI 0coGeHHOCThIO. [10 Mepe pasBuTust
HpI/IJIO)KGHI/IfI JaHHbIX PACTET 3aMHTEPECOBAHHOCTD B YHUBEPCAJIbHOM OIIpe/IeJIEHNN
Ipolecca MalMHHOTO 0OYYEHHUST ¢ YCKOPEHHONW — WJIN JIasKe aBTOMATHYEeCKOW —
cbopkoit Moziesieit. K coskaseHio, m3-3a 60JIBIINX pa3MepPOB MPOCTPAHCTBA TTIOMCKA
ABTOMATUYECKNX METO/J0B OIITUMU3AIINN HEJOCTATOYHO.

Bb160p onTuManbHONR MOJENN — CJIOKHBIA 1 UTePATUBHBIN MIPOIIECC, 3aKII0YaI0-
IIUICST B TOBTOPEHWH ITUKJIA, COCTOSIIIETO M3 KOHCTPYMPOBAHMUSI TPU3HAKOB, BBIOOPA
MOJIeJId M HaCcTpOiiKku runeprapameTpoB. Ilocie kaxoil nrepaiuu BbIOJTHSIETCS
OIIEHKA PE3YJIBTAaTOB C [EJIBIO TIOJYYUTh JIYUITy 0 KOMOMHAIIIO TPU3HAKOB, MOJIEJIN
U TIAPaMeTPOB, KOTOPAsT PEIAET MOCTABIEHHYTO 33/1a4y. ITOT IIPOIECC, H300pasKeH-
HBII Ha puc. 1.5, MbI HazbIBaeM MpotKoi évibopa modeau'. ETo 1esb — mpeacTaBuTh
UTEpPaInio Kak OCHOBY HAYKHU MAITMHHOTO 0OYY€HMsT, KOTOpast I0JIKHA 00JIerdaThest,
a He OTpaHNYUBAThCSI.

!t Arun Kumar, Robert McCann, Jeffrey Naughton, and Jignesh M. Patel, Model Selection
Management Systems: The Next Frontier of Advanced Analytics (2015), http://bit.ly/2GOFa0G
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Puc. 1.5. Tpoiika Bbibopa Moaenu

—
—

il

B cBoeii cratbe, Boimenieii 8 2015 roy, Bukxem (Wickham) ¢ coaBropamu! nckycHo
YCTPAHSIOT HEOHO3HAYHOCTD TIEPETPY;KEHHOTO TEPMUHA «MOJIETTbY, OITCAB TPU OCHOB-
HBIX CJIyYast €r0 UCIIO0JIb30BAHUS B CTATHCTIYECKOM MAIIMHHOM OOYYEHII: CeMEHCTBO
MoJie i, (hopMa Moziesn 1 0OydeHHast Mojiesib. IITnpokoe MoHsITHE ceMeiicTBa Mojieieit
OIIpe/IeJISIET OTHOIIEHUSI MEK/TY TIEPEMEHHBIMU U MHTEPECYIOLIei 11eJbI0 (HarpuMep,
«JIMHEIHAST MOJIETh> WJIN «PEKYPPEHTHAST TeH30pHAsl HellpoHHast ceTh» ). Dopma
MOJIE/I — KOHKPETHbII 9K3EeMILISP TPOIKK BhIOOPA MOJIEIN: HAOOP NPU3HAKOB, aJji-
TOPUTM M KOHKPeTHbIe runeprnapaMerpbl. Hakoner, o0y4yennas Mozesnb — 310 popma
Mojiesi, 0OydeHHast Ha KOHKPETHOM Habope JaHHBIX ¥ IIPUTOAHAS IJIS MOy IeHUsT
npe/ackazauii. [TpUIosKeHns JaHHBIX COCTOSIT U3 MHOKECTBA OOYUYEHHBIX MOJIEJIEN,
CKOHCTPYMPOBAHHBIX B IIPOIIECCE X BBIOOPA, YTO CO3/IAET U OIIEHUBAET (hOPMbI MOJIETIEH.

MpbI He IPUBBIKJIW JyMaTh O A3bIKe KaK O JaHHbBIX, I09TOMY OCHOBHOM 3a1avyei
aHa/IN3a TEKCTA SABJSAETCS MHTEPIPETALUS IPOMCXOASAIIETO B KAKAOM M3 9THX [pe-
o6paszoBanuii. C KaIbIM MOCTIEAYIONM IPe0OpasoBaHueM TEKCT CTAHOBUTCS BCE
MeHee 3HaYMMBbIM JIJIS1 HAC, IIOTOMY YTO BCE MEHbIIE HAIIOMUHAET €CTeCTBEHHbII
a3bIK. 10O 100U ThCsT GoJIbINeit a(h(HEKTUBHOCTH B KOHCTPYUPOBAHUN TIPUIIOKE-
HUI JAaHHBIX, OCHOBAHHBIX Ha AHAIN3E €CTECTBEHHOTO A3BIKA, MBI IOJIKHBI U3MEHUTh
CBOWA B3IVISA/L Ha A3BIK.

! Hadley Wickham, Dianne Cook, and Heike Hofmann, Visualizing Statistical Models: Removing
the Blindfold (2015), http://bit.ly/2JHq92]
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B ocraBieiicst vacTit 9TOM TJIaBbl MbI TIOKAKEM CITOCOOBI PACCYKIAEHUS O SI3bIKE KaK
0 JJAHHBIX, KOTOPbIE MOKHO MOABEPTHYTh KOMIIbIOTEPHOI 00paboTke. [TomyTHO MbI
COCTAaBUM HEOOJBINON CJI0OBAPh, KOTOPbII TIOMOKET HaM cOPMYJTUPOBATH BUJIbI
1peoOpa3oBaHmii TEKCTOBBIX AaHHBIX, OMUCAHHBIX B CJIEAYIONINX TJIaBaX.

fI3bIK KaK faHHbIEe

A3bik — 31O HECMpPYKMYpUPOBaHbIE TaHHDBIE, KOTOPBIE UCTIOIb3YIOTCS JIOIBMU IS
O0IIeHNsT MEXKTY COO0I. CImpyKmypuposartvie v noiycmpykmypuposanible TaHHbIe,
B CBOTO OU€PE/Ih, BKITIOYATOT MOJIS WA PA3METKY, TO3BOJISIONTIE KOMITLIOTEPY aHaJH-
3upoBaTh ux. Ho, HecMOTpst Ha OTCYTCTBUE MATUHOYMTAEMOI CTPYKTYPbI, HECTPYK-
TYpUPOBaHHBIE JTAHHBIC HE SIBJISIOTCS caydaiiHbiMu. HarnpoTus, oHU MTOMUUHSIIOTCS
JIMHTBUCTUYECKUM [TPABUJIAM, KOTOPBIE I€JAI0T 9TH JAHHbBIE TIOHSTHBIMU JIJIS1 JTIO/IEH.

MeToapl MaIIMHHOTO OOYY€eHMs], 1 0COOEHHO OOYUEHHs ¢ yYUTeNeM, B HACTOsIIIee
BPEMsI SABJISAIOTCS HanboJiee M3yUEeHHBIMU U NIEPCIIEKTUBHBIMI HHCTPYMEHTaMK 00-
PabOTKH eCTECTBEHHOTO sI3bIKa. MalnHHOe 00ydyeHue mo3BoJisieT 0Oydars (1 nepe-
00y4aTh) CTATHCTUYECKIE MOEJH 110 Mepe u3MeHeHus si3bika. CosaBast Moaesu
Ha KOHTEKCTHO-3aBUCHMBIX KOPITyCaX, IPUIOKEHUSI MOTYT UCIIOB30BATh Y3KIe
CMBICJIOBbIE OKHA [IJIs1 YBEJIUYEHUST TOYHOCTH Oe3 HeOOXOANMOCTH TIPUOEraTh K /10~
[OJTHUTEILHOU HTepIpeTarmu. Harpumep, U1s cCO3aHNs TIPUITOKEHIST, YUTAOIIETO
MEIMIIMHCKIE KapThl ¥ TEHEPUPYIOIIEr0 PeKOMEHAAIMH 110 JIeYeHUI0, TpebyeTcst
COBEPIIEHHO MHAS MOJIE]Ib, YeM JIJIsI IPUJIOKEHMST, OTOMPAIOIIEr0 HOBOCTH C y4ETOM
JIMYHBIX TTPETTOYTEHU OIB30BATEIS.

KoMmnbroTepHasa Moaesnb A3blka

CHE‘HI/IaJII/ICTbI 110 O6pa6OTK€‘ " aHa/JIn3y JAaHHBIX CO3/1AI0T TIPUJIOKEHUA TaHHBIX,
OCHOBAHHbIE Ha aHaJ/JIN3€ €CTECTBEHHOTI'O A3blKa, IIO9TOMY Hallla HepBefIHlaH 3a/la-
Ya — CO3aTb MO/I€JIb, OITMCbIBAIOITYIO A3bIK 1 CHOCO6HyIO JleJIaTb BbIBO/IbI Ha OCHOBE
9TOI0 OITMCaHUA.

DopMasbHO MO/IEJIb SI3bIKA JIOJKHA TPUHIMATh HAa BXOJIE HEMOJHYIO (hpasy u J10-
HOJIHATD €€ HEJIOCTAIONUME CJI0BaMU, HanboJiee BEPOSITHBIMU JIJIsI 3aBePIIEHMS
BBICKa3bIBAHUsL. ITOT TUII MOJIeJIEH sI3bIKA CHIIbHO BJIMSIET Ha aHAIUTHYECKYTO 00-
paboTKy TeKCTa, IIOTOMY YTO JIEMOHCTPUPYET OCHOBHOI MEXaHU3M TIPUJIOKEHUI
06pabOTKM sI3bIKA — UCIIOJIB30BAHNE KOHTEKCTA JIJIsS YTa/lbIBAHsI cMbicaa. Moesi
SI3BIKA TaKKe PACKPBIBAIOT 0A30BYIO THUIIOTE3y MAITMHHOTO 00YYEHUsT HA TEKCTAX:
mexcm npedckasyem. DaKTHUECKN, MEXaHU3M OIEHKU MOJIEJIEH B aKa[eMIIeCKOM
KOHTEKCTE, C8A3HOCb, U3MEPSET MPEICKa3yeMOCTDh TEKCTa BEIYUCICHUEM IHMPONUU
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(cTenieHb HeoNpeIeIeHHOCTH WM HEOKUITAHHOCTH ) PacIipeieIeHNs BEPOSITHOCTEHN
MOJIEJIU SI3bIKA.

PaccmoTpuM crepyioniiie He3akOHYeHHbIE (hpasbl: «cobaka — APYT ...» W «BelbMa
JIETUT HA ...». DTU (DPa3bl UMEIOT HU3KYIO SHTPONUIO, U MOJIEJIN SA3BIKa C BBICOKOT
CTEIEeHbI0 BEPOSTHOCTU OYAYT yrajblBaTh IPOJOJIKEHUST «4€JIOBEKa» 1 «METJIe»
COOTBETCTBEHHO (60JIee TOro, Mbl YAUBUIUCH Obl, eci Obl 3T (hpasbl 3aBepia-
JInCh Kak-To mHaue). C ApyToil cTopoHbI, (Ppassl ¢ BBICOKON 9HTPOTIHEH, TaKne KaKk
«CErOMHS s COOMPAIOCH MOYKUHATD C ...», MPEINOJATAI0T MHOKECTBO BAPHAHTOB
MPOIOIKEHUS («APYTOM», «POAUTENSIMU» U «KOJIJIETAMU» BBITJISASAT OAUHAKOBO
BEPOSATHBIMI ). UesIOBEK, YCHABITIABITUN TaKyio (hpady, MOKET UCIIOJb30BAaTh CBOH
OIIBIT, BOOOPasKeHMe U aMSITh, & TAK/KE CUTYAIIMOHHBII KOHTEKCT, 4TOOBI BOCIIOJIHUTD
npob6es. KoMiboTeprbie Mozt He 06s13aTeIbHO UMEIOT OIMHAKOBBII KOHTEKCT
U B pe3yJibraTe OKa3bIBalOTCS OOJiee OTPAHMIEHHBIMHU.

Mojieu si3bIKa CII0COOHBI BBIBOJIMTD UJIH ONIPEIEISITH OTHOIIEHUST MESK/LY JIEKCeMa-
MU, KOTOPBIE MOZEIN HaOII0al0T KaK CTPOKK JaHHBIX B Koguposke UTF-8, a moxn
PACIIO3HAIOT KaK CJIOBA C OIPeeJIeHHBIM cMbIcoM. DopMaibHO, MOAEIb UCIIOJIb-
3yeT KOHTEKCT JIJIs ONIPE/IeJICHUsT Y3KOTO MTPOCTPAHCTBA PEIIEHUI, B KOTOPOM €CTh
HeGOJIBIIOE KOJIMYECTBO BAPUAHTOB.

ITO MOHUMaHUeE JIAeT HaM BO3MOKHOCTD FeHePaTU3uPOBaTh (hOPMATBbHYIO MOJIEh
B IPyTHe MOJEIN sI3biKa, paboTalolie, HalpuMep, B MPUI0KEHUAX MAITTHHOTO
MepeBoJIa WM aHaJ3a HacTpoeHuit. UToOBI BOCIIOIB30BATHCS MPEICKA3YEMOCThIO
TEKCTa, Mbl JIOJZKHBI ONPEIETUTDH OTPAaHUYEHHOE YUCJIOBOE TPOCTPAHCTBO PEIEHMH,
Ha KOTOPOM MOJKET JIEHCTBOBATH MOJIeJTb. Birarofapst aToMy Mbl MOSKEM HCTTOJIb30BATH
METO/IbI CTATUCTUIECKOTO MAITUHHOTO OOYUEHMsI, C yIUTeNeM U 0e3 YIUTesl, st
MOCTPOEHUS MOJIeJIel I3bTKa, M3BJIEKAIOIINX CMBICT U3 TAHHBIX.

Ha IIEPBOM IIare B MalllIMHHOM O6y1{eHI/II/I BBIABJIAIOTCA XapaKTEPHbIC ITPU3HAKN
JaHHBIX, IIOMOTaloliure npe/cKa3aTb 1eJIb. TexcroBbie AaHHbIC ITPEAOCTABJIAIOT MAaCCy
BO3MOKHOCTEMN JJIA U3BJIE€YEHU A ITOBEPXHOCTHBIX ITPU3HAKOB, ITPOCTHIM paS6I/I€‘HI/IeM
CTPOK, NI 6otee FJIy6OKI/IX, ITO3BOJIAIOIINX M3BJIEKATDh U3 TEKCTA MOp(l)O]IOFI/I‘IeCKI/Ie,
CUHTAKCUYECKUE U AK€ CEMaHTUYECKHUE ITPEACTABJICHUA.

B caietytonux pasjiesiax Mbl PACCMOTPUM HECKOJIBKO TIPOCTBIX CIIOCOO0B U3BJICUCHUS
CJIOJKHBIX TIPU3HAKOB U3 JAHHBIX HA €CTECTBEHHOM SI3bIKE JUJISI TleJIeil MOJIeINPOBa-
Hust. CHavyasa Mbl TOCMOTPHUM, KaK JUHTBUCTUUYECKHE CBOMCTBA sI3bIKa (HaIIpuMep,
pPoA B aHFJIHfICKOM HSBIKC) MOTYT JaTb HaM BO3SMOKHOCTD BbIIIOJIHUTH CTAaTUCTUYE-
CKy10 06pabOTKY TeKCTa. 3aTeM Mbl TIOAPOOHO PACCMOTPUM, KaK KOHTEKCT MEHSIET
MHTEPIIPETAINIO U KaK 9T0 00BIYHO MCIIOAB3YETCS IS CO3aHUS TPAJUIIUNOHHON
MOJIEJTN «MEIIIOK CJI0B». HakoHell, Mbl nccirepyeM OoraTblie BOSMOKHOCTH aHAIHM32a
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C IIpUMeHeHrneM MOP(hOIOTHYECKOI, CHHTAKCUYECKOI 1 CeMaHTUYECKO 06paboTKI
€CTeCTBEHHOTO S3bIKA.

JINHrBUCTUYECKME NPU3HAKMU

PaccmoTpuM mipocTyio Moie b, MCTIOTB3YIONTYTO0 JUHTBUCTUYECKIE TIPU3HAKY [T
BbIABJIEHUs TIpeobiagaioniero poga Bo ¢pparmente tekcra. B 2013 r. Hun Kapen
(Neal Caren), morieHT Kadeapsl COIUOIOINN B YHUBepcuTeTe ropoja Yarrmes- X
(mrrar CesepHast Kaposmaa), ory6simKoBast B 6J10Te cTaThio!, T/1€ NCCAe[0BAT POJIb
MOJIOBOU TIPUHA/IJIEKHOCTY B HOBOCTSIX JIJISI OIIPE/IEJICHUS] IPOSIBIICHUN MY KIMH
U JKEHIUH B Pa3HbIX KOHTeKcTax. OH MPUMEHNUJ TeHIePHBIN aHAIN3 K TeKCTaM
crareii, ony6ankoBaHubiX B New York Times, v BbISICHIII, 4TO CJIOBA B MY’KCKOM
U JKEHCKOM POJI€ MOSIBJISIIOTCST B COBEPIIEHHO Pa3HBIX KOHTEKCTAX, YTO CIOCOOHO
YCUJTMBATh TeHIEPHBIE MTPeLyOesKaeH s

Yt0 0cobeHHo WHTEPECHO, B 9TOM aHAJIM3€ CJIOBA B JKEHCKOM 1 MYJKCKOM PO/i€ 1C-
I10JIb30BAJIUCDh [AJId CO3aHUA YaCTOTHOM OIIEHKU MY/KCKUX U JKEHCKHUX ITPHU3HAKOB.
PeaHHSaHHH)HOHO6HOFO&H3HH33H&IﬁmhonhﬂﬁKHOHaanbCOHpeﬂeHeHHHHa60pOB
CﬂOB,paSﬂanKHHMXJ]peﬂHOXGﬂ{HH()NQUKQHH&XI{XKHHHHHBX.IDU]HPOCTOTBIHOHy-
CTHUM, YTO BCAKOE IIPEAJIOKEHNE MOJKET KJIB.CCI/I(I)I/H_[I/IPOBaTbCH KaK paCCKa3bIBaloIee
0 MYJKYMHaX, O JKEHIINMHAX, O MYKUYMHaX 1 JKEHITUHAX U HEU3IBECNHO O KOM (HOTOMy,
4TO MPEAJOKEHNE MOKET PACCKa3bIBaTh O 4€M-TO APYIroM, HE O My/KUMHaX 1 HE
O JKEHIIIMHAX, a TaKKe [IOTOMY, YTO Hallli MHO?KeCTBa CJIOB MALE_WORDS 11 FEMALE_WORDS
HE ABJIAIOTCA I/IC‘{epHI)IBaIOHII/IMI/I)I

MALE = 'male’
FEMALE = 'female'
UNKNOWN = "unknown'
BOTH = 'both'

MALE_WORDS = set([
'guy', 'spokesman', 'chairman’',"men's", 'men', 'him',"he's", 'his',
'boy', 'boyfriend', 'boyfriends', 'boys', 'brother’', 'brothers’,'dad’,
'dads', 'dude’, 'father', 'fathers', 'fiance', 'gentleman’', 'gentlemen’,
'god', 'grandfather', 'grandpa’, 'grandson’, 'groom', 'he', "himself"',
"husband', "husbands', 'king"', 'male’, 'man', 'mr', 'nephew', 'nephews’,
'priest’, 'prince’, 'son’, 'sons', 'uncle’, 'uncles’, ‘waiter', 'widower’,
'widowers'

D)

FEMALE_WORDS = set([
"heroine', 'spokeswoman', 'chairwoman', "women's", 'actress', 'women’',
"she's",'her','aunt’, 'aunts', 'bride', 'daughter', 'daughters', 'female',

! Neal Caren, Using Python to see how the Times writes about men and women (2013), http://bit.
ly/2GIBGFV
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‘fiancee', 'girl’', 'girlfriend’, 'girlfriends’, 'girls"', 'goddess’,
'granddaughter', 'grandma’, 'grandmother’, "herself', 'ladies’,

‘lady’, 'mom’, 'moms', 'mother', 'mothers', 'mrs','ms', 'niece’', 'nieces’,
'priestess’, 'princess’', 'queens','she', 'sister’', 'sisters', 'waitress’,
'widow', 'widows', 'wife', 'wives', 'woman’

D)

Temeps, Korma y Hac eCTh MHOYKECTBA CJIOB-TIPU3HAKOB, XapaKTEPUIYIOIMNX MOJIOBYIO
MPUHAATEKHOCTh, HAM HY’KEH METOJ] ONpeieJIeHNs TeHIePHOTO KIacca MPeIo-
JKEeHWsT; co3MaanM (DYHKIINIO genderize, KOTOPas MOACUYNTHIBAET KOJTMIECTBO CJIOB
B TIPEJIOKEHUH, TTOTAJAIOIINX B HAIITM CITUCKU MALE_WORDS 1 FEMALE_WORDS. Eciu
MpeJIJIOJKEHUE COJEPKUT TOJIBKO CJI0OBA N3 MALE_WORDS, OHO KJIacCU(DUITUPYETCS KaK
myaxcckoe. Ilpensoxenue, cojepskaliee TOJbKO CJI0BA U3 FEMALE_WORDS, Kiaccudu-
IUPYyeTCs Kak Jcerckoe. Ecam mpenyiokeHne CofepKUT MYy>KCKUe U JKeHCKIE CTI0Ba,
OTHECEM €r0 K KaTeropuu 08ynoIblY; a €CJIM B HeM HET HU MYKCKUX, HU JKEHCKUX
CJIOB, OTIPEIETTUM €TO KaK NMEIOIIee Heu38ecmHuill PO

def genderize(words):

mwlen = len(MALE_WORDS.intersection(words))
fwlen = len(FEMALE_WORDS.intersection(words))

if mwlen > © and fwlen ==
return MALE

elif mwlen == @ and fwlen > O:
return FEMALE

elif mwlen > @ and fwlen > @:
return BOTH

else:
return UNKNOWN

Hawm Tak:ke HY>KHO MTOJICUMTATh YaCTOTY CJIOB, IPU3HAKOB POJia U MPEJIOKEHUH BO
BCEM TeKCTe cTtaThy. J{Jist 9Tl e MOKHO KMCII0JIb30BaTh BCTPOeHHbIN B Python
KJacc collections.Counters. (DyHKHI/IH count_gender MpUHUMAET CIIMCOK IIPEJLJIO-
JKEHUIT U UCHoIb3yeT (YHKINIO genderize JIJIsT OTIPeIeI€HsT OOIETO KOJTUIECTBA
CJIOB-TIPU3HAKOB U KJIacCUDUKAIIUN TIpeAToKeHui. [[ya Kakaoro mpeanoskeHns
OlIpeJIesIAeTCA eT0 KJIACC, a BCE CI0BA B IIPEJIOKCHUN CYUTAIOTCA ITPUHAJICKAIUMU
K 9TOU KaTeropuu:

from collections import Counter
def count_gender(sentences):

Counter()
Counter()

sents
words

for sentence in sentences:
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gender = genderize(sentence)
sents[gender] + = 1
words[gender] + = len(sentence)

return sents, words

Haxomerr, 4To6b1 3azeiicTBOBaTh (DYHKI[UU ONpeaesIeHUsT TeHAePHON TPUHAILIEK-
HOCTH, HaM HY’KE€H HEKOTOPBIN MeXaHU3M, IIPEe0OPa3yIONINil KCXOIHBII TEKCT CTa-
Teil B COCTABJISIOIINE €T0 TPeJIosKeH st 1 cyoBa. Vcnombayem 6ubamorexy NLTK
(KOTOPY0 MBI PACCMOTPHUM Jlajiee B 9TOH TJIaBe W B CJeLyolIeil ), 4ToObl pa3duTh
abs3albl Ha TIPE/TIOKEHNsT. BBIIEINB OT/Ie/IbHBIE TPEAIOKEHIS], MbI CMOKEM Pa3OuTh
UX Ha JIEKCEeMBI, YTOOBI BLISIBUTD OT/EIbHbIC CTOBA M 3HAKH TIYHKTYAIIH, U TIepeaTh
pa3MeveHHBI TEKCT HANIUM (PYHKITUSIM KJIacCU(MUKAIIUN /I BBIBO/IA TIPOIIEHTOB
IPEIOKEHNI U CJIOB, OTHOCSIIIIUXCST K KATETOPUH MYNCCKUX, HCCHCKUX, O8YNOTbIY
U Heu3secmuou pUHAIICKHOCTH:

import nltk
def parse_gender(text):

sentences = [
[word.lower() for word in nltk.word_tokenize(sentence)]
for sentence in nltk.sent_tokenize(text)

]

sents, words = count_gender(sentences)
total = sum(words.values())

for gender, count in words.items():
pcent = (count / total) * 100
nsents = sents[gender]

print(
"{0.3f}% {} ({} sentences)".format(pcent, gender, nsents)
)

[TpumenuB Hairy GyHKIUIO parse_gender K cTatbe 13 New York Times 1101 3aroyioB-
koM «Rehearse, Ice Feet, Repeat: The Life of aNew York City Ballet Corps Dancer»!,
MbI [TOJIYYHJIU CIIEAYIONINEe HEeYAUBUTEIbHBIE PE3YIbTAThI:

50.288% female (37 sentences)
42.016% unknown (49 sentences)
4.403% both (2 sentences)
3.292% male (3 sentences)

U «Penerutiust, Jie/ITHOI KOMIIPECC HAa HOTH, U BCe CHavaJIa: KU3Hb TaH1IoBIHIIb Hbio-1opkckoro

ropoJICKOTO Tearpa baserar. — [pumeu. nep.
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DyHKINST OTIEHKN OTPEAETSET ITUHY MPEIOKEHNH TI0 KOJUYECTBY ¢JI0B B HUX. [1o-
9TOMY, JasKe TIPU TOM, UTO YHUCTO KeHCKUX TIPE/IJIOKEHUI MeHbIIIe, YeM HEU3BeCTHON
PUHALIEKHOCTH, Uy Th Oosiee 50 % COAEPKUMOro CTaThii OTHOCUTCS K JKEHCKON
KaTeropuu. B kauecTBe paciimpenus aToro MeTo/ia MO;KHO ITPOaHAIM3UPOBATD CJIOBA
B JKEHCKHX ¥ MY’KCKHX TIPE/IOKEHUSX, UTOOBI TOCMOTPETh — MMEIOTCS JIM KaKHe-TO
JIOTIOJIHUTEJIbHbIE TEPMUHBI, 110 YMOJYAHUIO CBSI3aHHBIE C MY>KCKUM U )KEHCKUM T10-
som. Kak Buimte, 9TOT BUJI aHAIM3a OTHOCUTEBHO TPOCTO peasmayercst Ha Python,
u KapeHy 9T pe3y/ibTaThl TOKA3aJIMCh TTOPA3UTEIbHBIMU:

Ecnu 6v1 3namust 0 poau Mym#cuun u Henuur 6 00uecmee vl NOAYUULU MOTIHKO
u3 nomepos New York Times 3a nocieonior nedenio, mo moziu 6ot nOOymamo,
UMO MYNCUUNDL 3AHUMAIOMCSL CROPMOM ULU PABOMAlom 6 npasumenibcmee,
Q HCEHUUHDL 3AHUMAIOMCI, UCKTTOUUMETLHO HCEHCKUMU U OOMAUHUMU OeLaAMIL.
Yecmmo 2080psi, st ObLL WOKUPOBAH, HACKOJLLKO CIEPEOMUNHbLE CLOBA UCNOJLb-
308AUCH 8 HCEHCKUX NPEOTONCEHUSX.

— Huun Kapen (Neal Caren)

Yo ke 3/1ech TPOMCXOMNT B IEHCTBUTETHHOCTH ? ITOT MEXaHU3M, XOTS U JIETEPMHU-
HUPOBAHHBIN, 04€Hb XOPOIIIO IEMOHCTPUPYET, Kak ¢J0Ba (MIyCTh M CTEPEOTUTTHBIE)
crocoOCTBYIOT MIPE/ICKa3yeMOCTH B KoHTekcTe. OHAKO 3TOT MexaHu3M paboraer
MMEHHO TIOTOMY, YTO TIPU3HAK TTOJIOBOM TPUHA/ITIEXKHOCTH BCTPOEH HEMTOCPEZICTBEHHO
B SI3bIK. B ipyrux si3pikax (Harpumep, GpaHIly3CKOM ) TeHIIePHbBIN TPU3HAK BHIPAKEH
ellle CUJIbHee: U/Ien, HeO [yIeBJIECHHbIE TIPEJIMETBI U JIaXKe YACTH TeJIa MOTYT UMETh
101 (J1aske eCJId 3TO MPOTHUBOPEYUT 3PABOMY CMBICITY ). SI3BIKOBBIE 0COOEHHOCTH HE
BCET/Ia UMEIOT OIPEeIeJIUTENbHBIN CMBICT, YACTO OHW HECYT JIPYTYI0 HHMOPMAIHUIO;
HATIPUMED, MHOKECTBEHHOE YHCJIO U BPEMsI — €llle J[BA SI3bIKOBbIX TPU3HAKA — TEO0-
PETHUYECKH MOKHO MCIIOJIB30BATH [IJIsI OTIPE/IeJIEHUsI TPOIILIIOTO, HACTOSIIIETO 1 OY-
ayiero si3bika. OHaKO 0COOEHHOCTH SI3bIKA COCTABJISIIOT JIMIITh YaCTh YPaBHEHUS,
KOT'J[a PeyYb 3aXOUT O MPeJICKa3aHUN CMbICJIA TEKCTA.

KoHTeKCTHble NPU3HaKn

AHasi3 HaCTPOEHUsT, 0 KOTOPOM MBI OAPOOHEeE MOTOBOPUM B ruiaBe 12, siBiisteTcst
OYeHb TIOMYJISIPHBIM METOJOM KJIACCU(MUKAIIUN TEKCTA, IOTOMY UTO C TTOMOIIIHIO
OMOITMOHATHFHON OKPACKU MOKHO TIEPeIaTh Maccy MH(MOPMAITUY O TOUKE 3PeHUs Ha
00Cy’KIaeMbIil TTPEIMET; OH TIOMOTAEeT TIPOBECTH KOMILJIEKCHBIN aHAJIN3 OT3bIBOB,
HOJISIPHOCTH COOOIIEHMIT MJTH peakiinii. MOKHO OyMaTh, 4TO aHAJIU3 HACTPOEHUST
JIETKO TIPOBECTH € TIOMOTIIBIO TIPUEMA, TTOX0KET0 Ha MCTI0JIb30BABIINICS B TEHIEPHOM
aHaJIM3e, IPeCTaBICHHOM B IIPEIbIAYIIEM pasjiesie: coOpaTh CIIUCKY CJIOB € TIOJOK-
TeJBHOH (<«ITPEBOCXOHOY, «XOPOIIIOY, «<KOJIOCCATHHO» ) U OTPUIATETBHON OKPACKOH
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(«ysKaCHO», «GE3BKYCHO», «[IPUMUTHBHBIN» ) U OTIPEAETUTH OTHOCUTETbHBIE YaCTOTHI
BCTPEUYAEMOCTH ITHX JIEKCEM B KOHTeKcTe. K cojkaeHuIo, 9TO CAUIIKOM YIIPOIEeHHbIH
IIOJIXO/I, ¥ 4aCTO OH /IaeT OYeHb HETOUHbIE PE3YJIbTAThI.

AHaJi3 HaCTPOEHU I KOPEHHBIM 00PA30M OTJIMYAETCSI OT TeHAEPHOI Kiaccudukarum,
HOTOMY YTO HACTPOEHHE HE SIBJISIETCSI OCOOEHHOCTBIO SI3bIKA, & 3aBUCUT OT CMbLCLA
c2106; Hatipumep, Gpasa «TPIOK MOJYUIHIICS HEOOBIYHBIM» HOCHUT MOJIOKUTEIbHbII
OTTEHOK, TOT/[a KaK «CheB CYII, s TIOUYBCTBOBAJ ce0s1 HeOObIYHO TI0X0» — OTPH-
IaTeJIbHBIN, a «y MEHs KMBET HeOObIYHAS UTyaHa» — HEOJHO3HAYHBIN. 3HAUEHUE
cJIoBa «HEOOBIYHBIN» B 3TUX (hpasax MeHsieTcst. Kpome Toro, HacTpoeHue 3aBUCHT
OT KOHTEKCTa, la’ke KOTJa olpeieieHue CJI0Ba OCTAeTCsI HEM3MEHHBIM; CJI0BO
«MSITKUI» MOKeT HECTU OTPUIIATEIbHBIN OTTEHOK B Pa3roBOpe O JKTy4eM IIepiie,
HO TIOJIOKUTEBHBIN B ONMMCAHUN cupoma oT Kaiid. Hakowner, B oTamdne ot moja
MJIA BpEMEHU, HACTPOEHNE MOXKHO OTPHUIATh: «HEXOPOIO» 03HavaeT maoxo. Otpu-
I[aHUE MOYKET TIEPEBEPHYTH CMbBICJI OOJIBITIOTO (hparMeHTa MOJTOKUTETHHOTO TEKCTA:
«Y MeHs1 ObLTH GOJIbIINE HAMEKIBI U OKUAaHNs Ha (DUIIbM, KOTOPBIH KPUTHKN Ha-
3BaJI 3aMeYaTeIbHbIM 1 BOJTHYIOIIUM, HO, [IOCMOTPEB €T0, S PA304apoBasICs». 3/1eCh
GOJIBIIIOE KOJUYECTBO CJIOB, 0OBIYHO YKa3bIBAIOIIMX HA TTOJOKUTEIbHbBII HACTPOI,
TaKUX KaK «OOJIbIINE HAJEKIbI», <OKUIAHUST>, «3aMedaTeIbHbIN ¥ BOJTHYIOIINI»,
He TOJIbKO HE CMOIJIM ITPEYMEHDBIIUTD HETATUBHbBI OTTEHOK €JIMHCTBEHHOTO CJI0BA
«Ppa3oyapoBaJICsl», HO Jlake YCUJINJIN ero.

TeMm HE MeHee Bce 9T TPUMEPHI ITPEICKA3YeMBbl; TTOJOKUTEIbHOE U OTPUTIATEIbHOE
OTHOILIEHHUE MTEePeIAeTCs ICHO, ¥ MOXO05KE, YTO MOJEb MAIIUHHOTO 0OYYEHUST CMOJKET
OIIpeIeIUTh HACTPOEHUE U, MOKET ObITh, JaxKe OTAEJIUT HeBaKHbIe MU HEOIHO-
3HAYHbIE BBICKA3bIBAHUS. ATIPUOPH JIETEPMIUHUPOBAHHBIN MJIA CTPYKTYPHBIN MOIXO]T
yTpaurBaeT rtOKOCTh KOHTEKCTA U CMBICJIA, TOITOMY OOJIBITITHCTBO MOJIENIEH sI3bIKA
YUUTBIBAIOT TAKKE PACTIOJIOKEHUE CJIOB B KOHTEKCTE, UCIIOJIb3YsI METO/[bI MAIITUHHOTO
00yuYeHMsI JIJIST CO3/IaHUSI TPOTHO30B.

Ha puc. 1.6 usobpaskeH 0OCHOBHOII MeTO/ pazpabOTKK IIPOCTHIX MOJEJIEH S3bIKa,
KOTOPBIE YaCTO HA3bIBAIOT MOJIEJISIMU BU/IA «MEIIOK CJIOBY». DTH MOJIEJIN OTIEHUBAIOT
YaCcTOTY BCTPEYAEMOCTH CJIOB JIPYT C JIPYTOM U C IPYTUMU CJIOBAaMU B Y3KOM, Orpa-
HITYeHHOM KoHTeKcTe. [10106Hast OTleHKa TOMOTAET OPE/IETUTh, KAKIe CJI0BA OYIyT
CJIeIoBaTh JIPYT 3a JPYTOM, U 110 HeOGOMbINUM (hparMeHTaM TeKCTa OMPEENsITh UX
cMbIc. /lasee ¢ TOMOIIBIO METOIOB CTATUCTUYECKUX BBIBOJIOB MOKHO TTPOTHO3M-
pOBaTh MOPSIOK CJIOB.

PaCH_II/IpeHI/IH MOZE€JIN «MENIOK CJIOB» pacCMaTPUBAIOT COBMECTHBIE BXOXK/IECHUA HE
TOJIBKO OT/I€JIbHBIX CJIOB, HO TAaKKE€ I1€JIbIX cl)pas, NMEIOINX BbICOKYIO 3HAYNMOCTbH
IS OIIpe/ieJIEHNA CMbICJIA. (Dpasa «CHATDb IE€HbI'N B OGaHKe» IpunaaeT OHpelIe]IeHHI)IfI
CMBICJI CJIOBY <<621HK>>, HO TO JKe CaMoe€ /1ej1aeT (bpasa <«KBaCUTb KallyCTy B CTEKJITHHOMN
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Puc. 1.6. MaTpuua 4acTOT COBMECTHOIO MOSIB/IEHUS C/I0B

GaHKe». ITO Ha3BIBAETCS AHAIUIOM N-2DAMM, TJ€ 1 ONPEAETISAET YIOPSIAOUEHHYTO
MTOCJIEZIOBATENBHOCTH CHMBOJIOB HJIH CJIOB JIJIsI CKAHUPOBAHMS (HATIPUMED, 3-TpaMMa
('cHAaTb', 'peHbru’, 'B') WM 4-TpaMMa (' CHATb, 'AeHbru', 'B', '6aHKe")). n-IrPaMMbl
OTKPBIBAIOT HHTEPECHbBIE BO3MOKHOCTH, TIOTOMY YTO TIO/IABJIsIIONIEee GOJIBITUHCTBO
n-TpaMM JIUIIEHO cMbIcTa (HampuMep, ('Beapo’, 'npeiraTs’, 'deliepsepk')), XOTH,
YUIUTBIBAS PA3BUBAIONIYIOCS TPUPOY SI3BIKA, AasKe 9Ta 3-TpaMMa MOKeT KOT/la-Hu-
Oyab ctaTh ocMbiceHHO0i! COOTBETCTBEHHO, MOJIE/IN SA3bIKA, UCIIOJIb3YIOIINE TIpe-
UMYIIECTBA KOHTEKCTA TAaKUM CIIOCOOOM, TpeOYIOT HAIUUUsS BOSMOKHOCTH U3ydYaTh
OTHOIIIEHNE TEKCTA C HEKOTOPOU 11eJIeBOI TlepeMEHHOIM.

Vcnonb3oBanue sI3bIKOBBIX M KOHTEKCTHBIX TIPU3HAKOB B aHAJN3E CIOCOOCTBYET
obeit mpeckazyeMocTH s3bika. Ho /17151 X BbisiBieHVst TpeGyeTcst yMeHe pa3ou-
paTh U OIPEJeJIsITh eANHUIIBI sI3bIKA. B ciieyrorem pasjesie Mbl 0OCY/IUM YBSI3KY
SI3BIKOBBIX 1 KOHTEKCTHBIX ITPU3HAKOB B CMBICJIOBOE 3HAYCHNE C IMHTBUCTUYECKOH
TOYKU 3PEHMUS.

CTpyKTYpHbIE NpU3HaKu

Haxkomerr, Moziesin si3bIka 1 aHAIUTHYECKast 00pabOTKa TEKCTA MOy YN IOTOTHHU-
TeJIbHbIE BBITO/bI OT Pa3BUTHUSI KOMITBIOTEPHOMN JTMHIBUCTHKI. Kakue b MOgen Mbl
HU CTPOUJIH, ¢ KOHTEKCTHBIMI UJTH IMHTBUCTHYECKUMU MTPU3HaKaMu (M1 0600UMH ),
HEOOXOIMMO TaKsKe YYUTHIBATH BBICOKOYPOBHEBBIE €IMHUIIBI SI3BIKA, UCIIOJIb3YEMbIe
JIMHTBUCTAMM, YTOOBI OIPEAETUTH CIOBAPb OTepallrii, KOTOpble Mbl OyeM IpH-
MEHATh K KOPITycaM HaIllero TeKCTa B MOCTIeAYIONUX raaBax. Ha pasHbIX ypoOBHIX
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06pa60TKe ImoABEpraroTcA pasHble ¢IMHUIDI A3bIKa, 1 ITIOHUMaHKWE JIMHTBUCTHUYE-
CKOTO KOHTEKCTa NMeeT OOJIbIIoe 3HaYeHe U1 IOHMMaHuA ITPpUEMOB O6pa6OTKI/I
€CTECTBCHHOI'O A3bIKa, NCITOJIb3yEMbIX B MalllMHHOM O6y‘IeHI/II/I.

[Tox TepMUHOM cemanmuka oapasymeBaeTcst cMbicy. CeMaHTHKA TIyOOKO BJIO-
JKeHa B sI3bIK U ¢ GOJIBIITUM TPYIOM TIO/IAETCsT M3BJIedeHn0. B o01em ciydae Bbi-
ckasbiBaHus (mpocrast ¢hpasa, a He 1eJiblii ab3ail, Hanpumep: «OHa B3siia KHUTY
13 OUGJINOTEKM» ) CJELYIOT TPOCTOMY MIAOJIOHY: CyOBEKT, r1aros, 00beKT U Orpe-
jieieHne, oTHocsIeecst K 00bekTy (Mmojieskaiiee — ckazyeMoe — JIOTIOJIHEHE).
Vcronb3yst Takue mabI0HbI, MOKHO KOHCTPYHUPOBATD OHMOJI02UIL, OTIPEIEIISIONIE
KOHKPETHbIE OTHOIIEHUSI MEK/LY CYIHOCTSIMU, HO TaKast paboTa TpebyeT BECOMBIX
3HAHWI KOHTEKCTa W MpeJMeTHOI obacTu U mioxo macurabupyercs. Tem He
MeHee B MOCJIeiHee BPeMs BeyTcsl MHOTooGelaonme paboTsl 10 U3BJIEYEHUIO
OHTOJIOTHIT M3 TAKUX MCTOYHUKOB, Kak «Bukuneaus» nau DBPedia (manpumep,
cTaThsl ¢ onpejeeHneM ciaoBa «6ubanoreka> B DBPedia HaunHaercst co ¢JoB:
«Bubaunorexa (rped. Bipiov, kHura + OnKn, XpaHWUIKUILE, BMECTUIUIILE, AIIUK) —
yupesxieHune, cobuparoliee u XpaHsiiee IPOU3BeeHNUsT TeYaTh U ITUCbMEHHOCTH
JUIsT OOIIECTBEHHOTO TIOTb30BAHSI» ).

CeMaHTHYECKNIT aHAJIN3 3aKJI0YAETCS HEe TOJTBKO B OMPEEJICHUH CMBICTA TEKCTa,
HO TaK’Ke B CO3IaHUM CTPYKTYP AAHHBIX, K KOTOPBIM MOTYT TIPUMEHSITHCS JTOTHYIe-
CKue paccyxkaeHusd. TekCcTOBbIe CMBICIOBbIE TPEJCTAaBIeHNI (MU TeMaTUIeCcKue
cMbIcIoBbIe mpezcTaBiernss — Thematic Meaning Representations, TMR) moskHO
WCITOJIb30BATH I8 KOJAUPOBAHUS TIPEJIOKEHNI B BUIE CTPYKTYP NPEANKATOB,
K KOTOPBIM MOTYT MPUMEHSITHCSI JIOTHKA TIEPBOTO MOPSIIKA WK AAMOOa-ucuucie-
nue. JIpyrue cTpyKTYpBI, TaKHe KaK CeTU, MOKHO MCIOJIb30BATh 1T KOMUPOBAHUS
B3aUMO/ICHICTBUI TIPEIMKATOB MHTEPECYIONINX ITPU3HAKOB B TEKCTE. 3aT€M MOXKHO
BBITIOJIHUTH 00XO/I [IJIs1 aHA/IN3a [IEHTPATbHOCTH TEPMUHOB UJIH CyObEKTOB U IPUYNH
OTHOMIEHU MEXK/Y IeMEeHTaMU. XOTS AHAAU3 2pados He BCeTAA SABIICTCS TOTHBIM
CEMAaHTUYECKIM aHATN30M, UHOT/IA OH IMTOMOTAeT MTPUUTH K Ba’KHBIM BBIBOJIAM.

Cunmarcuc — 310 CBOJ[ TIPaBUIT (hOPMUPOBAHIIS TPETIOKEHNT; 0OBIYHO OH OIIpe/Ie-
JisieTcsl rpaMMaTrKoi. 1IpezioskeHust — 3To eIMHUIIBI I3bIKA, KOTOPBIE MbI HCIIOJIb-
3yeM JIJIsT CO3/IaHIsI CMBICJIA; OHU KOJAMPYIOT HAMHOTO 0O0JIbIle WHMOPMAINY, YeM
oT/esbHbBIe cJ10Ba. 110 9TO0i TipIdmHe MbI Oy/1eM CIUTATH PE/IOKEHNST HAUMEHbITIeit
JIOTUYeCKo equHuUIEeH A3brka. [les ciaTakcnyeckoro anannsa — MokasaTh 3HAYHU-
Mbl€e CBSI3M MEK/IY CJIOBAMH, OOBIYHO My TEM JIeJICHUS TIPEJIOKEHIS Ha YACTH, WJIH
CBSI3UM MEXK/Iy JIEKCEMaMHU B IPEBOBUIHOI CTPYKTYpPe (TI0J00HO CHHTAKCUYECKOMY
pas3bopy TPeIOKEH I, KOTOPbIN BbI MOTJIN [I€TATh B 11KOJIe ). CHHTAKCUC SIBJISIET-
cs1 00s13aTeIBHOM OCHOBOM [IJIsl PACCYKIEHUIN O CUCTEMe TIOHSITHIT UM CEMaHTHKE,
MOTOMY YTO 3TO KM3HEHHO Ba)KHBIN MHCTPYMEHT JIJI1 MOHMMAHUS TOTO, KaK CJI0Ba
BJIMATOT JIPYT Ha ApyTa Ipu (opMupoBannm ¢pas. Hampumep, cnnrakcndeckuit
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aHaJIM3 I0JKEH BBISIBUTD TIPE/JIOKHYIO (hpasy «u3 OubIHOTEK > U UIMEHHYTO (pasy
«KHWTY 13 OUOJIMOTEKM» KaK KOMITOHEHTBI IJIar0JbHOW (hpasbl «B3sijla KHUTY W3
OUOIMOTEK N>

Mopgonozus onpesiesisier (popmy Bellleii, a B aHATU3€e TeKCTa — (hOPMY OT/I€JIbHbIX
cioB win JiekceM. CTPYKTypa CJI0B MOJKET MOMOYb HAM BBISIBUTb MHOKECTBEHHOE
urcsio (gcena v acénwl), pox (noam u noamecca), spemsi (Oexcan vi 6ezy), CipsiKeHue
1o Jjnam (s 6ezy u on 6excum), U T. 1. AHanus MophOJOrHK — CJIOKHAsT 3a/a4a,
MOTOMY 4TO B OOJIBITMHCTBE SI3bIKOB UMEETCSI Macca NCKITIOYEHU T 13 TPABUJI 1 CIie-
IUAJBHBIX CIy4YaeB. B aHT/IMIICKOM $13bIKE, HAIIpUMeEP, UMEIOTCs Kak opdorpadu-
YecKue TPaBUJIa, TPOCTO ONPeIENIONIne OKOHUYaHUE CIOB (puppy — puppies)!, Tak
u MopdoJiornuecKkrue — oTpe/eisioliie MoJHbIe IKBUBAJIEHTBI (800se — geese)?.
Anrsmiickuit — adGUKCcaTbHBIN S3bIK, TO €CTh B HEM K CJIOBY ITPOCTO T0OABJISIIOTCST
JIOTIOTHUTEIbHBIE CHMBOJIBI, B HAYAJIO WJIN B KOHEII, /I N3MEHEHUS eTo (DOPMBIL.
B npyrux g3p1kax gelicTByIOT MHbIe MOP(hOJIOTHYECKUE TPABUJIA: B UBPUTE UCITOJIb-
3YIOTCsT MIaBJIOHBI U3 COTJIACHBIX, B KOTOPbIE BCTABJISIIOTCS TJIACHbIE JIJIST CO3/aHMUsT
CMBICJIA, TOT/IA KAK B KUTAICKOM $SI3bIKE UCIIOJIb3YIOTCS ITMKTOrpachudecKiie CUMBOJIBI,
KOTOpbIE HE BCEr/[a U3MEHSTIOTCSI HEITOCPE/ICTBEHHO.

I'maBnag 3alada MOp(l)O]IOI'I/I‘{eCKOI'O aHaJIn3a — BbIABUTD YaCTHU CJIOB, 110 KOTOPbIM
9TH CJIOBA MOJKHO OTHECTH K TEM WJIM MHBIM KJjlaCCaM, KOTOPbI€ YaCTO HA3bIBalOT
TeraMu 4acTei pedn. Haan/IMep, NHOr'la HaM Ba’KHO 3HATbh, HAXOJAUTCA JIK Cyllie-
CTBUTEJIbHOE B €/IMHCTBEHHOM MJIM BO MHOKECTBEHHOM 4YMCJIE, UJIN K€ ABJIACTCA
“MeHeM cOOCTBeHHBIM. Takske HaM MOKET HOTpe6OBaTbCH y3HaTbh, UMEET JIN IJ1aroJi
HEOIIPpEACTICHHY IO (l)OpMy, Iponieaniee BpeMsd, i 9TO A€erpniacTue. 3arem 1oJIy-
YEHHDbIE YaCTH pe€YUr UCITOJIb3YIOTCA NJIA CO3/IaHUA 6osee KPYIHDBIX CTPYKTYP, TaKUX
KakK (bpaI‘MeHTI)I niam (bpasm, WJIN [1a’Ke IIeJIble /IpEBa CJIOB, KOTOPbIE 3aTEM MOKHO
HCIIOJIb30BaTh [JIJId TOCTPOEHUA CTPYKTYP JIaHHBIX CEMaHTUYECKUX paccymaeﬂmﬁ.

CeMaHTHKA, CHHTAKCKC U MOP(OJIOTHS TTO3BOJISIOT J0OABIATH JaHHbIE B IPOCThIE
TEKCTOBBIE CTPOKH C JIMHTBUCTHYECKUM CMBICJIOM. B riiaBe 3 MbI TIOCMOTPUM, KaK
pasbUTh TEKCT Ha JIOTUYECKUE U CMbBICJIOBbIE €IMHUIIbI, KCIIOJB3YsI METOIbI BbIIE-
JIEHUs JIEKCEM M CETMEHTOB, a TaK/Ke KaK Ha3HauYMTh TeTH JacTell peun. B rmase 4
MBI IPUMEHNM TIPUEeM BEKTOPU3AIINH K 9TUM CTPYKTYPaM JJIsT CO3AAHMUS THUCTOBBIX
MPOCTPAHCTB MPU3HAKOB — HAIPUMep, HOPMAJIU3AINIO TEKCTA ¢ TPUMEeHEHNEM
METO/IOB CTEMMUHTA U JIEMMATU3AIIUN JIJIT YMEHBIIeHsT KOJUUeCTBA TTPU3HAKOB.
Haxomerr, B r1aBe 7 Mbl HAIPSAMYTO OYZeM UCIIOJIb30BATh CTPYKTYPBI IJIs KOJUPOBa-
HUST THMOPMAIIUHN B HAIITN TPOTOKOJIBI MAITUHHOTO OOYYEHUS C 1EJIbIO YJIYYIIeHUsT
MIPOM3BOIUTEIBHOCTH 1 CIIEIMAN3AINHY JIJII KOHKPETHBIX BUIOB aHAIN3A.

U Illenok — menku. — Ipumey. nep.
2 Tyewb — ryeu. — Ipumeu. nep.
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B 3akiroueHue

EcrecTBeHHbBIN S3bIK — OFHA U3 CAMBIX MaJIO UCTIOJIB3YEeMBIX (POPM TaHHBIX, N10-
CTYTHBIX B HacTOsAIIee BpeMs. ETo anaims mo3BoJIgeT yBeTUIUTD TI0JIE3HOCTh TTPHU-
JIOJKEHUH JJAHHBIX U C/IeJIaTh NX HEOThEMJIEMON YacThIo Hatrel ku3in. CrernaancTbl
110 00paboTKe U aHAIN3Y JaHHBIX 00JIafal0T YHUKAJIBHBIMU BO3MOKHOCTSIMU JIJISI
CO3/IaHUST TAKUX ITPHUJI0KEHUI JAaHHBIX, OCHOBAHHBIX Ha aHAJIM3€e eCTeCTBEHHOTO
st3bika. OObeINHSSI TEKCTOBbIE AHHBIE C MAIIMHHBIM 00y4eHUEM, OHU CITOCOOHDBI
€O3/1aBaTh MOIIIHBIE TTPUJIOKEHUS B MUPE, T/ie HH(MOPMAIIUS 9acTO ITPUPABHUBAETCS
K IIEHHOCTSIM, a 00JIalaHue €10 laeT KOHKYPeHTHbIe iperMyiiecTBa. CoBpeMeHHast
JKU3Hb OCHOBaHA Ha MCTOUYHUKAX JAHHBIX U3 ECTECTBEHHOTO SI3BIKA, U TIPUIOKEHU
JAHHBIX, OCHOBAaHHBIE HA €r0 aHAJIN3e, JIeJIal0T 9TH JaHHbIe H0Jiee JOCTYITHBIM.

B cureyonmx HeCKOMBKUX TJIaBaxX Mbl 0OCYIUM HEKOTOPBIE 00sI3aTe/IbHbIE 9Tallbl 00-
pabOTKHU TEKCTA, TIPEIIIECTBYIONIIE MAITTHHOMY OOYYEHUIO, 2 UMEHHO: YITPABJICHIE
KopirycoM (B TJiaBe 2), IipeBapuTeabHyio 06paboTKy (B riiaBe 3) U BEKTOPU3AIUIO
(BryaBe 4). 3aTeM MbI TOIKCTIEPUMEHTHPYEM € (hOPMYJIUPOBKO 337124 MATITUHHOTO
obyuenus st Kiaaccubukaiyy (B T1aBe 5) U Kiaactepusanuu (B riase 6).

B rmaBe 7 MBI peanusyeMm M3BJedenre IPUIHAKOB AT MaKCUMU3AITUHU 3(pHeKTrB-
HOCTH HaIlTUX MOJIeJIEH, a B TJIaBe 8 TOCMOTPUM, KaKKe TIPUEMbI BU3yaTu3aIiuy HaMm
JOCTYITHBI JIJist OTOOPasKEHMsI PE3YJIBTaTOB U BBISIBJIEHUST OMINOOK MOJIETMPOBAHUSI.
B riaBe 9 MBI paccMOTPUM IPYTOI MOAXO/T K MOZETMPOBAHUIO SI3BIKA, MCIOTH30BAB
rpad 1 MPeCTaBIeHNUS CJI0B W OTHOIIEeHWH Mexkay Humu. [locie atoro, B Tia-
Be 10, MbI uccienyeM GoJiee Creluantu3upoBaHHble METO/BI TONCKA, U3BJICYEHUST
u reneparn s yar-6otos. Hakonerr, B raasax 11 u 12 Mbl paccMOTPUM METO/bI
MacIITabuPOBaHKS BEIYMCIUTEIBHOI MOIHOCTH ¢ IpuMeHeHreM Spark 1 Mozesnb
MacITabMpPOBaHUS CJIOKHOCTH C TPUMEHEHIEM HCKYCCTBEHHBIX HEHPOHHBIX CETEN.

Kax BbI yBuzinTe B CII€/IyI0IIIel I1aBe, Ui MacIITabupyeMOoro aHaJIi3a i MAIlIHHHOTO
0OydeHHUs1 Ha TEKCTe HaM B MIEPBYIO ouepelb HeOOXOIMMbI 3HAHUS B ITPEAMETHOIT
00J1acTH U KOPITYC TEKCTa, XapaKTEePHBIN J17ist 9T0il obactu. Harpumep, ecaiv Bbl
paboraere B (huHAHCOBOH cepe, Ballle MPUIOKEHUE OJKHO PAacIio3HABaTh Op-
JKeBBIe COKpallleHus, (PMHAHCOBBIE TEPMUHBI M HA3BAHUS KOMIAHUN. A 9TO 3HAYUT,
YTO TOKYMEHTHI B CO3/ITaBAEMOM BaMU KOPITyCe 0JLKHBI CO/IEPIKATh 9T CYTITHOCTH.
Wuaue roBopst, pa3paboTKa MPUIIOKEHUS JAHHBIX Ha OCHOBE aHAJIN3a €CTECTBEHHOTO
S3bIKAa HAUMHAETCS C TIOJTYYEHWS TEKCTOBBIX IAHHBIX ITOIXOAIIIET0 THTIA ¥ CO3/IaHNS
KOPIIyCa, COEPIKAIIET0 CTPYKTYPHbIE U KOHTEKCTHbBIE MPU3HAKH TIPEIMETHON 00-
JIACTH, B KOTOPOH BbI paboTaete.



Co3paHue co6CTBEHHOIro
Kopnyca

[maBHOIT 3aga4eii 0600 MPUIOKEHHS MAIMHHOTO OOYYEHUsT ABJISIETCST OTpPe/ie-
JIECHUE TOI'O, UTO CHUTATD ITOJIE3HbIM CHUTHAJIOM 1N KaK BbIJICJIUTDH €ro U3 I/IH(I)OpMa-
1uoHHOTrOo nrymMa. C aTOH 11eJIbI0 BBITTOIHAETCS AHAIU3 NPUSHAKOS, B XO]Ie KOTOPOTO
YCTaHABJIUBAETCS, KaKKe TTPU3HAKHU, CBOMCTBA WJIN PAa3MEPHOCTH B TEKCTE JIy4dllle
BCETO MePEeIaioT ero CMbICT U 6a30BYI0 CTPYKTYPY. B mpebiayieii riiaBe Mbl YBU-
JIEJIN, 9TO, HECMOTPSI HA CJIOKHOCTH ¥ THOKOCTH €CTECTBEHHOTO SI3bIKA, €70 MOKHO
MOJICTTPOBATD, M3BJEKAA CTPYKTYPHBIC M KOHTEKCTHBIE TPU3HAKH.

B nocsieyromnux riaBax 0CHOBHOE BHUMaHUE OY/IET YAETSIThCST «BbIIETEHHIO TPH-
3HAKOB» U «Pa3pabOTKe CUCTEMbI 3HAHMIT» — TJIe MbI 3aliMeMcsl ueHTu(UKaLeil
YHUKQJIbHBIX CJIOBAPHBIX CJIOB, HAOOPOB CHHOHMMOB, B3aMMOCBSI3€H MEKIY CYIIl-
HOCTSIMM ¥ CEMaHTUYECKUX KOHTEeKCTOB. Ha mpoTsikeHuu Beeil KHUTKM Bbl Oyzere
BUJIETD, YTO IpecTaBieHne 6Ga30BOM JUHIBUCTUYECKOM CTPYKTYPhl BO MHOTOM
ompeessger ycrex Haieil pabotsl. OnpeeneHue mpeacTaBieHns TpeOyeT oT Hac
OTIPENENUTD eIMHUIIbI SI3bIKA — 3JIEMEHTBI, KOTOPbIe MOKHO ITOCUUTATh, U3BMEPHUTh,
MIPOAHATU3NPOBATH UJIN U3YUUTh.

AHanu3 TekcTa B HEKOTOPOIl cTerneHn — 3To pasbueHue 60X (hparMeHTOB
TEKCTa Ha COCTABJISAIONINE MX KOMIIOHEHThI — YHUKaJIbHBIE CJIOBA, 0OIIMe (Hpass,
CHHTaKCHYeCKKe MabJOHbl — C TTOCJAEAYIONMM TPUMEHEHUEM K HUM CTaTHCTHYe-
CKUX MEXaHW3MOB. V3yyas aTh KOMIIOHEHTDI, MOKHO CO3/IaBaTh MOJIEJN S3BIKA,
MO3BOJISTIONINE CHAOKATD TIPIJIOKEHSI BOBMOKHOCTSIMU TTPOTHO3UpOoBaHust. OueHb
CKOPO MBI YBUJIUM, UTO CYIIECTBYET MHOKECTBO YPOBHEI, HA KOTOPHIX MBI MOKEM
[PUMEHHUTH CBOIT aHAJIN3, U BCE OHM CBSI3aHbI C OJIHUM HEHTPAJIbHBIM HaGOPOM TeK-
CTOBBIX JIAHHBIX: KOPNYCOM.
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YT0 Takoe kopnyc?

Kopryc — aTo KosieK1sa B3auMOCBA3aHHBIX JOKYMEHTOB (TEKCTOB) Ha €CTECTBEH-
HOM si3bIKe. Kopiiyc MozkeT ObITh GOJBIINM WM MaJE€HBKUM, HO OOBIYHO COCTOUT
U3 JICCATKOB ¥ ke COTEH TUTabaiT JaHHbIX B ThICAYAX JOKyMmeHnToB. Hampuwmep,
YUUTHIBAsA CPEAHUN 0OBEM MOYTOBOTO simuka B 2 [6aiiT (s cripaBKu, MoJHAs
BepCHUst KOPITyca MePenucKku KoMimanuu Enron, Kotopomy ceitdac npumepHo 15 jer,
BKJIIOYaeT 1 MUJIIMOH 9/IeKTPOHHBIX IuceM 118 mosib3oBatesieil 1 umeeT pasmep’
160 I'6aiiT), KoMmaHust HeHGOJIBIIOTO pazmMepa, HacuruThiBatomas 200 COTPYIHUKOB,
crocobHa CreHepUPOBATh KOPITYC TIEPEIICKU pasMepoM B Tiosrtepabaiita. Koprycor
MOTYT OBITh AHHOMUPOBAHHBIMIL, TO €CTh TEKCT UK JOKYMEHTHI MOTYT OBITh CHA0-
JKEHBI CIIEI[MATbHBIMI METKAMU JIJIst aJITOPUTMOB 0OYU€eHMsI ¢ yuuTeseM (Harpumep,
1151 OUITBTPOB CIIaMa), WU HEAHHOMUPOBAHHBIMU, UTO JIEJIAeT UX KaHM/1aTaMu Ha
TeMaTUYeCKOe MOJIEJIUPOBAHNE U KJIACTEPU3AIUIO JOKYMEHTOB (HAIIpUMeEp, JJIst
U3y4YeHUsI UBMEHEHUIT B TeMaX, CKPBITHIX B COOOIIEHMSIX, C TEYEHHEM BPEMEHH ).

Kopryc MoKHO pa3buTh Ha KATErOPUK JOKYMEHTOB WJIM Ha OTAEIbHBIE JOKYMEHTHI.
JIOKyMEHTBI B KOPITyCe MOTYT PasjiyaThCsl pa3MepaMiu, OT OTAETbHBIX COOOIIIEH T
B «TBUTTEpE» N0 11eJIBIX KHUT, HO BCE OHU COMEP:KAT TEKCT (a MHOT/IAa MeTaaHHbIE)
U [IPEICTABISIOT HAOOP CBSI3aHHBIX TeM. [JOKYMEHTBI, B CBOIO OYepe/lb, MOKHO Pas-
6UTH Ha ab3a1lbl — CMbLCL06bLe edunuubl peun (units of discourse), KoTopbie 0OBIYHO
BBIPAKAIOT OHY M/ei0. AG3allbl TaKKe MOKHO PasOUTh Ha NIPEAJIOKEHUS — CUHMAK-
cuiecKue eMHNIIBI; 3aKOHUYEHHOE ITPEJIJIOJKEeHNE CTPYKTYPHO 3BYYUT KaK KOHKPETHOE
BbIpaskeHue. [IpeoskeHns: COCTOAT M3 CJIOB M 3HAKOB IPENTUHAHUST — JEKCUUECKUX
eIUHUL], KOTOPBIE OIIPEAEIAIOT OOUUI CMBICJI, HO TOPa3zfo HGoJiee MOJIE3HbIX B COYe-
tanusax. Hakowerr, caMmu ¢j1oBa cOCTOSIT U3 CJIOTOB, (hoHeM, ahbUKCOB 1 CUMBOJIOB,
TO €CTh eAWHUI], UMEIONTNX CMBIC, TOJTBKO KOT/Ia OHI 0ObEeJUHEHBI B CJIOBA.

NMpeaMeTHbIE KOPNYCbI

Ouenb 4yacTo TECTUPOBAHUE MOJIETN €CTECTBEHHOTO SI3bIKAa HAUMHAIOT C UCITOJIb30Ba-
HIeM 06001IIeHHOTO Kopiryca. Hamprumep, ecTb MHOTO TIPUMEPOB U HAyYHbIX CTaTel,
B KOTOPBIX UCIIOJIb3YIOTCS TOTOBbIE HAOOPHI JaHHBIX, TaKHe Kak Kopryc Brown,
Kopiyc 13 « Bukumneauu» wim kopiyc Cornell quanoros us durbmos. OHako Haw-
GoJiee yauHble MOJIEJH SI3bIKA YACTO SBJSIIOTCS Y3KOCIIEITUATN3UPOBAHHBIMU [[JIsT
KOHKPETHOTO ITPUMEHEHHUSI.

[Touemy Momeu si3biKa, 0OyYEHHBIE Ha OTPAaHMYEHHON TPEAMETHON 00IacTH,
9aCcTO MEHUCTBYIOT JIydllle, 4eM TaKue JKe MOJEeNN, HO 00ydeHHbIe Ha 0000IeHHOM

! Federal Energy Regulatory Committee, FERC Enron Dataset. http://bit.ly/21JTOIv
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Kopiyce? B pasHbIX peIMETHBIX 00JIaCTSIX UCIIOJIb3YETCsT PA3HBIN SI3BIK (CIIOBAPh,
COKpaIIeHusd, THTUIHbIe (DPa3bl U T. 1I.), TOITOMY KOPITYC, CTIeITHaTU3NPOBAHHBIN
JUIST KOHKPETHOI 00J1aCTH, aHATTM3UPYETCST U MOJIETTMPYETCST TOUHEE, YeM KOPITYC
C IOKYMEHTaMH U3 Pa3HbIX 00JacTei.

BosbMmem st ipumepa TepmuH <bank» (6ank). B o6sactu 9KOHOMUKY, (hIHAHCOB
WK TIOJINTUKU 3TUM TEPMUHOM 0003HAYaeTCsl OPraHu3aInst, IPOU3BoAsas (-
CKaJIbHbI€ U MOHETapPHbIe MHCTPYMEHTBI, TOT/Ia KaK B aBUAIMU U JOPOKHOM JIBH-
sxkeHnn TepMuH «bank» (kpeH) o6o3Havaer (hopMy JABUIKEHUSI, KOTOPast U3MEHSIET
HaIpaBJIeHKEe BO3/IYIITHOTO Cy/IHA U TPAHCIIOPTHOTO cpejcTBa. Biarogaps o6yue-
HIIO Ha GoJiee Y3KOM KOHTEKCTE, IPOCTPAHCTBO MPEACKa3aHUN MOIEIN CTAHOBUTCS
GoJ1ee Y3KUM U CIIENUATN3MPOBAHHBIM, 2 3HAYKT, TAKas MOJIEJIb JIydllle CIIPaBJIseTCs
¢ THOKOCTBIO SI3bIKA.

Hasmmuue mpeiMeTHOTO KOpITyca MMeeT OOJIbIN0e 3HAUYEHME /LISt CO3IaHuUsT YIaaHOTO
MPUJIOKEHUST JAHHBIX HA OCHOBE aHAJIM3a €CTECTBEHHOTO sI3bIKa. EcTecTBeHHO, BO3-
HIKAET CJIEYIONIIIT BOMPOC: KaK MOJYYUTh HAOODP MAHHBIX [IJIsT CO3[AHUST MOJIEJIH
s3bika? HesaBucumo ot criocoba c6opa TaHHBIX — METOIOM CKpATNUHTa, H3BJIe-
yenneM n3 RSS nnm nmocpenctBom HerkoToporo APl — xoHCcTpympoBanue Kopiryca
C UCXOIHBIM TEKCTOM B (hopMe, TIPUTOIHON [IJIsT CO3/IaHUs TTPUJIOKEHUS JAHHBIX,
SIBJIIETCS HETPUBUAJILHOM 3a/1aUeid.

YacTo CrennagicTsl 10 aHan3y 1 00paboTKe TAaHHBIX HAYNHAIOT C CO3/IAHNUS €/li-
HOTO CTaTH4YeCKOro Habopa IOKYMEHTOB 1 3aTeM IIPUMEHSIIOT OIpe/ieJIeHHbIe BU/IbI
aHasm3a. OIHAKO He3aBUCHMO OT IIPOIe/lyPhl aHAJIN3a U IIPUEMOB [T0JIyYeHHs JIaH-
HBIX MOJIEJTb B 9TOM CJIy4ae MOJTyYUTCS] CTATUYHOM, He CIIOCOOHOI pearnpoBaTh Ha
HOBYIO OOPATHYIO CBSI3b 1 He OTPAKAIONIEN AMHAMUYECKYIO TPUPO/LY SI3BIKA.

OcHOBHOE BHUMaHUE B TOW TJIaBe Y/IeJasieTcst He TPUOOPETEHNIO TaHHbIX, a UX
CTPYKTYPUPOBAHUIO U YIIPABJIEHUIO CIIOCOOAMHU, TIOAIEPKUBAIOIIINMU MAITHHHOE
obyuenue. TeM He MeHee B CJIEIYIONIEM Pasjiesie Mbl ITO3HAKOMIMCST ¢ PeiMBOPKOM
Baleen ist mocTpoenust MexaHI3MOB cO0pa IaHHbIX, KOTOPBIH, B 4aCTHOCTH, XOPOIIIO
TIOIXOTAT JIJISI CO3/IAHNS TIPEIMETHO-OPUEHTUPOBAHHBIX KOPITYCOB /71 TIPUKJIATHOTO
aHaJTM3a TEKCTa.

ABmxok céopa aaHHbIX Baleen

Baleen! — UHCTPYMEHT C OTKPBITbIM UCXOJAHBIM KOJAOM [JIAA CO3JaHNA CBOUX KOP-
ITyCOB. W3Bnekaer JaHHbIC Ha €CTECTBEHHOM A3bIKE U3 TEKCTOB, HAIIMCAHHbBIX IIPO-

U District Data Labs, Baleen: asmomamuueckas cayacoa ons 610208, nomo2aiouyas co30asams Kop-
nycoL 051 uccaedosanuil 6 obaacmu anaiusa ecmecmeeniozo ssvika (2014), http://bit.ly/2GOFaxI
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(heccroHATIBHBIMU TIHCATEISIMU ¥ JIIOOUTEISIME, HaripuMep OJiorepaMu 1 nHbopma-
IIMOHHBIMU aTeHTCTBAMU, B KJIACCU(DUITUPOBAHHOM BU/IE.

Wcnonbayst OPM L-daiiib ¢ ontucanuem RSS-kanamos (pacrpocTpaneHHblil popMaT
9KCIIOpTA JIJIsI TPOTPaMM YTeHusi HoBocTeii ), Baleen 3arpyskaer Bce coobienust us
ATUX KaHAJIOB, COXpaHsieT uX B Oase maHHbix MongoD B, 3aTeM aKCIIOpTUPYET KOPITyC
TEKCTa, KOTOPLIH MOYKHO MCTIOh30BATD /711 aHamn3a. Ha mepBoril B3rrsam kaskeTcs,
YTO BCE ITO JIETKO PeaTN30BaTh B BUJE OAHON (DYHKIIUN, HO B JIeHCTBUTETBHOCTU
peanmsaiust cOopa JaHHBIX MOKET ObITh OUEHb CJIOKHOU 3aja4eil, TTOTOMY 4TO
nporpammubie uaTepdeiicer (API) u kanansr RSS yacto usmensiorcs. Tpebyercst
MHOTOE Y4€eCTb U IIPOLyMaTh, 4TOOBI CO3/IaTh TPUJIOKEHNE, KOTOPOE He TOJIBKO 00e-
ClIeYynBaeT Ha/IESKHbII M aBTOHOMHBII cOOP JIaHHBIX, HO U TapaHTUPYeT Oe30MacHOCTb
VIIpaBJIE€HUS TAHHBIMI.

CJIOKHOCTB TIPOIEYPHI TIOJyUYeHUST TeKCTa Yepe3 KaHaubl RSS Harmsano nio-
crpupyet puc. 2.1. Boi6op kaHaI0B, OTKYy/1a JOJKHBI U3BJIEKAThCsI TaHHbIE, U KaK
UX cJenyeT KiaaccuuiupoBath, onpenesnsdet dhaiin OPML, xpangammuiica Ha TuCKe.

}v KoHdpurypauusa f YTunutbl 1= C60p AaHHbIX
+ logging + limaz + leeds(
I database + started()
+fiags + finished()
+ process()
+ ingestl)
baleen & KypHanup
E’ -\ CuHXpOHU3auus 0 Obpabotka
| ingest_feeds() + logger N neHt Ccoo6LeHA
+ ingest_opmi) + mangalog + parse( + wranglel)
+ summary() + eyney) & teteng
! runil + entries()
+ exporn()

YreHune n
uHTepnpeTauunsi OPML|

+ categories() f CooblyeHme o connect()
+ counts()
+  er_ 0 + lille S —
+__len__{) . i
wurl — —
+ content
+ hiash()
+ htmlize)
=—— —
4 JlenTa
~—  MongoDB __—
N + title — ——
l-_ WHcTpymenT + link
= 3Kcnopra | + active
+ export() T
' readme()

&S Corpus

Puc. 2.1. ApxuTekTypa ABmxKa Baleen cbopa aaHHbIX 13 kaHanos RSS



46 naea 2. Co3gaHne co6CTBEHHOro Kopryca

Jltst mopkoyenust K xpauuaniny MongoDB u 3anucu B Hero cooOUeHMiA, T€HT
HOBOCTEN U ApyToil nHpopManuu TpedyeTcst MeXaHu3M 00bEKTHO-JOKYMEHTHOTO
orobpaxkenus (Object Document Mapping, ODM), Takxke He0OOXOUMBI HHCTPY-
MEHTBI IJIs1 OIIpeIesIeHns OJHOTO 3aaHus cOopa JaHHBIX, KOTOPOe CUHXPOHM-
3UpYyeT BCe KaHaJbl U 3aTeM U3BJIeKaeT u o6pabaThiBaeT OTAeJIbHbIE COOOMIEHUS
U CTaThHU.

Vcmonb3yst aTu Mexanusmbl, Baleen mpeocTaBIisier yTUIMTBI 7SI 3ayCKa 3a/IaHi
cbopa JaHHBIX Ha PeryJsipHOii OCHOBe (HATIPUMED, €KeYacHo), MpaBja, [JIs MO/ -
KJIIOUeHnst K 6a3e MaHHBIX ¥ HACTPOWKM YaCTOTHI 3aIlyCKa TPeOYeTCst ONpeIeTiTh
HEKOTOPbIe KOH(DHUTYpaIMOHHbIE TapaMeTpbl. [TOCKOIbKY cOOp TaHHBIX — JJIUTE b=
HbII 1IpoLece, Baleen Tak:xe mpegocraB/isieT KOHCOJIb AJI HACTPOMKY PACIIUCAHMS,
JKYPHAJIMPOBAHUS U IPOBepKU ommbok. Hakowerr, nHcTpyMenT sxcropra B Baleen
[03BOJISIET BHIBECTHU KOPITYC B 6a3y JaHHbIX.

Tekylwas peanv3aumns aBuxka Baleen cobupaeT gaHHble U3 kaHanos RSS 12 ka-
TEropui, BKtoUasi CropT, Urpbl, MOAUTUKY, KyIMHApWiO MU HOBOCTW. COOTBETCTBEH-
Ho, Baleen npoun3BoanT He 0aMH, @ 12 MpeaMeTHbIX KOprycoB, 06pa3Libl KOTOPbIX
[OCTYMHbI B peno3utopumn KHUrn Ha GitHub: https://github.com/foxbook/atap/.

HesaBucumo ot Toro, ObLIM Jii U3BJI€YEHbBI JOKYMEHTHI B IIporiecce cOopa JaHHbIX
WJIM OHU SIBJISIIOTCS Y4acThio (PUMKCUPOBAHHON KOJLJIEKIMH, HEOOXOAUMO MOAYMATh,
KaK yIPaBJIATh JaHHBIMU U [TOArOTaBANBATE MX [JIs aHAIN3A U 0OYyUEHUsT MOIEIN.
B criemyromem paszesie Mbl 00CYIMM, KaK CJIEAUTD 32 KOPILYCAMU 110 Mepe TPOI0JI-
JKatorerocst cbopa TaHHbIX, U3MEHEHUS JAHHBIX U YBEJMYEHUsT UX 00beMa.

YnpaBJieHue KoOpnycoM AaHHbIX

[TepBoe pomyiieHe, KOTOPOE MbI IOJIKHBI CIEIaTh, — KOPITYChI, KOTOPBIE MbI Oy/1eM
HCII0JIb30BATh, UMEIOT HETPUBUAJIbHBIE PA3MEPbI, TO €CTh OHU OYLYT COAEPKATD ThI-
CSIUU M IECSTKU THICSY JOKYMEHTOB, 3aHUMAIOIIUX rUrabaiiThl mpocTpatcTBa. Bropoe
JIOTIyIIeHe — A3bIKOBbIE JaHHbIE, TOCTYHAIINE U3 KCTOYHUKA, HEOOXOAUMO OUH-
aTh ¥ MPeoOPa30BbIBATH B CTPYKTYPHI IAHHBIX, IPUTO/IHBIE /Ui aHam3a. [lepBoe
JomyIeHre TpedyeT UCI0Ib30BaHUsT MACIITabUPyeMbIX TEXHOJIOTHIA (KOTOpbIe boJiee
nopobHO pacecMaTpuBaioTes B Taase 11), a BTopoe IpenoiaraeT BbIIIOJIHEHNE He-
0OpaTUMBIX TIPeobpasoBaHmil JaHHbBIX (Kak OyeT OKa3aHo B rJase 3).

[IpusoskeHust JaHHBIX YACTO MCIIOJb3YIOT apXUBHbIE XPAHUJIUIIA BUJIA «3AMTHCAJ
OIVH pa3, mpounTas MHOTO pasz» (Write-Once Read-Many, WORM) B kauecTBe
POMEKYTOYHOTO YPOBHSI YIIPABJICHUS JaHHBIMU MEXKAYy MexaHuaMaMu cHopa
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U [pe/BapuTeNbHOI 00pabOTKM JaHHBIX, KaK MOKa3aHo Ha puc. 2.2. ApXUBHbIe
xpaanuia WORM (uHOTIa X Ha3BIBAIOT «03€PAMU TAHHBIX» ) TTOIIEPKUBAIOT TTO-
TOKOBBIIT JIOCTYII IS YT€HUST NCXOAHBIX JJAaHHBIX TOBTOPSIEMbBIM U MACIITAOUPYEMBIM
c110co00M, CTPEMSICh YAOBIETBOPUTH TPpeOOBaHKe BbICOKOI IPON3BOIUTETHHOCTH.
Kpowme Toro, coxpansig narusie B xpanuiauiite WORM, MOXHO TTOBTOPHO BBITIOTTHUTD
IpeBapUTENBHYIO 06pabOTKY 6€3 TTOBTOPHOTO U3BJIEYEHNUsT JTAHHBIX HCTOYHUKOB,
YTO MO3BOJISIET JIETKO MTPOBEPSITH HOBBIE TMITOTE3bI B OTHOIIEHUU MCXOHbBIX, HEOO-
pabOTaHHBIX JAHHDIX.

MoTokoBoe MNpepBaputenbHas
uTeHue Kopnyca obpaboTka

A 4

Xpanunne WORM =
(60p AaHHbIX Pa3meueHHbIl
e (ncxoaHble faHHble 0
HTML/JSON/CSV) )

Puc. 2.2. XpaHunuwe WORM noanep>xuBaeT 3Tan NpoMexyTo4Hol 06paboTku

Iobasnenne xpanuanita WORM B npoiecc cbopa JaHHBIX 03HAYAET, YTO JaHHbIE
JIOJKHBL XPAaHUTBCS B JIBYX 9K3EMILISIpaX: B BUJE KOPITyca HCXOIHBIX, He0Opabo-
TaHHBIX JIAHHBIX U B BUJIE KOPITyca TPeABapUTEIbHO 00pabOTaHHBIX JaHHBIX —
4TO BJIEYET PE3OHHBIN BOIPOC: TI€ AOJKHBI XPAHUThCS AatHbie? PasMmbliiiss 00
yIpaBJIeHUN JaHHBIMU, Mbl OOBIYHO B MEPBYIO OYepe/b AyMaeM O 6azax JaHHbIX.
Basbl JaHHbIX, 63y CIOBHO, IIEHHBII HHCTPYMEHT B CO3aHIH ITPIIOKEH I JAaHHDIX,
OCHOBAHHBIX Ha aHAJIU3€ €CTECTBEHHOTO SI3bIKA, 1 MHOTHE M3 HUX TOJJAEPKUBAIOT
HOJTHOTEKCTOBBII MOUCK U APyTHE BUBI MHAeKcupoBaHus. Ho 6obimnHcTBO 6a3
IAHHBIX CO3AIOTCS /I M3BJICYECHN NI OOHOBICHUSA JIUIIb HECKOJIBKNAX 3aITnuceil
B paMKaX OJHOH Tpausakiuu. [Ipu paboTe ¢ KOpIrycaMu TeKCTa, HAIIPOTUB, TIPOU3-
BOJUTCS YTEHKEe JOKYMEHTOB IIEJIMKOM, IIPU 9TOM He TpeOyeTcs UBMEHATh, NCKATh
WM KaK-TO MHaYe BbIOMPATh OT/e/NbHbIe JOKYMeHThl. Kak pesyJbrar, InupoKie
BO3MOKHOCTH 623 JaHHBIX JIOKATCS TSKKIM OpeMeHeM Ha BhIYKCICHUs, He IaBast
HUKaKUX BBITO/.

CucTeMbl ynpaBfieHns pensivoHHbIMU 6a3aMM AaHHbIX NPEKPACcHO NOAXOAAT A/
OAHOBPEMEHHOIO BbIMOJIHEHMS Onepauuii ¢ HeGOMbLUMMI KOMEKLMSIMU 3an1Cei,
0COB6EHHO KOrfa MPOMCXOAWT YacTOe M3MEHEHME 3anuceil. TEKCTOBbIE KOPMYChi
B MalUMHHOM OBYYEHWMN UMEIOT COBEPLUEHHO WHOW BbIYMC/IUTENbHBIN NPOdUIb:
OHW MHOMOKPaTHO YNTAIOTCS LIENMKOM. Kak pesynbTaT, 4acTo npeanoyTuTesbHee
XPaHWUTb KOPMyChl Ha AUCKe (UK B JOKYMEHTOOPUEHTUPOBAHHOMN 6a3e AaHHbIX).
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IIJIH yHpaBJ/I€HUA TEKCTOBbIMU JITaHHBIMUW YaCTO JIYYIII€ BCETO UCITOJIb30BaTh IOKYMEH-
TOOpPHEHTUPOBaHHbIe Gasbl JaHHBIX NOSQL, moiepsKuBaoIiie moTOKOBOE YTeHUE
AJOKYMEHTOB C MUHUMAJbHBIMU HAKJIAQ/[HBIMU PACXOaMU, NJIN ITPOCTO 3aIlINCbhbIBATDh
KaSK/IBIH TOKyMeHT Ha ancK. baszsr anaeix NoSQL MoryT mpurognThes B KPYITHBIX
MPUJIOKEHUSIX, HO TIOIXO/ Ha OCHOBE OOBIYHBIX (hailIOB UMEET CBOU TpENMYyTIie-
CTBA: TIPUEMBI C3KATUS KaTaJOTOB OTJIUYHO ITOAXOISAT It TEKCTOBOI MH(pOpMaIuy,
a pUMeHeHne CIy:KObl CHHXPOHU3AIMK (hailsioB 00eCIIeYrT aBTOMAaTHYECKYIO pe-
minkanmio. Konerpynuposatiue kopiyca B 6a3e JTaHHBIX BBIXOIUT JATEKO 32 PAMKH
9TOM KHUTH, TEM HE MeHee MBI PACCMOTPHM co3/ianue Kopiyca B Sqlite masee B a10it
rjlaBe. Y4UTbIBas BblllIeCKa3aHHOE, Mbl OPTaHNU3YyEeM XpaHeHHe HalllX JaHHbIX Ha
JIUCKE TaKUM CII0cO60M, 4TOObI 06eCIeYnTh BOZMOKHOCTD CHCTEMATHYECKOTO J10-
CTYTIa K KOPITYCY.

CTpyKTypa Kopnyca Ha guckKe

Camblii TPOCTO#i ¥ pacIipOCTPpaHEeHHbIH CII0CO6 OpraHU3aInu TEKCTOBOTO KOPITyca
[T YIIPaBJIEHUS UM — XpaHeHWe JOKYMEHTOB B (hallloBOH cucTeMe Ha MUCKE.
Opranusyst pa3melienre JOKYMEHTOB B KOPITyce TI0 TI0KaTaioraM, MOKHO o6e-
CIIEYNUTD UX KJACCUPUKAINIO U COoEepRATeJbHOE pasfiesieHne Mo NMeIeics
MeTanH(GOPMAIINH, TaKOH Kak AaThl. byarogapst XxpaHeHUI0 KaK/I0TO JOKyMeEHTa
B OT/IeJIbHOM (haiisie, HCTPYMEHTBI YTEHHUsI KOPIyca MOTYT ObICTPO OTBICKMBATD
pasHbIe TMOJAMHOKECTBA JOKYMEHTOB, 00paboTKa KOTOPBIX MOKET OCYIIECTBIISATHCS
MapasaesbHo, KOT/a KasK/IbIH ITPOIeCC ToaydaeT CBOe, OTANYHOE OT JIPYTUX TIOJI-
MHOKECTBO TOKYMEHTOB.

O6bekTbl CorpusReader n3 6ubnmotekn NLTK, o KOTOpbIX pacckasbiBaeTcs B Cie-
AyloLeM pasgene, MoryT UnTaTb AOKYMEHTbl U3 KaTanora uam 13 zip-apxusa.

Tekcer Takske gBJsieTcss Hanbosree cxkrMaeMbiM (hOPMATOM, UTO JesIaeT zip-ailsib co
CTPYKTYPOIT KaTaJOTOB Ha INCKE UAeATbHBIM (DOPMATOM JIJIs TIEPeadn U XpaHEHU s
naHHbIX. HakoHeIl, KOpITyChl, XpaHsIIuecs Ha AUCKe, 00BIYHO CTATUYHBI 1 00pabaThl-
BAlOTCSI KaK eIMHOE T1eJI0€e, 4TO cooTBeTCTBYeT TpeboBanusiM K WORM-xpaHuiuiiam,
MEePEYNCICHHBIM B TIPEIBIIYIIEM paszieie.

Opnnako XpaHeHue JIOKYMEHTOB B OT/IEJIbHBIX (pafijiax MOKET IIPUBOIUTH K MPO-
6siemam. HeboubIne TOKYMEHTDI, TaK¥e KaK 3JIeKTPOHHbIE TTHChbMa MU cO00TIe-
HUs U3 « [BUTTEpay, He UMeeT CMBICJIa XPAHUTD B OTAeIbHBIX (haiinax. Kpowme Toro,
9JIEKTPOHHbIE MHChMa OOBIYHO XpaHsITCst B hopmaTe MBOX — 0OBIYHOM TEKCTOBOM
dhopMmaTe ¢ pa3aesuTeIAMU, Pa3AesIONMMI PasHble COCTaBHbBIE YACTH COO0IIe-
HUii, cogepxamiue npoctoil Teket, HTML, uzobpaxkenus u Baoxkerus. OObIYHO
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TaKue JOKYMEHTbI MOJKHO OPIraHM30BaTh I10 KATETOPUSIM, UMEIOTIIUMCS B TOUYTOBOT
caryk0e (BXopsiiue, TOMeYeHHbIe, apXUBHbBIE U T. /1.). TBUTHI, KaK TIPABUJIO, — ITO
HeOOoJIbIINe CTPYKTYPhI JaHHBIX B hopmare JSON, BKIoyaionme B ceds He TOJIb-
KO TEKCT TBUTA, HO M [PyTUE METaJaHHble, TAKNE KaK UMS U MECTOTIOJOXKEHIE
nosb3oBaTesis. OOBIYHO /IS XPaHEHUsI CPa3y HECKOJbKUX TBUTOB MCIOJIb3YETCsI
opmar JSON c cumBosIaMK TIEPEBO/IA CTPOKU B KAUECTBE PAa3/I€UTEN ST, KOTOPBIi
nHOT/a Ha3biBaIOT (popmaToM cTpok JSON. ITOT hopmaT mo3BOISAET JIETKO YUTATH
TBUTDI I10 OJTHOMY ¥ BBITIOJIHSITh TAPCUHT TIOCTPOYHO, & TAKKE OTBICKUBAThH Pa3HbIE
TBUTH B (paiine. Ecau Bce TBUTHI XpaHUTH B OHOM (hafisie, paaMep Takoro daiiia
MOJKET MOJYIUTHCS OU4eHb GOJIBIITNM, TOITOMY YaCTO TIPUMEHSIETCST OPTaHM3aIHsT
TBUTOB B (hafijibl 10 MMEHAM TOJIb30BaTEsEH, MECTOIOIOKEHUTO WUJIN /IaTe, YTO
MO3BOJISIET YMEHBITUTD Pa3MePbl OT/EJNbHBIX (PAiIOB U CO3/IaTh OCMBICJIEHHYTO
CTPYKTYPY KaTaJOTOB.

Taxske my1s1 coXpaHeHUs JaHHBIX ¢ HEKOTOPOU JIOTUUECKOHN CTPYKTYPOI HEPETKO
HCITOJIb3YEeTCs IPUEM OrpaHryenust pa3MepoB daiiyoB. Hampumep, 3armch JaHHbIX
B (haiist (C yueToM rpaHuIl MEK/LY IOKYMEHTAMU ) IIPOU3BOIUTCS /10 IOCTUKEHUS He-
KoToporo npesesa (Hanpumep, 128 Mbaiir), ociie 4ero OTKPbIBAETCsT HOBbIIT (haii
U 3aITACH TTPOIOJIKAETCS B HETO.

Kopnyc Ha aucke HensbexxHo ByaeT CoCTosIThb M3 6OSbLLOro KonnyecTsa haiinos,
npeacTaBnsoWMX CO60M OANH UM HECKOSIbKO AOKYMEHTOB, MHOTAA Pa3buTbiX Ha
roakaTasnior, COOTBETCTBYHOLLUME JIOMMYECKUM eAMHULAM, TaKUM KaK KaTeropuu.
MeTaunHdopMaumsi 0 Kopryce U AOKYMEHTaX TakXKe A0/MKHA XPaHUTBCS Ha ANCKeE,
psiAoMm ¢ gokyMeHTamu. COOTBETCTBEHHO, CTPYKTypa XpaHeH!s Kopryca Ha Ancke
l-I[:)e3BbI‘-Ial‘/lIH0 BaXHa A1 OpraHnU30BaHHOIo 4YTeHUda AaHHbIX nNporpamMmMmaMum
Ha Python.

Hesasucumo ot criocoba XpaHeHUsT JOKYMEHTOB — TI0 HECKOJIbKY B OZIHOM (haiise
WJIN TI0 OJTHOMY B OT/eJIbHBIX (haiinax — Kopiyc OyeT COCTaBIATh MHOKECTBO
(baiiioB, KOTOPbIE TOKE HEOOXOAMMO Oprann3oBarh. Eciu c6op gaHHbBIX /11 KOP-
Iyca IMPOUCXOJNT B TeUEHUE IJINTENbHOTO BPEMEHU, UMEET CMbICJI OPraHM30BaTh
KaTaJIOTH IO TOMY, Mecsily U AHI0. Ecau 1oKyMeHTh KaacCu@uIimpyoTcs Mo Ha-
CTPOEHUIO, TOSUTUBHOMY MJIN HETATUBHOMY, JJOKYMEHTbBI Ka’K/[0TO THUIla MOKHO
CTPYIIMPOBATH B MOAKATAJIOTH 110 KaTeropusiM. Eciii B cucrteme ecTh HECKOJIbKO
10JIb30BaTe e, FeHEPUPYIONINX CBOU KOPITYChI 0JIb30BATETbCKUX TEKCTOB, TAKUX
Kak 0030pBI WJIM TBUTBI, TOT/[A JJIsl KAsKIA0TO TT0JIb30BaTEIsl MOKHO CO3/IaTh CBOIi
nozakaTasor. Bee mogkaTasoru J0JKHbI XPaHUTHCS BMECTE B OJIHOM KOPHEBOM
KaTasiore Kopiyca. BakHO OTMETUTb, 4TO TaKye MeTaJaHHble KOpIyca, KaK Ju-
IIEH3UOHHOE coTJanienne, Mmanudect, ¢gaitn README ujin CIIUCOK CCHLIOK, TAKKe
JOJIKHBL XPAHUTBCS PSIZIOM € IOKYMEHTaMK, YTOObI KOPITyC MOKHO ObLI0 06paba-
TBIBATh KaK e[IHOE TIeJI0E.
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CTpyKTypa KaTasoroB Ha aucke ans Baleen

Boi6op opranusaryu (haiiioB Ha AMCKe OKa3biBaeT O0JIbIIOE BAUSHIE Ha YTEHHE 10-
KYMEHTOB 00beKTaMu CorpusReader, ¢ KOTOPBIMU MBI TO3HAKOMUMCSI B CJICLYIOLIEM
paszeie. Bot kak Brskok cOopa manubix Baleen sanucbiBaer kopityc HTML Ha fuck:

corpus

— citation.bib

feeds.json

LICENSE.md

manifest.json

README . md

books

— 56d629e7c¢1808113ffb87eaf.html
— 56d629e7c1808113ffb87eb3.html
— 56d629ebc1808113ffb87edd.html
business

— 56d625d5c¢1808113ffb87730.html
— 56d625d6c1808113ffb87736.html
— 56d625ddc1808113ffb87752.html
cinema

— 56d629b5c1808113ffb87d8f.html
— 56d629b5c1808113ffb87d93.html
— 56d629b6c1808113ffb87d9a.html
L— cooking

— 56d62af2c1808113ffb880ec.html
— 56d62af2c1808113ffb880ee.html
— 56d62af2c1808113ffb880fa.html

L
|
|
|
L
|
|
|
L
|
|
|

OTMeTHM HECKOTBKO BaKHBIX MOMEHTOB. BO-TTepBBIX, BCE TOKYMEHTBI XPAaHATCA KakK
HTML-daiib ¢ ux xerr-cymmamu M DS B kauecTBe nMeH (17151 IIPEIOTBPAIIEHHST [Ty -
GJIMPOBAHIST ), U KJKIBIET COXPAHSIETCST B CBOEM IOJIKATAIOTe, COOTBETCTBYIOIIEM He-
KoTOpoii kareropuu. I1o cTpyKType KaTasoros 1 uMeHaM (haiiJioB JIETKO OITPE/IEUTD,
KaKue sIBISTIOTCS IOKYMEHTaM U, a Kakue XpaHsat metanHbopmariuio. MDaii citation.
bib ¢ MmeTanHGOpMaIeil XpaHuT aTpUOYTHI KOpITyca, a (haiin LICENSE.md omipeziesisiet
YCJIOBHSI KICTIOJTb30BAHUS KOPITyCa IPYTHMH JTUTIaMu. ITH B (haiira 0ObIaHO 3ape-
3€PBUPOBAHBI JIJIs1 OOIIEOCTYITHBIX KOPITYCOB, TEM HE MEHEE MX MMOJIE3HO BKJIIOUATh
Bcer/a, 4ToObl ObLIO0 OYEBUIIHO, KAK MOKHO MOJIH30BAaThCSI KOPITYCOM — TIO TOI Ke
HPUYKHE, CITELYsT KOTOPO#l BBl J0OABJIsIETe aHATOTHYHY0 HH(MOPMAIUIO B YaCTHBIN
pernos3uTopuii ¢ mporpaMMHbiM obectiederreM. Maiisbl feeds.json n manifest.json
CIy>KaT 71T XpaHeH!s WHGOPMAITNU O KaTeTOPUIX 1 KaKJ0M KOHKPeTHOM (atiie
cootBeTcTBeHHO. Hakowertr, datin README.md — ommcanue KopIryca [T YeoBeKa.

13 sTux (haiiios citation.bib, LICENSE.md u README.md cTOSIT OCOOHSIKOM, TIOTOMY
4TO MOTYT aBTOMAaTHUYeCKU YUTAThCsI MeTodaMu citation(), license() U readme()
obbekTa CorpusReader n3 NLTK.
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CTpyKTYpUPOBAHHBIN MOAXO0/ K YIIPABJIECHUIO ¥ XPaHEHUIO KOpITyca oOecreynBa-
€T CJIefloBaHIe TeKCTOBOTO aHAJI3a TIPABUJIY BOCIPOU3BOIUMOCTH, CIIOCOOCTBYSI
YIIy4IIeHHOW NHTEPIPETAIINN U YBEPEHHOCTH B pe3ysbraTax. Kpome Toro, CTpyKTY-
pUpoBaHue KOPITyca, Kak ObIJIO TIOKA3aHO BBIIIIE, TI03BOJISIET HCIIOIb30BaTh 00bEKThI
CorpusReader, O KOTOPBIX PACCKA3bIBAETCS B CJEAYIONIEM pasJeJie.

ITHU METOJIBI JIETKO TOAAATOTCS MOAUMPUKAIIAN /11T YTeHU pa3MeTku Markdown
attmos, cenuuyecKux AJII KOPIyca, TAKUX KaK MaHUDECT:

import json

# HecTaHZapTHbI KJllacC YTeHUs kKopnyca
def manifest(self):

YuTaeT u aHanusupyeT dain manifest.json B kKopnyce, ecau umeeTcs.

return json.load(self.open("README.md"))

ITU METOIBI CHEIMAJIBHO CJIeJIaHbI IOCTYITHBIMU JIJIS TI0JIb30BaTEIbCKUX ITPOrPaMM,
4TOOBI IATh BOBMOKHOCTD XPAHUTH KOPITYCHI B CKATOM COCTOSTHUU U YMEHBIITHTh
00beM 3aHUMAEMOTO TUCKOBOTO TipocTpaHcTBa. MDaiin README.md urpaeT BaKHYIO
POJib, co0bIast UHMOPMAIIUIO O CTPYKTYPE KOPITyca He TOJIBKO IS IPYTHX O30~
BareJieil N pa3paboTINKOB, HO TAKIKE JJIsT «BaC B Oy/IyIieM», 4TOObI HATTOMHUTH
0 KaKUX-TO OCOOEHHOCTSIX U MOJIEJISIX, 00yUeHHbIX Ha KasKI0M KOpItyce, u HHMOP-
MalyK, KOTOPO 06/1afal0T MOJE/IN.

O61beKTbl YTEHUS KOPNYCOB

ITocue CTPYKTYPHUPOBaHUA N OpraHU3alli KOPITyCa Ha ANUCKE ITOABJAIOTCA /IBE
BOSNKDKHOCTHIHCHOHBSOB&TLCHCTGMHTHHGCKHﬁ]IOHXOH]CQTGHHH)KOpHycaISHpO-
PAaMMHOM KOHTEKCTE, a TaKKe€ CJICJUTb 3a USBMEHEHUAMU B KOPITyCE U YIIPABJIATD
nMMH. HOCJICZ[HIOIO BO3MOXHOCTDb MbI O6CyZ[I/IM B KOHIIE I'JIaBbl, a IIOKa IIOTOBOPUM
O TOM, KaK 3arpysKatb JOKYMEHTbBI 1JId ITOCJEAYIOMIErO aHa/an3a.

BoJIbIIMHCTBO HETPUBHUATIBHBIX KOPITYCOB COAEPIKUT THICAYU JOKYMEHTOB € OOIIIM
00bEMOM TEKCTOBBIX JAHHBIX, IIOPOM JOCTUTAIOIIUM HECKOJbKUX rurabaiir. M-
XOJHBIE CTPOKHM TEKCTa, 3arPysKeHHbIE U3 JJOKYMEHTOB, HEOOXOANMO MOJBEPTHYTh
peABapuTebHON 06paboTKe 1 MpeodpasoBaTh B IPeACTaBIeHUE, TIPUTOIHOE /IS
JadbHENIIero aHainsa. ITo aJIu TUBHBII IIPOLECC, B X0/Ie KOTOPOTO MOTYT FeHepH-
poBarbes U AyOJIMPOBATHCS JaHHbIE, YTO YBEJINYUBAET 00beM HEOOXOAUMOI JIJIst
paboThl MaMATH. DTO BaXKHBIN € BBIYUCAUTEIBHON TOUKU 3PEHUS aCIEKT, TOTOMY
uTo 63 HEKOTOPOTO METO/Ia BHIOOPA IOKYMEHTOB Ha AUCKe 1 TIOTOKOBOI Hepenadn



52 naea 2. Co3gaHne co6CTBEHHOro Kopryca

uHMOpMaIK aHAIU3 TeKcTa Gy/IeT orpaHruyeH ObICTPOIEHCTBIEM OTHOTO KOMITBIOTE-
pa, IPETSITCTBYSI BO3MOKHOCTH CO3/IaHMs MHTEPECYIONINX Hac Mojieeil. K cuacTpio,
B 6ubsmorexe NLTK nmeroTest XopoIno mpogyMaHHble HHCTPYMEHTBI TIOTOKOBOTO

JIOCTyIa K KOPIIYCYy Ha JNCKe, KOTOPBIE IIepPeTaioT KOPILYyC B Python qepe3 00BEKTDI
CorpusReader.

[ns 06paboTkn orpoMHbIX 06BEMOB TEKCTA, FreHepupyeMbix poboTammu B nouc-
KOBbIX CUCTeMaXx, Bblin co3aaHbl HPeNMBOPKM pacrpeaesieHHbIX BbIYMCIEHNN,
Takume kak Hadoop (cbpeiimBopk Hadoop nosBuncs noa BAMSIHUEM ABYX CTaTel,
ony6/IMKOBaHHbIX koMNaHuel Google, B paMkax MpoekTa pa3paboTKu NMoucko-
BOro MexaHmama Nutch). MpuMeHeHVe nNpueMoB knactepHon o6paboTku Ans
MaclwTabnpoBaHns ¢ nomolblo Spark, npeeMHuka Hadoop, Mbl paccMOTpuM
B rnase 11.

CorpusReader — 39TO MPOrpaMMHbBIN UHTePGhENC s YTeHUs, TTOUCKA, TTOTOKOBO
nepefiadn v (PUIBTPAITIH IOKYMEHTOB, & TAKIKE /1715 TIPEIOCTABIEHNS BO3MOKHOCTU
peoOpa3oBaHus ¥ MPeABAPUTENbHON 06pabOTKY JaHHBIX TIPOTPAMMHOMY KOJLY,
KOTOpPOMY TpebyeTcst IOCTYI K JaHHBIM B Kopiryce. IIpu co3panum aK3eMIuisipa
CorpusReader eMy TiepeflaeTcs MyTh K KOPHEBOMY KaTaJoTy ¢ (haiimaMu Kopiryca,
CUTHATYPA JIJIsST PACTIO3HABAHUST HA3BAHUN JIOKYMEHTOB, 4 TAK)Ke KOAMPOBKA (haiiioB
(1o ymosraanmio ucnosndyercst UTF-8).

[TockombKy KpoMe TOKYyMEHTOB /171 aHAN3a B KOPITyCe NMEIOTCS JIOTTOTHUTEIbHbIE
(aiinbr (Hampumep, README, citation, license u 71p.), 0GBEKT YTE€HUsT HYKIAETCS B He-
KOTOPOM MeXaHu3Me, TIOMOTAIOTEM TOUHO WACHTU(MUIIMPOBATD, KAKHE TOKYMEHTBI
SIBJISIIOTCS YaCThIO Kopityca. PoJib Takoro MexanusMma urpaet rnapamerp. B Hem MOKHO
yKa3aTb TOUHBIN TlepedyeHb MMeH UJIN PeryJITpHOe BBIPAsKEHUE 5T COTTOCTABICHUS
€O BCEMU TOKYMEHTAMU B KOPHEBOM KaTasore (Hampumep, \w+\.txt, KoTopomy co-
OTBETCTBYET OJ[HA MJIK HECKOJIbKO OYKB Win 1udp B UMeHU (aiisa, 3a KOTOPbIMU
cremnyert pacimpenne .txt). Hamprumep, B caemytorem KaTamzore STOMY peTyIsipHOMY
BBIPAsKEHUIO OY/LyT COOTBETCTBOBATH TpH (haiisia B KaTasiore speeches u (haii transcript.
txt, Ho He paitisl license, README, citation 1 metadata:

corpus

F— LICENSE.md

— README.md

— citation.bib

F— transcript.txt

L— speeches
— e4102008.txt
— 10142009.txt
— 09012014.txt
L— metadata.json
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ITH TPH MPOCTHIX MTapaMeTpa AaloT 00bEKTY CorpusReader BO3MOKHOCTH IepebpaTh
BCe IOKYMEHTHI B KOPITyCe, OTKPBITh KAKABIN C UCIIOTH30BAHUEM MTPABUIBHON KON~
POBKU U TTO3BOJISIOT TPOTPAMMUCTAM TIOJYIUTH JOCTYI K METAJTAHHBIM OT/IE€JIBHO.

Mo ymonyaHuto 06bekTbl CorpusReader n3 NLTK MOryT untaTb KOpnycbl, XpaHs-
LMecs B OKaTbIX zip-apxvBax, a C NPUMEHEHNEM A0MONHUTENbHbIX MPOCTLIX pac-
LUMPEHWI YMTaTh TaKKe OkaTble apxmebl Gzip v Bzip.

Cama 1o cebe ujest CorpusReader MOXKET MOKa3aThCst He 0COOEHHO A (HEKTHOIT, HO
pu paboTe ¢ MHOJKECTBOM IOKYMEHTOB 3TOT HHTEPGhENC TTO3BOJISIET TPOTPAMMHUCTAM
IPOYHUTATh OJIMH MJIM HECKOJIBKO JIOKYMEHTOB B ITAMSTh, OTBICKATD OIPe/le/IeHHbIe
MeCTa B KOPITyce, He OTKPbIBAs M HEe YMTasi HEHY KHbIE JIOKYMEHTBI, TIePe/IaTh JIaHHbIe
B IpoLE€CC aHa/IM3a, XPaHs B [IaMATHU JIOKYMEHTBI 110 OJTHOMY, 1 OT(bHﬂprOBaTb nJjm
BI)I6paTb KOHKPETHbIE JOKYMEHTBI U3 KOPITyCa. It METO/AbI IIO3BOJIAIOT BBIIIOJIHUTD
aHaJIM3 HETPUBUAJIbHBIX KOPITYCOB B ITaMATH, IOTOMY 4TO BCSIKUIA Ppa3 TaM HaXOIATCA
JIVIIITh HECKOJIBKO JIOKYMEHTOB 32 pas.

Yro0bI IPOAHATU3UPOBATH COOCTBEHHBIN KOPITYC, IPUHAIEKAIINI OIIPeIeIeHHOI
HpeMETHON 06JIaCTH U TIPeHA3HAYEHHbII /ISl CO3/IaHNsT KOHKPETHBIX MOJIEJIel, BaM
OTpeOyeTCst CIEUATU3NPOBAHHbIIT 00BEKT YTEHNUST KOPITYca. ITO HACTOIBKO BAKHO
JUIS TIPUKJTQJIHOTO aHAJIM3a TEKCTa, YTO MbI TOCBATHIIN 3TO TeMe OOJIBIIYIO 4acTh
ocraTtka ryasbl! B aTOM pazzesnie Mbl pacCMOTPUM WHCTPYMEHTBI UTEHUS KOPITYCOB,
KoTopbie ecTh B Oubmorexe NLTK, 1 BO3MOKHOCTH CTPYKTYPUPOBAHSI KOPITYCOB,
4TOOBI YIIPOCTUTD UX YTEHHUE C TIOCJAEAYIONUM IIPUMEHEHHEM. 3aTeM Mbl TOKaKEM,
KaK peajin30BaTh CBOI OOBEKT YTEHNS KOPITYCa, BBITTOTHSIIONINI OTIePAITHH, CIIeTH-
dbuyeckue s IpUIoKeHust, a uMeHHo o6pabotrky HTML-daiiios, mosyyeHHbIX
B ripoiiecce c60pa MCXOHbIX JTAHHBIX.

MoTOKOBbLIX AOCTYN K AAHHbIM € noMowbio NLTK

B cocras 6ubanorexu NLTK Bxoaut 601bi1oe pasHoobpasue 0OGbeKTOB IS UTEHIS
KopIitycoB (66 HA MOMEHT HAaNMCAHUS 3TUX CTPOK), IPeLyCMATPUBAIONINX JOCTYI
K TEKCTOBBIM KOPITYCAM U JIEKCUYECKUM PECyPcaM, KOTOPBIE MOKHO 3aTPY3UTh C €€
nomoIikio. OHa TaksKe BKJII0YaeT B ceOst yHUBEPCAIbHbIE BCIIOMOTraTeIbHble 00bheK-
TBI CorpusReader, KOTOpPbIE TIPEABSIBILIOT Hoee sKeCTKIe TpebOBaHUS K CTPYKTYpE
KOPILyCa, 3aTO Jal0T BO3MOKHOCTh OBICTPO CO3/aBaTh KOPIIYCHI U CBA3BIBATH UX
¢ obbexTamu uyTeHus. KpoMe Toro, ux mMeHa MoJCKa3bIBAIOT, /I KaKUX 1eJIeil uX
MO’KHO HCIIOJIb30BaTh. BoT HEeKoTOpbIe 13 Hanboiee HpUMedYaTeaIbHbIX 00bEKTOB
CorpusReader:
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PlaintextCorpusReader

[Ipennasnauen a7 9TeHNs KOPITyca TPOCTBIX TEKCTOBBIX IOKYMEHTOB, T7e, KakK
HpejnosaraeTcst, ab3arbl OTAEIEHbI APYT OT JAPYTa MyCTBIMU CTPOKAMHU.

TaggedCorpusReader

[Ipemna3znaven Jjist 4TeHUST KOPITyca ¢ MapKepaMy YacTel pevu, T/e KaxKiaoe
IpeIoKeHne HaXOAUTCSI B OTAENbHOI CTPOKE, a JIEKCEMBI Pa3/ieJieHbl COOTBET-
CTBYIOIITUMU UM TETAMT.

BracketParseCorpusReader

HpeﬂHaBHa‘IeH JUIST UYTEHUA KOPITyCa, COCTOAIIETO U3 IEPEBHEB CUHTAKCUYECKOTO
aHaJ/In3a, 3aKJIIOYEHHDbIX B KPYTJIbIE CKOOKHU.

ChunkedCorpusReader

[Ipennasnauen st uTeHus (pparMeHTHPOBAHHOTO KOPITyca (BO3MOXKHO, pa3Me-
YEeHHOTO Teramu ), 0T(OPMaTHPOBAHHOTO C TIOMOIIBIO KPYTJIbIX CKOOOK.

TwitterCorpusReader

Hpe/:[HaSHaqu [T 9YTEHUA KOPITYCa, COCTOAMIETO U3 TBUTOB, CEPUAIN30BaHHbBIX

B hopmar cTpox JSON.
WordListCorpusReader

[Ipennasnauen g YTEHUS CIUCKA CIOB, IO OHOMY B cTpoke. [lycThie cTpokn
WUTHOPUPYIOTCS.

XMLCorpusReader
[Ipennasznauen At yTeHUs: KOpiyca, coctosiiero u3 XML-10KkyMeHTOB.
CategorizedCorpusReader

[ToamenBaeMblil KJ1acce /ist 00bEKTOB YTEHHsSI KOPITYCOB, B KOTOPBIX JIOKYMEHTHI
OPTraHu30BaHbI 110 KATETOPUSIM.

OO6beKThl UTeHNsT pa3MEUEHHBIX U (hparMeHTHPOBAHHBIX KOPITYCOB, a TaKXkKe KOp-
IIyCOB, COCTOAIIUX U3 J€PEBbEB CUHTAKCUYECKOTO aHAIN3a, IIPeHaA3HAYCHbI /LI
YTEHNST AHHOMUPOBAHHHIX KOPITYCOB; COONPAsICh BPYYHYIO OCYIIECTBIISITH IIPEIMETHO-
OPUEHTHPOBAHHOE AHHOTHPOBAHIE TIEPE/T MAITHHHBIM 00y Y€HUEM, BbI 00sI3aTETbHO
JIOJKHBI U3YYUTH paciio3HaBaeMbie MU (hopMaTbl. OOBEKThI YTEHUST KOPITYCOB
€ TBUTaMH, JoKyMeHTaMu XML 1 TpOCThIMU TEKCTOBBIMU JJOKYMEHTAMHU ITO3BOJIAIOT



O6beKTbl YTEHMSI KOPMYCOB 55

yKas3aTh, Kak 00pabaThiBaTh JaHHbIE, XPAHSIIMECS Ha JAUCKE B Pa3HbIX (hopMmarax,
YTO aeT BO3MOKHOCTD CO3/IaBaTh PACIINPEHUS /I YTEHWST KOPIYCOB B (popmate
CSV, JSON i maxke u3 6a3bl qaHHbIX. Ecsiu Baim KOpIyc y:ke B OJHOM U3 3TUX
(opmatoB, Tora BaM MOYTH HUYETO He MIPUIETCs Aenath. Hampumep, paccMOTpuM
MIPOCTOI KOPIyC KUHOCIIeHapueB cepuasioB Star Wars («3Be3nHble BOUHBIY ) 1 Star
Trek («3Be3HBIN Ty Th» ) CO CIIEYIOIIEN OpraHU3aIueit:

corpus
F— LICENSE
— README
L— sStar Trek
| — Star Trek - Balance of Terror.txt

| — Star Trek - First Contact.txt

| — Star Trek - Generations.txt

| — Star Trek - Nemesis.txt

| — Star Trek - The Motion Picture.txt
| — Star Trek 2 - The Wrath of Khan.txt
| — Star Trek.txt

L— star Wars
I

I

I

I

I

I

I

L

— Star Wars Episode 1.txt
— Star Wars Episode 2.txt
— Star Wars Episode 3.txt
— Star Wars Episode 4.txt
— Star Wars Episode 5.txt
— Star Wars Episode 6.txt
“— Star Wars Episode 7.txt

citation.bib

s joctyna K JaHHBIM B KUHOCIHEHAPHAX OTJIMYHO TIOA0NeT CategorizedPlaintex
tCorpusReader, IOTOMY 4TO BCE JIOKYMEHTBI XPAHSITCS B IIPOCTBIX TEKCTOBBIX haiiiax
1 pazbUTHI Ha /[Be KaTteropuu, a umenno: Star Wars u Star Trek. Uto0wI 3azieiicTBO-
BaTbh CategorizedPlaintextCorpusReader, Hy;KHO YKa3aTb PETYJISIPHbIE BbIPpaKEeHU I,
KOTOPBbIE TIO3BOJISIT 00BEKTY YTEHUST ABTOMATUYECKH OIIPEIEJISATh UAEHTU(DUKATOPHI
haitnoB (fileids) m kaTeropun (categories):

from nltk.corpus.reader.plaintext import CategorizedPlaintextCorpusReader

DOC_PATTERN = r'(?!\.)[\w_\s]+/[\w\s\d\-]+\.txt"
CAT_PATTERN = r' ([\w_\s]+)/.*"

corpus = CategorizedPlaintextCorpusReader(
'/path/to/corpus/root', DOC_PATTERN, cat_pattern = CAT_PATTERN

)

PerysisipHoe BbIpaskeHue ¢ mrabJIOHOM JIOKYMEHTa OIpeiesisieT nMeHa (hailioB 10-
KYMEHTOB KaK BO3MOKHO BKJIIOYAIOIIKE ITyTh, OTHOCUTEJbHO KOPHEBOTO KaTajora
KOPILyca COCTOSIIIMIA U3 OJHON WM HECKOJBKUX OYKB, 1P, MPOOETOB WK MOJI-
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YepKUBaHUI, 32 KOTOPBIME cJietyer cJelr (/), 3aTeM OjiHa WM HECKOJBKO OYKB,
1 p, TpodesIoB uiu 1ehucoB, 1 paciuperue .txt. To BIpaKeHHe COOTBETCTBYET
TakUM UMeHaM (hailIoB ¢ JOKyMeHTaMu, Kak Star Wars/Star Wars Episode 1.txt, HO He
COOTBETCTBYET (hailny episode.txt. Peryisiproe BeIpaskemue ¢ mabJI0HOM KaTeropun
SIBJISIETCSI yCEUCHHOM Bepcuell IIepBOTo PeryJIsipHOTO BBIPAsKEHUSI U COCTOUT U3 CO-
XPpaHsoIIel TPYIIIIbl, KOTOpas olpeiesisieT Ha3BaHUe KaTeropyuu 110 UMEeHU KaTajiora
(Hampumep, st Star Wars/anything.txt OyieT orpe/iesieHa KaTeropusi Star Wars).
Haunewm uccieoBanme TaHHBIX HA AUCKE C U3YYEHUS TMOTYIEHHBIX TMEH:

corpus.categories()
# ['Star Trek', 'Star Wars']

corpus.fileids()
# ['Star Trek/Star Trek - Balance of Terror.txt',
# 'Star Trek/Star Trek - First Contact.txt', ...]

PerysisipHbie BbIpaskeHUst MOTYT ObITh OU€Hb CJI0KHBIMU, HO OHU TIPEAJIAraloT MOII-
HBII MeXaHN3M, ITIOMOTAIOIUI TOUHO OIMPEeJIUTh, YTO JAOJIKEH 3aTPy3UTh 00BEKT
YTeHUs KopItyca 1 Kak. TakKe MOKHO SIBHO Iepe/laTh CIIUCOK KATeropuii u U1eHTH-
(dbukaTopos (ailoB, HO 3TO cieTaeT 0ObEKT uTeHUs MeHee THOKUM. Vcroib3oBaHue
PETYJISIPHBIX BBIPAKEHHIA TIO3BOJISIET 00ABJISATH HOBBIE KATETOPUH, TIPOCTO CO3/IaBast
HOBBIE KaTaJIOT! B KOPITyCe, M HOBbIE JIOKYMEHTBI, epemMertiast haiiibl B TpeOyeMblii
KaTaJor.

Tereph, HayUYNBIIKCH CO3aBaTh 0ObEKTHI CorpusReader usz 6uborexkn NLTK,
3aiiMeMcs MpueMaMy MOTOKOBOM Hepeiaun cOOpaHHbIX paHee JaHHbIX B (hopMaTe
HTML.

YTteHune kopnyca HTML

JlomycTiM, Mbl cOOpasii HEKOTOPbIE JaHHBIE U3 MHTepHeTa. MOKHO CMEJIO TIpe/IIo-
JIOKUTD, YTO 3TH JlaHHbIe XpausTcst B hopmate HTML. Kak BapuanT, 1151 HTOTOKOBOTO
YTEHUSI TAKOTO KOPITyca MOKHO ITPOCTO YJAJUTh BCe Teru u3 fokymenToB HTML,
COXPaHUTDH Pe3yabTaT B BUJIE€ TIPOCTOTO TEKCTa 1 MCIIOJIb30BaTh CategorizedPlaint
extCorpusReader. Ho, 1olijis 3TUM 1IyTeM, Mbl TIOTEPSEeM ITPEUMYIIECTBA Pa3MeTKI
HTML, a uMeHHO cmpyxmypy TeKCTa, KOTOPOH MOKHO BOCIIOJIb30BAThCS HA ATaIle
npeaBapuTesbHON 00paboTku. [I0aTOMY B IaHHOM pasjiesie Mbl HAYHEM CO3/IaHKe
CBoeH)OGLeKTaHTMLCorpusReaderLIHOHOHHHNIBCﬂeﬂyKnueﬁrﬂaBe

from nltk.corpus.reader.api import CorpusReader
from nltk.corpus.reader.api import CategorizedCorpusReader

CAT_PATTERN = r'([a-z_\s]+)/.*"



Ob6BbEKTLI YTEHUSI KOPYCOB 57

DOC_PATTERN = r'(?!\.)[a-z_\s]+/[a-f@-9]+\.json’
TAGS = ['h1', 'h2', 'h3', 'h4', 'h5', 'h6', 'h7', 'p', 'li']

class HTMLCorpusReader(CategorizedCorpusReader, CorpusReader):

06beKkT 4TeHus kopnyca ¢ HTML-pokymeHTaMu AN MONy4YeHuA
BO3MOXHOCTU [OMONHUTENbHOW MNpeABapuTenbHoi obpaboTku.

def __init_ (self, root, fileids = DOC_PATTERN, encoding = 'utf8',
tags = TAGS, **kwargs):

WHWUManu3npyeT obbekT YTeHuA Kopryca.
ApryMmeHTbl, ynpaBasawwmue knaccudukauuei
(" cat_pattern™", ““cat_map " wu "~ “cat_file "), nepepawTcs

B KOHCTpykTOop " CategorizedCorpusReader™ . ocTajbHble aprymeHTbl
nepefawTcA B KOHCTpyKTop ~~CorpusReader™

# Nlo6aBuTb WAbNOH KaTeropui, e€civ OH He 6bin MepedaH B KJacC ABHO.
if not any(key.startswith('cat_') for key in kwargs.keys()):
kwargs[ 'cat_pattern'] = CAT_PATTERN

# WHMumManusmpoBaTb 06bekThl 4YTeHuAa kopnyca u3 NLTK
CategorizedCorpusReader._ _init__ (self, kwargs)
CorpusReader.__init__ (self, root, fileids, encoding)

# CoxpaHuTb Teru, noanexawue WU3BJEYEHWI.
self.tags = tags

Hamr xmacc HTMLCorpusReader HacJemyeT ABa Kiacca, CategorizedCorpusReader
" CorpusReader, MOI0OHO TOMY KakK CategorizedPlaintextCorpusReader UCIIOJIb-
3yeT MOAMENTHBAEMbBII KJIace /st Kateropusar. Muosjcecmeennoe naciedosanue
MOJKET TIOPOIK/AATH [OMOJIHUTENbHbBIE CJI0OKHOCTH, TI09TOMY OOJIbIIIast 4acTh KoJa
B GyHKIMM __init__ SIBHO OmnpejesisieT, KaKue apryMeHTbl JOJKHBI [TePe/laBaThCs
KaKIOMY YHACJIeIOBAaHHOMY KJaccy. B yacTHOCTH, Kitaccy CategorizedCorpusReader
IepeaTcsa IMEHOBaHHbIE apPIYMEHTDI, a Kjacc CorpusReader NHUIINAIU3UPYETC
KOPHEBBIM KaTaJIOTOM KOPITyCa, TaK Ke Kak U naeHTudmKaTopaMu ¢aiiyios (fileids)
u koauposkoit HTML (encoding). Mbl Takske 100aBIIIN JOTIOJHUTEIBHBIN TTapaMeTp,
€ IIOMOIIIIO KOTOPOTO II0JIb30BaTE/b CMOKET YKa3aTh, kakue Teru HTML noskHbL
MHTEPIPETUPOBATHCS KaK HE3aBUCHUMbIe ab3allbl.

Curety101uM 11aroM J0N0JHUM HTMLCorpusReader MeTOLOM /UL punrvmpavuu daii-
JIOB Ha INCKe 110 Ha3BaHMIM KaTeropuii niy uMeHam ¢aiiios:

def resolve(self, fileids, categories):

Bo3BpawaeT cnucok uageHTudéukatopoB ¢aitNioB UM Ha3BaHWW KaTeropwuu,
KOTOpble MepefanTCca KaxAoW BHYTpeHHeh QyHKUMM o6bekTa 4YTeHuAa kopnyca.
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PeannsosaHa no aHanoruu c "~ CategorizedPlaintextCorpusReader™ ™ B NLTK.

if fileids is not None and categories is not None:
raise ValueError("Specify fileids or categories, not both")

if categories is not None:
return self.fileids(categories)
return fileids

ITOT METOJI BO3BpaIlaeT CIMCOK UAeHTU(UKATOPOB (hailioB HE3aBUCUMO OT Ka-
TETOPHii, K KOTOPBIM OHU OTHOCSTCsE. OH MPUIAET MOMOJHUTETBHYIO THOKOCTD
1 9KCIIOPTUPYET CUTHATYPY METO/Ia, KOTOPast OYET UCIOIb30BATHCS PAKTUICCKH
BCEMU JIPYTUME MeToMaMu oObekTa ureHus. [lonyuns oba mapamerpa, categories
u fileids, MeTOJI resolve BBIBOAUT cooOOIIeHME 00 onrOKe. Eciin orpe/iesieHbl TOJIbKO
KaTerOpuu, METO/ UCIIOIb3YyeT CorpusReader 7151 ompeie/ieHNs UACHTUHDUKATOPOB
(aiiioB fileids, aCCOIMUPOBAHHBIX C 3aJaHHBIMU KaTeropusimu. OOpaTuTe BHUMA-
HUE, 9TO B categories MOXKET MepeaBaThCs OfHA KATETOPHUS MJIN CITUCOK KaTEeTOPHTA.
B nporuBHOM ciyyae IIpoCcTO BO3BpalllaeTCsl 3HaUYeHUe apryMenTa fileids: ecum
OHO PaBHO None, 0OBEKT CorpusReader aBTOMAaTHUYECKHU TIPOYUTAET BCE TOKYMEHTHI
B KopIryce 06e3 (huiIsTparim.

O6paTnTe BHUMaHWE, YTO BO3MOXXHOCTb MPOYMTaTb TOSIbKO YacTb KOpryca CTaHeT
BaXXHa, KOrAa Mbl NPUGIN3NMCS K MAlIMHHOMY OBYYeHUIo, B YaCTHOCTM, ANs Bbl-
MOJIHEHWSI NEPEKPECTHOMN NPOBEPKU, KOrAa HaM NOHaZ06UTCst pa3buTb KOPMYC Ha
06Yyu4atoLLYI0 U KOHTPOSbHYH BbIGOPKU.

Ha panHbIil MOMEHT Halll 00bEKT YTeHMsI HTMLCorpusReader He MIMEET METO/A LISt
YTEHUS TIOTOKA IOKYMEHTOB 0 OTHOMY 32 pa3. BMecTo aT0T0 0H 6y 1eT B TOTOKOBOM
PeKUMe IIOCTABJISATD HAIIUM METO/IaM BeCh TEKCT KasK/0ro OT/EJIBbHOIO JOKYMEHTA
B Kopmyce. OHAKO HaM HY?KHO BBITTOJTHUTD TAPCUHT o1H0TO mokymMenTa HTML 3a
pa3 — cJaeayonuii MeTO/[ IaeT HaM IOCTYII K COIEP>KUMOMY OT/eJIbHBIX JOKYMEHTOB:

import codecs

def docs(self, fileids = None, categories = None):
Bo3BpawaeT nonHbli TeKcT HTML-poKyMeHTa, 3akpbiBas ero
Nno 3aBepleHnn 4YTeHuA.
# Mony4nTb cnucok ¢annoB ANA YTeHuA
fileids = self.resolve(fileids, categories)

# Co3haTb reHepaTop, 3arpyxawwuit AOKYMEHTbl B NaMATb MO OAHOMY .
for path, encoding in self.abspaths(fileids, include_encoding = True):
with codecs.open(path, 'r', encoding = encoding) as f:
yield f.read()
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Tenepb Halll HeCTaHAAPTHBINA OOBEKT YTEHUSI KOPITyca 3HAeT, Kak 00padaThiBaTh 10-
KYMEHTBI B KOPITyCe II0 OTHOMY, UTO IaeT HaM BO3MOKHOCTD BBITIOJHATDH (PUIIBTPa-
1O M TIOMCK Pas3HbIX pasziesios Kopiyca. OH MoskeT 0OpabaThiBaTh CIIMCKH (hailjioB
U KaTeropuii U UCII0JIb30BaTh BCE MHCTPYMEHTDI, UMIIopTupoBanubie u3 NLTK, j1a
VIIPONIEHUS I0CTYIIA K IUCKY.

MOHMTOPUHI KOopnyca

Kak MbI yskKe ycTaHOBUJIM B 9TOH TJIaBe, MPUKJIAIHON aHAIN3 TeKCTa TpeOyeT cy-
IECTBEHHOTO YIIPaBJICHUs JaHHBIMU U MTPEABAPUTEIbHOI 06paboTKu. OTricaHHbIe
MeTO/IbI ¢c60pa, YIIPABIECHNS U TIPEIBAPUTETBHON 00PaOOTKU JAHHBIX TPYAOEMKI
1 TpeOYIOT BPEMEHM, HO SIBJISTIOTCST BA)KHBIMU 9TallaMU TIOTOTOBKU K MAITMHHOMY
00y4eHHI0. YUUThIBasi HEOOXOMMOCTD TPATHTh BPEMS, CHJIBI M JINCKOBOE ITPOCTPAH-
CTBO, pEKOMEH/IyeTcs1 CHa0KaTh JJaHHbIe HEKOTOPOiT MeTanH(OpMaIIiei 0 1eTansax
CO3/IaHUS KOPITyCa.

B aTom paszesie pacckaspiBaeTcs, Kak CO3/1aTh CUCTEMY MOHUTOPHUHTA JJIST HYK]T
cbopa ¥ TIpeiBapuTeIbHOI 00paboTKK JaHHBIX. [/ Hauaia pacCMOTPUM KOHKPET-
HbIe BUIBI TH(MOPMAIIUY JIJII MOHUTOPUHTA, TAKKE KaK JaThl U UCTOYHWKHU JIAHHBIX.
YauThIBasi OrpOMHbIE Pa3MePbI KOPITYCOB, ¢ KOTOPBIMHU HaM TIPUIETCST pabOTaTh, MbI
JIOJIKHBI TaKKe CIIeINTD 32 padMepaMi Kaxka0ro gaiisa Ha TucKe.

def sizes(self, fileids = None, categories = None):

Bo3BpawaeT cnucok KopTexeih, uaeHTupukaTop ¢aitna M ero pasmep.
3Ta ¢yHKUMUSA UCNONb3yeTcs ANA BbIBJEHUS HEO6bIYHO 6osbwux ¢aiinos
B Kopnyce.

# Mony4nTb cnucok ¢annos
fileids = self.resolve(fileids, categories)

# Co3paTb reHepaTop, BO3BpawWawwui MMeHa UM pa3mepsl (paiinoB
for path in self.abspaths(fileids):
yield path, os.path.getsize(path)

B cBoeii npaktuke pabotsr ¢ kKoprnycamu RSS HTML Mbl He pa3 3amedasu, 4To
KPOME TEKCTa M3 UCTOYHUKOB M3BJIEKAETCs1 OOJIBINOE KOJUYECTBO (HailIoB ¢ M30-
OpakeHUsIMH, ay/I10- U BUeohailoB. T Mearadaiisibl ObICTPO CHEAIOT TUCKOBOE
IIPOCTPAHCTBO B IIpolecce cO0pa JaHHBIX U MELIAIOT [IPeABAPUTEIbHOI 00paboTKe.
Mertoy sizes, Ipe/icTaBICHHBIN BBIIIIE, ABJISETCS Hallleil peakiiuell Ha TaKO# OTTBbIT
paboThl ¢ KOPIIycaMK ¥ TIOMOTaeT HaM BBISIBJISATh OT/eJbHbIe (Daiijibl B KOpIyce,
(akTHYecKre pasMepbl KOTOPBIX MPEBBINIAIOT OKUaeMble (HapuMep, n300paske-
HUST ¥ BUIe0(ailsibl, KOTOPbIe MOTYT OBITh 3aKOAMPOBAHBI KAK TEKCT). ITOT METO/
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IIO3BOJIACT OIIPEACJINTD TTOJTHBINA pa3Mep KopiryCa n CJIeJUThb 3a €r0 N3MEHECHUEM
C TeYEeHHMEM BPEMEHMU.

YT1eHune kopnyca u3 6a3bl AaHHbIX

Her aByx abCcOMOTHO OJIMHAKOBBIX KOPITYCOB, TAK KaK KaKIOMY HOBOMY TIPHJIOKE-
HUIO TPeOYeTCst HOBBII M MPEAMETHO-OPUEHTUPOBAHHBII KOPITYC, a ISt KasKI0T0
KopItyca TpebyeTcst CBOM, ClelnaJn3upoBaHHbIil 00beKT uTeHus. B riuase 12 mbr
PaccMOTPUM NPUJIOKEHUE aHAIM3a HACTPOEH NS, UCTIOJb3YIOIIee KOPILYC ¢ IPUMEp-
HO 18 000 0630paMu aIbGOMOB, KOTOPbIE MOKHO HallTH Ha BeO-caiite Pitchfork.com.
HaGop manubix goctyreH B Buje 6a3bl faHHbIX Sqlite co cxemoii, m306pakeHHOi
Ha puc. 2.3.

Content
Reviews reviewid INTEGER PK
) R content  TEXT
reviewid INTEGER PK J Labels
title TEXT
artist TEXT —I— reviewid INTEGER PK
url TEXT label TEXT
sSCore FLOAT
best new music  INTEGER Genres
author TEXT
author_type TEXT L reviewid INTEGER PK
pub_type DATE genre TEXT
pub_weekday INTEGER
pub_day INTEGER Artists
pub_month INTEGER |
pub_year INTEGER reviewid INTEGER PK
artist TEXT
L Years
reviewid INTEGER PK
year INTEGER

Puc. 2.3. Cxema kopryca ¢ 063opamu anbbomoB B 6a3e aaHHbIX Sqlite

Jluist pabGoThI ¢ TUM KOPILYCOM CO3/aMM CBOI KJacc SqliteCorpusReader, oOpalia-
IONUiiCS K pasHbIM KOMIIOHEHTAM ¥ MMUTUPYIOIUI HoBeieHre CorpusReader U3
6ubsamorexn NLTK, HO He HACIeLyIOMIHiT €ro.

Hawm nyxHo, 4yTOOBI HAIl SqliteCorpusReader N3BIEKAI pe3yJibTaThl U3 6a3bl JAHHDIX,
He oTpebIsisl CIUIIKOM MHOTO MAMATH; TaK JKe KaK B cJlydae ¢ HTMLCorpusReader U3
HPeJIBILYIIETo pasjiesa, OyaeM a(h(HEeKTUBHO 1 PAIIMOHAIBLHO U3BJIEKATH JTAHHBIE 110
OJIHO¥ 3aIMCH JJIST TOCTIeAyIoleid 00paboTKI, HOPMAJIM3AIUN U TPeoOdpa3oBaHusT
(koTopbie OyayT 0OcyxaaTbest B riase 3). I1o aToOl mpuyrHe He PEKOMEHYETCst
ucnosb3oBarh SQL-mog06HY10 KoMaHLy fetchall(), Tak Kak OHa MOKET BBIHYIUTh
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HaC CJUIIKOM JIOJITO JKJATh Pe3yJIbTaToB, IIPEK/Ie YeM Mbl CMOYKEM HayaTh UTEpa-
uuu. BMmecTo aToro Hamm MeTozabl ids(), scores() U texts() 6y/:[yT HMCII0JIb30BAaTh
fetchone(), HEIIOXYTO AGTEPHATHBY B TAHHOM CJIydae, XOTsI TIpu pabote ¢ HOIb-
muMu 6azaMy JaHHBIX TPOU3BOAUTENbHEE MOKET OKa3aThCs TTaKeTHask BBIOOPKa
NAHHBIX (HATIPUMED, C UCITOTb30BaHuEeM fetchmany()).

import sqlite3
class SqliteCorpusReader(object):

def __init_ (self, path):
self._cur = sqlite3.connect(path).cursor()

def ids(self):

Bo3BpawaeT uaeHTUPUKaTopbl 0630poB, MNO3BOAAWWLME M3BNEKATb
Apyrve MeTafaHHble 0630poB

self._cur.execute("SELECT reviewid FROM content")
for idx in iter(self._cur.fetchone, None):
yield idx

def scores(self):

Bo3BpawaeT oueHKy 0630pa C LUeNbl MCNoib30BaHMUA
ANA nocfiesyluero obyyeHua C yyutenem

self._cur.execute("SELECT score FROM reviews")
for score in iter(self._cur.fetchone, None):
yield score

def texts(self):

Bo3BpalWaeT MOJHbIi TEKCT BCeX 0630poB C LeNblo NpeiBapuUTesibHOM
06paboTKu U BeKTOpu3auuu AAs nocnefywuero obyveHus C yduTenem

self._cur.execute("SELECT content FROM content")
for text in iter(self._cur.fetchone, None):
yield text

N3 npumepos peanuszaiinu HTMLCorpusReader 1 SqliteCorpusReader cJie/lyeT, YTO Mbl
BCET/Ia JI0JIKHBI OBITh TOTOBBI HAIIMCATH HOBBII OOBEKT UTEHMST KOPITYCa LISl KaXKI0TO
HOBOTO Habopa saHHbIX. OHAKO, KaK MbI HA/leeMCsl, 9TH TIPUMEPbI CMOTJIN MOKa-
3aTh HE TOJIBKO UX T10JIE3HOCTh, HO U CXOZICTBA. B cienyrorieil riaBe Mbl paciiupum
HTMLCorpusReader Tak, 4TOOBI €I0 MOKHO OBLIIO UCIIOJIB30BATh JJIST IOCTYTIA K GoJiee
MEJIKUM KOMITOHEHTaM HAIero TeKCTa, YTO IIPUTOAUTCS JIst TIPeIBaPUTENbHOIN 00-
PabOTKHU U IPOEKTHUPOBAHUS TPU3HAKOB.
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B 3akroueHue

B 9ol ryiaBe BbI y3HAIHU, UTO JIJIsT aHAJIN3A TEKCTA HEOOXOMMM OOJBINON, HAEK-
HbIiT, TPEIMETHO-OPHEHTHPOBAHHBIN KOpITyc. [T0CKOIbKY KOPITYChI OUeHb OOJIbIIIE
M 9acTO HETPECKa3yeMOoro pa3mepa, Mbl OOCYIUIA METO/BI UX CTPYKTYPU3AIIUH
¥ yIIpaBJIeHUs UMU. MBI YBUIEIH, KAaK OOBEKTHI YTEH S KOPITYCOB MOTYT MCIIOJIB30-
BATb ATY CTPYKTYPY, & TAKIKe CHUKATH TPEOOBAHMUST K 00beMY MaMSsITH, OCYIIECTBIISIS
3arpysKy JIaHHbBIX ITOTOKOBBIM criocobom. Hakomelr, Mbl HauaJI cO31aHUe JBYX CBOUX
00BEKTOB UTeHUs: OAuH JJist KopirycoB ¢ HTML-goKymMeHTaMu, XpaHSIIIMMUCS Ha
JIVCKeE, a IPYTOH JIJIsT KOPITYCOB € IOKyMeHTamMu B 6a3e manubix Sqlite.

B cremyiomeii riaBe Bbl y3HaeTe, Kak OCYIIECTBJISATH IPeABAPUTEIbHYIO0 00pabOTKY
JAHHBIX, PACHIUPATH 0OBEKTHI, CO3[[AHHbIE B 9TOH IJ1aBe, J00ABISITh METOADI IIPe-
BapuTeabHOI 00paboTku pasmerkn HTML moTOKOBBIM €I10COGOM, U TIOJIy4aTh
OKOHYATEJbHYIO CTPYKTYPY TEKCTOBBIX JAHHBIX, TPUTOAHYIO JJIsT MAITMHHOTO 00Y-
YeHUsI — CIIUCOK JIOKYMEHTORB CO CIIMCKaMK ab3alleB, KOTOPbIE SBJISIOTCS CIIMCKAMK
IPeJIOKEH I, a Te, B CBOIO 0YepPe/lb, — CIIMCKAMU KOPTEKeli ¢ JIeKceMaMy 1 TeraMu,
OIPENENSIONIMME YaCTH PEUH.



NpeaBapuTtenbHasa o6paboTtka
M npeobpasoBaHue Kopnyca

B mpenpimy et riaBe BbI y3HAIHN, KaK CO3/IaTh 1 CTPYKTYPUPOBATH CBOM ITPEIMETHO-
opueHTHPOBaHHBIH Kopityc. K coskanenuto, 1060ii KOPITyC B €10 HCXOTHOM BHJIE CO-
BEPIIEHHO HEITPUTO/IEH [IJIs aHAIM3a — er0 He0OXOAMMO IPeIBapUTEIHHO 00paboTarh
u ckath. DakTHYecKu, TIIaBHOM IPUYMHOI, TOOYINBIIE HAMCATD 9TY KHUTY, CTajIa
orpomMHast TipobJieMa, ¢ KOTOPOii MbI MOCTOSTHHO CTAJIKUBAEMCsI B CBOEH MTPaKTHUKe
CO3/IaHusT 1 TPe0OPasOBaHUsI KOPITYCOB, IOCTATOYHO OOJIBIINX, YTO 3aCTABJIsIET HAC
YIETSTH 0c000e BHIMaHMe 3(D(HEKTUBHOCTH TP pa3padOTKe MPUITOKEHIIT TaHHDIX.
YuurbiBast, Kak MHOTO CUJI U BpeMEHU TPeOyeTcst IS TIPeBapUTEIbHOM 00paboTKI
1 1peoOPa3oBaHuUs TEKCTa, TOPOH YAUBJISIET, KAK MAJIO PECYPCOB CYIIECTBYET B IO/
HepsKKy (MU XOTsI ObI JIJIs TIPU3HAHUSI BAXKHOCTH! ) 3TUX HTAIIOB.

HTML
tagged_corpus = [
* [[(How', 'WRB'),
A63avbl (long','RBY),
('will', 'MD"),
* ('this', 'DT"),
Mpeanoxenus (film’, 'NN?),
(go', VB,
v (on',"INY),
B 00
T (7.
Wexonwbiii kopnyc v ]
Tern

Puc. 3.1. Pa3buska OOKYMEHTa, CerMeHTauus, BblaeNIeHNUe JIEKCEM N MapKUpOBKa
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B aT0ii rmaBe MbI NIpeJIOKUM BapuaHT MHOTOIIEJeBOTo (hpeiiMBOpKa MpeiBapu-
TeJIBHOU 06pabOTKU, KOTOPBIIT MOKHO CHCTEMATHIECKH UCTIOIB30BATD JIJIsI TPe0l-
paszoBaHus COOPAHHOTO UCXOTHOTO TEKCTa B (hOPMY, TIPUTOIHYTO /IS TaIbHETTei
06paboTku 1 MoziennpoBanust. Hamr ppeiitMBOPK peasin3yer msiTh OCHOBHBIX 9TaroB,
n300paskeHHbIX Ha prc. 3.1: U3BJIeYeH e KOHTEHTA, BbIjlesieH e a03a1leB, TPe/IoKe-
HUH 1 JIeKCeM U MapKHUPOBKA JIEKCEM TeraMy JacTeil peun. st Kaskaoro 13 aTalos
MBI ITpezicTaBuM (YHKITMY B BI/IE METO/IOB KJTacca HTMLCorpusReader, 0OBSIBJIEHHOTO
B IIPE/IBIYIIEeH riaBe.

Pa36uBKa OKYMEHTOB

B npempimyieii maBe Mbl Ha4au KOHCTPYUPOBATh CBOU KJacc HTMLCorpusReader,
cHabMB ero MeToAaMu J1ist (PUITBTPAIIMHU, IOCTYIIA ¥ TI0CYETa Pa3MEPOB JTOKYMEH-
TOB (resolve(), docs() 1 sizes()). Haciemyst o0ObekT CorpusReader us GUOIMOTEKH
NLTK, nair o0beKT 4TeHrs KOPITYCOB TakKe peanusyer crangaptbiii APT npes-
BapUTEIbHON 06pabOTKM, B KOTOPHIH BXOIAT CIEAYIOIINE METOIbL:

raw()

[IpestocTaBIisieT 0CTYI K UCXOJHOMY TEKCTY, He TIPOIIE/IIIEMY TIPEBAPUTETbHY O
06paboTKYy.

sents()
lenepatop, BeImeAIIOMNI OTAETBHBIE TPEIJIOKEHNS U3 TEKCTA.
words ()

BbI,lIe]IHeT N3 TEKCTa OTAEJIbHbIC CJIOBA.

OCHOBHOE Halle BHMMaHWe ByaeT cocpefoTOYEHO Ha MeTodax 06paboTkm ecte-
CTBEHHOIO si3blka Ansl 06beKTa YTEHMsI KOpryca, NpeAHa3HauYeHHoro ANst NOAro-
TOoBKM HTML-AOKYMEHTOB, nonyyeHHblx n3 CeTu, oaHako, B 3aBMCMMOCTU OT
dopMbl Kopryca, Apyr1e MeToabl MOryT okasaTbcsl 6onee yaobHeiMu. CTOUT OT-
METUTb, UTO 06BEKTLI CorpusReader B 6ubnnoteke NLTK yxke MMEIOT MHOXECTBO
METOAOB ANsi APYruUX Clly4yaeB MCMOSIb30BaHUS: Harnpumep, aBTOMAaTU4YeCKoro
[06aB/IeHUst TEFOB UM CUHTAKCUYECKOro aHanmn3a npeanoXxeHui, npeobpasosa-
HWMS @HHOTMPOBAHHOMO TEKCTa B CTPYKTYPbl JaHHbIX, TakMe Kak o6bekTbl Tree,
MW UrpaloT Posib BCMOMOraTeNbHbIX YTUAUT AN KOHKPETHbIX (POpMaToB, Taknx
KaK BblaeneHne oTaesnbHbIX 351eMeHToB XML.

IIJIH O6y‘~IeHI/IH MO]Ie.T[eIL/,I C IIPUMEHEHUEM ITIPUEMOB MAIllMHHOTO O6y‘~IeHI/IH MBI 1OJIK-
HbI BKJIIOYUTDb BCE 9TU METO/bI B IIPOLECC N3BJICYEHMA IIPU3HAKOB. Ha HIPOTAKEHNN
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OCTaBIIENCS YaCTH ITOM IJIaBbI MBI 00CYIUM JIETAJIH TIPEBAPUTETBHOI 06pabOTKH,
MOKakeM, KaK UCI0JIb30BaTh U MOAMMUIIMPOBATH T METOIbI JIJIS I0CTYIA K CO-
JEPKUMOMY, ¥ KCCIIelyeM IPU3HAKU BHYTPH JOKYMEHTOB.

BbisiBNIeHue un n3BsieyeHne OCHOBHOINro KOHTEHTa

WNHartepHeT ABISETCA OTINIHBIM ICTOYHUKOM TEKCTOBOI MH(MOPMAITNH JIJIST CO3/IaHUS
HOBBIX U TTOJIE3HBIX KOPITYCOB, HO TOYHO TaK JK€ OH SIBJISIETCST 00JTaCThIO OE33aKOHMS,
B TOM CMBbICJIE, YTO BEO-CTPAHUIIBI He 00sI3aHbI CTPYKTYPHUPOBATHCS B CTPOTOM COOT-
BETCTBHM C KAKUM-TO HabopoM craHaapToB. Kak pesyssrat, pasmerka HTML, kotopast
cama 1o cebe CTPYKTYPUPOBAHA, MOKET TIPOU3BOAUTHCS 1 OTOOPAKATHCS MHOKECTBOM
MHOT/Ia OECTIOPSIIOYHBIX CITIOCOOOB. DTa HETIPEICKA3YEMOCTh 3aTPY/IHSIET U3BJIEYEHITE
nanabix 3 HTML-10KyMeHTOB METOIMYHBIM 1 TIPEICKA3YEMbBIM CIIOCOOOM.

OTJMYHBIM UHCTPYMEHTOM JIJist GOPBOBI € BHICOKON BAPUATHMBHOCTHIO JI0KYMEHTOB,
cobmpaeMbIX B HHTEpHeTE, siBJsiercs Gubsmoreka readability-1xml. 9o obeprra Ha
Python mis sxcriepumenta JavaScript Readability, peamsosanroro Arc90. IToxo6-
Ho Gpaysepam, TakuM Kak Safari 1 Chrome, npeziaraionum pekuM YTeHUS TEKCTa
nokymenTos, Readability yaanser us crpanuipl Bee apredakTbl, OTBIEKAIOINE
BHUMAaHUeE, OCTABJIAST TOJBKO TEKCT.

O6pabarsiBas nokyment HTML, Readability ncrnonb3yer KOMILIEKT perysp-
HBIX BBIPAJKEHUH JIJIs1 y/laJleHUs] HABUTAIITMOHHBIX MEHIO, DEKJIaMbl, TETOB CIleHa-
pueB u CSS, 3aTeM KOHCTPYUPYET HOBOE JIEPEBO OOBEKTHON MOJIEJTN JOKYMEHTA
(Document Object Model, DOM), usByiekaeT TeKCT U3 MePBOHAYATHLHOTO J€PeBa
M BCTPAMBAET €T0 BO BHOBH CO3/IAHHOE /lepeBo. B ciemyioniem mpumepe, paciiu-
psIfoliieM KJjiacc HTMLCorpusReader, Mbl IMIIOPTHPYEM JBa MOYJIST U3 OUOIHMOTEKN
Readability, unparseable 1 Document, KOTOPbIE 3aT€M UCIIOJIb3YEM JIJIsI U3BJIEUEHIIST
n ourictky tekcta HTML Ha iepBoM aTatie mporiecca npeasapuTeabHoil 00paboTKH.

Metox html Hepe61/1paeT Bce (ailabl U UCTIOIB3yeT METO/ summary M3 Kjacca
readability.Document /IJIs y1aJIEHUS 0OOTO HETEKCTOBOTO COZIEPKUMOT 0, a TAKIKE
CIleHapHeB U TeroB cTusieil. Takike OH UCIpaB/seT HEKOTOPbIe U3 Hambosiee pac-
[IPOCTPAHEHHBIX OMIMOOK, CBSI3AHHBIX C MCIIOJIb30BaHUEM TeroB (HampuMep, <div>
1 <br>), U TeHEPUPYET UCKIIOUEHNE, TOTBKO €CJIU OKA3bIBACTCS HE B COCTOSTHUM Pa30-
6partb ucxoanyio pasmMerky HTML. TunudHoi MpUYMHON UCKIIOYEHUS SIBJISICTCS
nepenavya (byHKIIUN MTyCTOTO TOKYMEHTA:

from readability.readability import Unparseable
from readability.readability import Document as Paper

def html(self, fileids = None, categories = None):
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Bo3BpaujaeT cogepxumoe HTML KaxAoro AOKYMeHTa, O4ulWaa ero
Cc nomouwpbl 6ubnnoTekn readability-1xml.

for doc in self.docs(fileids, categories):
try:
yield Paper(doc).summary()
except Unparseable as e:
print("Could not parse HTML: {}".format(e))
continue

O6patrTe BHIMaHNE, YTO METOJT BBIIIIE MOKET BBIBOJIMTD IPELYIPEKACHUST B JKYyP-
HaJl readability; €CTh BO3MOKHOCTh M3MEHUTH YPOBEHD MOAPOOGHOCTH 110 CBOEMY
YCMOTPEHHIO, 100aBHB:

import logging
log = logging.getlLogger("readability.readability")
log.setLevel ("WARNING')

Pesynsratom MeToa html () SBISETCS OYUIIEHHBIN 1 XOPOIIIO CTPYKTYPHUPOBAHHBII
texker HTML. B ciienyionmmx HeCKOJIbKUX pasiesiaX Mbl 100aBUM JOIOJTHUTENbHBIE
METOJbI JIJISI €T0 [IOC/IE[0BATEIbHOTO Pa3ONEHNs Ha COCTABJIAIONINE: aD3allbl, IPE/I-
JIOKEHUST U JIEKCEMBI.

Pa3geneHne [OKYMEHTOB Ha ab3aubl

Tenepn, HayunBImnCh HUIBTPOBaTh NcxoaHbIe JoKyMeHTs! HTML, KoTOpBIe MBI
M3BJIEKJIU B IIPEJIBILYTIEl TTTaBe, epeiiieM K IpeiBapuTeIbHOI 00paboTKe KopIiyca
Y CTPYKTYPHUPYEM €T0, YTOOBI C/IeTaTh TIPUTOIHBIM JIJISI UCTIOIb30BAHIST B MAIIIMHHOM
o6yuenun. Ha puc. 3.2 mokasano, Ha Kakie CMbICJIOBBIE JIEMEHTBI JIEJTUTCS CTAThSI

g Q OLYMPICS _How to Manage Stress Like an Olympie Biathlete

LokymeHT —
PYEONGCHANG, South Korea — Race across the snow on skis as fast as

’— you can. Now stop and shoot a target the size of an Oreo about 54 yards

away. [If you miss, you'll ski penalty laps before you are allowed to race to|

Ab3alibl | - L | |
afuniquelylstressfulsport|that

the next set of targets. | Tekcembl \
Mpeanoxexus

Most of us will never try the biathlon,

demands both physical intensity and emotional calm. But that doesn’t mean
we can't learn from it. Talking to an Olympic biathlete about how she trains
for competition can offer a life lesson in managing stress and dialing back

intensity and aggression in an instant.

Puc. 3.2. [lekomno3sunums OOKYMEHTa, MNNIICTPUpYoWasa OCHOBHbIE CMbIC/TIOBbIE 3JIEMEHTDI:
a63aub|, npeanoXXeHna n otTaesibHble NIEKCEMbI
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«Kak ympasisith ctpeccom mogo6Ho 6uariaonucty» us New York Times'. [leranu-
3aIMsT NCCJIEI0BAHNST IOKYMEHTA MOJKET CYIIECTBEHHO TIOBJHSTD Ha TO, Kak Oyzer
KJTacCUUINPOBAHA CTAThST: KAK MOCBSIIIEHHAST <IOITYJISIPHOMY BUJLY CIIOPTa» WJIH
«JIMIHOMY 3/I0POBbBIO» (MU U TOMY, U pyromy!).

ITOT MPUMeP WLTIOCTPUPYET, TOUeMY 3a/Ia4l BeKTOPU3AINU, N3BJIeUCHUS TPU3HA-
KOB M MAITMHHOTO 0OYYEHMUsT, KOTOPbIE MbI OY/IEM BBITTOJHSTH B CJICAYIONIMX IJIaBax,
B 3HAYKMTEHHOI Mepe 3aBUCST OT Harleil ciocoOHOCTH 3(h(HEKTUBHO Pa3OUTh JTOKY-
MEHTBI Ha COCTaBJISION[ME UX KOMIIOHEHTDI, COXPAHUB IIPU 3TOM [IepBOHAYAJIbHYIO

CTPYKTYyDpY.

TOYHOCTb U YYBCTBUTENBHOCTb HallUX Mop,eneﬁ 6yneT 3aBUCETb OT TOro, Ha-
CKOJIbKO BCbeeKTVIBHO Mbl YMEEM CBA3bIBaTb JIEKCEMbI C KOHTEKCTOM, B KOTOPOM
OHU MOABNAKOTCA.

Ab63alrpl, 3aK/TI0YAIONINE 3aKOHYEHHbIE U/IEH, BBITTOJHSIOT POJIb CTPYKTYPHOI eu-
HUIIbI IOKYMEHTA, U B TIEPBYIO OUEPE/b MBI JIOJKHBI BBIZETUTD A03aIbl, UMEIOTIHECS
B TekcTe. HekoTopbie 00beKThl uTeHust KopirycoB B 6ubmnoreke NLTK, Takue kak
PlaintextCorpusReader, peajiM3yIOT METOJ paras() — reHepatop ad3arieB, KOTOpbie
OTIPEZIEIISTIOTCST KaK OJTIOKU TEKCTa, Pa3/ieJIeHHBIE IBYMST CHMBOJIAMU TT€PEBOJIA CTPOKIL.

OpHako ceifyac Mbl UMEEM JIeJI0 He € TIPOCTBIM TEKCTOM, TI09TOMY JIOJIZKHBI Peasiu-
30BaTh MeTOZ, usBjekatomuil absansl u3 HTML. K cuactsio, Hatr Metoz html()
coxpanset cTpyktypy HTML-10KymMeHTOB. TO 3HAUUT, YTO MBI MOKEM BBIZIETTUTH
coziepKIMoe ab3alieB Mo TeraM <p>, KoTopsbie B siabike HTML onpesensiior ab3aribl.
[ToCKOIBKY COAEPKIMOE MOKET TaKKe 0O(DOPMIISTHC APYTUMHU cIIocobaMu (Harpu-
Mep, B BU/IE JIPYTUX CTPYKTYP BHYTPHU IOKYMEHTA, TAKUX KaK 3aT0JIOBKH U CITUCKM ),
MBI BBITIOJTHUM GoJiee IMUPOKHiT IOUCK 110 TEKCTY, Mciob3yst BeautifulSoup.

Kak Bbl MOMHUTE, B rfaBe 2 Mbl OnNpeaenunamn knacc HTMLCorpusReader Tak, 4To
06beKTbl YTeHWs nosny4yatoT nckomble HTML-Tern B Buae atpubyta knacca. 310
MHOXECTBO TEroB MOXHO paclMpWTb, COKPaTUTb WAN U3MEHUTb Kak-TO MHauye
B COOTBETCTBUM C KOHKPETHbIMKU TPebOBaHUAMM.

OmnpepeimM MeTOJ paras (), BBIMOJHSIONNNA 00X0/ BeeX (hailJioB U mepeaaonnit
kaxpiii HTML-gokyment konerpykropy Beautiful Soup, ykasas, uto ananus pas-
merkun HTML nossken npousBoauThest ¢ ucnosbsosanrem HTML-napcepa Ixml.
[Tosyuatonuiicst B pe3ysibraTe OOBEKT soup XPaHHUT IPEBOBUIHYIO CTPYKTYPY, IO
KOTOPOI1 MOJKHO TIepeMelaThCs, NCIOJIb3Ysl OPUTHHATIbHBIE Ter 1 asieMeHTsl HTML.

! Tara Parker-Pope, How to Manage Stress Like a Biathlete (2018), https://nyti.ms/2GIBGwr
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W3 Kax 1010 Takoro 06beKTa Mbl BBIOEPEM BCE TETH, BXOJSIIIE B IPEAOIPEAEICHHOE
MHO’KECTBO, M BEDHEM TEKCT, cojiepKaliuiics: B Hux. ITocsie aToro, 3akoH4nB paboTy
¢ daiisoM, BRI30BEM METOJ decompose Kjacca BeautifulSoup, YTOOBI YHUYTOXKUTH
JIepeBO U 0CBOOOANTH 3aHUMAEMYIO UM HaMSITh.

import bs4

# Teru ana ussneyeHus ab3aueB u3 HTML-AOKYMEHTOB
tags = [

'h1', 'h2', 'h3', 'h4', 'h5', 'h6', 'h7', 'p', '1li’
1

def paras(self, fileids = None, categories = None):

Mcnonb3yeT BeautifulSoup ana Bbigenenus ab3aues u3 HTML.

for html in self.html(fileids, categories):
soup = bs4.BeautifulSoup(html, '1lxml")
for element in soup.find_all(tags):
yield element.text
soup.decompose()

Meroj paras() — 9T0 (yHKIUsI-TeHEpaTOP, BO3BPAIIAoIas HCXOAHbII TeKCT ab3a-
I[€B U3 BCEX JOKYMEHTOB, OT TIEPBOTO JI0 TIOCJIEIHETO, U TPOCTO TEPEIIarnBaroast
Yepe3 TPaHuIlbl JOKyMeHTOB. Eciin mepenaTh MeTOY paras () KOHKPeTHOe 3HAUeHTe
B mapametpe fileids, OH BepHeT ab3allbl TOJBKO M3 YKa3aHHOTO (haiia.

CTOuT OTMETUTb, YTO METOABI YUTEHUS paras() MHOrMx 06bEKTOB KOPMYyCoB B 6u-
6nunoteke NLTK, Takux kak PlaintextCorpusReader, AEMCTBYIOT MO-pasHOMYy,
4acTo BblAENsAS NPeanoXeHns 1 nekceMbl BA06aBOK K BbiaeneHuto ab3aues. 310
0bbscHseTCA TeM, 4To B 6onbluMHCTBE cBoeM MeToAbl B NLTK npeanonaratot, 4to
paboTa BeAeTcs C aHHOTUPOBAHHBIM KOPMYCOM U HET HEOBXOAMMOCTN PEKOHCTPYU-
poBaTb ab3aubl. Hawwv mMeToabl, HANPOTMB, NpeAHa3HaveHbl Ans 06paboTku mc-
XOAHOr0, HEAHHOTUMPOBAHHOIO KOPMyca U MO3TOMY AO/XKHbI NMPOV3BOAUTL €ro
PEeKOHCTpyMpoBaHue.

CerMeHTaums: BblaesieHue n pennomel-mii

Ecui ab3a1ibl MOJKHO pacCMaTpUBaTh Kak CTPYKTYPHbIE €IMHUIIBI IOKYMEHTA, TOT/Ia
IPEJIOKEHIST MOKHO CYMTATh CMBICTIOBBIMU efrHuIaMu. [Togo6HOo ab3airy, Bbi-
paskaioniemMy eJIMHCTBEHHYIO U/IEI0, TTPEJIOKEHUE COJEPKUT 3aKOHUYEHHYIO MbICJIb,
KOTOPYIO MbI XOTeIN ObI c(hOPMYJIMPOBATh U BHICKA3aTh.

B aTOM pasjiesie Mbl peain3yeM cezMenmanuio — pasjieieHue TeKCTa Ha IIPeIOKEHNST,
KOTOpbIE TOTOM OyyT 06pabaThIBATHCSI METOAMU MAPKHUPOBKH CJIOB TEraMy YacTei
pedn, KOTOpbIe Oy T PACCMOTPEHBI IAJIee B ATOI TJIaBe U KOTOPBIE B CBOIO 0YEPE/h
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OIUPAIOTCST Ha BHYTPEHHE COTVIAaCOBaHHY0 MOPhoorHio. YTOObI BHIIEINUTH MPE/l-
JIO;KEHU S, HAIMIIIEM HOBBI METOI, sents (), BEI3BIBAIOIINH paras () 1 BO3BpAIIAIONIUI
redeparop (UTeparop), KOTOPBIH mepedrpaer Bee TPeJIoKeHrs U3 BeeX ab3alies.

CWHTaKcuyeckas CerMeHTaums He SBNSIeTCS HeobX0AMMbIM YC/TOBUEM ANSt MapKu-
POBKM TEKCTa YacTsMM peun. B HEKOTOpbIX Ciny4Yasix MoOXeT noTpeboBaTbCs CHa-
Yyana BbIMOSIHUTb MAapKUPOBKY, YTOObI NMpaBWU/IbHO pa3buTb TEKCT Ha NPEANOXKEHMS,
HanpuMep, Npu aHanu3e peyeBort UHGOPMALMM WU TPAHCKPUBUMPOBAHHOIO
TEKCTa, rAe rpaHnLbl MeXAay NpeasioKeHNsaIMU He Tak 04eBuAaHbI. B nMcbMeHHOM
TEeKCTe npeaBapuTenbHas CerMeHTaumsl ynpoLwaeT MapKkMpOBKY NIeKCeEM YacTsaMu
peun. C peyeBbiMM JaHHBIMKW YACTO Ny4lle CrpaBnstoTCa UHCTPYMeHTbl SpaCy,
TOoraa Kak ans 06paboTky NMUCbMEHHOMO si3blka Nydlle noaxoaut NLTK.

Ham Metog; sents () BbITOIHAET 00X0/ BCeX ab3a1eB, BBIIEICHHBIX METOIOM paras,
U ACTIOJIb3YET METOJL sent_tokenize n3 6ubsmoreku NLTK ist BbimosHeHust akriae-
CKOM cermeHTaluu. BHyTpenHe sent_tokenize ucrosb3yeT PunktSentenceTokenizer,
MO/IEJIb, TIPEIBAPUTENLHO 00YUEHHYIO TpaBuIaM peodpasoBanus (110 cyTH — Habop
PeryJISIpHBIX BBIPAKEHUH ) JI7I Pa3HbIX BUIOB CJIOB U 3HAKOB IIPeNMHaHus (Halpu-
Mep, TOUKH, 3HAKU BOIIPOCA, 3HAKW BOCKJIMIIAHUS, KAITUTAJIU3AINS U T. [I1.), KOTOPbIE
CIy>KaT IPU3HAKaMM Havyasa U KOHIA MpesioxeHnsa. Mozieab MOKHO TPUMEHUTH
K ab3aIly 1 OJIyYrTh TeHePaTOP TIPE/TIOKEHHIA:

from nltk import sent_tokenize

def sents(self, fileids = None, categories = None):
Ncnonb3yeT BCTPOEHHbIN MeXaHU3M AJIA BbIAENEHUA MpeaNoXeHnd U3
ab3aueB. ObpaTuTe BHMUMaHWE, 4YTO ANA MapcuHra pasmeTkum HTML
3TOT mMeToA ucnonb3yeT BeautifulSoup.
for paragraph in self.paras(fileids, categories):
for sentence in sent_tokenize(paragraph):
yield sentence

Xotst PunktSentenceTokenizer 3 NLTK o6yuen pacrosHaBaTh TEKCThI Ha aHTJIHT-
CKOM $I3bIK€, OH TAKKe XOPOIIO MOJXOUT /1JIsT OOJIBITNHCTBA €BPOIEICKUX SI3BIKOB.
OH IpeKpacHo CIPABJISIETCs CO CBOEHT 3a/1aUeii, KOT/Ia ToJTyyaeT CTanapTHbie ab3allbl:

['Beautiful is better than ugly.', 'Explicit is better than implicit.’,
'Simple is better than complex.', 'Complex is better than complicated.’,
'Flat is better than nested.', 'Sparse is better than dense.’,

'Readability counts.', "Special cases aren't special enough to break the
rules.", 'Although practicality beats purity.', 'Errors should never pass
silently.', 'Unless explicitly silenced.', 'In the face of ambiguity, refuse
the temptation to guess.', 'There should be one -- and preferably only one --
obvious way to do it.', "Although that way may not be obvious at first unless
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you're Dutch.", 'Now is better than never.', 'Although never is often better
than *right* now.', "If the implementation is hard to explain, it's a bad
idea.", 'If the implementation is easy to explain, it may be a good idea.’',
"Namespaces are one honking great idea -- let's do more of those!"]

OnHako 3HAKU MPeNUHAHNA He BCeT/a UMEIOT OTHO3HAUYHYIO0 UHTEePIIPETAIINIo, Ha-
IPUMEP: TOYKU OOBIYHO CJYKAT MPU3HAKOM KOHI[A TIPE/JIOKEHNUST, HO OHM MOTYT
TaK’Ke TMOSBISATHCS B BEIIECTBEHHBIX YNCIIAX, COKPAIIEHIX M MHOTOTOYNSIX. VITHBIMU
CJIOBAMH, OTIpe/ieieHIe TPAHUIL TIPEJIOKeHNH — He Beer/a mpoctas 3aaada. [1oaro-
MY TIpPUMEeHeHNe PunktSentenceTokenizer K HECTAHAAPTHOMY TEKCTY HE BCET/A /Ia€T
MpUeMJIeMble PEe3YJIbTaThI:

[ 'Baa, baa, black sheep,\nHave you any wool?', 'Yes, sir, yes, sir,\nThree
bags full;\nOne for the master,\nAnd one for the dame,\nAnd one for the little
boy\nWho lives down the lane.']

NLTK npenocraBrisier ansrepHATUBHBIE CPEACTBA BBIIEICHUS TIPEATOXKeHUN (Ha-
HpUMep, JIJIst TBUTOB), C KOTOPBIMU CTOUT TTO3HAKOMUThCsT. Ho, Kak Gbl TO HI OBLIIO,
eCJIM B BallleM [IPeIMETHOM ITPOCTPAHCTBE UMEIOTCSI CBOM YHUKAIbHbIE 0COOEHHOCTH
pasrpaHuYeHUst MPEJIOKEHNH, PEKOMEHYeTCst 00YUUTh CBOIO MOJIEJb, BBITIOJIHSI-
IONIYIO TaKKe Pa3rpaHUu€eHns, UCITOJIb3YsI IIPEJMETHO-OPUEHTUPOBAHHBII KOHTEHT.

JlekceMu3auuma: BbiaesieHUe JieKkceM

MBI orpeIesIiIn MpeIoKeH st KaK CMBICIOBBIE €IMHUIIbL, a a63a1lbl — KaK CTPYK-
TYpHBIE eMHUIIBI TOKYMeHTa. B aTOM paszesie MbI 3aiiMeMCsI BbIIEIEHIEM JIeKCeM,
CUHTAKCUIECKUX eINHUIT SI3bIKA, KOAUPYIOMINX CEMAHTHIECKYIO MH(MOPMAITUAIO B BU/IE
ITOCJIEIOBATEIHHOCTH CUMBOJIOB.

Jlexcemusayus — 3T0 1IpoLeCcC U3BJIeUEHUS JIeKCeM, U JIJISL eT0 Peau3aluy Mbl UC-
110J1b3yeM WordPunctTokenizer — KJacC, OCHOBAaHHBIN HA IIPUMEHEHUN PETYJISIPHBIX
BBIPQKEHUH, KOTOPBIN BBIJEJSET JTEKCEMBI 10 MPOGETbHBIM CUMBOJIAM U 3HAKaM
IPENNHAHKS ¥ BO3BPAIAeT CIIUCOK a/(haBUTHBIX 1 Heal(haBUTHBIX CUMBOJIOB:

from nltk import wordpunct_tokenize

def words(self, fileids = None, categories = None):
Ncnonb3yeT BCTPOEHHbIM MeXaHU3M ANIA BbAENEHUA CJIOB U3 MpennoXeHWi .
ObpaTuTe BHUMaHWe, 4TO A/AS MapcuHra pasmeTku HTML
3TOT mMeToA ucnonb3yeT BeautifulSoup
for sentence in self.sents(fileids, categories):
for token in wordpunct_tokenize(sentence):
yield token
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Tak ke, Kak pasrpaHUueHUe MPeIJIOKeHNH, BbIIeJIeHUe JIeKCeM — He BCer/ia IPoCcTast
3a71a4a. MBI TOKHBI TOAYMATh O MHOTOM, HATTPUMED: YAATATH JIU 3HAKY MTPEITNHA-
HUS U3 JIEKCEM U, €CJIU J1a, CAeyeT JIU WHTEPIPEeTUPOBATh 9TU 3HAKW TTPETTMHAHUS
KaK CaMOCTOSITeJIbHbIE JiekKceMbl ? CeryeT I COXpaHITh CJI0Ba ¢ AehrcaMu B BUIE
OJIHO JIeKceMbl MM pa3buBaTh MX Ha cOCTaBHbIe YacTu? Kak MHTEpHpeTHpoBaTh
coKpateHHbie (DOPMBI CJIOB: KaK OJIHY JIEKCEMY WJIM KaK /[B€ — U T/Ie B [TOCJETHEM
cJydae ITPOBOJUTD TPAHUILY ?

B 3aBHCHMOCTH OT OTBETOB Ha 3TU BOTIPOCHI BHIOUPAIOTCS Pa3Hble MHCTPYMEHTHI
BblJIeJIeHU JiekceM. VI3 MHOXKecTBa TaKMX MHCTPYMeHTOB, focTynHbiX B NLTK
(mampuMmep, TreebankWordTokenizer, WordPunctTokenize, PunktWordTokenizer u /ip.),
yale BCero g JekceMu3anmuu BbI6I/Ipa€TCH (byHKL[MH word_tokenize, KOTOpas ucC-
MOJIb3yeT TreebankWordTokenizer U peryJisipHbie BIpakeHst u3 Oubanoreku Penn
Treebank. Ona noazep:kuBaeT pasdMBKY CTaHAAPTHBIX COKpalleHuii (Harpumep,
«wouldn’t> mpesparaercst B «would» 1 «n’t») ¥ WHTEPIPETUPYET 3HAKHU TIPEIH-
HaHUs (Takue KaK TOUKU, OJJMHOUYHbIC KaBbIUKHU U 3aIISIThIe, 32 KOTOPBIMU CJIENYIOT
npobeJibl) KaK CaMOCTOSATeNIbHbIE JleKceMbl. HarpoTus, WordPunctTokenizer ocHO-
BaH Ha KJacce RegexpTokenizer, BBIIEIIONIEM JIEKCEMBI C TIOMOIIBIO PETYISIPHOTO
BBIpAKEHUS \w+ | [*\w\s]+ , KOTOPOMY COOTBETCTBYIOT JIEKCEMbI UJIN PA3AETUTETTN
JIEKCEM, B Pe3yJIbTaTe 4eTo MOIydaeTcs MOoCae0BaTETbHOCTD an(aBUTHBIX U He-
anhaBUTHBIX CUMBOJIOB. Kitacc RegexpTokenizer Takke MOXKHO MCITOTB30BATD JIJIS
CO3/IaHUsI CBOETO MHCTPYMEHTA BbIJIeJICHUS JIEKCEM.

MapkupoBKa 4acTMM peum

Terepb, OJYYUB JOCTYI K JIEKCEMaM BHYTPH MPeJIOKEHII B ab3aiax Hallnux
JIOKYMEHTOB, TTOMETHM KaKIYIO JIeKCEMY COOTBETCTBYIONIEH eil uacmvio peuu.
Yactu peun (HampuMep, TIaroJIbl, CYIeCTBUTENbHbIE, TPEIJIOTH, TPUIaraTeb-
HbIe) YKa3bIBAIOT HA POJIb CJI0BA B KOHTEKCTE TIPe/JIOKeHN. B aHTniickom, kak
¥ BO MHOTHUX JIPYTUX A3BIKAX, OJTHO W TO K€ CJIOBO MOKET UTPaTh Pa3Hble POJIH,
U HaM XOTeJIOCh Obl MMETh BO3MOKHOCTD pasindarh ux (Harnpumep, «building»
(CTPOUTENHCTBO, CTPOEHHE) MOKET OBITH CYIIECTBUTETBHBIM WJIU TJIATOJIOM ).
MapkupoBKa 4acTsIMU PeUr 3aKTI0YAETCST B I0OABIEHUH K KaXK [0 JIEKCEME COOT-
BETCTBYIOIIETO Tera, HeCyero nHMOPMAInio 06 OTPeIeIEHITH CI0BA 1 €TO POJIH
B TEKYTIIEM KOHTEKCTE.

Bocmnionbayemcs rotoBeim cpenctBoMm Mapkuposku u3 NLTK, pos_tag, KoTopsiit
Ha MOMEHT HAIIMCAHUA 3TUX CJIOB UCIOJb30BAJ PerceptronTagger() 1 Ha6op TEeTOB
u3 Penn Treebank. Bu6imoreka Penn Treebank Brsioyaer 36 Teros, Hecymmux uH-
opmaruio o yacTsax peuu, CTPyKTYPHON OpTaHU3aIni, APYyTie TpaMMaTIHYecKue
xapakTepucTUKu (NN 1711 CyIIeCTBUTEIbHBIX B eIMHCTBEHHOM YHCJIe, NNS [IJIsT Cyliie-



72 'naea 3. MNpepBapuTenbHas 06paboTka 1 npeobpa3oBaHue Kopnyca

CTBUTEJIbHBIX BO MHOKECTBEHHOM YMCJIC, JJ U1 IIPpUJIaraTe/IbHbBIX, RB I H&p@‘ll/lﬁ,
VB 1711 TJ1aroJIOB, PRP /U1 JIMYHBIX MECTOMMEHUI U T. I[.).

Merton tokenize Bo3BpallaeT reHepaTop, IPeOCTaBASIONIMN HaM CIIUCOK CIIUCKOB
ab3alleB, sIBJSIIONIMXCS CIIUCKAMU TIPEJIJIOKEH I, KOTOPbIE, B CBOIO OY€PE/ib, SIBJIsI-
IOTCS CIIUCKAaMU JIeKCeM, MAapPKUPOBAHHBIX TeraMU YacTell peun. MapKupoBaHHbBIE
JIEKCEMBI TIPE/ICTABIEHBI KOPTesKaMu (tag, token), T7ie tag — cTpOKa (PETUCTP CUM-
BOJIOB MMeeT 3HAYEeHNE ), ONPEIEISIONIast POJIh JIEKCEMBI token B TEKYIIIEM KOHTEKCTE:

from nltk import pos_tag, sent_tokenize, wordpunct_tokenize

def tokenize(self, fileids = None, categories = None):

CermeHTUpyeT, NeKCceMU3upyeT U MapkupyeT LOKYMEHT B Kopryce.

for paragraph in self.paras(fileids = fileids):
yield [
pos_tag(wordpunct_tokenize(sent))
for sent in sent_tokenize(paragraph)

Paccemorpum a63air « The old building is scheduled for demolition. The contractors
will begin building a new structure next month»'. B garntom ciay4yae MeToz pos_tag
OIIPEJIEJINT, YTO B TIePBOM cirydae ¢ioBo <building» (cTpoenue) ucnosbayercs Kak
CYIIECTBUTEJILHOE B €[MHCTBEHHOM YKCJIE, a BO BTOPOM — Kak riaroj «to build»
(cTpontn):

[[('The', 'DT"'), ('old', '33'), ('building', 'NN'), ('is', 'VBZ'),
('scheduled', 'VBN'), ('for', "IN'), ('demolition', 'NN"), ('.', ".")],
[('The', 'DT'), ('contractors', 'NNS'), ('will', 'MD'), ('begin', 'VB'),
('building', 'vBG'), ('a', 'DT'), ('new', '33"), ('structure', 'NN'),
(‘next', '33'), (‘month', 'NN'), ('.', '.")]1]

BoT 0CHOBHOe NpaBuiio paclundpoBKy TErOB YacTel peun: Tern, o6o3Hauatowme
cywecreuTenbHble (Nouns), HaumMHatoTcs ¢ N, rnaronel (verbs) — c V, npunara-
TenbHble (adjectives) — ¢ J, Hapeuns (adverbs) — ¢ R. Bce octanbHble Teru
onpeaensitoT HEKOTOPble CTPYKTYPHbIE 3N1EMEHTbI. MOMHbIA CMUCOK TEFOB MOXHO
HalTK no agpecy: http://bit.ly/23fUOrq.

B NLTK ecTb HECKOIBKO AOTTOTHUTEIBHBIX HCTPYMEHTOB MAPKUPOBKHU YaCTSIMU
peun (HampuMep, DefaultTagger, RegexpTagger, UnigramTagger, BrillTagger). [loa-
JEePKUBAETCS TaKKe BO3MOKHOCTh MCIOJb30BaTh X KOMOMHAIIMN, HAIIPUMED,

! Crapoe cTpoen¥ie 3aiIaHupoBaHo K cHOCY. [10APSAAIMKI HAYHY T CTPOUTENIHCTBO HOBOTO 3/[AHNST
B cJaiestytonieM Mecste. — Ipumeu. nep.
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BrillTagger IIO3BOJISET YIYUYIINTD IIEPBOHAYATIbHYIO MADKUPOBKY TeraMu, IIPUMEHSIS
npasuia npeobpasosanust bpuiia (Brill).

MpomMexxyTouHbI/ aHaNM3 Kopnyca

Tenepb y Halero HTMLCorpusReader €CTh Bce HEOOXOAUMBIE METO/IBI JIJIsI IEKOMITO-
3UITNH JOKYMEHTOB, KOTOPBIE TOHAI0OSTCST HAM B OCJIEYIONINX ryiaBax. B rirase 2
MBI CHAOINTH HATIT MHCTPYMEHT YTEHSI KOPITyCa METO/IOM sizes (), TO3BOJISIONIIM
OIEHNTb, KAaK U3MEHSIETCST KOPITYC € TedeHreM BpeMeHu. Terepb Mbl MOKeM 100aBUTh
HOBBII MeTO/I, describe (), KOTOPBIH AacT HaM BO3MOKHOCTb BBIIIOJIHUTD IIPOMEKY -
TOUHBIM aHAJIN3 U3MEHEHUS COCTaBa KaTerOPUid, CJI0OBAps U CJIOKHOCTU KOpPITyca.

[IepBbiM mesiom describe() 3amycKaeT CEKYHAOMEP W MHUIINAIN3UPYET /[BA Pac-
MpejieJIeHnsT YacTOT: TIePBOe, counts, TIPeIHa3HAYEHO /IS TTOICUeTa BIOKEHHBIX
CTPYKTYP B IOKyYMEHTaX, a BTOPOe, tokens, TIPeJIHA3HAYEHO JIJIsl XPAHEHUS CJIOBa-
psi. YactoTy pacrpe/esieHnii U uX IPUMEeHEHne MbI TOPOoOHO 06CyanM B TJiaBe 7.
B mpotiecce anasisa Mbl MOACYUTaEM KOJHUUECTBO ab3alleB, MPETIOKEHNN 1 CJIOB,
a TakyKe COXPAHNM KaKAYI0 YHUKAJIbHYIO JEKCEMY B coBape. 3aTeM TOICYUTaeM
KOJIMYIECTBO (DAiIOB M KATETOPUIT B KOPITyCe U BEPHEM CJI0BAPb CO CTATUCTUYECKOM
CBOJIKOM 0 KOPITyCe, COIEPIKAIIIil: 0bIee KoJndecTBO (hailJioB U KaTeropuii; ooiiee
KOJIMYECTBO ab3alleB, IPEAIOKEHUI 1 CII0B; KOJIMYECTBO YHUKAIbHBIX JIEKCEM; JIEK-
crYecKoe pasHooOpasre — Kak OTHOIIEHUE YHCJIa YHUKAIbHBIX JIEKCEM K 001eMy
UX KOJIMYECTBY; CPe/IHee YnCJI0 aO3a1eB B IOKYMEHTE; CPEIHEE YHCIIO MPEITIOKEHUiT
B ab3arie; ob1ee BpeMst 06pabOTKM:

import time

def describe(self, fileids = None, categories = None):
BbinonHaeT 06Xof COAepXMMOro Koprnyca M Bo3BpawaeT
CNnoBapb C pa3sHOOOPa3HbIMU OLIEHKaMU, OMUCHIBAKILUMU
COCTOsIHMe Kopnyca.

started = time.time()

# CTpyKTypbl ANnA noacyeTa.
counts = nltk.FregDist()
tokens = nltk.FregDist()

# BbiMONHUTbL 06x04 ab3aueB, BbAEUTb JleKCeMbl M MOACYUTATbL UX
for para in self.paras(fileids, categories):
counts['paras'] + =1

for sent in para:
counts['sents'] + =1
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for word, tag in sent:
counts['words'] + = 1
tokens[word] + =1

# OnpefenuTb 4ucno ¢pannoB WM KaTeropuin B Kopnyce
n_fileids = len(self.resolve(fileids, categories) or self.fileids())

n_topics = len(self.categories(self.resolve(fileids, categories)))

# BepHyTb CTPYKTYpY [AaHHbIX C MHbOpMauuei

return {
'files': n_fileids,
"topics': n_topics,
"paras': counts['paras'],
'sents': counts['sents'],
'words': counts['words'],
'vocab': len(tokens),

"lexdiv': float(counts['words']) / float(len(tokens)),
"ppdoc': float(counts['paras']) / float(n_fileids),
"sppar': float(counts['sents']) / float(counts['paras']),
'secs': time.time() - started,

C pocrom Kkopiryca 1o Mepe cO0pa HOBBIX JaHHbIX, [IPeABAPUTEIbHON 00pabOTKM
U CoKaTust MeToJl describe() TTO3BOJIUT HAM BBIUMCISTD 3TH XapPaKTEPUCTUKU U BU-
JIeTh, KaK OHU MeHs0Tca. OH MOXKET CTaTh BAXKHBIM MHCTPYMEHTOM MOHUTOPUHTA
U TOMOYb BBISIBUTH MPOOJEMbI B TIPUIOKEHUN; MOJIEIM MAIIUHHOTO 00YUYeHMSsT
0OBIYHO OKHUIAIOT MOCTOSTHCTBA ONPEIETEHHBIX XapaKTePUCTUK, TAKUX KaK JIEK-
CHYecKoe paszHooOpasue U KOJIMIeCTBO ab3aleB Ha OINH JOKYMEHT, CYIIIeCTBEHHOE
M3MEeHEeHNe KOTOPBIX MTOUTH HaBEPHAKA OTPA3WTCS Ha KauyecTBe Mojenu. To ecTh
MeToJ describe() MOXKHO MCIIOTb30BATD JIJISI ONPE/IeIEHUS] BETUYMHBI U3MEHEHU
B KOPILyCe, 4TOOBI CBOEBPEMEHHO 3aIlyCTHTD TOCJELYIOILY 0 BEKTOPU3AIINIO 1 [Iepe-
CTPOUKY MOJIEJIH.

TpaHcdopmaumsa kopnyca

Tenepnb Hair 0OBEKT MOKET B TIOTOKOBOM PEXKMME YUTATh JOKYMEHTBI U3 KOPITyCa,
BBITIOJIHSST ATAITbI U3BJIEUEHNsT KOHTEHTa, Pas3/ieJieHrs Ha ab3allbl, CETMEHTAIUN Ha
MPETOKEHUS, TEKCEMUBAINN CJIOB, MAPKUPOBKY TeraMU 4acTell pedu, u mepesa-
BaTh 00paboTaHHbIE TOKYMEHTHI B MOJIE/IN MAMIMHHOTO OOYYEHsI, KaK TIOKA3aHO
Ha puc. 3.3.

K coxkasenuto, aTa o6pabotka o6xoauTcst HemenieBo. [1Jist HeGOJIbINX KOPITYCOB
WJIM KOT/IA €CTh BO3MOKHOCTD BBIJIEJUTD JIJIS IIPEABAPUTEILHON 00pabOTKI MHOTO
BUPTYaJIbHBIX MAIIIIH, IPOCTOT0 0OBEKTA YTEHHS, TAKOTO Kak HTMLCorpusReader, MO-
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et ObITh 1ocTaTouHo. Ho st koprryca ¢ 300 000 HoBocTeii B (hopmate HTML atan
IpeABapUTENbHON 00paboTKK MOKET 3aHATH GoJiee 12 yacoB. Mbl Onpe/ie/ieHHO He
MOJKEM MO3BOJIUTD ceOe IeTaTh ATO KasKbIN Pa3, KOT/a 3ayCcKaeM MOJIeTMPOBaHIE
WJIM TECTUPYEM HOBBIN HAaGOp rumeprnapamMeTpos.

(60p paHHbIX MpomexyTouHbiii Mpunoxenue
aHanu3

v

A 4
@* HTMLCorpusReader MopenupoBanue |« BexTopuzauua

Puc. 3.3. KoHBeiiep npeasapuTenbHOM 06paboTkM Kopryca

Ha npakTuke ata Hp06JIeMa pemraeTrcst n00aBIeHIEM JIBYX JOTIOJTHUTEJIbHBIX KJIac-
COB: KJlacca Preprocessor, UCIIOJIb3YIOIero HTMLCorpusReader 1711 IIOJATOTOBKU
MCXOJTHOTO KOPITyca K COXPAHEHUIO B BHJIe TPOMEKYTOUYHOTO apTedakTa, 1 Kjacca
PickledCorpusReader, YUTAIOIIETO TPaHCHOPMUPOBAHHBIE JOKYMEHTBI C ICKa
1 B IIOTOKOBOM PeKMMeE IIepe/laloliero nX Ha IoC/IelyIoIne dTallbl BEKTOPU3aIuN
U aHAM3a, KaK TTOKa3aHo Ha puc. 3.4.

Tpepsapur.
@HTML(orpusReaderH Mpep. obpabotka 06pa6oTaHHbIi |Pi(k|ed(orpusReader|—>| BexTopusauua H MopenupoBatue
Kopnyc

Puc. 3.4. KoHBeliep C NpoMeXyTO4HbIM COXPaHEHWEM MpeaBapUTENbHO
obpaboTaHHOro kopnyca

MNpeaBapuTenbHas 06paboTka n coxpaHeHue
NpPoOMeXyTo4yHoro apredakra

B aToM pasmene Mbl HamUIIEM KJIacc Preprocessor, TPUHUMATIOIUH 3K3eMIIIISP
HTMLCorpusReader, BBITIOJIHSIOIIHIT TPEABAPUTENBHY IO 00pabOTKY 1 3aITHChIBAIOIIHIA
HOBBIN TEKCTOBBII KOPITYC Ha JIMCK, KaK TOKa3aHo Ha puc. 3.5. IMEHHO 9TOT HOBBIH
KOPITYC MBI Oy/1eM HCIIOJIb30BATh TSI TATbHENTIIETO AaHAI3a TEKCTA.

CrauaJsa HamMIIeM OCHOBHOE OITpe/ieIeHe HOBOTO KJlacca, Preprocessor, KOTOPBI
06epThIBaeT 00BEKT YTEHHUsI KOPITyCa W BBIMOJHSET MIPOIIEAYPY JEKCeMU3alny Ha-
IIUX JJOKYMEHTOB U MAPKUPOBKH MX YacTsAMK peurt. OGbEKThI 9TOT0 KJacca JOJKHBI
MHUTTNATN3UPOBATHCA NCXOHBIM KOPITYCOM, CTPOKOH ITyTH K €T0 KOPHEBOMY KaTa-
JIOTY U TIeJIEBBIM KOPITYCOM, CTPOKOH Ty TH K KaTaJIoTy, Ky/Ia [0JKeH ObITh COXpaHeH
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Kopnyc
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e

Puc. 3.5. 3Tan npoMexyTouHo 06paboTku 1 NnonyyeHre TpaHcopMMPOBaHHOIO Kopryca

pesyJIbraT npeBapuTebHoi 06paboTku. Meros fileids () obecrieunBaet yao0HbIit
JIOCTYII K CBOICTBY fileids oObekTa HTMLCorpusReader, a abspath() Gyer Bo3Bpa-
maTh aGCOJIOTHBIN Iy Th K KasKA0MY (hailry 1[eJIeBOro KOpIyca, COOTBETCTBYIONEMY
(daiiry HCXoaHOTO KOpIyca:

import os

class Preprocessor(object):

O6epTbiBaeT ~HTMLCorpusReader™ u BbiNOJHAET SeKCEeMU3aLMi0
C MapKMpOBKOW 4acTAMU peuyu.

def

def

def

__init_ (self, corpus, target = None, **kwargs):
self.corpus = corpus
self.target = target

fileids(self, fileids = None, categories = None):
fileids = self.corpus.resolve(fileids, categories)
if fileids:

return fileids
return self.corpus.fileids()

abspath(self, fileid):

# HailTu nyTb K KaTanory OTHOCUTENbHO KOpHS MCXOAHOTO Kopnyca.

parent = os.path.relpath(
os.path.dirname(self.corpus.abspath(fileid)), self.corpus.root

)

# BblenMTb YacTu MyTU ANA PeKOHCTPYUPOBaHMSA
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basename = os.path.basename(fileid)
name, ext = os.path.splitext(basename)

# CKOHCTpyupoBaTb uMa daitna c pacuupenuvem .pickle
basename = name + '.pickle’

# BepHyTb NyTb K ¢ainly OTHOCUTENIbHO KOpPHA LeNeBOro kopnyca.
return os.path.normpath(os.path.join(self.target, parent, basename))

Jlanee mo6aBuM MeTOJL tokenize (), KOTOPBI /IS 3aJaHHOTO UCXOAHOTO IOKYMEHTA
BBITIOJIHAET CerMEHTAIMIO0, IEKCEMU3AI[UI0 U MAPKUPOBKY YACTAMU PEYU, UCTIOJIb3YH
MeTozbl, uMmopTupoBanibie n3 NLTK B mpeasiaymieM pasmene. ITOT METOM BO3-
Bpalaer I KaskKJ0ro JOKyMeHTa reHepaTop ab3aieB co CIUCKAMU MPEII0KEeHNI,
KOTOpbIE, B CBOIO OYEPE/ib, XPAHST CIIUCKU YacTel Peur MapKUPOBAHHBIX JIEKCEM:

from nltk import pos_tag, sent_tokenize, wordpunct_tokenize

def tokenize(self, fileid):
for paragraph in self.corpus.paras(fileids = fileid):
yield [
pos_tag(wordpunct_tokenize(sent))
for sent in sent_tokenize(paragraph)

MoCcTeENeHHO KOHCTPYMpPYSt TEKCTOBblE AaHHblE C HEO6XOAMMONM OpraHu3aumen
(CNMCKM AOKYMEHTOB, COCTOSILUMX M3 CMMCKOB ab3aLeB, KOTOPbIE CaMK SBIISIHOTCS
CMUCKaMK MPEASIOXEHNIN, TAE KaXaoe MpeanoXeHne — 3TO CrUCOK KopTexei
C flekceMaMu 1 Teramm), Mol Ao6aBNsSiEM B UCXOAHbIN TEKCT ropasao 6onblue co-
LEPXUMOro, YeM yaansieMm. Mo 3ToM NpUUKMHE Mbl AODKHBI 6bITb FOTOBbI MPUMEHUTD
oKaTve ANs SKOHOMUM ANCKOBOro MPOCTPAHCTBA.

3anucb B OKaTblii apXuB

EcTb HeCKOIbKO BApUAHTOB TIPe0OPA30BAHUS 1 COXPAHEH S TIPEABAPUTETHHO 0Opa-
GOTaHHOTO KOPITyCca, HO MBI TIPETOYNTAEM UCTIOIb30BATH JIJIs 9TOTO MOJLYJIb pickle.
[l 3TOTO MBI peasmayem UTepaTop, KOTOPBI 3arpyskaeT JOKYMEHTHI B TTAMSTD 110
OJIHOMY, TIpe0Opa3yeT X B IEJEBYIO CTPYKTYPY MAHHBIX U 3alIUCHIBAET CTPOKOBOE
MpeICTaBJIeHIE 3TOM CTPYKTYPbI B MAJIEHbKUI (haiisl Ha AUCK. ITO CTPOKOBOE TIPE]I-
CTaBJIEHME HE [TPe/[HA3HAYEHO JIJIsl UTEHUST YeJIOBEKOM, OHO JIETKO C;KUMAETCsI, JIETKO
3arpysKaercsi, € JIErKOCThIO0 CEPUATUIYETCS U IECEPUATI3YETCS U OJIATOapst BCEMY
3TOMY 0OECIIEYNBAET BBICOKYTO 2(h(HEKTUBHOCTD.
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Jliist coxpaHeHust TpaHC(hOPMUPOBAHHBIX TOKYMEHTOB J100aBUM METOJ[ process ().
[Tocne ompenenenns KaTaIOTOB, T/Ie XPAHITCS UCXOMHBIE U (haliyibl U Ky JOJKHBI
COXPaHSTHCS UX 00pabOTAHHBIE U CIKATBIE BEPCHH, MbI CO3/[a€M BPEMEHHYO TIEPEMEH-
HYTO document ¥ 3aIIMCHIBAEM B HEe CITMCOK CITMCKOB CIIUCKOB! ¢ HAIlIEH CTPYKTYPOii
KOPTesKell. 3aTeM ceprai3yeM JOKYMEHT, 3alTChIBAEM €TI0 Ha TUCK C MAKCHUMAaJTbHOM
CTETIeHbIO COKATUS 1 y/IAJIIeM U3 MTAMSTH [epe/l TIePeX0/I0M K cJiejtytolieMy (aiiy,
I-ITO6I)I HE 3aHUMAThb IMaMATb HEHYKHbIMU JTaHHbIMU:

import pickle

def process(self, fileid):
Bbi3biBaeTCA ANA ofHOro ¢aiinia, npoBepsieT MeCTOMNONOXeHWe Ha AucCKe,
4YTO6bl rapaHTUpOBaTb OTCYTCTBME owubok, ucnonblyeT +tokenize()+ anAa
npeiBapuTesibHOW 06paboTKM U 3anucbiBaeT TPaHCOOPMUPOBAHHLIN AOKYMEHT
B BUAe CKaTOro apxuBa B 3ajaHHOe MecTO.
# OnpesennTb NyTb K ¢aiiny AnA 3anucu pesynbTaTa.
target = self.abspath(fileid)
parent = os.path.dirname(target)

# Y6eauTbCcA B CylWecTBOBaHWM KaTasjora
if not os.path.exists(parent):
os.makedirs(parent)

# Yb6eanTtbcA, 4TO parent — 3To KaTanor, a He ¢aun
if not os.path.isdir(parent):
raise ValueError(
"Please supply a directory to write preprocessed data to."

)

# Co3paTb CTPYKTYpY [AaHHbIX ANA 3anucu B apxuB
document = list(self.tokenize(fileid))

# 3anucaTb [aHHble B apXuMB Ha AMCK
with open(target, 'wb') as f:
pickle.dump(document, f, pickle.HIGHEST_PROTOCOL)

# YOanuTb [JOKYMEHT U3 NamMATuU
del document

# BepHyTb NyTb K LefeBoMy ¢ainny
return target

Harur meton process() Oy/eT MHOTOKPATHO BBI3bIBATHCS U3 CJEAYIOIIEr0 METO/IA
transform():

1 9710 He omeyarkal
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def transform(self, fileids = None, categories = None):
# Co3paTb LUeneBoOW KaTajor, ec/n ero eue Het
if not os.path.exists(self.target):
os.makedirs(self.target)

# Mony4nTb uMeHa dainioB Ans 06paboTku
for fileid in self.fileids(fileids, categories):
yield self.process(fileid)

B rnaBe 11 MBI icceryemM METOIBI pacTiapaiieInBaHUs 9TOTO MeTofa transform(),
4TOOBI 06ECTIEYUTH BHICOKYIO CKOPOCTD TIPEABAPUTEIbHOI 00pabOTKY U COXPaHEHUS
MIPOMEKYTOUHOTO KOPITyCa.

YreHune npeasapuTenbHO 06paboTaHHOro kopnyca

[Tocse npeaBapuTeIbHON 00PaGOTKU U CKATUSI KOPITyCa y HAC TOSIBJSIETCS BO3-
MOKHOCTB OBICTPO OOPAIIAThCs K TAHHBIM 0e3 TTOBTOPHOTO MTPUMEHEHUST METOIOB
JIEKCEMU3ATTIH WJI aHAJIA3a CTPOK — TIPOCTO 3arpysKast CTPYKTYPBI IAHHBIX HA S3bIKE
Python 1 sxoHOMST Maccy BpeMeHU ¥ CHLIL.

Jliist aTeHus peBapuTebHO 06paboTaHHOTO KOPITyca HaM TOTpebyeTcst Kaace
PickledCorpusReader, UCIIOJIB3YIONINI pickle.load() /s 6bICTpOI‘O U3BJICYEHUA
CTPYKTYp AaHHbIX Ha Python 1o ogHOMY JOKyMeHTY 3a pas. ITOT OOBEKT YTEHUS
obraziaeT BCeMM BO3MOKHOCTSIMU HTMLCorpusReader (IIOTOMY UTO HACJIELYET €r0),
HO, TIOCKOJIbKY He 0OpaIliaeTcsi HelOCPEICTBEHHO K NCXOHOMY TEKCTY, IEHCTBYET BO
MHOTO pa3 ObIcTpee. 3/1eCh MbI TIEPEOITPEAETHIN METO/L docs (), YHACIEIOBAaHHBIIT OT
HTMLCorpusReader, 3aMEHUB €T0 Bepcreli, KOTopasd 3HAeT, KaK 3arpy»KaTh JOKYMEHTHI
13 apXUBOB:

import pickle
PKL_PATTERN = r'(?!\.)[a-z_\s]+/[a-f0-9]+\.pickle"’

class PickledCorpusReader(HTMLCorpusReader):

def __init_ (self, root, fileids = PKL_PATTERN, **kwargs):
if not any(key.startswith('cat_') for key in kwargs.keys()):
kwargs['cat_pattern'] = CAT_PATTERN
CategorizedCorpusReader. _init__ (self, kwargs)
CorpusReader.__init__ (self, root, fileids)

def docs(self, fileids = None, categories = None):
fileids = self.resolve(fileids, categories)
# 3arpyxaTb OOKYMEHTbl B MaMATb MO OAHOMY.
for path in self.abspaths(fileids):
with open(path, 'rb') as f:
yield pickle.load(f)
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Kak1p1ii JOKyMEeHT, IPOIIEIIIHIA TPeBaPUTEIbHY IO 00pabOTKY, XPAaHUTCST KaK CITH-
cok Python-a6satieB, mosTomy MeToj1 paras () MOKHO peaJi30BaTh HHAYE:

def paras(self, fileids = None, categories = None):
for doc in self.docs(fileids, categories):
for para in doc:
yield para

Kasxprit ab3a11 ToKe SBJASIETCS CIIUCKOM — CITUCKOM TIPE/JIOKEHUH, TOITOMY METO/
sents () MOKHO Peain30BaTh aHATOTHYHO, YTOOBI OH BO3BPAIIaJl BCE TPE/IOKEHIIST
U3 3aMpOIeHHOro JokyMeHTa. O6paTuTe BHUMaHKE, YTO B 9TOM METO/IE, TaK JKe KaK
Bdocs() U paras(),apryMeHTol fileids 1 categories II03BOJIAIOT ABHO OIIPE/EINUTD,
13 KaKUX JJOKYMEHTOB M3BJIeKaTh MH(MOPMAIINIO; eciii 06a apryMeHTa NMEIOT 3Haue-
Hue None, TOT/[a METOJ] BEPHET MPEJIOKEHUS M3 BCEro Kopiryca. UToObl IIpoYnTaTh
e/IMHCTBEHHBIN TOKYMEHT, HYKHO Ilepe/ilaTh B apryMenTe fileids myThb K (aiiry
JIOKyMEHTA OTHOCUTETHLHO KOPHS KOPITyca.

def sents(self, fileids = None, categories = None):
for para in self.paras(fileids, categories):
for sent in para:
yield sent

[Ipennoxenns — aTo cIMCKU KOPTEKEH JIeKCeM U TETOB (token, tag), TOATOMY HaM
HOHAZ00ATCS IBa METO/A JJISE JOCTYIAa K YIIOPSA0YeHHOMY MHOKECTBY CJIOB, CO-
CTABJISIIOIINX JOKYMEHT MJIN JOKyMeHThI. IlepBbiit MeTo, tagged(), BO3BpamaeT
JIEKCEMBI C MX T€raMU, BTOPOM, words (), — TOJIbKO JIEKCEMBI.

def tagged(self, fileids = None, categories = None):
for sent in self.sents(fileids, categories):
for tagged_token in sent:
yield tagged_token

def words(self, fileids = None, categories = None):
for tagged in self.tagged(fileids, categories):
yield tagged[0]

O06bekT PickledCorpusReader 3HAUMTEIBHO YIIPOIIAET PAabOTY € OTPOMHBIME KOPILY-
camu. [TpesBapuTesbiyio 06paboOTKY AAHHBIX MOKHO PACTIAPATIIIETUTD, UCIIOJIb3YsI
MOJLyJib multiprocessing us 6ubianorekn Python (kak Oyer mokasaHo B riase
11), HO TP KOHCTPYNPOBAHNU MOJIesIell CKaHNPOBAHNE BCEX IOKYMEHTOB Tepe/]
BEKTOPU3ALMEH TOJIKHO OCYIIECTBIISATHCS 110C/IeA0BaTe/IbHO. TeopeTudeck aToT
IIPOIIECC TOXKE MOXKHO Paclapasile/uTb, HO TAKON II0X0Jl PEIKO UCIIOJIb3YeTCs Ha
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MPAKTUKE U3-32 IKCIIEPUMEHTAIBHON PUPOJIbI KCCJIE0BATEIHCKOTO MOJIEIUPOBA-
Hud. Vcnonp3oBaHme cepuain3aliii B apXUBhI 3HAYUTETBHO YBETUINBAET CKOPOCTh
mporecca MoJIeTMPOBAHUA 1 MICCIIeIOBaHM:!

B 3akroueHue

B a10i1 ri1aBe BbI y3HAIM, KaK B TIOJTOTOBKE K MAMIMHHOMY O0YYEHUIO BBIIOJTHUTD
TPeIBAPUTENBHYIO 00PabOTKY KOPITyCa Iy TeM CETMEHTAIINH, JIEKCEMI3AIIN 1 Map-
KMPOBKU 4aCTAMM pevn. B cienyronieil rjiaBe Mbl IO3HAKOMUMCS ¢ TEPMUHOJIOTHE
MaIIUHHOTO 00yYeHus 1 0OCYANM OTJIMYMS MAIIUHHOTO 0OyJYeHNs Ha TEKCTaX OT
CTaTUCTUYECKOrO IIPOrPaMMUPOBAHUA, IPUMEHABUICIOCA HaMU B IIPEAbIAYIINUX
HPUJIOKCHUSAX.

CHauasia MBI TOCMOTPHM, Kak (OPMYJIUPYIOTCS 3a/[a4l MAITHHHOTO OOYYEeHUSI, KOT/Ia
BXO/[HBIMHU JIAHHBIMU SIBJISIETCST TEKCT, TO €CTh KOT/[a Mbl pab0TaeM B MHOTOMEPHOM
MIPOCTPAHCTBE, TJI€ HAIIIU SK3EMILISIPbI SIBJISTIOTCS TIOJTHBIMU JIOKYMEHTAMU, & B YMCJIO
[PU3HAKOB MOTYT BXOJUTh aTPUOYThI YPOBHS CJIOB, TAKHE KaK CJIOBaph M 4acTOTA
JIEKCEM, a TaKKe MeTa/JaHHbIe, TAKME KaK aBTOP, IaTa M NCTOYHUK. CIre/lyfonum Ha-
MM IIArOM CTaHeT IMOAr0TOBKA Pe3yJIbTaToB IpeABapUTeNbHON 00paboTKK TeKCTa
K MaIllUHHOMY OOYYEHHIO IyTeM WX KOJMUPOBAHUS B BEKTOPHL. Mbl pacCMOTPUM
HECKOJIBKO METO/IOB KOJIMPOBAHUSI B BEKTOPBI U OOCYAUM TMOPSIZIOK UX BCTparBa-
HUST B KOHBeliep, 4ToObl 06€CIIeYnTh BO3MOKHOCTh CUCTEMATHIECKON 3arpy3KHu,
HOPMaJIM3aI[MK 1 U3BJIeYeHrs Mpu3HakoB. HakoHelr, Mbl 00CYy MM BO3MOKHOCTb
0ObeINHEHNS U3BJICUEHHBIX TPU3HAKOB JIJIsl IPOBEeHUsT 6oJiee CII0KHBIX BUIOB
aHa/M3a U MOJEJMPOBAHMUSL. DTHU IIArk IIOMOTYT HaM U3BJIeub 3HAYMMbI€e MIa0JIOHbI
13 KOPITyca U UCIIOIb30BaTh UX /71 IPOTHO3WPOBAHWS HA HOBBIX JJAHHBIX, KOTOPbIE
MO/IEJTh €1lle He BU/Iea.



KoHBenepbl BeKTopu3auum
M npeobpa3oBaHun

AJIFOpI/ITMbI MaIInHHOTO O6y‘IeHI/I${ [[efICTByIOT B IPOCTPAaHCTBE YN CJIOBBIX ITPU3HA-
KOB, O’KN1a ITOJIYIYUTb Ha BXO/1€ lIBYMeprlf/,I MaCCHUB, CTPOKU KOTOPOTI'O IpeacTaBJid-
10T 9K3EMILJIAAPDI, a CTOJI6]_ILI — IIpU3HaKU. Y100BI BLITOJIHATH MAIIUHHOE O6y‘{EHI/Ie
Ha TEKCTE, HYKHO npeo6pa303aTb JOKYMEHTDI B BEKTOPHbIE ITPEACTaB/JIE€HMA, K KOTO-
PBIM MOKHO ITIPUMEHUNTD YN CJIEHHOE MAalllTMHHOE o6yquI/Ie. ITOT IIpo1ecC Ha3bIBAECTCA
ussjleueHuem npusHaxKoes, njin IIpocTo 6eicmopu3auueﬁ, " 110 CYTU ABJIAETCA IIEPBbIM
iarom Ha IIyTH K aHa/JIN3y €CTECTBEHHOTO A3bIKa.

[TpeobpaszoBanme TOKYMEHTOB B YNCJAEHHBIN B/ IaeT BO3MOKHOCTD OCYIIECTBIIATh
VX QHAJIN3 ¥ CO3/IaBaTh K3EMNILAPbL, C KOTOPBIME CMOTYT paboTaTh aJrOPUTMbI Ma-
IIMHHOTO 00yYeHus. B aHaIn3e TeKCeTa 9K3EMILISIPAMU SABJISTIOTCSI [eJTbIe IOKYMEHThI
WM BBICKA3bIBAHUS, KOTOPhIE MOTYT UMETh CaMbl€ Pa3HbIe Pa3MepPhl, OT KOPOTKUX
LUTaT WA TBUTOB JI0 HeIbIX KHUT. HO caMu BEKTOPBI BCEr/ja MMEIOT ONMHAKOBYIO
pany. Kakzoe cBoiCTBO B BEKTOPHOM TIPEJACTaBAEHIN — 9TO npusnax. B ciydae
C TEKCTOM NPHU3HAKHU TIPEACTABIISIOT aTpUOYThI M CBOMHCTBA TOKYMEHTOB — BKJIIO-
Yag UX COAEPKUMOE U MeTaaTpuOyThl, TAKUE KaK JJIMHA JOKYMEHTa, UMl aBTOPa,
MCTOYHUK U fata nybaukaiuu. Bmecre Bce mpusHaky JOKYMEHTA OMUCHIBAIOT
MHOTOMEPHOE IIPOCTPAHCTBO NPU3HAKOB, K KOTOPOMY MOTYT HPUMEHSATHCS METOIbI
MalIMHHOIO 00yYeHMS.

[To aTOI IpUYMHE MBI TeTleph JOKHBI B KOPHE U3MEHUTDH CBOU B3TJIAM HA ecTe-
CTBEHHDII SI3bIK — IIEPEUTH OT IIPEJIOKEHNI 1 CJIOB K TOUKAaM B MHOTOMEPHOM Ce-
MaHTUIECKOM npocmpancmee. TOUKK B IPOCTPAHCTBE MOTYT PACHOJIAraThest OIM3KO
WM JIAJIEKO JIPYT OT JAPyra, 06pa3soBbIBATh TECHBIE TPYIIIbI MU PACTIPEIEIATHCS
paBHOMepHO. Takum 00pa3oM, ceMaHTHUYECKOE MTPOCTPAHCTBO (hOPMHUPYETCS TaK,
9TO JOKYMEHTBI, GJIM3KIE TI0 CMBICIIY, PACIIOJIaraloTCst PSIZIOM, a pa3Hble — JAJIeKO
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IpyT oT npyra. Komupys cX0ACTBO KaK PacCTOsIHUE, MBI MOKeM HAadaThb TIOPOKIATh
IepBUYHbIE KOMIIOHEHTBI JIOKYMEHTOB W ONIPE/Ie/ISATh TPAHUIIbI PEIIeHUS] B HAIIEM
CEMaHTHUYECKOM ITPOCTPAHCTBE.

[TpocreiinmM npeacTaBIeHneM CEMaHTUYECKOTO TIPOCTPAHCTBA ABJISETCS MOJIETb
MEULOK €08, OCHOBHAS MJiest KOTOPOIL COCTOUT B TOM, YTO CMBIC/I M CXOACTBO KOAUPY-
ioTcst B Bujie cioBapsi. Hampumep, cratbu B «Buxumeanus o 6eticoore u J[sxopke
Xepmane «Beiibe» Pyte (Babe Ruth)! HaBepHsika GyyT uMeTh OOJIBIIOE CXOACTBO.
B o6enx Oyzer mpucyTCTBOBATH MHOKECTBO OJMTHAKOBBIX CJIOB, @ KPOME TOTO, OHU
OY/IyT CYIIECTBEHHO OTIMYATHCS CJIOBAPHBIM COCTABOM OT CTAaTEl O IIPUTOTOBJICHUM
3alleKaHKU WM O CMSATYEHUH JAE€HEeKHO-KPEeANTHON nosmTrkr. HecmoTps Ha nipo-
CTOTY, 3Ta MOJieJib OYeHb d(P(PEKTUBHA U MOXKET CIYKUTh OTIPABHON TOYKON [T
GoJiee CITOKHBIX MOJIEJIEH.

B 9710i1 r1aBe MbI IPOIEMOHCTPUPYEM HOPSIIOK BEKTOPU3AINH JIJIsT OOBEIMHEHST
smuHrBHCTHYeCKUX TpremMoB 13 NLTK ¢ nmpuemamu marmmuHoro o0yuenust u3 Scikit-
Learn u Gensim, u co3nanust COGCTBEHHBIX peodpasosameell st NCTIOTb30BAHUST
B TIOBTOPSIEMBIX KOHGETePax MHOTOKPATHOTO UCII0Ib30BamH s, K KOHITY r1aBbl BbI Oy-
JieTe TOTOBBI TPeodPa30BaTh JOKYMEHThI U3 HAIIIETO TIPEABAPUTETHHO 00pabOTaHHOTO
KOpITyca B IIPOCTPAHCTBO MOJIEJH, YTOOBI MOJYINUTH BO3ZMOKHOCTD JIE/IATh TPOTHO3bI.

CnoBa B NpoCTpaHCTBE

Il BekTOpH3aIuu Kopiyca B Mernok cioB (Bag-Of-Words, BOW) npencrasim
KaK/IBII IOKYMEHT B BUJIE BEKTOPA, /IJTMHA KOTOPOTO PABHA Pa3Mepy CJI0Bapst KOp-
mmyca. Mbl MOKEM yIIPOCTUTH BBIYMCJIEHUS], OTCOPTUPOBAB B aJI(DaBUTHOM TOPSI/IKE
JIeKCeMbI B BEKTOPe, KaK MoKa3zaHo Ha puc. 4.1. Taxke MoKHO cchopMUpPOBATh CIIO-
Bapb, 0TOOPAKAIONIIIT MO3KUIINHI JIEKCEM B BeKTOpe. B J11060M cirydae Mbl MOy drM
BEKTOPHOE OTOOPasKeHIe KOPITYCa, TI03BOJISTIONIEE OJIHO3HAYHO TIPEICTABUTD KA/KIbII
JOKYMEHT.

Kaxas nadopMmanms 1omxkHa XPAHUTHCS B KQXKIOM dJIEMEHTE BEKTOPA, MTPECTaB-
JITIONIETO JOKYMEHT? B cieyonx HeCKOMbKIX pasfielaX Mbl UCCIEyeM pa3Hble
BapUAHTBI, KasKIbIil 13 KOTOPHIX PACHIMPSAET UK U3MEHSET Oa30BYI0 MOJEb MeIlIKa
CJIOB JIJIST OTTUCAHWST CEMAaHTUYECKOTO ITPOCTPAHCTBA. MBI pACCMOTPHUM YeThIpE BUIA
KOJMPOBaHMUS BeKTOpa — 4yacTtoTHoe, nmpsimoe, TF—IDF u pacnpenenennoe mpes-
cTaBJieHre — U 00CYAMM MX peasu3aruio ¢ npumenenueM Scikit-Learn, Gensim
u NLTK. B kauecrBe o6pasia OyeT UCIoIb30BaThCs MATEHBKUI KOPITYC U3 TPEX
[IPEJUIOKEHUI.

U TIpodeccnoHamb bl aMepuKaHckuii 6eiicbomuct. — [pumeu. nep.
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The elephant sneezed hBa;tS cz;n seg viath Wondering, she opened
at the sight of potatoes. ecbgtosci;r:?zﬁegiel 5 the door to the studio.

Pwuc. 4.1. MpeacrasneHne JOKYMEHTOB B BUAE BEKTOPOB

JlJist HavasIa co3/1aiuM CIIUCOK JOKYMEHTOB U BBITIOJTHUM UX JIEKCEMU3AIIUIO, 4UTOOBI
MOTOM TIPUCTYNUTH K BekTopusanun. Ciemayonuii MeToI, tokenize, BBITIOTHIET
YIPOLIEHHYTO JIEKCEMU3AIHI0, OTOPAChIBAET 3HAKHU IIPENMHAHUS, UCIIOJIb3Yys HaOop
CHUMBOJIOB string.punctuation, u Hpeo6pa3yeT OCTaBIINECS CUMBOJIBI B HUKHUI
peructp. [lonosHUTENBHO 3Ta PYHKITUSA TPOU3BOIUT CBEPTKY CBOMCTB C TOMOIIHIO
SnowballStemmer, yassisi cyhdUKCHI, HarpuMep, 0603HAYAIOIINE MHOKECTBEHHOE
uncyio («bats» u «bat» uHTEpIpEeTHPYIOTCS KaK OjHA U Ta XKe Jekcema). [Ipumeps
B CJIE/LyTOIEM pasjiesie OyyT UCIOIb30BaTh 3TOT IEMOHCTPAIIMOHHBIIT KOPITYC U He-
KOTOPbI€ U3 HUX — 3TOT METO/I JIEKCEMU3AIUU.

import nltk
import string

def tokenize(text):
stem = nltk.stem.SnowballStemmer('english')
text = text.lower()

for token in nltk.word_tokenize(text):
if token in string.punctuation: continue
yield stem.stem(token)

corpus = [
"The elephant sneezed at the sight of potatoes.”,
"Bats can see via echolocation. See the bat sight sneeze!",
"Wondering, she opened the door to the studio.",

Bbi60p KOHKpeTHOTro criocoba BEKTOPU3AIMK B 3HAYUTENbHOI CTENEHH OIpe/e-
JISIETCST TPEIMETHBIM TTPOCTPAHCTBOM. AHATOTHYHO BbIOOp peanusaiun — NLTK,
Scikit-Learn miau Gensim — gukTyercs TpeboBaHusAME Mpuioxkenus. Hampumep,
NLTK npezgiaraer MHOKECTBO METOLOB, KOTOPBIE IPEKPACHO MOAXOMAT st 00-
pabOTKM TEKCTOBBIX AaHHBIX, HO BJEKYT 3a COOO0I CJAUIIKOM MHOTO 3aBUCHMOCTEN.
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bubanoreka Scikit-Learn cosmasanach e a1 06paboTKU TEKCTA, HO IIPeAJaraet
HagekHbIH APT 1 MHOKECTBO pasHbIX ya00CTB (KOTOPbIE MbI HCCIIEAYEM Jajiee
B 9TOI1 ry1aBe), 0COOEHHO IEHHBIX B NPUKJIaAHOM KOHTekcTe. Gensim MosKer
cepuain30BaTh CJOBApU U cChLIKK B (hopmaT Matrix Market, uro mossosser uc-
0JIb30BATD JIaHHbIE Ha Pa3HbIX M1aTopmax. OxHako, B otindwne ot Scikit-Learn,
Gensim He BBITIOJTHSIET HUKAKUX OTIePaIlUii ¢ IOKYMEHTAMU JIJISI UX JIEKCEMU3aIuu
WJIU CTEMMUHTA.

[To aTrM TpruMHAM, TIPEICTABIIAS KAXKIABIN U3 YeTHIPEX METOIOB KOJIMPOBAHMS, MBI
MOKaskeM HeCcKOJIbKO BapuanToB peanusainun: «C mpumenenneM NLTKsy, «C npu-
menenueMm Scikit-Learn» u «C npumenenuem Gensim».

YacToTHble BEKTOPbI

[Tpocreiinmii cioco6 BEKTOPU3AINN 3aKII0YAETCS B 3aII0JTHEHUI BEKTOPA 4aCcTOTa-
MU TIOSIBJIEHUH CJIOB B JIOKyMeHTe. B aToli cxeme KOJMPOBaHUS KaKIbIi TOKYMEHT
MIPEJICTABISAETCSA KaK MyJTBTUMHOKECTBO COCTABJIAIONINX €T0 JIEKCEM, a 3HAYCHUEM
IS KsK/TOH TIO3UITNN CJIOBA B BEKTOPE CIYKUT CYETIYNK COOTBETCTBYIOIIETO CIOBA.
3HayeHust MOTYT OBITH TIPOCTHIMHU TEJIOUUCTIEHHBIME CUETYMKAMU, KaK Ha PHC. 4.2,
WJTH B3BEIINBATHCST OOIIMM KOJIMYECTBOM CJIOB B JIOKYMEHTE.

Bats can see via
echolocation. See the
bat sight sneeze!
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Puc. 4.2. MNpeacraBneHne 4acToT JIEKCEM B BUAE BEKTOPA

C npumeHeHueM NLTK

NLTK npuHuMaeT mpusHaKy B Bujie 00bEKTa CI0Bapst dict, KIIOYaMi KOTOPOTO sIB-
JISIOTCSI MMeHa IPU3HAKOB, a 3HAYEHUSIMU — JIOTUYECKUEe UJIM YUCJIOBbIE BEJIMUMHBI.
Yrobbl 1peodpazoBaTh TOKYMEHThI B TAKOE IIPE/ICTAB/IEHIe, HAIIIEM (HYHKIINIO
vectorize, KOTOPast CO3/IA€T CJIOBAPD, POJIb KJIIOYEN B KOTOPOM OY/yT UIpaTh JieK-
CeMBbl, a POJIb 3HAYEHUH — KOJINYeCTBA UX BXOXK/IEHUH B IOKYMEHT.
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Wcnonb3yeM 00beKT defaultdict, MO3BOJSIONIMIT YKa3aTh, KAKOe 3HAYEHUE TOJI-
JKEH BEPHYTH CJIOBaph MPU 0OpallleHuH K HECYIIeCTBYIeMy Kao4uy. BoisbiBas
KOHCTPYKTOP Kak defaultdict(int), MbI yKa3bIiBaeM, YTO 110 YMOJJIYAHUIO TOJIKHO
BO3BpAMIaThCS 3HAUEHNE O, U TEM CAMBIM CO3/Ia€M TIPOCTOH CIOBaph-cueTINK. MBI
MO’KeM TTPUMEHUTDH 3Ty (DYHKIIUIO KO BCEM JOKyMEHTAM B KOPITYCe C ITOMOTITHIO map,
KaK TI0OKa3aHO B ITOCJIe/IHEN CTPOKe CJIeyIOIIero JUCTHHTA, U CO3/IaTh BEKTOPU30-
BaHHOE TIPE/ICTABICHNUE JOKYMEHTOB.

from collections import defaultdict

def vectorize(doc):
features = defaultdict(int)
for token in tokenize(doc):
features[token] + =1
return features

vectors = map(vectorize, corpus)

C npumeHeHuem Scikit-Learn

B Mozenu sklearn.feature_extraction ecTh nmpeobpasoBaresb CountVectorizer
¢ cOOCTBEHHBIMI METO/IAMU JIEKCEMUBAITNI U HOpMasu3aiiuu. MeTojt fit 3Toro mpe-
obpaszoBatesist IPUHUMAET UTEPUPYEMYTO MTOCIIEA0BATEIbHOCTD UM CITUCOK CTPOK
n 00BEKTOB (haIlIOB U CO3/AaeT cI0Baph Kopityca. Mertoj transform peobpasyer
KaX/IbIi OTJIeJIbHBIN JOKYMEHT B Pa3pesKeHHbII MAaCCUB, POJIb UHIEKCOB B KOTOPOM
UTPAIOT KOPTEXRH € UAEHTH(PUKATOPAMH JOKYMEHTOB 1 JIEKCEM U3 CJIOBAPS, a POIH
3HAYEHUI — CYETUUKHU JIEKCEeM:

from sklearn.feature_extraction.text import CountVectorizer

vectorizer = CountVectorizer()
vectors = vectorizer.fit_transform(corpus)

BeKkTopbl MOTYT MOJy4aTbCsl OYEHb Pa3peXXeHHbIMM, OCOBEHHO C YBEMYEHMEM
pa3Mepa CnoBapsl, YTO MOXET OKa3blBaTb CyLLECTBEHHOE BMSHME Ha MPOU3BO-
AMTENbHOCTb MoAenel MalMHHOro obydyeHus. Mo3ToMy ans ovyeHb 60MbLUMX
KOpMyCOB peKOMeHAyeTCs MCNob30BaTh NpeobpasoBaTtenb HashingVectorizer
13 Scikit-Learn, KOTOpbIV NOAAEPXXMBAET TPIOK C XELUMPOBAHWEM [/ MOUCKA CTPOK
C NNTEKCEMAaMM U U3BNEYEHMS] COOTBETCTBYIOLWMX UM MHAEKCOB. OH 3KOHOMHO MUC-
nosb3yeT NaMaTb M XOPOLLO NOAXOAUT AN 06paboTkm 6onbLUMX HABOPOB AaHHBIX,
TaK KaK He XpaHUT BECb C/I0Bapb LE/IMKOM U TEM CaMbIM YCKOPSIET COXpPaHeHWe
n obydeHne. OgHako obpaTHoe nNpeobpasoBaHue (M3 BEKTOPa B AOKYMEHT) He-
BO3MOXHO, M3-3a Yero BeposiTHbl KOH(MAMKTbI U He noaaepXxmsaeTcs obpaTHoe
B3BELUMBAHWNE YaCTOTbl JOKYMEHTOB.
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C npuMmeHeHueM Gensim

Yacrorubiii Koguposiiuk B Gensim HaspiBaercs doc2bow. UT0ObI 3a/1€11CTBOBATD €10,
CHavajia Hy;KHO co3/[aTh 0OBEKT cJIoBaps Dictionary u3 Gensim, 0TOOpasKarOIIMiA
JIEKCEMbI B MHIEKCHI B MMOPSAJKE WX CJAEIOBaHUSA B JOKyMeHTe (6arogaps yemy
YCTPAHSIOTCS HaKJIaIHble PACXO/bl Ha COPTUPOBKY ). OOBEKT CI0Bapsi MOKHO COXPa-
HUTb Ha JIUCK UJIK 3aTPY3UTH C IUCKA ¥ Pean30BaTh OUOJINOTEKY doc2bow, KOTOpast
PUHUMAET JeKCEMUSUPOBAHHLI DOKYMEHM Y BO3BPAIIAET Pa3PEKEHHYIO MaTPUILY
KOpTesKeil (id, count), Te id — naeHTUMUKATOP JIeKCeMbI B ctoBape. MeTo doc2bow
[IPUHUMAET TOJIBKO OJINH AK3EMILJISIP JIOKYMEHTA, [I03TOMY JIJIsl BEKTOPHU3aIlUU BCETO
KOPILyCa MbI UCIIOJIb3YEM T€HEPATOP CIIUCKOB, 3arPy;KAIONUI JIEKCEMU3UPOBAHHbIE
JIOKYMEHTBI B TAMSITh, U U30aBJISIEMCST OT PUCKA UCYEPIIATh TEHEPATOP:

import gensim

corpus = [tokenize(doc) for doc in corpus]
id2word = gensim.corpora.Dictionary(corpus)
vectors = [

id2word.doc2bow(doc) for doc in corpus

NMpaMoe koaupoBaHue

Wrnopupys rpaMMaTHKY U OTHOCUTETbHBIE TIO3UITUH CIOB B IOKYMEHTAX, YaCTOTHHIE
METO/IBI KOAUPOBAHUST CTPAAIOT TPOOJIEMOIT BbIMSHYMO20 X8OCMA, VIV PACTIpe/ieie-
nus [unda (Zipfian distribution), xapakTepHoil 1J1s1 eCTeCTBEHHBIX A3BIKOB. B pe-
3yJIbTaTe JIEKCEMBI, BCTPEYAIOIINECS] OYeHb YaCTO, OKa3bIBAIOTCSI HA TIOPSIIKU OoJTee
«3HAYUMBIMI», 9eM JIPYTHE, BCTPEUYAIONTHECST HAMHOTO PesKe. ITO MOKET OKa3hIBaTh
CYIIECTBEHHOE BJIMsSTHIE HA HEKOTOPbIE MOJIe/Ii (HaripuMep, 0000IIeHHbIE IMHEITHbIE
MO/IEJTH ), KOTOPBIE TIPETIOJIATal0T HOPMAJIbHOE paciipe/iesieHue MPU3HAKOB.

Perennem 910ii IpOOIEMBI SIBIISIETCSL IPAMOE KOOUPOBAHIE, METO JIOTHIECKON BEKTO-
pH3aIiu, KOTOPBII MOMENIAET B COOTBETCTBYIOIIHIA 3JIEMEHT BEKTOpa 3HAUeHMe true (1),
ecJIu JieKceMa MPUCYTCTBYET B IOKyMeHTe, 1 false (@) — ecan oTcyTcTByeT. HBIMI
CTIOBaMU, KasK/IBII 3JIEeMEHT BEKTOpA TIPU MPSIMOM KOAMPOBAHUHT TOBOPUT O HATUIIHN
WJIN OTCYTCTBUU JIEKCEMBI B OITCHIBAEMOM JIOKYMEHTe, KaK TTOKa3aHo Ha puc. 4.3.

[Ipsimoe koaupoBaHue ociabisieT mpobaeMy arcOasanca pacrpeaeeHus JeKceM,
YIIPOIast JOKYMEHT 10 COCTABJISIONINX €r0 KOMIIOHEHTOB. DTOT METO Haubosiee
apPeKTUBEH /I KOPOTKUX JTOKYMEHTOB (MIPeJIOKEHNI, TBUTOB), COAEPKAIIIX
He TaK MHOTO TIOBTOPSIIONIMXCS 3JIEMEHTOB, 1 OOBIYHO IIPUMEHSIETCS B MOJIEJISX,
MMEIOTUX XOPOIITNe CrIaKIBaolne cBoicTaa. [IpsaMoe kogupoBaHue TakKe 9acTo
MPUMEHSIETCS B UCKYCCTBEHHBIX HEMPOHHBIX CeTSX, (GDYHKITNN aKTUBAIIITH KOTOPBIX
Tpe6y10T 1oJIauy Ha BXO/l 3HAUEHU I U3 IMCKPETHOTO inana3oHa [0,1] uiu [-1,1].
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The elephant sneezed
at the sight of potatoes.
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Puc. 4.3. MpsiMoe koaMpoBaHue

C npumeHeHueM NLTK

Peanusanug npsamoro koauposanud B NLTK ocHoBaHa Ha ciioBape, Ko4aMu KOTO-
POTO SIBJISIIOTCST JIEKCEMbI, & 3HAUEHUSIMUA — JIOTHY€eCKasl BeJIMYnHa True:

def vectorize(doc):
return {
token: True
for token in doc

vectors = map(vectorize, corpus)

CJitoBapb B 3TOM CJIyuae JIeficTBYeT KaK IIPOCcTas pa3peskeHHas MaTPUILA, TOTOMY YTO
He TpedyeT 0ToOpakaTh Kask/10€ OTCYTCTBYIOIIee CJI0BO B 3HavYeHne False. Kpome
TOTO, BMECTO JIOTHYECKUX JIOTTYCKAETCS MCIIOIb30BaTh 11€JI0YNCTeHHbIe 3HAYCHUS:
1 171t 0603HAYEHMSI TIPUCYTCTBUS 1 © — OTCYTCTBUSL.

C npumeHeHuem Scikit-Learn

B Scikit-Learn mpsiMmoe KogupoBaHue peasnusyeTcst ¢ TIOMOIIIBIO MpeobpasoBaTeist
Binarizer m3 MOMyJid preprocessing. OH IPUHUMAET TOJBKO YHMCJIOBbIE JIAHHBIE,
[I09TOMY TIEPE]L TPSIMBIM KOJIMPOBAHUEM TEKCT HYKHO TPe0OPa3oBaTh B YUNCIEHHOE
MIPOCTPAHCTBO € TIOMOIIBIO CountVectorizer. Kiace Binarizer ncmosib3yeT OpOTOBOE
3HaueHwue (0 1o yMOTYAHWIO ), TOITOMY BCE 3JIEMEHTBI BEKTOPA, KOTOPBIE MEHBITIE NITH
PaBHBI TOPOTY, TIOJTyYaT HYJIEBOE 3HAYEHNUE, A JIEMEHTbI OOJIbIITE TOPOTA — MOJTyYaT
3Hauenue 1. To ecTh 10 yMOJTYaHUIO Binarizer mipeobOpasyeT BCe 3HAUEHUST 4acTOT
GoJIbIle HYJIS B 1, COXpaHsisi B HEMTPUKOCHOBEHHOCTH HYJIEBbIE 3HAUEHNSL.
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from sklearn.preprocessing import Binarizer

freq = CountVectorizer()
corpus = freq.fit_transform(corpus)

onehot
corpus

Binarizer()
onehot.fit_transform(corpus.toarray())

JIOTIOJTHUTETEHO MOKHO BBI3BaTh METOJ[ corpus.toarray(); OH TpeobpasyeT pas-
peXReHHYIO MaTPHIly B IJIOTHYIO. [LJIsT KOPITyCOB ¢ OOJIBIIMMU CJIOBAPSIMU TIPEJI-
MOYTHUTEbHEE NCII0Ib30BaTh MPe/iCTaBleHne B BUJe Pa3peskeHHON MaTPHILDL.
O6paruTe BHUMAaHIE, YTO B IPUMEPE BBIIIE MbI MOTJIH Obl TAKXKe UCIOJIb30BAThH
CountVectorizer(binary = True), 4TOOBI TIOJYYUTH TO K€ CAMOE TIPSIMOE KOJMPO-
Banue 6e3 MpUMeHeHHs Binarizer.

HecmoTps Ha cBoe uMsi, npeobpa3zosaTesib OneHotEncoder 3 Mmogyns sklearn.
preprocessing He NpefHa3HauYeH s peLueHuns 3Tol 3aaun. OneHotEncoder
WHTEpNpeTUPYET Kax/ablii KOMMOHEHT BekTopa (cTonbew) Kak He3aBUCUMYHO
KaTeropuanbHyto NepemMeHHyto, paclumpssa pa3MepHOCTb BEKTOPa ANs KaXKao-
ro HabnAaeMoro 3HayYeHns B KaxxaoM ctonbue. B faHHOM criyyae KOMMOHEH-
Tbl (sight, @) u (sight, 1) uHTepnpeTupoBanucb 6bl Kak ABa KaTeropu-
asnbHbIX U3MEPEHUS], @ HE KaK EAVMHCTBEHHbIV KOMIMOHEHT BEKTOPA.

C npuMmeHeHueM Gensim

B 6ubsmorexe Gensim HeT CHEMATH3MPOBAHHOTO METO/IA, PEATU3YOIIETO TPSIMOE
KOJIMpOBaHNUe, HO ee MeTo/] doc2bow BO3BpalllaeT CIIUCOK KOPTeKeld, KOTOPBIMU MbI
MO’KeM OTIepPaTUBHO yIIPaBJATh. JJONOTHUB KO U3 ITpUMepa YaCTOTHON BEKTOPH-
3a1uu ¢ npuMeHeHreM Gensim B IIPeABIAYIIEM pa3jiesie, Mbl MOKeM TIOJIYIUTD BeK-
TOPBI TIPSIMOTO KOJUPOBAHUST 13 cJioBapst id2word. J{J1st 5T0ro 106aBUM BIIOKEHHbIIT
reHepaTop CIIMCKOB, IPeoOpasyoIInil CIICOK KOPTEsKeil, BO3BpaIlaeMblil METOIOM
doc2bow, B CITUCOK KOPTesKeil (token_id, 1) ¥ BO BHEIIHEM I'eHepaTope CIIUCKOB ITPHU-
MEHHUM 3TO TPpeobpa3zoBaHie KO BCEM JTOKYMEHTaM B KOPITYCE:

corpus = [tokenize(doc) for doc in corpus]

id2word = gensim.corpora.Dictionary(corpus)

vectors = [
[(token[@], 1) for token in id2word.doc2bow(doc)]
for doc in corpus

[IpsiMoe KOAMPOBaHUE MPEACTABISIET CXOACTBO M Pa3Jidiie Ha YPOBHE JOKYMeH-
mog, HO, TIOCKOJIbKY BCE CJIOBA OKA3bIBAIOTCSI PABHOY/IATEHHBIMH, 3TOT METO/L HE
B COCTOSTHUU 3aKOJMPOBATH CXOJICTBO Ha ypoBHe cJoB. Kpome TOro, MOCKOJIbKY
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BCe CJIOBA PABHOY/IATEHBI, PopMa €108 TIPHOOPETAET 0COOYIO BAKHOCTD; JIEKCEMBbI
«trying» (momnsITKa) U «try» (MoneITaThest) OYAYT TaK JKe JaJeKu APYT OT ApyTa, Kak
HeCBsI3aHHBIE CJI0BA, Takue Kak «red» (kpacHbrit) u «bicycle» (Bemocumen)! Hopma-
JIN3AITAS JIEKCEM U UX MPUBEIEHNE K OTHOMY KJIACCY TTOCPEICTBOM CMeMMUHzd NI
JIeMMAmMuU3ayuL, 0 KOTOPBIX PACCKA3bIBAETCS Jlajlee B 9TOM IVIaBe, TapaHTUPYIOT, YTO
CJIOBA, PA3JINYAIOIINECS YNCIIOM, PETUCTPOM CUMBOJIOB, POZIOM, T13JIe3KOM, BpEMEHEM
U T. /., OylyT MHTEPIPETUPOBATHCS KAK €AMHCTBEHHBIH KOMIIOHEHT BEKTOPA, YTO
06€eCIeYnT yMEHBIEHNEe Pa3MEPHOCTH MTPOCTPAHCTBA TPU3HAKOB M YBEJIMUEHUE
[IPOU3BOJIUTEJIBHOCTU MOJIeJIeH.

YacroTta cnoBa — obpaTHas yactoTta ;JOKYMeHTa

[IpencraBienne «Memok cJI0B», 0 KOTOPOM PacCKa3bIBATIOCH /IO CUX TIOP, OTTACHIBAET
JIOKYMEHTBI 6e3 yueTa KOHTEKCTa Kopiryca. boJiee y1auHbIil T0/[X0/T OCHOBBIBAETCSI
Ha COTIOCTABJIEHUM OTHOCUTEJIbHOM YaCTOTHI UJIM PEIKOCTU JIEKCEM B JIOKYMEHTE
C UX YaCTOTOM B IPYTUX JIOKyMeHTaX. [JlaBHAsI ujiest 9TOro Mmojxoja COCTOUT B TOM,
YTO OCHOBHOI CMBICJI IOKYMEHTa 3aKOAUPOBaH B OoJiee pekux ciaosax. Hampumep,
B KOPITyCe Ha CIIOPTUBHYIO TEMY TaKHe JIEKCEMBbI, KaK «CY/Ibsi», «0a3a» 1 «3eMJISTHKa»
(cxameiika 3amacHbIX ) MOSIBJISIIOTCS Yallle B JOKYMEHTax Ha 0eiic60MbHYIO TeMY,
TOT/Ia KaK JPYTHE CI0BA, TaKKe Kak «Oers, «OUKN» 1 «UTPar, Yallle BCTPeYatoIInecst
B OCTAJIbHBIX JIOKYMEHTAX B KOPITyCe, UTPAIOT MEHEe BAXKHYIO POJIb.

Meton xomupoBanusg TF-IDF (Term Frequency—Inverse Document Frequency —
JyacToTa cJoBa—00OpaTHast 4acToTa JOKYMEHTa) HOPMaJU3yeT 4acTOTy JIEKCEM
B JIOKYMEHTE C YYETOM COJEPKUMOTO B OCTATIHHOM KOPITyce. ITOT METO/] IPU/IAET
GoJIbIITE Beca TEPMIHAM, PEJIEBAHTHBIM JIJIsI KOHKPETHOTO 9K3EMILISIPa, KaK MMOKa3aHo
Ha puc. 4.4, T1e jJekceMa studio MMeeT HAaWBBICIIYIO PEJIEBAHTHOCTD /IS JAHHOTO
TOKYMEHTA, TTOTOMY UTO TOSIBJIAETCS TOTBKO B HEM.

Wondering, she opened
the door to the studio.
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Puc. 4.4. Metoa koanposaHust TF-IDF
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Onenka TF-IDF Bpryncisiercs Ha ypoBHe JIeKCeM, TI03TOMY PesIeBAaHTHOCTD JIEKCEMbI
B JJOKYMEHTE N3MEPSIETCST MACIITAONPOBAHHOI YaCTOTOI MOSIBIEHNUS JIEKCEMBI B [I0-
KyMeHTe, HOPMaJIN30BaHHOI 06PaTHOI MAaCIITaOUPOBAHHON YaCTOTOMN TIOSIBIICHIST
JIEKCEMBI BO BCEM KOPILyCe.

BbIYUC/TEHUE TF-IDF

Yacrora cJI0Ba JJist 3aJ[aHHOM JIEKCEMBbI B IOKyMeHTe, tf(t, d) MoxeT ObITh
JIOTUYECKOH 4acTOTOH (KaK B IPIMOM KOZIMPOBAHNH, 1, ecyin ¢ TPUCYTCTBYET
B d, n 0 B IpoTUBHOM cJiiy4ae) win cuyetdnkoM. OHAKO 0OBIYHO YacTOTa
cJI0Ba 1 006paTHast 9acToTa I0KyMeHTa MACIITabuPyIOTCst JIOTapubMUYECKH,
4TOOBI U30€KATh TIPE/IB3SITOCTU B MOJIb3Y HanboJiee AJTMHHBIX TOKYMEHTOB
WJIN CJIOB, TIOSABJIAIONMXCs 0cobenHo yacto: tf(t, d) =1 +log f, .

AHasornyHo 06paTHYIO YacTOTY JOKYMEHTA JIJIst CJI0Ba B 3alaHHOM Habope
JOKYMEHTOB MOJKHO IIepeBECTH B jiorapudmmdeckuii macintad: idf(t, D) =
=log 1+ N/n,, e N — 4uciio 1OKyMEHTOB, a 1, — YNCJI0 BXOKIEHUI CJI0BA
t Bo Bcex fokyMeHTax. [locie atoro monuasg oneaka TF-IDF Beruncisgercs

xak tfidf(t, d, D) = tf(t, d) x idf(t, D).

[TockosbKy OTHOIIEHHE JIoTapudMudecKoit GyHKIUY idf GoJIbIIe NI paB-
Ho 1, Besmunna TF—IDF Bcera 6osibiie uiv paBHa HyJ1i10. COOTBETCTBEHHO,
COTJIACHO HAIIMM ITpeicTaBaeHusM, yeM Oumske K 1 onerika TF—IDF ciosa,
TeM Gostee MH(MOPMATUBHBIM SBJISIETCSA 9TO CJIOBO IS JaHHOTO JOKYMEHTA.
M HaobopoT, yeM OimzKe 9Ta OlleHKa K HYJIIO, TeM MeHee HH(GOPMATUBHO
CJIOBO.

C npumeHeHueM NLTK

Y06l peaan3oBaTh BEKTOPU3AIUIO TEKCTA TAKUM CIIOCOOOM € IIPUMEHEeHUEeM
NLTK, ucnosibsyem kiaacc TextCollection, 0O6ePTHIBAIOIIUI CIIMCOK JOKYMEHTOB
WJIA KOPITYC, COCTOSITIIAY U3 OJTHOTO WJTH HECKOJBKUX JOKYMEHTOB. DTOT KJIACC MO/~
JIep>KIBAET TOCUET BXOKCHUM, BBIYNCIEHNE OIIEHKU COTJIACOBAHHOCTH (KOHKOP-
JaHTHOCTH ), OTIpe/ieJIeHI e YCTOMUUBBIX CJIOBOCOYETAHUI 1, 4TO 0COOEHHO BaskKHO,
BbIYucJienue tf_idf.

Tax kak st Beruncyerust TF—IDF Heo6xoanum Bech KOPITyC, Hallla HOBasi BEPCHUST
MIPUHUMAET He OJINH, a Bce TOKYMeHTHI. [locie mpuMeHeHnsT GyHKITNN JIeKCEMU3ATTIIT
1 CO3/IaHMS KOJIJIEKIINHN CJIOB (DYHKITNS BHITIOTHSIET 06XO0/ BCEX JOKYMEHTOB B KOPITY-
ce ¥ BO3BPAIIAET CI0BAPD, KJII0YaMH KOTOPOTO SIBJISIIOTCST CJIOBA,  3HAYEHUSIMU — UX
orteHku TF—-IDF st nTaHHOTO KOHKPETHOTO IOKYMEHTA.
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from nltk.text import TextCollection

def vectorize(corpus):
corpus = [tokenize(doc) for doc in corpus]
texts = TextCollection(corpus)

for doc in corpus:
yield {
term: texts.tf_idf(term, doc)
for term in doc

C npumeHeHuemM Scikit-Learn

B 6ubaunoreke Scikit-Learn ectb npeoOpasoBaresib TfidfVectorizer, B MOLyJIe
feature_extraction.text, mpeaHa3HAYECHHBIN MJIsT BEKTOPU3AIIUHN TOKYMEHTOB
¢ ontenkamu TF—IDF. Buytpente TfidfVectorizer BBI3bIBaET MpeobpPa3oBaTeh
CountVectorizer, KOTOPbIA Mbl UCIIOJIb30BAJIN JIJI TIPEBPaIlleHUsT MEIKa CJI0B
B KOJIMUECTBA BXOKICHUH JIeKCceM, a 3aTeM TfidfTransformer, HOpMAJIU3YyIONIUN 9TH
KOJIN4ecTBa 06PaTHON YaCTOTOH JOKYMEHTA.

Ha Bxone TfidfVectorizer IpuHUMAET MOCJE0BATEIBHOCTD UMEH (banIOB, 00b-
€KTOB (DailJIOB WM CTPOK C KOJIJIEKITUEN MCXOMHBIX TIOKYMEHTOB, o106HO Hpeo6—
pasoBatesio CountVectorizer. B pe3ysbraTe IPUMEHSIIOTCS METO/IBI IT0 YMOJYAHUIO
JIEKCEMU3AITNN U TIPe/IBAPUTEIHHOMN o6pa60TI<1/1, €CJIU He YKa3aHbI IpyTue (PyHKIINN.
PesynsraTom pa6OTbI Hpeo6paSOBaTeJI${ ABJIIETCA pas3peskeHHas MmaTpuiia Buaa ( (doc,
term), tfidf), rme Kax/blil KJIIOY ABJSETCS MAPOi «IOKYMEHT/JeKceMay, a 3Haue-
HueMm caayskuT otteika TF—IDE

from sklearn.feature_extraction.text import TfidfVectorizer

tfidf = TfidfVectorizer()
corpus = tfidf.fit_transform(corpus)

C npumeHeHneM Gensim

B 6ubmorexe Gensim ecth CTPyKTypa JaHHBIX TfidfModel, KOTOpas Tak ke, KakK
00beKT Dictionary XpaHUT JIEKCEMbBI C UX MHEKCAMH B BEKTOPE B MOPSIIKE X
CJIEIOBaHUS B IOKYMEHTE, HO, KPOME TOTO, XPAHUT YaCTOTY JIEKCEM B KOPILYCe JIJISt
BO3MO’KHOM TIOCJIEYIONIEi BEKTOPHU3AINU JOKYMeHTOB. Kak ObII0 TT0Ka3aHo BHIIIE,
Gensim 1103BOJISIET HAM [TPUMEHSITH CBOU METOJI JIEKCEMU3AIIUU, O3KH/Iast TIOJIYUYUTD
KOPIIYC B BUJIE CITMICKA CITMCKOB JIEKCEM. B epByIo ouepeb MbI TOJKHBI CKOHCTPY -
MPOBATh CJIOBAPb JIEKCEM U HA €70 OCHOBE CO3/1aTh AK3eMILISAP TfidfModel, KOTOPBIiT
BBIYKCJIUT HOPMAJIM30BaHHY10 00PaTHYIO 4acTOTY J0OKyMeHTa. [Tocjie aToro MosKHO
nu3Baedb npeactapienne TF—-IDF mis kaxaoro BeKTopa ¢ ToMomibio getitem, wc-
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HOJIb3YsI CHHTAKCUC 0OpAIeHUsT K CIOBAPsIM, @ 3aTeM K KayKJIOMY JOKYMEHTY MpH-
MEHUTb METO/I doc2bow cJI0Baps.

corpus [tokenize(doc) for doc in corpus]

lexicon = gensim.corpora.Dictionary(corpus)

tfidf gensim.models.TfidfModel(dictionary = lexicon, normalize = True)
vectors [tfidf[lexicon.doc2bow(doc)] for doc in corpus]

B 6u6anorexke Gensim ectbh BCIoOMOraTeabHble METO/BI /ISl 3allCH CIOBapeit
U MOjieJIell Ha IUCK B KOMITAKTHON (hopMe, a 9T0 3HAYWT, YTO Y HAC €CTh yA0OHas
BO3MOKHOCTB coxpanaTh Mojien TF-IDF u croBapu c 1espio mocaemyiomero ux
WCITOTb30BAHUSA [IJIT BEKTOPU3AIINU HOBBIX JOKYMEHTOB. TOT ;ke pe3ysabTaT (IIyCTh
U ¢ HEMHOTO GOJIBIIUMU YCUIUAMEI ) MOKHO MOJYYUTh € MOMOIIbIO KOMOUHAIIMN
Moyt pickle n Scikit-Learn. Bor kak MOKHO COXPaHUTh MOJIEIb Ha JUCK CPEJI-
crtBamu u3 6ubsnorexku Gensim:

lexicon.save_as_text('lexicon.txt', sort_by word = True)
tfidf.save('tfidf.pkl")

[lepBast UHCTPYKITNS COXPAHUT CJIOBAPh B TEKCTOBBIN (Daiiy B OTCOPTUPOBAHHOM
BUJIE, a BTopas coxpanut mojiesib TF—IDF B Bujsie c:kaToii pa3peskeHHON MaTPUIIbL.
O6parute BHUMaHE, 4TO 00BEKT Dictionary MOKHO COXPaHUTD B 60JIe€ KOMITAKTHOM
JIBOMYHOM (bopMaTe BbI3OBOM €TI0 METO/la save, HO save_as_text I1I03BOJILAET JIETKO
MIPOBEPUTDH U CKOPPEKTUPOBATH COXPAHEHHBIN CJI0Baph BpyUHYyIO. BOT kKak MOXKHO
3aTPy3UTh MOJIEJTH C INCKA:

lexicon = gensim.corpora.Dictionary.load_from_text('lexicon.txt"')
tfidf = gensim.models.TfidfModel.load('tfidf.pkl")

Opnro u3 npeumytiects Metouku TF—IDF — ona ecrecTBeHHBIM 06pa30M peliaer
pobJIEMY C1MoN-c06, KOTOPbIE TOYTH HaBEPHSIKA IPUCYTCTBYIOT BO BCEX IOKYMEHTAX
B KOpIyce (Harmpumep, «a», «thes, «of> u p.) 1 10 HTON NpUYKMHE TOTYYAIOT OYEHb
MaJleHbKHIi BeC B JIaHHOI cxeMe KoaupoBaHus. Biarogaps aToMy HauGoJIbIIYIO
sHaunMocTh B Mogen TF—IDF mpuobperaioT 0THOCUTENIBHO pefKkue cioBa. Kak
pesyapraT, TF—IDF mmpoko npuMeHseTcss K MOJIENISIM «MEIIOK CJIOB» U CJIYsKUT
IpeKpPacHO OTIIPAaBHOM TOYKOM BO MHOTHUX BU/IaX aHAJIN3a €CTECTBEHHOTO SI3bIKA.

PacnpeneneHHoe npeacraBneHne

YacToTHOE U TpIMOE KOAMPOBaHUeE, a Takke Koamposarue metogom TF-IDF mo-
3BOJIIOT HaM MPe0OPa30OBBIBATE TOKYMEHTHI B BEKTOPHOE MPOCTPAHCTBO, HO YaCTO
Takske ObIBAET MOJIE3HO 3aKOAUPOBATH CXO/ICTBA MEKLY JIOKYMEHTAMU B KOHTEKCTE
TOTO K€ BEKTOPHOTO MpocTpancTsa. K coxkaneHunio, 3Tu METO/ibl BEKTOPU3AIUH TTPO-
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M3BOJIAT BEKTOPBI C HEOTPUIIATEILHBIME 2JIEMEHTAMU, YTO He 1T03BOJIAeT CPAaBHUBATD
JIOKYMEHTBI, He MMeToIne 00InX JiekceM (IIOTOMY YTO JiBa BEKTOPA, KOCHHYC yTJia
MEXIY KOTOPBIME paBeH 1, OyayT CUUTAThCS JaJEKUMU JPYT OT JAPYra Aaxke Mpu
OUYEBUTHOM CEMAaHTUYECKOM CXOJICTBE).

Ecnu B KoHTEKCTE TIPUITOKEHUST CXOICTBO MEXKIY TOKYMEHTAMU UTPAET BaXKHYTO
POJIb, TEKCT MOXKHO 3aKOAMPOBATD B BU/IE YMCIOBOH TIOCIEIOBATEIBHOCTH METOZIOM
pacmpeie;IeHHOTO TIPe/ICTABIEHNsT, KaK MMOKa3aHo Ha puc. 4.5. [Ipu takoM mozaxoe
BEKTOP JOKYMEHTA SIBJISIETCS HE MPOCTBIM OTOOPaKEHUEM MO3UIIUI JIEKCEM B MX
YHCIIOBBIE 3HAYEHSI, a HAOOPOM MTPU3HAKOB, OITPEESIONINX CXOACTBO ¢JI0B. CII0K-
HOCTb IIPOCTPAHCTBA IIPU3HAKOB (M [JINHA BEKTOPA ) OIIPEIEISIETCS] 0COOEHHOCTSIMU
00y4Y€eHUsT HTOTO TIPEJCTABICHUS U HATIPSIMYIO HE CBSI3aHa C CAMHUM JIOKYMEHTOM.

The elephant sneezed
at the sight of potatoes.

-.-f-\

-0.0225403 | -0.0212964 | 0.02708783 | 0.0049877 | 0.0492694 |-0.03268785 -0.0320941'

Puc. 4.5. PacnpegeneHHoe npeacraBreHne

WHcrpyment word2vec, co3matublii rpymoii uccaenosaresneii B Google, Bosriias-
nszemoii Tomarem MukosossiM (Tomas Mikolov), peanusyer Mozeb BEKTOPHOTO
npeacrasienus cios (word embedding model) 1 mosBosisier cozmaBaTh Takoro poja
pacripe/iesieHHble TPeACTaBIeHUs. AJITOPUTM word2vec 0OydaeT TpeICTaBIeHUs
CJIOB, OIMPaAsICh Ha MOJIeJIb HerpepbiBHOTO Metika cioB (Continuous Bag-of-Words,
CBOW ) wu skip-gram, B pe3yJisraTe 4ero cJioBa B IPOCTPAHCTBE PU3HAKOB OKA3bI-
BAIOTCSA PSIOM CO CXOKUMHU CJIOBAMU, B 3aBUCUMOCTH OT X KOHTeKcTa. Hampumep,
peasmsaius B Gensim UCIOJIb3YeT CeTh IPSIMOTO PACIIPOCTPAHEHMUS.

Anroput™ doc2vec' siBJsietcst pacupenneM airoputma word2vec. OH Tipearaet
paragraph vector (BexTop ab3ara) — aaroput™m oOydeHus: 6e3 yuuresist, KOTOpbIii
CO3/IAeT MPOCTPAHCTBO MPU3HAKOB (DUKCUPOBAHHOM JIJTUHBI U3 IOKYMEHTOB Pa3HON
JUTUHBL. DTO MPEICTABJIECHIE TIHITAETCST YHACTEI0BATH CEMAHTIYECKIE CBOICTBA CJIOB,
4T0ODBI, HAIIpUMED, c10Ba «red» (kpacubliil) u «colorful» (pasHouBeTHDI ) CUNTANIUCH
GoJiee MOXOKMMU JIPYT HA JPYTA, 4eM Ha «rivers (peka) uin «governance» (BJIacTb).

' Quoc V. Le and Tomas Mikolov, Distributed Representations of Sentences and Documents (2014),
http://bit.ly/2GIBHjZ
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Kpome Toro, anroputm paragraph vector yuuTbiBaeT Mopsiiok CJIOB B y3KOM KOH-
TeKCTe, HATOMUHAST MOJIEJIb N-TpaMM. KOMOMHUPOBAHHDIN PE3yJIbTaT MOJIYIaeTCst
HaMHOTO 3((HEKTUBHEE, 4eM MOJIEITN «MEIIOK CJIOB» WU «MEIIIOK 7-TPAMM», TIOTOMY
9TO JIy4Iie 0000IIAeT 1 IMEET MEHBIIYIO PA3MEPHOCTD, a Orarozapst pukcHpoBa-
HOIT JJTHE MOJKET MCIIO0JIB30BATHCS B PACTIPOCTPAHEHHBIX AJITOPUTMAX MAIINHHOTO
00yueHwsI.

C npuMmeHeHuneM Gensim

Hu NLTK, Hu Scikit-Learn He peasmsyioT moJiydeHre TaKOr0 BEKTOPHOTO MPEJi-
craBJsienus ¢ioB. Peanmzarust B Gensim IaeT moJib30BaTesIM BO3MOKHOCTD 00y IHTh
Mozesn word2vec u doc2vec Ha CBOUX KOPITYCax, a TAK/Ke BKIIOYAET TOTOBYIO MOJIETb,
npeBapuTesibHO 00yUYeHHYIO Ha Kopiryce HoBocTell Google.

YTobbl BOCNO/Ib30BaTLCS NpeaBapuUTeNbHO 00y4YeHHbIMM MOAensMU U3 bubnumoTte-
k1 Gensim, Bbl JO/MKHbI 3arpy3uTb ABOMYHbIN (halin MoAenn, pasMep KOTOporo
cocTaBnsieT okono 1,5 ManT. Ans NpUIOXKeHUA, rAe MacCUMBHbIE 3aBUCUMOCTY
HexenaTenbHbl (HanpyMep, €C/IN OHM BbIMOHSKOTCA Ha ak3emnisipe AWS Lambda),
3TOT NOAXOA MOXET OKa3aTbCs HEBO3MOXHbIM.

Jl71st 00yUeHMst CBOei MOZIEJT MOKHO UCTIOJIb30BATD CJIeyIonuii aaroputm. CHava-
JIa, UCTI0JIb3YSl TEHEPATOP CITMCKOB, 3arpy3UTh KopIyc B mamsiTh. (Gensim moziep-
JKUBAET IIOTOKOBY0 00pabOTKY, HO TAKOE PelieH e MOMOKET M30€KaTh MCUePIaHsT
reHeparopa.) 3aTeM CO3/1aTh CIIMCOK 00BEKTOB KJacca TaggedDocument, HACJIELYIO-
LIEeTOo KJIACC LabeledSentence, KOTOPBII, B CBOIO 04YePe/lb, PealU3yeT paclpeiesIeH-
Hoe npescraBienne word2vec. OObeKThI TaggedDocument COCTOST U3 €08 U ME206.
Co3znatp aKx3eMIIsAp TaggedDocument MOKHO U3 CITHCKA JIEKCEM C €IMHCTBEHHBIM
TEroM, O/IHO3HAYHO WIeHTU(DUIUPYIONTNM 9K3eMILIIsIP. B ciemytotem npumepe Mbl
MOMETUJIN KaXKIBI TOKYMEHT Kak "d{}".format(idx), Harpumep, do, d1, d2 1 T. 1.

[TocJie mosryuennst cnimcka o6beKTOB TaggedDocument CO3/1a€TCst MOJIEJTb Doc2Vec 1 3a-
JaeTcs pa3Mep BEKTOPA, a TAKsKEe MUHUMAJIBHBIH TOPOT — JIEKCEMBbI, BCTPEYaIOIecst
peske 9TOTO MOPOra, UTHOPUPYIOTCs. Pasmep BekTopa (mapaMeTp size) 0ObIYHO
BBIOUPAETCST He MEHbIIE 3; B IAHHOM MPUMEPE MbI BHIOPAIN MAJ€HbKOE 3HAUEHUE
WCKJTIOYUTENIBHO /I TIPOCTOTHI IeMOHCTparin. MuHNManbHbIH Topor (TrapaMeTp
min_count) B mpuMepe BHIOpaH PaBHBIM HYJIO, YTOOBI TaPAaHTHPOBATH YUET BCEX
JieKceM, HO Ha MpaKTUKe Yalle MUHUMAIbHBIH MOPOT yCTAaHABINBAECTCS PABHBIM
3HAYEHUIO OT 3 10 5, B 3aBUCUMOCTHU OT TOTO, KaK MHOTO MH(OPMAINK J10JIKHA 3a-
XBaTUTh Mojiesib. [locie co3manust Mojiesi TIPOU3BOIUTCST 00yUeHe HEHPOHHOM
CETH [IJIsI TIOJIYY€HMsI BEKTOPHBIX TIPEICTABJIEHIIT, KOTOPbIE 3aT€M OY/IyT TOCTYITHDI
yepes3 CBOMCTBO docvecs.
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from gensim.models.doc2vec import TaggedDocument, Doc2Vec

corpus [list(tokenize(doc)) for doc in corpus]
corpus [
TaggedDocument(words, ['d{}'.format(idx)])
for idx, words in enumerate(corpus)

]

model = Doc2Vec(corpus, size = 5, min_count = @)
print(model.docvecs[0])
# [ 0.01797447 -0.01509272 0.0731937 0.06814702 -0.0846546 ]

[Ipn mpaBUIBLHOM MCIOJIB30BAHNN PACTIPEIesIeHHbIE TTPEICTABIEHNS TT03BOJIAIOT
MOJTYYUTh HAMHOTO O0Jiee KauecTBeHHbIe pe3yibraTsl, uem Mozen TF—IDE Camy
MOJIeJIb MOSKHO COXPAHWUTh Ha JMCK U TOBTOPHO OOYYUTDH €€, 4TO JIeJIaeT ee Ypes-
BBIYAITHO THOKOI JIIsT Pa3HbIX cJydaeB ucnob3oBanus. OQHAKO /st 06ydeHus:
Ha OOJIBIIMX KOPITYCaX MOKET MTOTPeOOBATHCS OUeHb MHOTO BPEMEHU U MaMSITH,
a pe3yJabTaT MOKET OKa3aThCd XysKe, ueM Ipu ucnoab3oBanun mogenn TF-IDF
B COBOKYITHOCTH € METOZIOM TJiaBHbIX KoMrioHeHT (Principal Component Analysis,
PCA) nnu cunrysnsiproro pasiokernus (Singular Value Decomposition, SVD) mst
COKpaIlleHUsT TPOCTpaHCTBa TPU3HaKoB. Ho, kak ObI TO HU OBLTO, 9TOT BUJL ITPEJI-
CTaBJEHUI OKA3aJICsI HACTOSIIIIUM ITPOPBIBOM M TIOMOT OOUTHCSI 3HAYMTETHHBIX
yJIydieHnii B 06paboTKe TeKCTa B IPUIOKEHUSIX TAHHBIX.

U croBa, BEIOOD criocoba BekTopusanui (a Takske OMOJINOTEKN, peansyoleii ero)
0OBIYHO 3aBUCUT OT KOHKPETHOTO CJIydasi IPUMEHeH s, Kak TI0Ka3aHo B Ta0I. 4.1.

Ta6nuua 4.1. O630p METOAOB BEKTOPM3aLNM TEKCTA

MeTop BekTO- o Xopowo noa-
MpuHuun aecrena Hepocratku
pusaumm XoauT AnA
YacToTHbIN MoacueT yacToThl BaliecoBckue CaMble 4acTo BCTpevatoLmecs
BXOX/AEHWS NIeKceM Mozenu CroBa He BCeraa SBNSoTCS caMbl-
MU UHMOPMATUBHBIMM
MpsmMoe koam- Onpegenerve HelpoHHble Bce cnoBa oka3biBaloTCs paBHO-
poBaHue JIOrM4ECcKoro npu- cetn yOaneHHbIMU, NO3TOMY OYeHb
3HaKa NpucyTcTBms BaXKHa HopManusaums
nekcemsl (0, 1)
TF-IDF Hopmanusauus MpunoxeHns YMepeHHO 4acTo BCTpeyatoLmecs
YaCTOTbI JIEKCEM MO obLero Ha- CrnoBa MOryT bbITb He penpe3eH-
[OKYMeHTaM 3HayeHus TaTUBHbLIMU A1 TEMbI IOKYMEHTa
Pacnpepenen- Koanposanue MogenupoBa- | Bonblioi 06bEM BbIYMCIEHUI,
Hble MpeACTaB- | CXOACTBA SIEKCEM HA | HUWE CIIOXKHBIX | CIOXHOCTb MacTabuposaHus
neHns OCHOBE KOHTeKCTa OTHOLLEHUI 6e3 NpYMeHeHNs AONOSTHUTESb-
HbIX MHCTPYMEHTOB (Hanpumep,
Tensorflow)
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Jlasiee B 9TOI1 TJ1aBE MBI PACCMOTPUM 0OBEKT Pipeline us 6ubanorexu Scikit-Learn,
MTOMOTAIONUH YIPOCTUTh BEKTOPUIAIUIO C MOCAEAYIOMUMHU dTallaMU MOJIETPO-
BaHud. [lo 2T0il MpuYMHe MBI YaCTO MCITOJb3YEeM WHCTPYMEHTHI BEKTOPU3AIINH,
coBMecTuMble ¢ Oubmorekoii Scikit-Learn. B cienyiomem pasmesie Mbl 06CyauM
opranusanuio API aToii GubIMOTeKN 1 MOKasKeM, KaK UHTErPUPOBATh HHCTPYMEHTBI
BEKTOPHU3AIMK B OOIUI KOHBENEp /15 CO3aHUsI TOJHOIEHHOTO (1 HACTPauBAEMOTO
B IIMPOKKX Tpejiesiax!) sipa MpuIoKeHus MallnHHOTO 0OyYeHUsT Ha TEKCTaX.

Scikit-Learn API

Bu6anoreka Scikit-Learn — aro pacmupenne makera SciPy (scikit), ocnoBoit
IEJIBI0 KOTOPOTO SIBJISIETCST TIPEIOCTABIEHIE AJITOPUTMOB MAITUHHOTO OOyUYeHMs,
a TaK)Ke MHCTPYMEHTOB M YTUJINAT, HEOOXOIMMBIX JIJIST YCIIEITHOTO MOIETUPOBAHMSI.
OcHoBoii 6ubsmorexu sipysiercst « AP jist MarmmHHOTO 00yYeHUsT», TIPEIOCTABJISIIO-
U JOCTYTI K peaii3aliusiM IMUPOKOTO CIIEKTPa MOJIesIel yepes eMHbIN 1 y100HbIi
unrepdeiic. baarogapst Takoit opranusarmu Scikit-Learn MOKHO HCTTOIB30BATD JJIST
OJIHOBPEMEHHOTO 00YUYEHMUST OIIETOMIISIONIEr0 PasHO0OPa3 s MOJIEIEHl, UX OIEHKH
U CPaBHEHUsI U UCTIOJIb30BaHUsI 00YYEHHbBIX MOJIEJIEN [IJsI IPe/ICKa3aHuil Ha HOBBIX
nanubix. buboreka Scikit-Learn nmeer cranmaprusoBanibiii AP, moaTomy 1mosib-
30BaThCS €10 JIETKO U YI00HO, a cO3/1aBaTh IPOTOTHUITHI PA3HBIX MOIEJIEH /LISt OIEHKH
MOZKHO TTPOCTBIM U3MEHEHNEM TTaphl CTPOK KOJIA.

NuTepdeiic BaseEstimator

Cam API — 06beKTHO-OPHEHTUPOBAHHBII 1 OIIpeIe/IsieTcs: nepapxueil nnTepdeicon
JUIS Pa3HbIX 3a/1a4 MAMHHOTO 00yueHus1. Koprem nepapxum sipiisiercst Estimator —
MPaKTUIECKH JTI000i 06BEKT, CIIOCOGHBIN 00yuaThest Ha JaHHbIX. OObEKTHI Estimator
PeaTM3yIoT aJITOPUTMBI KJTacCH(MUKAIINH, perpeccuu 1 Kiaactepusaruu. Ho takike Mo-
IyT BKJIIOYATD IUPOKHIT CIEKTP METOIOB ITPe0OPa3oBaHusl JAHHBIX, OT COKPAIICHUST
Pa3MePHOCTH JI0 U3BJIEUEHUS TPU3HAKOB U3 UCXOAHBIX TaHHbIX. [1o cyTH, Estimator
urpaeT poJib uHTepdeiica, 1 KIacchl, peau3yIoline ero, J0JKHbI Peain30BaTh JIBa
MeTo/a — fit U predict — Kak 1mokKasamo HUXKe:

from sklearn.base import BaseEstimator
class Estimator(BaseEstimator):
def fit(self, X, y = None):

MpuHUMaeT BXOAHble AaHHble X M HeobA3aTeNbHble LeneBble LaHHble Y.
BozBpawaeT self.
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return self
def predict(self, X):

MpuHUMaeT BXOAHble faHHble X M BO3BpawaeT BeKTOp MNpeAcKa3aHui
ONA KaxX[on CTPoOKM.

return yhat

Mertoj Estimator. fit HaCTpauBaeT COCTOSHUE 9K3eMILIsIpa Estimator, onupasch Ha
JaHHble 171 00ydeHus, X 1 y. OOyuarolue JaHHble X J0JKHbI KIMETh (hOPMY MaTpH-
IIbI — HaIIpuMep, IByMepHbIit MaccuB NumPy ¢ hopmoii (n_samples, n_features) uamn
marpuily DataFrame Pandas, cTpOKH B KOTOPOII SIBJISIIOTCS 9K3EMILISIPAMH, a CTOJIO-
1[I — IpU3HaKaMu. J[Jist 00yUeH st ¢ yauTereM TakkKe MOKHO TIEPeIaTh OTHOMEPHbIIT
MaccuB NumPy, y, XpaHsiiuii ipaBujiblble MeTKH. B riporiecce 00yduenust BHyTpeHHee
COCTOSTHVE DK3eMILTIsIpa Estimator M3MEHsIETCsI TaK, YTOOBI TIOATOTOBHUTD €0 K ITPe/i-
CKa3aHUSM. JTO COCTOSTHUE XPAHUTCS B IEPEMEHHBIX AK3EMILISIPA, MMEHA KOTOPBIX
0OBIYHO 3aKAHYMBAIOTCSI CUMBOJIOM MOAYEPKUBaHUs (HarpuMep, Estimator. coefs_).
Tak Kak aTOT MeTOJT UI3MeHAeT BHyTPEHHee COCTOSIHIE, OH BO3BPAIlaeT CChIIKY self
Ha caM 9K3EeMILJISIP, YTO II03BOJISIET COCTABJIATD EIIOYKU U3 BBI30BOB METO/I0B.

Meto/ Estimator.predict co3maer IIpe/ICKa3aHusd, MCII0JIb3YysI BHyTPEHHEE COCTOsTHUE
MO/IeJIN, 06yquHoﬁ Ha gaHHbIX X. Ha BXo/ MeTo/1a 1oJIKHA TTepelaBaThCs MaTPUIA
C TEM Ke KOJMYECTBOM CTOJIONOB, 4YTO U B 06yqa10me1>’1 MaTpulle, nepejaBaBiieiica
B MeTO/] fit, KOTOpas MOKET UMETh Mo60e KOJIM4eCTBO CTPOK. DTOT METOJ] BO3Bpa-
IaeT BEKTOP yhat, co/iepsKalinii pe/icKka3anms I/ BCeX CTPOK BO BXO/IHBIX JJAaHHBIX.

HacnepoBaHue knacca BaseEstimator 13 6ubnuotekn Scikit-Learn aBTomatuye-
CKM OTKpbIBAeT AocTyn K MeToay fit predict, KoTopbii 06beauHsieT fit
M predict B 0ANH BbI30OB.

OObexTH Estimator IMEIOT rapameTpsl (KOTOPbIE Tak:Ke Ha3bIBAIOT THIIEpPIIapaMe-
TpaMu ), YIPABJISIONINE TPOTIECCOM o6yquI/Iﬂ. OTHU TTapaMeTPhI 33aI0TCS TIPU CO3-
JAHUU 9K3eMTIIIIpa Estimator (a B X OTCYTCTBUE BbI6I/IpaIOTCH pa3symHble 3HaYeHU
1o yMOJI‘{aHI/IIO) 1 MOTYT U3MEHSITBLCA C IIOMOIIIBIO METO/I0B get_param 1 set_param,
KOTOpbIE TaKJKe IOCTYIIHBI B 0a30BOM KJlacce BaseEstimator.

Wcnonbsyst Scikit-Learn API, Mbl ykasbiBaeM UMsI TTakeTa U TUIT 00beKTa Estimator.
B npumepe Hike Mbl BBIGpaJ ceMeiCTBO Mojiesieil HauBHOTO 6aileCOBCKOTO KJIac-
crrkaTopa 1 KOHKPETHOTO YJIeHa CeMeCTBa — MOJTMHOMUATbHYIO MOJIEJb (KOTO-
past OJAXOAUT JIJist KiaccuuKaium Tekcra). Moesb onpeessieTcs pyu co3aHum
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9K3EeMILJISIpa KJlacca BMECTe ¢ TUIlepIapaMeTpaMu. 3/1eCh Mbl IiepelaeM ITapaMmeTp
alpha, KOTOPBIN TPUMEHSETCS IS aAIUTUBHOTO CTJIKUBAHUS, a TaK:Ke TIpe/iBa-
pUTeIbHBIE BEPOSITHOCTH JIJIST KasK/I0TO U3 ABYX KJIaccoB. Mojesb oOydaercst Ha
yKa3aHHbBIX JaHHBIX (documents U labels), MOCJIE Y€TO MPEBPAIIACTCS B OOYUCHHYIO
Mo/IeJTb. ITa 6azoBas MOCIE0BATEIBHOCTD ACHCTBUN OIMHAKOBA LISl BCEX MOJIeJIei
(Estimator) B Scikit-Learn, or ancam6Jiell iepeBbeB PelieHnil cydaitHoro jyeca 10
JIOTUCTUYECKOU PErpeccuu M Jp.

from sklearn.naive_bayes import MultinomialNB

model = MultinomialNB(alpha = 0.0, class_prior = [0.4, 0.6])
model.fit(documents, labels)

Pacwuupenue TransformerMixin

Bubnmoreka Scikit-Learn Tak:ke mpefoCTaBsieT YTUIUTBI JIsI MAITUHHOTO 00Y-
4eHusl B MOBTOPSIIONIEMCsT peskiMe. Mbl He CMOKeM TIPOJIOJIKUTD 0OCYsKIeHne
Scikit-Learn, re orrcas untepdeiic Transformer. Transformer — 9TO CIIEIUATBHDII
THUI Estimator, KOTOPBII CO3/1aeT HOBBIN HAOOP MaHHBIX M3 CTAPBIX, OMUPAsICh Ha
IpaBuJIa, BBISIBIEHHBIE B IIpollecce 00ydenust. BOT Kak BBITJISIIUT OTIpe/iesieH e
aToro nurepdeiica:

from sklearn.base import TransformerMixin
class Transfomer(BaseEstimator, TransformerMixin):
def fit(self, X, y = None):

N3y4aeT npasuna npeo6pasoBaHMﬂ Ha OCHOBe BXOAHbIX AaHHbIX X.

return self
def transform(self, X):

MpeobpasyeT X B HOBbLIN Habop AaHHLIX Xprime u BO3BpawaeT ero.

return Xprime

Mertox Transformer.transform IPUHUMAET CTapblii U BO3BPAIAeT HOBbI HAGOP
JIaHHBIX, X", CO3/IaeT HOBbIE 3HAYEHVIsI, OIMPAsICh Ha ITpaBuJIa IipeodpaszoBaHsi. B 6u-
6amoreke Scikit-Learn ecTh HECKOIBKO Pa3HOBUAHOCTEN Transformer, B TOM YUCJIE
JUIST HOPMAJIU3AIIH ¥ MACIITabuPOBAHUS MPU3HAKOB, 0O0PAOOTKI OTCYTCTBYIOIIX
3HAYEHWH, COKpAIleHNsI PA3MEPHOCTH, U3BJIEUEHUS IPUSHAKOB UJIN OTOOPaKEHUsT
OJ/[HOTO MPOCTPAHCTBA IPU3HAKOB B IPYTOE.
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Xotsa 06e 6ubaumorexu, NLTK u Gensim, u gasxe 60s1ee HoBble OMOIMOTEKN aHAIN3a
Tekcra, Takue kak SpaCy, uMeror cou BHyTpeHHne API u MexaHusmbl 00y4eHusI,
0ObeM 1 TIOJTHOTA Mozesieit 1 MeToostoruii Scikit-Learn ayist MalmmHHOTO 00y YeH st
JIENAIOT ee HeOThEMJIEMOIT 4acThio paboyvero mporiecca Moe/IMpoBaHust. B pesysisrate
MBI TIPE/IJTaraeM HMCI0JIb30BaTh aHamorudubiii APT juist cosmanmsi cBonx 0ObeKTOB
Transformer 1 Estimator, peasu3yiomnux Meroasl u3 NLTK u Gensim. Hanpumep,
MOSKHO CO3/IaTh TEMaTHUYECKUE KIacCU(UKATOPBI Estimator, 00€PTHIBAOIINE MOIETN
LDA u LSA u3 Gensim (B Hacrosiiiee BpeMst otcyTeTBytornue B Scikit-Learn), vin
npeoOpaszoBaresiu Transformer, HCIOIB3YIOTIIE METOIBI MAPDKUPOBKU YaCTSIMU PEUH
n3 NLTK u metonpr gesenns na ¢hparMeHTh MMEHOBAHHBIX CYIITHOCTEH.

Co3paHue cBoero npeobpasoBarens ANs BEKTOpusauum
Ha ocHoBe Gensim

[Tpuembt BekTopu3anuu B Gensim mpecTaBIstioT 0cOObIiT HHTEPEC, TOTOMY YTO ITa
6ubIMOTEKA MO3BOISIET COXPAHSTH U 3aTPysKaTh KOPIYCHI C UCKA, OTAEJSAS UX OT
KoHBeitepa 06paboTku. OIHAKO €CTh BO3MOKHOCTH HaIMcaTh CBON Ipeodpa3oBa-
TeJIb, UCTIONIB3Y O MexaHu3M BekTopusanuu u3 Gensim. Hamr mpeo6pasoBareib
GensimVectorizer Oyzer 06epThiBaTh 00bEKT Dictionary us Gensim, creHeprpoBaH-
HBIIT MeTOIOM Fit (), ueil MeTo1 doc2bow HCIIO/IB3YeTCst METOIOM transform(). OObeKT
Dictionary (Hampumep, TfidfModel) MOKHO COXPAaHUTH HA JMCK M 3aTPY3UTD C TUCKA,
M09TOMY HAIll TpeoOpa3oBaTesb ToKe OYIET MOJTb30BATHCS TAKOH BO3MOKHOCTBIO,
MPUHUMAS Iy Th TP CO3/[aHUH 9K3eMILIApa. Eciim yKka3anHblil haiis cyIecTByerT, OH
3arpy-kaercst HeMe/IJIeHHO. /[[0II0JIHUTENbHO ¢ TOMOIIBIO MeTO/1a save () MbI CMOKEM
3aliChIBATh CBOM Dictionary Ha JIMCK ITOCJe BbI3oBa fit().

Merton fit() KOHCTpyHpyeT 0OBEKT Dictionary, mepeaaBast JeKCeMU3UPOBAHHbIE
1 HOPMaJIN30BaHHbIE TOKYMEHTHI KOHCTPYKTOPY Dictionary. 3aTeM 3K3eMILISIP
Dictionary HeMeIJIEHHO COXPaHsSeTCs Ha IMCK, 4TOObI IIpeobpasoBareib MOT 3a-
rpy3uTh ero 6e3 moBTOPHOro obyderusi. MeTos transform() BbI3bIBAET METO/
Dictionary.doc2bow, KOTOPBII BO3BPAIIAET Pa3pe:KeHHOE MTPeICTaBIeHNE JOKYMEHTA
B BUJie CIIUCKA KOpTeXel (token_id, frequency). OmHako Takoe TpeACTaBIeHIE
MOKeT BbI3bIBaTh 1pobieMbl B Scikit-Learn, moaTomy Mbl UCIIOJIB3yeM BCIIOMOTA-
TebHYI0 (DYHKIUIO sparse2full u3 Gensim /st 1peobpasoBaHis Pa3peKeHHOro
npezcraBiaeHus B MaccuB NumPy.

import os
from gensim.corpora import Dictionary
from gensim.matutils import sparse2full

class GensimVectorizer(BaseEstimator, TransformerMixin):

def __init_ (self, path = None):
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self.path = path
self.id2word = None
self.load()

def load(self):
if os.path.exists(self.path):
self.id2word = Dictionary.load(self.path)

def save(self):
self.id2word.save(self.path)

def fit(self, documents, labels = None):
self.id2word = Dictionary(documents)
self.save()
return self

def transform(self, documents):
for document in documents:
docvec = self.id2word.doc2bow(document)
yield sparse2full(docvec, len(self.id2word))

HeTpyaHo 3amMeTHTh, Kak IIPOU3BOAUTCST 0OEPTHIBAHIE METOI0B BEKTOPU3AIIH, 00-
CY’KIaBIIXCS BBIIIE B 9TOH I1aBe, ipeobpasoBaressivu Scikit-Learn. 1o gaet Ham
GOJIBIITY 0 THOKOCTD B BBIOOPE TOXO/IOB U B TO K€ BPEMST [TO3BOJISIET MCIIOIb30BaTh
YTUJIUTBI MAITHHHOTO 00yYeH st U3 Kayk1oi 6ubsmoreku. lanbHeiinee paciumpenie
3TOTO IIPUMepa U peasin3alinio npeobpasosaresieii st mosydenus oieHok TF—-IDF
U pacrpe/ie/IeHHbIX TTPECTABIEHUI MbI OCTABJISIEM YUTATEISIM JIJIsI CAMOCTOSITETh-
HOTO YTIpakKHEeHUS.

Co3paHue cBoero npeo6pasoBaTensi
A1 HOPpManM3aumMm TeKCTa

MHorue cemeiicTBa MOJIeJIEl CTPAJIAIOT OT «IIPOKJISATHSI PA3MEPHOCTUY: IO Mepe
YBeJMUYEHNUsT PA3MEPHOCTH MTPOCTPAHCTBA IPU3HAKOB JIAHHBIE CTAHOBSITCS Bee OoJiee
paspesKeHHBIMU U MeHee MH(POPMATUBHBIMU /1711 Ga30BOTO ITPOCTPAHCTBA PEIIEHNUI.
HOpMaJII/ISaI_[I/IH TEKCTa YMEHbIIAECT YUCJIO I/ISMepeHI/IfI U TEM CaMbIM yME€HbIIAET
paspeskeHHOCTh. KpoMe mpocToil pumbrpannu jekceM (yaaaeHUs 3HAKOB MPETn-
HAHWS U CTOII-CJIOB) CYIIECTBYET /[BA OCHOBHBIX METO/Ia HOPMAJIUBAIINN: CTNEMMUNZ
U JIeMMAMUSAUUSL.

CTeMMUHT 3aKJII09aeTCs B UCTIOAb30BAHUN CEPUN TIPABUI (WJIW MOJIEIN ) [IJIsT Pas-
JleJIeHsI CTPOKU Ha MEHBIINE TOACTPOKH. ETo 11eb 3aKkiovaeTcs B yaIeHIH TPU-
CTaBOK M Cy(HUKCOB U3 CIOB, MEHAIONINX UX 3HaveHne. Hampumep, yaangiorcs
cybdUKCB 's' ¥ 'es’, KOTOPbIE B JIATHHCKUX sI3bIKAX 00BIYHO YKa3bIBAIOT Ha MHO-
JKECTBEHHOE UM CJI0. JIeMMaTu3arust, ¢ IPYroii CTOPOHbI, BBITIOJIHSET TOUCK KaXKI0H
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JIEKCEMBI B CJIOBape W BO3BpAIaeT KAaHOHUUYECKYIO (CJI0BapHYI0) hopMy CJIOBA,
KoTopas HasbIBaeTcs JeMMoi. [TockobKy 3TOT MeTo/1 OCHOBAH Ha TIOMCKE 3TATIOHA,
OH TIOMOTAET CITPABJIATHCS ¢ HEOOBIYHBIMU CITydastMU 1 00padaThiBaeT JIEKCEMBI, SIB-
JIATOTIIMECS Pa3HBIMK YyacTsMU peun. Harmpumep, roraron *gardening' (€aloBOJICTBO)
JI0JIKEH TIPeoOPa3oBbIBATHCS B JIEeMMY 'to garden', TOT/Ia KaK CYIIECTBUTEIbHbIE
'garden’' (cag) 1 'gardener' (CaJlOBHUK) — B pa3Hble JIeMMbl. CTEMMUHT TIPEBPATHI
ObI BCe 9TH CJIOBA B OJ[HY JieKceMy 'garden' (can).

CTeMMUHT U JIEMMaTU3aIlHisI UMEIOT CBOM JIOCTOMHCTBA U HepocTaTku. CTeEMMUHT
TpebyeT TOJbKO pasdUTh CJOBO Ha MOJACTPOKH, TOITOMY BBITIOJHSETCS OBICTPEE.
JlemMaTH3aI¥si, HATPOTUB, TPeOyeT MOUCKA B CJIOBape WM B Oase JaHHBIX U HC-
IMOJIb3YET TETn Jacren pedn 4Jid BbIABJICHMA KOpHeBOﬁ JIEMMUBI CJIOBA, 4TO J€EJIa€eT €€
HAMHOTO MeJlJIeHHee CTEMMUHTa, HO Tak:Ke HaMHOTO 2 eKTUBHEE.

Yt00OBI 06ECTIEYNTDH CUCTEMATUIECKY IO HOPMAJIM3AIINIO TEKCTA, HAITUIIIEM CBOM TIpe-
obpasoBareJib, KOTOPbI OOBEMHSIET Bce 3TH aTarbl. Hail kiacc TextNormalizer
PUHUMAET Ha BXOJIE SI3bIK, MCIIOJIb3YEMbIH JIJIsl 3arPy3KU MPaBUIbHOTO Habopa
cron-caoB u3 kopryca NLTK. Takke MOXKHO IIpelycMOTPETh HACTPOUKM JIJIs
TextNormalizer, 4TOObI JaTh BO3MOKHOCTH BBIOUPATh MEKLY CTEMMUHIOM ¥ JIEM-
MaTHu3aIlneli, v mepejiavay a3bIka B SnowballStemmer. /[71s1 puabTpamimy mocTOPOHHNUX
JIEKCEM OIpeIeTM JIBa MeTojia. I1epBblii, is_punct(), CpaBHUBAET MEPBYIO0 OYKBY
B Ha3BaHuM Kateropum IOHMKoMa Kaxkoro cumBodia ¢ 'P' (Punctuation — 3Hakmu
MIPETMHAHNA ); BTOPO, is_stopword(), IPOBEPSIET, IPUCYTCTBYET JIU JaHHAS JIEKCeMa
B HAIlleM MHOKECTBE CTOII-CJIOB.

import unicodedata
from sklearn.base import BaseEstimator, TransformerMixin

class TextNormalizer(BaseEstimator, TransformerMixin):

def __init_ (self, language = 'english'):
self.stopwords = set(nltk.corpus.stopwords.words(language))
self.lemmatizer = WordNetLemmatizer()

def is_punct(self, token):
return all(
unicodedata.category(char).startswith('P') for char in token

)

def is_stopword(self, token):
return token.lower() in self.stopwords

Tenepn 106aBUM MeTOJI normalize (), IPUHUMAIONIUI €ANHCTBEHHBII JOKYMEHT, TO
€CTb CIIMCOK ab3a1leB, COAEPIKAIUX CIIUCKU IPEII0KEHI, KOTOPbIE IPECTaBICHbI
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CITCKAaMK KOpTexkeii (token, tag) — 9TOT (hOPMAT HAHHBIX MbI TIOJTYYUIIN B PE3YIb-
Tare npeaBapuTesabHoi 06paborku nokymentos HTML B riase 3.

def normalize(self, document):
return [
self.lemmatize(token, tag).lower()
for paragraph in document
for sentence in paragraph
for (token, tag) in sentence
if not self.is_punct(token) and not self.is_stopword(token)

ITOT MeTo/l TpuMeHsieT PyHKIuY GUNBTPALNY U1 YIATeHUS HeXKeIaTeIbHBIX JIeK-
CeM 1 3aTeM BBITTOJTHSIET JJeMMaTu3ainio. MeToz lemmatize () cHavasa mpeobpasyer
teru yacreil peunt 3 Habopa Penn Treebank, koTopsrii ucmob3yercst hyHKIHEH
nltk.pos_tag, B Ter WordNet, BbIOUpast 0 yMOJTYAHUIO CYIIECTBUTENBHOE.

def lemmatize(self, token, pos_tag):

tag = {
"N': wn.NOUN,
'V': wn.VERB,
'R': wn.ADV,
'J': wn.ADJ

}.get(pos_tag[@], wn.NOUN)

return self.lemmatizer.lemmatize(token, tag)

Haxkowert, MbI I0JKHBI 100aBUTH HHTEpGeiic Transformer, UTOObBI HATI KJIACC MOKHO
ObLJIO BKJIIOYNTH B KOHBelep Scikit-Learn, 0 KOTopoM pacckasbiBaeTcsl B CIIEAYIOIEM
pasneJie:

def fit(self, X, y = None):
return self

def transform(self, documents):
for document in documents:
yield self.normalize(document)

O6paTuTe BHUMaHNE, YTO HOPMaIU3AI[Usg TeKCTa — JIUIIb OJHA U3 MHOKECTBA
METOJIOJIOTHH, KOTOPast K ToMy ke akTuBHO ncronab3yeT NLTK, uto moxer yBe-
JIMYUTD HesKeJTaTeIbHbIEe JIJI Balllero MpuIoKeHsT HaKJIaaHble pacxoabl. B uncire
JIPYTUX BO3MOXHBIX BAPUAHTOB MOKHO HA3BATh yAATEHNE JTIEKCEM, TIOSIBIIIONTAXCS
yalie Win peke HEKOTOPOTO Tpejiesia, UJIu YaJeHue CTOI-CJI0B C MOCAeYIONIM
BbIOOPOM 1epBbIX 5—10 Thicsy HanboIee YacTo BeTpevaoiuxes ¢ios. Emte ogun
BapUaHT — MPOCTO BBIYUCIUTH HAKOILJIEHHYIO YacTOTY W 0TOOpaTh CJI0BA, CO-
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crasiaonme 10-50 % HakoImIeHHOW 4acTOThl. DTU METO/bl TTO3BOJIUINU ObI HAM
WTHOPUPOBATH CJIOBA, BCTPEUYAIOIINECS B TEKCTE OYEHD PEAKO UJIN CAUIIKOM YacTo,
U BBISIBUTH TEPMUHBI, TOTEHIIMAIbHO Hanboiee 3HaYMMBble J[JIsl IPOrHO3UPOBAHUS
B ITAHHOM KOPIIyCe.

Onepauust HopManMsaUuM TekcTa AO/MKHA BbiTb Heobs3aTeslbHOM U npuMe-
HATbCS C OCTOPOXHOCTbIO, MOTOMY UTO UMEET PaspyLLUUTENbHbIN XapaKTep, Tak
KaK yAansieT yactb MHdopMaumn. Peructp CMMBOMOB, 3HAKW MpenvHaHus,
CTOM-CMOBa M pa3HOObpasne KOHCTPYKLIMIA CIOB — BCE 3TO OYEHb BaXKHO Ass
MOHMMaHWS TEKCTa Ha eCTEeCTBEHHOM si3blke. HekoTopble Moaenu MoryT Tpe-
60BaTb HAIMYNS UHAMKATOPOB, TaKMX Kak perncTp CMMBOSIOB. MNpuMepoM MOXeT
CNYXXUTb KaccUUKaTOp MMEHOBAHHBIX CYLLIHOCTEMN, NOTOMY YTO B @HITIMIACKOM
(M B pycckoM) si3blke MMeHa COBCTBEHHbIE MPUHSATO 3anMChIBaTb C 3ariaBHOW
6yKBbI.

AnbTepHATUBHBIN CI1OCOO YMEHBIIEHNST PAa3MEPHOCTH — UCIHOJb30BATh METO/]
riaBHbix KomrnoHeHT (Principal Component Analysis, PCA) wiu cunryasipHoe
pasnoxenwe (Singular Value Decomposition, SVD) st yMeHbIIeHMsT pa3MepHO-
CTH MTPOCTPAHCTBA MTPUIHAKOB JI0 OTIPEJIEIEHHON BEJTMUNHBI (HAITPUMED, TISATh WJIN
JIECSITh THICSIY M3MEPEHHiT) Ha OCHOBE YaCTOTBI CJIOB. DTH IIPe0OPA30BATEH HOJIKHbI
IPUMEHSTBHCS TI0CTIe BEKTOPU3AIUN U MOTYT IIPOU3BOANTD 3(hDEKT CAUIHUS CIOB,
CXOKUX B JAHHOM BEKTOPHOM TTPOCTPAHCTBE.

KoHBeitepbl

[Iporecc MaIMHHOTO OOYYEHKS YacTO BKJIIOYAET MOCAeA0BaTeIbHOE IPUMEHEHNE
HECKOJIBKUX TIpeobpasoBaTesieil K MCXOAHBIM JaHHBIM, TPe0dpa3yonux Habop
JIaHHBIX IIIAT 32 IaroM repej rnepeaadeil merony odydenwsi. Ho, eciiv He BBITIOJHUTD
OIMHAKOBYIO BEKTOPHU3AIIMIO JOKYMEHTOB, MbI ITOJIYY1M HEBEPHbIE WJIH, [10 KpaiiHeil
Mepe, MaJIOTIOHATHbIe pe3ysbraThl. O0beKT KoHBelepa Pipeline 13 6GuGINOTEKH
Scikit-Learn perraer a1y mpobiemy.

OO6beKThI Pipeline MO3BOJISIOT 00BEANHUTD HECKOJIBKO TPe0Opa3oBaTeieil, Bbi-
HOJTHSATONMX HOPMaJIU3AIIMIO, BEKTOPHUBAIINIO U AHAJIN3 TPU3HAKOB, B OOIIUI, 4ETKO
onpesiesieHHbIi Mexarn3M. Kak rokazano Ha puc. 4.6, 00beKTbI Pipeline mepeMeraoT
JaHHbIe 13 3arpy34rKa (00beKTa, 06ePTHIBAIONIEr0 CorpusReader, CO3/IaHHOTO HAMHU
B TJIaBe 2) B MEXaHU3MbI U3BJI€UEHMSI TIPU3HAKOB U, HAKOHEIL, B 0OBEKT OIEHKH, Pea-
JIU3YTOTTAN MOJIEST TPOTHO3NPOBAHIA. OGbeKThI Pipeline — aTO OpPUEHTUPOBAHHbIE
anmksmaeckue rpadsl (Directed Acyclic Graph, DAG), KoTopbie MOTYT ObITh ITPO-
CTBIMU JIMHEHHBIMHU [[ETI0YKaMU TIpeoOpasoBaTesIeil HIU CJI0KHBIMI KOMOMHAIAMU
BETBSIIIIUXCS W CAUBAIONIMXCST Iy TEH.
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3arpy3unk | Hopmanizauya | Bextopuzauys | MpeobpazoBanue o| O6bekt
L » » Ll
JaHHbIX TeKma TeKra MpU3HAKOB OLIEHKM
B
HOpMaﬂVBaLlMﬂ ; M3Bﬂe‘leﬂ|/|e EKTOPU3aLmA onucaHua
TeKcma TeKCra BekTopu3aums cratbi
3arpy3uuk 06bekT
JaHHbIX | ouenkn
Mpu3Haku GBI i BekTopuzauma | |
AOKyMEHTa MeragaHble coBapA
06beavHeHNe NPU3HAKOB

Puc. 4.6. KoHBeliepbl BEKTOPU3aLMK TEKCTA U U3BNIEYEHNS NMPU3HAKOB

OCHOBbl KOHBEWEPOB

3ajiaua Pipeline — CBA3aTh BMECTE HECKOJIBKO OOBEKTOB, IPEACTAB/ISIONNX (UK~
CHPOBAHHYIO MOCJIEI0BATEILHOCTD ATalloB 06paboTKu. Bee 06beKThI B KOHBElEpe,
KPOMeE IIOCJIEAHEr0, A0JKHbBI ObITh peobpasoBaTenssMu (TO €CTh Peaarn30BbIBATh
MeToJI transform), a MOCIEAHUI MOKET ObITH 0OBEKTOM OIIEHKH Estimator Ji1060T0
THIIa, B TOM YKCJIE C MOAEeP;KKOIl TporHosuposanst. Konseiiepsl y100HbI B UCTIOJb-
30BaHMM; OHM MO3BOJIAIOT /IS OJHOTO BXOJHOTO HabOpa JaHHBIX BbI3BATH METO/IbI
fit 1 transform cpasy HECKOJIbKUX 00beKTOB. KpoMe Toro, Konseiiepbl peajinsyior
eHbII nnTepdeiic 115 MoUCKa 10 CeTKe cpasy U3 HECKOJIbKUX 00bekToB. Ho ca-
MO€ Ba)KHOE — KOHBEHepbl 00eCIIeunBaAIOT NPAKMUUECKOE NPUMEHEHUE TEKCTOBBIX
MoJIe/1el, 0ObeANHSA METOL0J0THIO BEKTOPU3ALNN C MOJEJIBIO IIPOTHO3UPOBAHMUSL.

Kouseiiepsl cTposiTcs myTeM onucaHus crvcka nap (key, value), Tae key — 3To
CTPOKa C Ha3BaHMEM 9Talla, a value — 0OBEKT, peausyomuii aTot atai. Konseiiepbr
MOXKHO CO3/IaBaTh BBI30BOM BCIIOMOTATEeNbHOU (PYyHKITNU make_pipeline, KoTOopas
ABTOMATUYECKU OMpeiesideT Ha3BaHMs ATATIOB, I IBHO OMpeiesisas cucok. Kon-
CTPyUpYys KOHBeep BPYUYHYIO, IPEATNIOUTUTEIbHEE UCITOJIb30BATh BTOPOI TIO/IXO/,
SBHO OTIpeIeisisd Ha3BaHUS TATIOB JIJIS TOBBINEHUS SICHOCTH KO/a, a (PYyHKITUIO
make_pipe IPUMEHSTHh B CUTyallMsIX, KOT/Ia KOHBeWep CO3/1aeTcsl aBTOMATUYECKH.

OO6beKThI Pipeline — He TOJIBKO OCOOBINA MEXaHU3M, XapaKTepHBIN /714 6ubIMOTEKN
Scikit-Learn, Ho Takske BakHast Touka uHTerpaimu ¢ oubanorekamu NLTK u Gensim.
Cutepytonuii mpuMep AeMOHCTPUPYET 00berHeHe 0ObEKTOB TextNormalizer
U GensimVectorizer, CO3/IaHHBIX B IIPEABIAYIIEM pasjiedie, 715 OATOTOBKU JaHHBIX
K 1epejiade B GaiiecoBCKyto Mojiesib. Victonbayst nuatepdeiic Transformer, Kak OIH-
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CHIBAJIOChH BBIIIE B ATOM IJIaBe, MOXKHO BOCIIOJIb30BATHCS KJIacCOM TextNormalizer
1 06epHyTh UM 00beKThI CorpusReader 13 NLTK, 4TOOBI BBIIOJTHUTD TIPEIBAPUTE b=
Hy10 00pabOTKY 1 M3BJIeYb TMHIBUCTHYEeCKUE npusHaku. OObeKT GensimVectorizer
OCYIIECTBUT BEKTOPHU3AIINIO, a 00BEKT Pipelines us 6ubmorekn Scikit-Learn 06b-
eIMHUT UX C Pa3HOOOPA3ZHBIMU YTUIIMTAMU, TAKUMK KaK YTUJIUTHI TIEPEKPECTHOI
[POBEPKH, ¥ MOJIEJISIMU, OT HAUBHOTO GaileCOBCKOro KiaccupuKaTopa 0 JOrHCTH-
YeCcKOU perpeccuu.

from sklearn.pipeline import Pipeline
from sklearn.naive_bayes import MultinomialNB

model = Pipeline([
('normalizer', TextNormalizer()),
('vectorizer', GensimVectorizer()),
('bayes', MultinomialNB()),

D

I[Tocie 5T0r0 0GBEKT Pipeline MOMKHO UCIIOIB30BATh KAK SK3EMILIAP eIMHON MOJEIN.
Bbi30B model. fit B JaHHOM ciydae OyeT paBHOCHJIEH TIOCAEA0BATEIbHOMY BEI30BY
METO/IOB fit 0OBEKTOB B CIIUCKE, KAKIbIil U3 KOTOPBIX TPE0Opa3yeT BXOHbIE TaH-
Hble U IlepeaeT UX CAeAYIONeMY dTally. ,/]pyrlxle METO/Ibl, TaKne KakK fit_transform,
pefictByIoT anasornano. Kpome toro, 00beKT KoHBeiiepa 6y/eT UMeTh BCe METO/IBI
nocseHero oobekTa B Kouseiiepe. Eciu nmociennnii o6beKT siBisieTcst mpeodpaso-
BaTeJieM, TOrJla ¥ Bech KOHBelep Oyzer JeiicTBoBaTh Kak IpeoOpasoBateb. Ecin
HOCJIeHII OOBEKT ABJISETCS KaacCu(pUKaTOPOM, KaK B IIPUMEPE BbIIlle, KOHBEHep
ABTOMATUYECKH TTOJIYIUT METO/IBI predict U score, M €10 MOKHO Oy/IET UCITOJIH30BATh
Kak KJyaccudurarop.

OO6beKTHI B KOHBeElepe XpaHsATCS B CIIUCKE U JOCTYIIHbI 110 wHAeKcaMm. Hampumep,
model.steps[1] BepHET KOPTEXK ('vectorizer', GensimVectorizer (path = None)).
OpHaKo yaiie 0CTyn K 00beKTaM OCYIIECTBIISIETCS 110 Ha3BaHUSIM 9TAIOB, C 110-
MOIIIBIO CBOICTBA-CJIOBapst named_steps 0ObekTa Pipeline. Camblii pocToii crioco6
TTOJIYYUTD JIOCTYIT K MOJIEJTH IIPOTHO3NPOBAHUS — UCITOJIB30BaTh BBIpAsKeHNE model.
named_steps["bayes"] 1 U3BJeUb OOBEKT OIIEHKH HETIOCPe/ICTBEHHO.

Mouck no ceTke Asig ONTUMU3ALUKN FrMNeprapaMeTpoB

B ritaBe 5 MbI 1101po6GHEe TIOrOBOPUM 0 HACTPOIKe U 00yYeHU I MOJIETIEN, a TTOKa ITPO-
CTO IIO3HAKOMUMCS C pacliupeHneM Pipeline 1101 Ha3BaHUEM GridSearch, KOTOpoe
YIOOHO MCIOIB30BATh [IJIsT ONMTHUMHU3AINN THITepnapaMeTpoB. C MOMOIIBIO TIOUCKA
110 CEeTKe MOKHO Pean30BaTh N3MEHEHNE TapaMeTPOB BceX 00HEKTOB B KOHBelepe,
Kak ecJin ObI 9T0 OBLT eAMHCTBEHHBIN 00beKT. JIJist tocTyma K aTprbyTaM 00beKTOB
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MOJKHO MCIIOJIb30BaTb METO/bI set_params 1 get_params KOHBeerpa, IepenaBas uM
uMeHa 0ObEKTOB 1 IapaMeTpPOoB, pa3jieJIeHHbIE IBOMHBIM TT0[dePKUBaHNIEM, HATIPH-
Mep: estimator__parameter.

[Ipeamnonoxxum, 4TO HAM HYKHO BBITIOJHUTD IIPSIMOE KOAMPOBAHUE TOJBKO CJIOB,
MOSIBJISIONIUXCS B KOPITyce He MeHee TpeX pa3. J{Js 3Toro Mbl MOTJTH OB U3BMEHNTD
Binarizer, KaK ITOKa3aHO HUXKE:

model.set_params(onehot__threshold = 3.0)

Wcrnonb3yst 9TOT IPUHITUII, MBI MOKEM BBITTOJNHATH IMOUCK TI0 CETKE, OMPeesiss
HMCKOMBIE TTapaMeTPhl ¢ IPUMeHEHNEeM CTHTaKCHCA ABOMHBIX IO {4epKuBanuii. Pac-
CMOTPUM CJIELYIOITU T TIOUCK JIJIsT OTIPe/IeIEHUsT HAUJTY UTIIEro TIPSIMOTO KOJIMPOBAHUST
TeKkcTa 111 6alleCOBCKOI MOJEIN KaacCu(puKaIim:

from sklearn.model_selection import GridSearchCV

search = GridSearchCV(model, param_grid = {
"count__analyzer': ['word', 'char', 'char_wb'],
"count__ngram_range': [(1,1), (1,2), (1,3), (1,4), (1,5), (2,3)],
'onehot__threshold': [0.0, 1.0, 2.0, 3.0],
'bayes__alpha': [0.0, 1.0],

o)

[Touck ompezersiet st 00beKTa CountVectorizer TP BOSMOMKHbBIX 3HAUEHHMS TTapa-
MeTpa analyzer (CO3/IaHKE 72-TPAMM 110 TPAHUIIAM CJIOB, TI0 TPAHUIIAM CMBOJIOB WJIH
TOJIBKO 110 CUMBOJIAM M€Ky TPAHUIIAMU CJIOB) U HECKOJIBKO IUAINIA30HOB N-TPAMM
IS IeKceMM3aIni. Takske MBI OTIpe/IesTUIIN pa3Hble TOPOTH /11 TTPSMOTO KOJUPO-
BaHUs1, TPEOYIONIIE, YTOOBI 7-TPaMMa MOSIBIJIACH B TEKCTE ONMPEAETEHHOE KOTUIe-
CTBO Pas, mpesk/ie 4eM oHa Oy/er jobaBiieHa B Mojiesib. HakoHelt, orpe/iesieHbl 1Ba
BapuaHTa criuaxkuBanus (apaMerp bayes_ alpha): 6e3 criuaskuBanus (0.0) UK CO
crraknBanuem Jlamsaca (1.0).

B pesyuisraTe orpeiesieH1s OMCKA 110 CeTKe Oy/IyT CO3/IaHbl KOHBEIePbI 17T KaxK/I0i
KoMOuHaImu mapamerpos. [locsie 3TOro Mbl CMOKEM BBITIOJHUTH TIEPEKPECTHYTO
OIIEHKY MO/ieJieil ¥ BBIOpaTh HAUIYYHIYI0O KOMOMHAIMIO TapaMeTpoB (B AaHHOM
cIydae Jrydiiieit OyzetT KOMOMHAIINST, MAKCUMU3UPYIoiiast oreHKy F1).

YcoBepLueHCTBOBaHME U3BJIe4YEeHU S NPU3HAKOB C MOMOLLbIO
ob6bekToB FeatureUnion

Kownseiiepbl He0OsI3aTENbHO JOJKHBI OBITH IPOCTHIME, JUHEHHBIMU MOCIE[0BA-
TEJIbHOCTSIMU 9TAIIOB; HA CAMOM JIeJie UX MOJKHO C/IeJIaTh CKOJIb YTOJHO CJIOKHBIMU,
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peas3oBaB obsedunenue npusnaxos. OObeKT FeatureUnion 0ObeIMHSIET HECKOIBKO
00bEKTOB TIpeobpasoBaTesiell B eINHbII TPpeodpa3oBarTeib, MOX0KUNA Ha 0OBEKT
Pipeline. TosbKo mpeoOpa3oBarei, BKJIOUEHHBIE FeatureUnion, IEfiCTBYIOT He
MOCJICZIOBATEBHO, @ HE3ABUCUMO, U X PE3YJIBTaThl B KOHIIE 006€0UHSIOMCSA B CO-
CTaBHOI BEKTOP.

Pacemorpum ipumep na puc. 4.7. [Ipencrasore, uto y Hac umeerca HTML-trapeep,
KOTOPBIN ¢ omolbio 6ubinorexkn BeautifulSoup miam XML nipousBoanT cHHTAK-
cuyeckuil ananus, nian napcur pasmetkn HTML u Bo3Bpaiiaet tesio Kask10ro J0-
KyMEHTa. 3aTeM BBITIOJTHSETCS 3Tall KOHCTPYUPOBAHMS TPU3HAKOB, B X0/I€ KOTOPOTO
13 JIOKYMEHTOB U3BJIEKAIOTCS CYIHOCTU U KJIH0UeBble (hpa3bl, U Pe3yJIbTAThI TIepe-
JAI0TCS MEXaHU3MY 00beInHEHMsI IPU3HAKOB. [[JIst CyIHOCTEH TIPeoYTUTEbHEE
HCIIOTb30BaTh YaCTOTHOE KOJAUPOBAHUE, TOTOMY YTO OHM OTHOCUTENbHO HEBETMK,
a [IJid KI049eBbIX (ppas aydiie ncmoab3oBaTh oneiky TF—IDF. 3atem mexanuszm
00beIMHEHNST TIPU3HAKOB 00beIMHSIET [IBA TOJYYMBIINXCSA BEKTOPA TaK, YTO Hallle
IIPOCTPAHCTBO PEUIEHUH Mepejl JOrUCTUYeCKO perpeccueil oTaessieT pasMepHOCTH
CJIOB B 3ar0JIOBKE OT Pa3MEPHOCTEN CJIOB B TeJe.

| W3BneueHne
L

. [ CountVectorizer
CyLHocTell

Mapcep HTML p| LogisticRegression

/13Bneyenme
Ll
KnioueBbIX ppa3

—» TfidVectorizer

06beuHeHVe NPU3HAKOB

Puc. 4.7. MNpuMeHeHne MexaHM3Ma 06beanHEHNS NPU3HAKOB
AN pa3fenbHoM BEKTOpM3aumm

OO0bekThl FeatureUnion ONpeeNsiOTCS TaK ke, Kak 00beKThI Pipeline — B BuUje
cricka map (key, value), Tie key — aTo HazBaHHe peobpa3oBaHus, a value — 00b-
exT npeobpasoBaTeia. Takke CylecTByeT BCoMoraresbHas (pyHKIUs make_union,
KOTOPasi MOKET aBTOMATUUECKU OIIPEI/ISITh Ha3BaHU IPe0OPa30BaHUN U UCIIOJIb-
3yeTcsl AaHAJIOTUYHO BCIIOMOTATebHON (bYHKITUU make_pipeline — MJIT aBTOMATHU-
4eCKOro KOHCTPYUPOBAHUSI MEXaHU3MOB 00beMHeHNs TPpU3HaKoB. [lapaMeTpbl
BCTparBaeMbIX 00bEKTOB IIPpeobpasoBaTeieii J0CTYIHbI C KCIOIb30BaHIHEM TOTO Ke
CHHTAKCIICA C IBYMSI ITOJUEPKUBAHISIMI, Pa3AeIsioNNMU Ha3BaHUe TPeoOpasoBaHIist
1 M4 ITapameTpa.
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Eciu 1oy cTuTh, 4T0 y HAC yKe UMEIOTCST peain3alinu npeodpasoBaresieil st n3-
BJIEYEHUS CYIIHOCTEN W KJTIOUEBBIX (pa3, EntityExtractor u KeyphraseExtractor,
KOHBelep ¢ 00beIMHEHIEM ITPU3HAKOB MOYKHO OTIPE/IETUTh TaK:

from sklearn.pipeline import FeatureUnion
from sklearn.linear_model import LogisticRegression

model = Pipeline([
('parser', HTMLParser()),
("text_union', FeatureUnion(
transformer_list = [
('entity_feature', Pipeline([
('entity_extractor', EntityExtractor()),
('entity_vect', CountVectorizer()),

M,
('keyphrase_feature', Pipeline([

("keyphrase_extractor', KeyphraseExtractor()),
('keyphrase_vect', TfidfVectorizer()),

IDF

transformer_weights = {
'entity feature': 0.6,
'keyphrase_feature': 0.2,
}

))s

('clf', LogisticRegression()),

D)

O6parure BHUMaHWE Ha TO, YTO B HACTOSANIUI MOMEHT OOBEKTHI HTMLParser,
EntityExtractor 1 KeyphraseExtractor He peajqn30BaHbl, 1 3/1eChb OHU YIIOMUHAIOT-
CS1 MCKJIIOUUTENbHO 151 minnocTpanuu. O6begrHeHne NPU3HAKOB BhIIIOIHSIETCS
[OCJIEIOBATEIHHO 110 OTHOIIEHWO K JIPYTUM KOMIIOHEHTaM KOHBelepa, HO Bce
peobpa3oBaTesii BHYTPH JEHCTBYIOT HEe3A6UCUMO — B TOM CMBICJIE, YTO KaK /bl
HOJTyYaeT Te JKe JaHHbIE, 4TO OBLIN TIepelaHbl Ha BX0 00benHenHnst. Bee mpeobpaso-
BaHUSI IPUMEHSIIOTCS [TapaJLIeIbHO, a BO3BPAILAeMble MU BEKTOPbI 00beUHSIIOTCS
B OJ{UH OGOJIBIION BEKTOP, KOTOPBIH IIPU HEOOXOJUMOCTH MOKET B3BEIINBATLCS, KAK
MoKa3aHo Ha puc. 4.8.

B atom mpumepe MbI mpujaeM pesyJbrataMm mpeoOpa3oBanus entity_feature
GOJIBIIINI Bec, ueM pesyJibrataM mpeodpasoBanust keyphrase_feature. KomOuHupyst
peoGpa3oBaniist, 00beANHEHNSI TIPU3HAKOB ¥ KOHBEIePhl, MOKHO YPe3BBIUAITHO
YJIYUIIATH M3BJICUEHNE W MPeoOpasoBaHne MPU3HAKOB. A cOOPaB peayn30BaHHbIE
METOIMKHA B O/IHY TIOCTIE/I0BATETHHOCTD, MBI CMOKEM CHOBA M CHOBA ITPUMEHSTD TIpe-
06pa3oBanust, 0COOEHHO K HOBBIM JIOKYMEHTaM, KOT/[a TOHaJ00UTCST OPraHu30BaTh
MTPOTHO3MPOBAHNE B TPOMBITIIJIEHHOM OKPYKEHUH.
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The elephant sneezed Teddy was terribly lost
at the sight of potatoes. oo in the potato patch.
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Puc. 4.8. /13BneyeHne n o6beamHeHne nNpusHakoB

B 3aknrouyeHue

B aT01i rmaBe MBI KpaTKO PACCMOTPENTH TIPUEMBI BEKTOPU3AITNN U BADUAHTBI UX TTIPU-
MEHEHWsI K PasHbIM JAHHBIM U aJITOPUTMaM MalimHHOro o0y4enust. Ha mpakruke xe-
JIaATeJIbHO BBIOUPATH CXEMY KOJMPOBAHUS, UCXO/IS1 U3 PEIaeMOi 33/1a4l; HEKOTOPbIe
METO/[bI HAMHOTO JIy4llle IPYTUX HOXOST JIJISI OTIpe/IeIeHHBIX 3a/1a4.

Hampumep, niis Mojiesieil peKyppeHTHBIX HEHPOHHBIX CETEH 4acTo JIydIiie TTOX0-
IWT IIPHEM IIPSIMOTO KOAMPOBAHUS, HO JIJISI Pa3/ie/IeHNs TEKCTOBOTO IIPOCTPAHCTBA
MOJKHO CO3/IaTh 00beINHEHHbIN BEKTOD, BKIIOUAIOIINI BEKTOPHbIE [TPE/ICTABIEHUS
OIMCAHUS IOKYMEHTA, €T0 3ar0JI0BKa, TeJa U T. JI. Pe3yJbraTsl 4aCTOTHOTO KOJIM-
POBaHUs JKeJaTeJbHO HOPMAIM30BaTh, M Pa3HbIe BUIBI YaCTOTHOTO KOAWPOBAHUS
MOTYT ITPUHECTH TI0JIb3Y BEPOSITHOCTHBIM METO/IAM, TAKMM Kak OaiieCOBCKIe Mojie-
gn. Konmnposanmne TF-IDF gacto ¢ ycrexom mcmosb3yeTcst B MOJICTMPOBAHNN, HO
He BCeT/[a OKa3bIBaeTcs1 OGe3rpernHbiM. Paciipe/iesieHHble pe/IcTaBIeH sI — HOBBII
c11oco6, HabUPATOIINI TIOTYJISIPHOCTD, HO TIPEbSIBISIONINN BbICOKHE TPeOOBAHMS
K TIPOM3BOANUTETBHOCTH 1 C TPYIOM HOJIAIONIUICS MACIITAOUPOBAHUIO.

Moypesu THIIa «MeIoK CJI0B» UMEIOT OYeHb BbICOKYIO Pa3MePHOCTD, 4TO 00YCJI0B-
JIUBaeT OOJIBIIYIO Pa3PEKEHHOCTD U CJI0KHOCTD 0000IIEHIS IPOCTPAHCTBA JAHHBIX.
Onu yTpaunBaioT MOPSIOK CIOB U JAPYTHE CTPYKTYPHbIE MPU3HAKUA U OCJIOKHSIOT
nobaBJieHre HOBBIX 3HAHUI (TaKUX, KaK JIEKCUIECKUE PECYPCHI HJIH OHTOJIOTHYECKOE
KOAMpOBaHue) B mporiecc obydennst. JIokaapbHoe KogupoBaHue (Halpumep, Hepac-
npejieieHHble MpecTaBieHns ) Tpebyer OOJbIION BHIOOPKH, UTO MOKET BbI3BATh
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abdekT nepeobyueHust WIN HeJOOOYUEH I, HO paciipeie/ieHHbIe TIPeCTaBIeHNS,
B CBOIO OY€PE/ib, CMITKOM CJIOKHBI U J00ABISIOT CJIOW «PEIPE3eHTAaTUBHOTO M-
CTUIU3MA>.

B koHeuHOM cueTe OCHOBHast paboTa MPUJIOKEHHIT Ha OCHOBE aHAJIM3a €CTECTBEHHO-
TO SI3BIKA 3AKTI0YAETCST B aHATM3€ TTPEIMETHBIX MTPU3HAKOB, & HE TOJIBKO B TIPOCTON
BEKTOpU3AINU. B 3aKTI0UNTETLHOM pasziesie 3TO IIaBbl Mbl PACCMOTPEN UCTIOb-
30BaHKe 00bEKTOB FeatureUnion ¥ Pipeline /ISl peajiM3alui 3HAYMMBIX METO/OB
U3BJIeYEH ST TIPU3HAKOB ITyTeM 00beInHe s TipeoOpaszoBatedieil. V1 Bripeb mpakTi-
Ka KOHCTPYMPOBaHMUsI KOHBEIepOB 13 peobpasosaresieiil n 06bEKTOB OIEHKH Gy 1eT
OCTaBaTbCd HalllUM OCHOBHbBIM MEXaHWU3MOM MallIMHHOI'O O6y‘-IeHI/IE[. B rnase 5 MbI
HccIeyeM MOJIeN I KIacCu(puKany 1 X IpuMeHeHne, 3aTeM, B Iiase 6, paccMOTpuM
MOJIEeJIN KJIACTEPU3AIMU, KOTOPBIE B aHATM3€ TEKCTA YacTO HA3bIBAIOT meMamuue-
ckuMm modenuposanuem. B riase 7 Mbl TO3HAKOMUMCS ¢ H0JI€€ CIOKHBIMU METOIAMH
aHaJIN3a U UCCIIEI0BAHUS TPU3HAKOB, KOTOPbIE OKA3BIBAIOT MOMOIIb B TOHKON Ha-
CTPOIiKe MOJIesIel Ha OCHOBE BEKTOPHBIX ITPEICTABJIEHWI /IS IOCTHKEHUS JIYUTITNX
PE3YJIbTATOB. Tem He Metniee IIPOCTbIE MO/I€JIN, YU TbIBAIOII[ME€ TOJBKO 4aCTOTY CJIOB,
YJaCTO ITO3BOJIAIOT ]_IO6I/ITI)CH HEIJIOXUX PE3YJIbTATOB. ITo HallemMy OIIbITYy, MOJI€JIb
«METITOK CJIOB» JIAET XOPOIINE Pe3yIbTaThl IPUMEPHO B 85 % cayvaes!



Knaccndpukauma B TeKCTOBOM
aHanuse

[IpencraBbre, uTo ceituac koner 90-x, Bol paboTaere B KPYMHONH KOMIAHUU —
poBaiiiepe JIeKTPOHHOI TIOUTHI ¥ 3aHUMaeTech peasu3aleir 06paboTKu Bee
YBEJUYNBAIOIIErOCs MOTOKA THCEM C CEPBEPOB, pa3dPOCAHHBIX MO BCEMY CBETY.
PacnipoctpanenHocTh 1 jlellieBU3HA 3JIEKTPOHHON TIOUTHI C/EJaiu €€ OCHOBHOI
(hopMoii KOMMYHUKAIIMHU, U Balll GusHec rmpoiBeTtaet. K coxkaieHunio, pacteT u MOTOK
HexeaTebHol mouThl. Ha 6osiee 6e306MHOM KPAIo CIIEKTPa HAXOIATCS MTUCHMA,
PEeKIAMHUPYIONTIE NHTEPHET-TTPOAYKTHI, HO MX HACTOIBKO MHOTO, YTO OHM OKa3bIBAIOT
CYIIIECTBEHHYIO Harpy3Ky Ha Balllid cepBephl. Kpome Toro, MOCKOJIbKY TT0YTa HUKEM
He KOHTPOJIMPYETCS, TOCTOSTHHO YBEJIMYNBAETCA TIOTOK BPEJIOHOCHBIX TTMCEM — BCE
GoJIbIlle TTHCEM COJIEPKAT JUKUBYIO PEKJIAMY, 3aBJieKast a[[pecaTtoB B (hpMHAHCOBbIE
nupamMuibl 1 (heiKoBbIe MHBECTUITMOHHBIE TporpaMMbl. UTo resrath?

CHavaJjia MOKHO TI0ITpo0O0OBaTh 3aHOCKUTB ajipeca IouThl 1 IP-aapeca B uepHblii CIIMCOK
CIIAMEPOB WJIM OPTaHU30BaTh IOUCK TI0 KJII0YEBBIM pasaM, UAeHTUDUIUPYIONINM
criam. K coxkasieHuro, mosryquTh HOBBIH a/ipec movThl niv IP-aapec He mpeacTaBisieT
TPY/Ia, TOATOMY ClIaMepbl OBICTPO HAXO/AT Iy TH 06X0/1a BAIIKX JasKe CaMbIX TTOAPO0-
HBIX YEPHBIX CITUCKOB. XysKE TOTO, YePHBIE 1 O€JIble CIIUCKU MOTYT OT(UIBTPOBBIBATH
HOPMaJIbHYO TIOYTY U TeM CaMbIM BbI3bIBATh HEYIOBOJILCTBHUE BAIIIMX M0JIb30BaTE eI,
Bam nyskHoO gpyroe, 6osiee rHOKoe U CTOXacTHYECKOe PelieHre, CIoCOOH0e MacIiTa-
6UPOBATHCS, U TAKOE PElIeHNe eCTh: MalIMHHOE 0OyYeHHe.

[TepemoTaem Bpems Ha TTapy AecATUIETHH Biiepe. Temeps (huabTparius criama mosry-
unsta GOJIBIIIOE PACIIPOCTPAHEHHE U MPEBPATIIIACH B CAMYIO YCIICITHYTO, MOKATYIi,
MO/IeJTh KJIacC(UKAINN TeKCTa. [ TaBHBIM HOBIIECTBOM CTajia KJIacCU(UKAINS TTH-
CEM TI0 UX COJIEPKUMOMY. DTO HE TIPOCTO TIPUCYTCTBUE CJIOB BUArpa UJTH HATepuiiCcKnit
npWHL, HO CaM KOHTEKCT, 4acToTa cJIOB U opdorpadudeckue ommbku. DopMupoBaHiie
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KOPITyCOB CllaMa 1 HOPMaJIbHBIX IICEM TI03BOJIMJIO CKOHCTPYMPOBATh HAMBHYO Oaiie-
COBCKYIO MOJIEJTb, KOTOPAsT KCIIOJIB3YET eANHOOOPA3HY IO METOAUKY JIJIST OTTPE/IeTIEHIST
BEPOSITHOCTEN TTPUCYTCTBUA CJIOB B CTIaMe ¥ HOPMAJThHBIX MTUChMaX 0 X YaCTOTeE.

B navase 2T0ii riaBbl Mbl UCCJeyeM HECKOJIbKO ITPUMEPOB KaacCu@uKauy u3
peasibHOI JKU3HU ¥ MOCMOTPUM, KaK MPAaBUIBHO C(HOPMYJIUPOBATH ITH TIPOOIEMBbI
ISt pa3pabOTKU MPUJIOKEHUN. 3aTeM Mbl PACCMOTPUM TIPOIece Kaaccuuramm
" paClIpyuM METO/10JIOI'MH BEKTOPU3all 1, PACCMOTPEHHbBIE B I'JIaBe 4, LITO6BI CO31aThb
KOHBeephl TeMaTHYECKON KiraccuuKaIluu ¢ UCIoIb3oBanneM Kopiryca Baleen,
MPEICTAaBJIECHHOTO B T71aBe 2. HakoHelr, MbI IPUCTYITUM K UCCIIEI0BAHUIO CIIEAYIONINX
IIaTOB B HAIIIEM TIPOIecce, KOTOPbIe CTPOSITCA HA (hyHITaMeHTe YPOBHS JaHHBIX, KO-
TOPBIN MBI CO3/TAJTHA K HACTOSIIEMY MOMEHTY. Bee aTu cirerytonine maryu Mbl OTTAIIIEM
C TIO3UIIUU TPOUKU BBIOOPA MOJIENH, O KOTOPOIT PaCCKa3bIBAIOCH B riiase 1.

Knaccudpukaumsa tekcra

Knaccudukanus ssisiercss o)cHOBHOM (hOPMOI aHA/IM3a TEKCTA U MTUPOKO UCTIOTh-
3yercst B Pa3IMYHbIX 00JacTsIX. B ocHOBe KiaaccubuKaiuu JesKUT TIPOCTast Uaest:
U3YUYUTDH CYHIECTBYIOIIUE CBSI3U MEXKIY dK3EMILISIPAMHU, COCTOSIIIIUMU U3 He3aBH-
CUMBIX [TepEMEHHBIX, U IeJIEBOI KaTeropuaibHON mepeMeHHO. 110CKOoMbKY 11eb
M3BeCTHA 3apaHee, KIacCu()UKAIINIO HA3bIBAIOT MAIITMHHBIM OOYYeHUEM C YUuUmeneM,
1 MOj1eJIb MOKHO O6y‘-H/ITI) JUIST MUHUMU3AIUU OITUOKHT MEXKY MPEeJCKA3aHHbIMU
U (haKTHIECKMMM KaTeropusiMu 00y4Jaomux aanubix. [Tociae oOyyeHust Mojenb
Kyaccu(uKaimu CMOKET ITPUCBAMBATH KATETOPUU HOBBIM 9K3EMILISIPAM, OIIUPAsICh
Ha 11a0JI0HbI, BBISIBJIEHHBIE B TIPOIEcce 00yUeHMS.

Irtanpocras ujest UMeeT IUPOKUIL CIIEKTP IPUMEHEHUST IPHU YCJIOBUU, UTO TIPUKJIAJL-
HYTO 33/1a4y MOKHO C(DOPMYJINPOBATH B TEPMUHAX «/1a,/HeT» (JIBOMYHAS KIacCUDH-
KaIis ) WA TPYTIBI TUCKPETHBIX KaTeropuil (MHOTOKIACCOBAST KJIACCUPUKAIIN ).
Camast cJI05KHast YacTh MPUKJIAIHOTO aHAIN3a TEKCTa — KypUpoBaHue u cOop mpes-
METHO-OPUEHTUPOBAHHOTO KOPITYCa JIJISI TOCTPOeHUs Mojiesieil. BTopast 110 cJ1osKHO-
CTH 4acTh — BHIPABOTKA aHAJTMTHYECKOTO PEIeHNsT KOHKPETHOI PUKJIaHOM 3a/1a4H.

Npentndpmkauymsa 3agau knaccupukaumm

He Bcerpa oueBuiHO, Kak cOpMUPOBATH pellieHne KAacCUMUKAIIH JIJIsT TTPUKJIa -
HBIX 3a/1a4, HO TaKasi CJI0KHOCTh MOMOTAET MOHSTh, 4YTO GOJIBITUHCTBO MPHUIOKEHUI
JIAHHBIX Ha OCHOBE aHAJIN3a €CTECTBEHHOI'O sI3bIKA B JIEUCTBUTEIbHOCTH COCTOUT
13 MHOKecTBa Mozeseil. Hampumep, crcreMa pekoMeHannii, nsobpakeHHas Ha
puc. 5.1, MOJKeT BKJIYATh KJIacCU(PUKATOPDI, OIPEIEISTIONINE IeJIeBOI BO3PacT
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Puc. 5.1. MexaHu3M peKkoMeHAaLUmi U3 HECKONIbKUX MOAEesei

N7 ToBapa (HampuMep, TTOJPOCTKOBBIE U B3POCIbIE BEIOCUTIENHI ), IO ((KEHCKAs
U MYJKCKasl OJIesK/Ia) MU KaTeropuio (9JIEKTPOHUKA M BUIEO(DUIBMBI), OTIUPASICh
Ha OMKcaHue Wi Apyrue aTpuOyTel ToBapa. OT3bIBBI O TOBAPAX MOTYT 3aT€M KJlac-
cuUIUPOBATHCS IS OTIPE/IeSIeHNs UX KAuecTBa UJIM CXOXKUX MPOAYKTOB. /lanee
ITU KJIaCCbl MOT'YT UCITOJIb30BATbCA KaK HPU3HAKU JIJIA TOCJIEAY O X MOI[B]IBfI NJn
CO3/IaHNd Pa3eyioB B aHcaMOJIeBBIX MOJICIIX.

OO0benrHeHe HECKOIBKUX KIAaCCH(UKATOPOB MOKa3aio cebst ¢ caMoi Jiydiineit
CTOPOHBI, 0COOEHHO B ITOCJIETHUE TOJBI K B HEKOTOPBIX KOHKPETHBIX IIPUMEHEH X
KaaccuUKAIUK TEKCTA: OT KJIMEHTOB 3JIEKTPOHHON TTOUTHI € MOAAEPKKON (HUIIb-
TPAIK CIIaMa /[0 TPUJIOKEH I, CIOCOOHBIX MTPEICKAZBIBATD TTOJUTHYECKYTO TPE/I-
B3SITOCTh HOBOCTHBIX cTareil. O6aacTh MpUMeHeHUsT KJaacCu(pUKaIUN HaCTOIBKO
JKe IMUPOKA, HACKOJBKO MbI MOKEM cebe IIPE/ICTaBUTh, a JII0N 00JIa[al0T XOPOIIHM
BooOpakenuem. Hopeiimue npuioxkenus: 00beIUHSAIOT 00yUeHrne Ha TEKCTaxX
U n300pakeHUsIX JIJisi COBEPINEHCTBOBaHUsT (hOPM Tepeadn nHopMaium — ot
ABTOMaTHYECKOTO CO3JIaHMsI MOAINNCEN /10 paciio3HaBaHusl 0OPA30B, UCIOJIb3YsI
MPUEMBI KJIacCU(PUKAINN.

[Tpumep kiraccudukanmu crnama HeJIlaBHO 3aMEHUJI0O HOBOMOJ/IHOE yBJI€UEHIE:
aHaJIN3 SMOITMOHAJIBHOI OKpacku. MoJiesii 9TOTO BU/la aHAJIN3A ITBITAIOTCS ITPEJ-
cKasaTh MoJIoKuTeNbHbIE (<5 06110 ucats ko Ha Pythons ) umn orputiatesn-
Hple («Mens pasapaxaer, KOT/a JIOAN TTOBTOPAIOTCS» ) AMOIINH, ONMUPASCh HA
COZIEPKUMOE, ¥ TIPUOOPEITH 3HAUUTEIBHYTO TIOMYJISAPHOCTD OJIarofxaps BbIpasu-
TEeJIbHOCTHU COIMAIbHBIX Meina. [T0cKoIbKy KOMITAaHNH yYacTBYIOT B 6oJiee 0011ieM
Jiaiore, TJie OHU He KOHTPOJIMPYIOT MH(MOPMAIIMOHHbIE KaHAJbl (HAlIPUMep, OT-
3bIBbI 06 X TOBapax n YCJIyFaX), BO3HHMKJIO MHEHHNE, YTO aHaJI13 SMOHHOHaﬂbHOﬁ
OKPAaCKH MOJKET IIOMOYb MM C 11eJIeBOH MOAJIEPKKOM KIMEHTOB U JIaske TIOBBICUTD
addexTuBHOCTD MX paboThl. HO, Kak MbI KpaTKO paccMoTrpesin B rirase 1 u 6osiee
oPOGHO elie 06CyarM B riaBe 12, CJI0KHOCTH M HIOAHCHI, IPUCYIIIE €CTeCTBEH-
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HOMY A3bIKY, A€JIaI0OT aHaJIn3 3MOHI/IOHaJIbHOIL/'I OKpaCKu bosee CJIOKHBIM, YEM
olpejaeqeHne ciramMa.

Ecain aMo1mm MOKHO OIIPEIEISATD IT0 TEKCTOBOMY COAEPKUMOMY, TO Kak OBITH C Ta-
KHUMU TTOHSATUSIMH, KaK MOJUTHIecKas: peiB3sTocTh? Ha ocHOBe BbICKa3bIBAaHUM,
CleIaHHbIX B Xoze usbuparenpnoil kamnanuu 8 CIIIA, B negaBuux paborax ObLiu
CO3/IaHbl MOJIEJIH, CIIOCOOHBIE OTIPE/IE/ISATh IPUBEPKEHHOCTD (MJIN €€ OTCYTCTBUE)
OIIpeIeIEHHBIM [TOJUTUYECKUM B3TJIsAaM. B pesyibrare aTuX yCHInii ObLI IOy YeH
UHTEPECHBII pe3yJIbraT: Kak OKasalocCh, I0JIb30BaTENIbCKIE MOAEIH (TO €CTh 00yYeH-
HbI€ Ha JaHHBIX KOHKPETHBIX [T0JIb30BaTe el ) obecrieunsaior 60see s PeKTUBHBIN
KOHTEKCT, 4eM TJI0baibHast, 00001ieHHast Moesb (00yueHHast Ha 0ObeIMHEHHBIX
JaHHBIX OOJIBIIIOTO KOJIMYECTBA MOJIb3oBaTe eit)!. J[pyruM npakTHYeCKUM MprMe-
POM MOXKET CJIYKUTb aBTOMaTUUYECKasl TeMaThuueckasi KiaaccuuKaius TeKCTa: Ha
OCHOBe 0JIOTOB, MYOJUKYONIUX CTaThU B OJHON IIPeAMeTHOI obacTu (Harpumep,
B KyJIMHAPHOM 6J10Te 06BIYHO He 00CY KAaI0TCS HOBUHKU KMHeMaTorpada), MOsKHO
CO3JaTh KJIacCU(UKATOPHI, CIIOCOOHbIE OMPEIENITh TEMATUKY HEKJIaCCU(pUIIIPO-
BaHHBIX UCTOYHUKOB, TAKUX KaK HOBOCTHbBIE CTATHHU.

Taxk uTo ke 0ObearHsIeT Bee aTh IpuMepbi? IIpeskie Bcero, yHUKaIbHAs BHELTHSIS
1eJib, onpeessieMast 00J1acTbio IPUMEHEHUS: YTO Mbl COOMPAEMCs OllEHUBATH?
HesaBucumo oT Toro, cobupaeMcst i Mbl (GUIBTPOBATD CIIAM, OTIPEIEJISITH HMOIINO0-
HAJIBHYIO OKPACKY WJIN TMPUBEPKEHHOCTD MOJUTUUYECKUM B3IJIsI/ITaM, KOHKPETHYIO
TEMY WJIH SI3bIK TEKCTA, TIPUIIOKEHIE JIOJIKHO OIPEAEIUTh KIacchl. Bropast obmast
yepTa — BO3MOKHOCTH CYJIUTh O KJacce JJOKYMEHTA WJIK BbICKa3bIBAaHUS 110 €0 CO-
nepxxuMomy. C aTUMU ABYMST OMITUPUIECKUMU TTPABUIIAMH TTOSBJISIETCS BO3SMOKHOCTD
OpraHM30BaTh AaBTOMATHYECKYO KJIACCU(UKAIIMIO B Pa3HbIX 00JIACTSIX: BbISIBJICHUE
TPOJLJIEH, OTIPe/IeIEH e CTENIEHH YA0009NTaeEMOCTH U KaTErOPUU TOBapa, PeiTHH-
ra pa3BJeKaTeJIbHBIX YUPEXKIEHUI, OpejiesieHne UMeHHU, UeHTU(PUKAIUS aBTOpa
U MHOTUX JIPYTHUX.

Mopenu knaccudpmkaumm

B ksaccuueckoii 3agave KiraccuuKaluy criaMa UCIOJIb3yeTcsl HauBHBIN Oaiie-
COBCKWH METOJI, KOTOPBIl TOKA3BIBAET BBICOKYIO MTPOU3BOIUTEIBHOCTD ¥ IIPHU TTO-
crpoeHuu Mojiesint (TpeOyst BBITIOJIHUTD TOJIBKO OIMH TIPOXOJL TI0 KOPITYCY ), ¥ IIPU
MPOrHO3UPOBAHUHU (BBIYUCIEHUN BEPOSITHOCTH IIyTEM YMHOXKEHUS BXOJHOTO
BEKTOpa Ha BHYTPEHHIOK TabJUIly HCTHHHOCTH ). BhICOKast IPOU3BOAUTEIHHOCTD
QJITOPUTMA O3HAYAET BO3ZMOKHOCTD UCITOIB30BAHNUST MOJIEJT MATITTHHOTO 00y YeHUsT
11t paGoThI ¢ BJIEKTPOHHON MOYTOH. TOYHOCTH TaKOiT MOAEIN MOKHO TIOBBICHUTD,

! Benjamin Bengfort, Data Product Architectures (2016), https.//bit.ly/2vat7cN.
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n006aBUB HETEKCTOBbIE IPU3HAKY, TAKKMe KaK 3JIeKTPOHHbI i IP-agpec ornpa-
BUTEJIS, KOJIMYECTBO BJIOKEHHBIX U300pakeHWil, MCIOIb30BaHUE UMD BMECTO
OyKB "v14gra"' u T. 1.

HawupHblil 6aiiecOBCKMIT aJIrOPUTM II03BOJISIET CO34aBATh 0NEePAMUBHDIE MO, TO
€CTb MOJEJIN, CIIOCOOHDBIE OOHOBJIATHCS B PEKUME PEaIbHOIO BpeMeH! 6e3 IIOBTOPHO-
ro 06ydeHust ¢ caMoro Havasa (IpocTo 0OHOBJISASE BHY TPEHHION TabJIMILy HCTUHHOCTH
U BEPOSITHOCTHU JIEKCEM ). DTO O3HAUAJIO, UTO TIOCTABIITUKY YCIIYT 9JIEKTPOHHOM TTOUTHI
MOTJTH He OTCTaBaTh OT CIIAMEPOB, TIPOCTO TIO3BOJISS MTOJIH30BATESIM OTMeYaTh OCKOP-
6uTeIbHbIE TUChMA KaK CIlaM 1 0OHOBJISIS OOIIYIO BHYTPEHHIOI MOJIEJb JJIsT BCEX.

CymectByer 60Jbioe pasHooOpasue Mojeell U MeXaHU3MOB KJaccu(uKaium,
KOTOPbIE MaTeMaTiyecku GoJiee pasHO0OPa3HbI, YeM JTUHEHHbIE MOJIEJIH, UCTIOJb3Y-
eMble B OCHOBHOM JIJIst perpeccui. [Ipuiokernst aHamsa TeKCTa MMeoT BHIOOP 13
IIUPOKOI0 KPyTa ceMeHCTB MoieJiell — OT METOI0B Ha OCHOBE 9K3EMILISPOB, UCIIOJIb-
3YIOIMX AUCTAHIIMOHHOE CXOACTBO, CXeMbI pas/ie/ieHnst i 6aileCOBCKHE BEPOSTHOCTH,
710 IMHEWHBIX W HEJWHEHHBIX alllIPOKCUMAIINN U HEMPOHHOTO MOJIETUPOBAHMS.
OxHaKo B OCHOBE BCeX ceMelcTB Mojesiell KiaccuUKAIUK JIEKUT OJUH U TOT e
6a30BbIi TIpoliece, u Orarogapst o0bekTaM Estimator u3 6ubanorexu Scikit-Learn
UX MOKHO MCIIOJIb30BaTh MIPOLELYPHBIM CIIOCOOOM U CPaBHUBATD IIyTEM NIPUEMOB
[IePEKPECTHON MTPOBEPKH st BBIGopa HanboJiee s heKTUBHBIX.

IIporiece kmaccuuKaum JeJTUTCSA Ha JBa aTana: 00yIeHs 1 SKCIIyaTallii, Kak
nokaszaHo Ha puc. 5.2. Ha stane o0y4eHus: KOpryc JOKYMEHTOB peodpasyercs
B BEKTOPHI MIPU3HAKOB. 3aTeM MPU3HAKK JOKYMEHTOB BMeCTe C UX MeTKaMu (Ka-
TErOPUSIMU UJIH KJIACCAMMU, PACTIO3HABAHMIO KOTOPBIX MBI XOTUM OOYUYHUTH MOJIEID)
mepefaoTes B aITOPUTM KaaccuUKaii, KOTOPBIA OnpesieiieT CBoe BHYyTPEHHee
COCTOSTHUE ¥ BBISIBJIEHHbIE MTa00HbBI. [Tocie 00ydeH st MOKHO BEKTOPU30BATh HO-
BBIH IOKYMEHT B TO K€ MTPOCTPAHCTBO MPU3HAKOB M TIEPEATh PE3YJIbTaT aITOPUTMY
[IPOTHO3UPOBAHMSI, KOTOPBII BEPHET METKY KaTeropuu JJOKYMEHTA.

JIBonuHbie KIacCH(BUKATOPDI PACITIO3HAIOT TOJBKO /B KJacca, n 00a CIUTAIOTCS
MTPOTHUBOMOJIOKHBIMU JIPYT APYTY (KaK, HATPIMeP, BKIIOUEHO /BBIKIIOUEHO, /1a/HET
u T. 1.). Ecii TOBOPUTH B TepPMUHAX BEPOSTHOCTEH: IBOMYHBIN KaccuuKaTop
C KJlaccaMU A 1 B TIpejirioJiaraet, 9To P(B) = 1 - P(A). OgHaKo B peaJbHOCTHU TaKast
OJIHO3HAYHAS CBSI3b BCTPeYaeTcs JOBOJIbHO pe/iko. BodbMeM /71 TpuMepa aHaIu3
9MOIMOHATBHON OKPACKH; €CJIN IOKYMEHT He MOJIOKUTEeNbHBIN, 3HAYUT JIU 3TO, YTO
OH OTpHUIIATEIbHBIN? Ecin Kakue-To JOKyMEHTHI HOCSAT HEUTPATBbHYIO OKPACKY (KaK
9TO YacTO OBIBAET Ha CAMOM JIeJie), 100aBIeHNE TPETHETO Kracca B KJIACCH(PUKATOP
MO’KeT 3HAUMTEJbHO YJIyUIIUTh PACIIO3HABAHUE TI0JI0KUTEbHBIX M OTPULIATEIbHBIX

! CTunmsoBaHHOe HAIMCAHKE CJIOBA «viagra». — [Ipumey. nep.
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JIOKyMeHTOB. B pe3dysibraTe aTa 3a1a4a CTAaHOBUTCA 3a/Iaueli MHOTOKJIACCOBOM KJac-
cuduranun — Hapumep, A u -A (He A) u B u -B (ae B).

J1an 06yuyeHuna
| Bektopbi
NpY3HaKoB
Anroputm
Knaccudukauum
MeTkn
JTan aKcnnyaTayumn
) 4
HoBbiit | Bexopbi Mopenb
JOKyMeHT ”|npusHakos POTHO3/POBaHMA Knaccudurauua

Puc. 5.2. Mpouecc knaccudmkaumm

Co3paHue NpuioXKeHUn Knaccuukaumm TeKcra

B riaBax 2 1 3 pacckasblBaIoCh, Kak co6path, 00paboTaTh U COXPAHUTH JOKYMEHTHI
HTML na sncke, 4to6bi co3zaTh Kopiryc. J[Buzkok coopa manubix Baleen morpebosast
oT Hac HacTpouTh Gaii YAML, B KoTopoM MBI OpraHn3oBain KaHaibl RSS B ka-
TErOpPUHU TI0 TUIIAM TOKYMEHTOB, KOTOPbIe B HUX cozepskatcd. Kanassl, nuMmeronue
OTHOIIIEHIE K KOMITBIOTEPHBIM MIPaM, ObLIN CIPYIITMPOBAHbI B CBOIO KATETOPHUIO;
KaHaJTbl, IMETOTIIIe OTHOIIEHNE K TEXHOJOTUSIM U KHUTaM, — B CBOW, U T. . B pe3yJib-
TaTe TMOJYYHUJICSI KOPITYC, JOKYMEHTHI B KOTOPOM TMOJIYYUJIN METKH, TIPUCBOEHHbBIE
YeJIOBEKOM. DTH METKH, TI0 CYTH, COOTBETCTBYIOT Pa3HbIM KAaTErOPUSIM YBJIEUEHMUI,
a 3HAYMT, MOKHO IIOIIPOOOBATH CO3AaTh KIaCCU(pUKATOP, CIIOCOOHDII OIPEIeIsaTh
HOBOCTH U CTaThH, HanboJiee COOTBETCTBYOIINE HHTEPecaM TT0JIb3oBaTeJis!

B caenytomem paszerne Mbl TOKaskeM OCHOBHYIO METO/IOJIOTHIO KIaccuduKaImm
JIOKYMEHTOB Ha TIPUMeEpPEe CO3/IaHus KJaaccudukaTopa TeKCTa IS Mpe/ICKa3aHus
METKU JIAHHOTO JJOKYMEHTA («KHUTU», «(DUIbMbBI», «KYJIUHAPUSI>, <PYKOJIETIUE,
<UTPBI», «CTIOPT» WJIN «TEXHOJIOTHH» ) TI0 eTo coiepkumMomy. [Ipenmomaraercs, yto
B KaK/IOM KJIacce eCTeCTBEHHBIHN I3bIK MCIIOIb3YETCS T0-CBOEMY, I MBI CMOSKEM T10-
CTPOUTH HAJEKHBIN KIaccu®UKaToOp, KOTOPBIN OyIeT pasandaTh 1 PacIiO3HABATD
KaTeropuu JOKyMEHTOB.
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B KOHTEKCTe Hallen 3aAaun Kaxabli AOKYMEHT — 3TO ak3eMrisp, 0byyatoLmii
anroputM knaccubmkaumm. KOHeYHbIM pe3yibTaToM LaroB, ONUCaHHbIX B FiaBax 2
N 3, SABNSIETCS KOMNEKUMs halinoB, XpaHUMbIX Ha AMCKe onpeaeneHHbIM 0bpa-
30M — MO OAHOMY AOKYMEHTY B chaiine; dalinibl XpaHsTCs B KaTanorax, ¢ MMeHa-
MU, COOTBETCTBYIOLLMMMN HA3BAHUSIM UX KN1ACCOB. Kaxxabli JOKYMEHT NpescTaBneH
Kak 06beKT Ha a3blke Python, BktovatoLwmnii B cebs HECKOSIbKO BIOXKEHHbIX APYr
B ipyra C1CKOB: HanpuMep, JOKYMEHT — 3TO CMMCOK ab3aLes, Kaxabli ab3al —
3TO CMUCOK MPEASIOXKEHWI, @ KaXAoe MPeAsioXKEHWE — 3TO CMMCOK KOpTeXeit
(token, tag).

NMepekpecTHasa npoBepka

OHOI 13 caMbIX OOJIBIITUX TIPOGJIEM B MAITMHHOM O0YYEHUH SIBJISIETCSI OTIPEIETICHIEe
KPUTEPUsI OCTAHOBKM JaJibHelIero o0y4eHusl — Kak y3HaTh, KOT/la Hallla MOJIEb
CTaHeT roTOoBa K pa3BepThiBanmio? Koraa cienyet mpekpaTuTh HacTpoitky? Kakas us
MoJIeJIell, IMEIOTIMXCS Ha BBIOOD, JIydlile MOAXOAUT Il KOHKPETHOTO crydas? Ort-
BETUTH HA BCE DT BOIIPOCHI HAM TIOMOJKET TepekpecTHas nposepka. [lepekpectrnas
[POBEPKa TO3BOJIMT CPABHUTD PE3YJIBTAThI PabOTHI MOJIEJIEH € CTIOb30BaHUEM 00yud-
10Uell U KOHMPOLLHOU 6blO0PKU, W OTIEHUTH X KA4eCTBO B JAHHOM KOHKPETHOM CJIy4Jae.

Hamma rmaBHas 1iesib — 00y4nTh KIaccupUKaTOP, yCIEIHO 0OHAPYKUBAIOLIIIL Ipa-
HUIIBI B 00YYAIOIMX IAHHBIX 1 0O00IIAONIMIICS Ha IIPEK/Ie HEe U3BECTHBIE eMY JlaH-
HbIE. YCIIeNTHOe 0OHAPY KEHIE TPAHKIL 00ECTIeYMBACTCS TPABUIIBHBIM OITPEIEICHUEM
IPOCTPAHCTBA IPU3HAKOB, HA OCHOBE KOTOPOTO €CTh BO3MOKHOCTH IIOCTPOUTD MTPO-
CTPaHCTBO PelIeHn Jist pasrpaHudeHus KiraccoB. [Tox 060611aeMoCThIO HOHUMAETCST
CII0COOHOCTh MOJIEJIM ¢ BBICOKOH TOYHOCTHIO IPOTHO3UPOBATH MPUHAJIEKHOCTD
IpesK/ie He U3BECTHDIX el JaHHbBIX, He ABJIAIONMXCS YacThio 00yJaioleil BIOOPKL.

Best XuTpocTh B TOM, 4TOOBI IPOITH 1O TPAHU, pasaeisiolleil Hedoobyuenue v nepe-
obyuenue. HegooOydenHast Mojiesib UMeeT HU3KYIO OuUcnepcuio 1 0ObIYHO BbIJaeT
OJTHY ¥ T€ K€ MTPOTHO3BI, HO € OOJIBITUM CMEUEHUEM, OTKIOHSISICH OT MPABUIBHOTO
OTBeTa Ha 3HAYUTENIbHYIO Besnunny. HemooOyueHve siBsieTcst IPU3HAKOM HEJI0-
CTaTOYHOCTH TOYEK JAHHBIX /st 00yUeHUsT CI0KHON Mozenu. [TepeobydeHHast
MOJI€JIb, HAITPOTHB, 3aIIOMUHAET 00yJarolire JaHHbIE 1 ITOKa3biBaeT Ha HIUX OYEHb
BBICOKYIO TOUHOCTb, HO /IaeT HEYIOBJIETBOPUTENbHBIE TTPOTHO3BI Ha TIPEXK/IE He
U3BECTHBIX eii JanHbIX. Heoo0yuenHbie u nepeodydeHHbie MOAEH He CIIOCOOHbI
K 0000UjeHu10 — TO eCTh He CIIOCOOHDI IaBaTh HaJle’KHbIE TIPOTHO3bI HA HOBBIX, ITPe-
JK/le HEU3BECTHBIX JaHHBIX.

Mexmy cMmelnenneM n ARCIepcreil CyIecTByeT B3aNMOCB:3b, Kak TTOKa3aHo Ha
puc. 5.3. C pocToM umc/ia MPU3HAKOB, TAPAMETPOB, IIyOUHbI, KOJIMYECTBA 310X 00y -
YEHWS U T. JI. YBEJIUIMBACTCS CJIOKHOCTh. C yBeJIMYEHUEM CJIOKHOCTH U CTETIEHU
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nepeodydyeHust MoJIeJI OMMOKa Ha 0OyJaoINX JaHHBIX YMEHBIIAETCST, @ Ha KOH-
TPOJIbHBIX JIaHHBIX YBEJIMYMBAETCS M3-3a TOTO, YTO MOJIEh CTAHOBUTCS BCE MEHEE
06001IEeHHOII.
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CnoxHocTb Mmogenu (0T HegoobyyeHus Ao nepeobyyeHus)

Puc. 5.3. CBsi3b MEX/Y CMELLEHNEM W AUCrepcueit

CoOTBETCTBEHHO, HAIlla I[eJTh — HAUTHU ONTUMAJIBHYIO TOYKY C I0CTATOYHOMN CJI03KHO-
CThIO, YTOOBI U36EKATh HEL00OYUeHNUsT (M YMEHBIITUTH CMelieHne) 6e3 yBeTndeHust
OMUOKHU M3-32 BLICOKOU incriepenu. YToObI HATH 3Ty ONTUMATBHYIO TOUKY, HY/KHO
OIIEHWTD MOJIEJTh Ha JAHHBIX, He YY4aCTBOBABIINX B ee oOyueHnn. Perenre aToii 3a/1a-
YU 3aKJTI0YAETCA B TIEPEKPECTHOM TTPOBEPKE: 9KCIIEPUMEHTATBHOM METOJIe, OCHOBAH-
HOM Ha pas/ieIeHIH JaHHBIX Ha 00YYaIoIIyI0 1 KOHTPOJIBHYIO BBIOOPKHU, TTIOCIIE/THSIS
U3 KOTOPBIX MCIOJIb3YETCsT TOJIBKO JIJIst IPOBEPKHU U HE yYACTBYET B OOYUYEHUH.

[TepexpecTHast IPOBEPKA HAYMHAETCS C TIEPEMEITUBAHYIS TAHHBIX (7SI TIPEI0TBPa-
1eHust OMMOOK, BHI3BAHHBIX YIIOPSIIOYEHHOCTHIO) U UX pa3jieJieHrs Ha R GJIOKOB,
KaK M0Ka3aHo Ha puc. 5.4. 3arem npousBoauTcst odydenue k mozeneii va (k — 1)/k
MaHHbIX (Ha3bIBAETCST OOyUalolieil BBIGOPKOIT) ¢ olleHnBanueM Ha 1/k naHHbix (Ha-
3BIBAETCSI KOHTPOJIBHOI BHIOOPKOIT). Pe3ysibraThbl OMEHKH YCPEIHSAIOTCS, 1 MOy -
J4aeTcs OKOHYATEIbHAS OIEHKA, TOCJIE ATOr0 Ha BCeM Habope MaHHBIX 00ydaeTcst
OKOHYATEJbHAST MOJIEJb [IJIsT 9KCILITyaTaI[IH.
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Puc. 5.4. MNMepekpecTtHas nposepka no k-6nokam

TUNUYHBINA BOMPOC — KakKoe YMcio k BbibpaTb 4SSt NepekpecTHOM NPOoBEPKM MO
k-6nokaM. Mbl 06bIYHO pa3buBaeM Habop AaHHbIX Ha 12 6510KOB, Kak NMokasaHo
Ha puc. 5.4, 0OAHAKO Ha MpaKTMKe TaKXe YacTo WMCMosb3yeTcs pasbueHne Ha
10 6nokoB. YeM 6onbLue uncno 6510KOB k, TEM BbILE TOYHOCTb OLIEHKM Ha Npexae
HEN3BECTHbIX AaHHbIX M TeM 6onblle BpeMeHn TpebyeTcs ans obydyeHus, nHoraa
C YMEHbLUEHNEM OTAauMN.

MoTokoBbINi AOCTYN K k-6n10kaM

Kpaiitie BaKHO B3SITh B PUBBIYKY BBIOJHSATH IIEPEKPECTHYIO IIPOBEPKY, YTOOBI
rapaHTHPOBATh BBICOKOE KAuyeCTBO MOJIEJIEH, OCOOEHHO B TIpoIiecce BhIOOpa 13 He-
CKOJIBKMX MoJieJiell. MbI cYuTaeM 9TO HACTOJIBKO BasKHBIM B aHAJIN3€ TEKCTa, YTO
00OBIYHO HAYMHAEM C CO3/IaHust 00beKTa CorpusLoader, KOTOPbI 06epThIBaeT 00HEKT
CorpusReader 1 0GecIIeYnBaET IIOTOKOBbII TOCTYII K k-Ot0Kam!

Omnpenenum 6a30BbIii Kiacc CorpusLoader, KOTOPBIA WHUIIHATU3UPYETCS K-
3eMILISAPOM CorpusReader, KOJTMUYECTBOM OJIOKOB U MIPU3HAKOM HEOOXOAMMOCTU
nepeMelnnBaHus KOPITyca, KOTOPBIN 110 YMOJYAHUIO IPUHUMAET 3HaUYeHue True.
Eciv umcsio 6J10KOB He paBHO HYJIIO, CO3/a/uM 00BEKT KFold 13 GUOIMOTEKN
Scikit-Learn, koTopbiii 3HaeT, Kak pasbéUTh KOPIYC JOKYMEHTOB Ha 3aJaHHOE
qucyo 6JI0KOB.

from sklearn.model_selection import KFold

class CorpusLoader(object):



Co3paHune NpuioXkeHni knaccuukaumm TekcTa 121

def __init_ (self, reader, folds = 12, shuffle = True, categories = None):
self.reader = reader
self.folds = KFold(n_splits = folds, shuffle = shuffle)
self.files = np.asarray(self.reader.fileids(categories = categories))

CJureIyonmm marom 106aBUM METO/ JIJIsT IOCTYTIa K CHIUCKY UMeH (hailJIioB 10 UieH-
tuduraropy 60ka 1 00ydyeHus win posepku. [Toayuns umena (haiisos, Mbl
CMOKEM BEPHYTb JJOKYMEHTBI M COOTBETCTBYIOIINE UM MeTKU. MeTo documents ()
peajiusyer reHeparop, 00paIialonriics K JOKyMeHTaM B KOPILyCe 1 BO3BPAIIAIOIIIii
JUIS KayKJI0TO M3 HUX CITMCOK MapKUPOBAHHbBIX JiekceM. MeToj1 labels () UCITOJIB3YET
corpus.categories(), 4TOOBI IOJIYYUTb BCE METKHU 13 KOPILYCa, 1 BO3BPAIlaeT CIINICOK
METOK /JIJIsI 3aJaHHOI0 JOKYMEHTA.

def fileids(self, idx = None):
if idx is None:
return self.files
return self.files[idx]

def documents(self, idx = None):
for fileid in self.fileids(idx):
yield list(self.reader.docs(fileids = [fileid]))

def labels(self, idx = None):
return [
self.reader.categories(fileids = [fileid])[Q]
for fileid in self.fileids(idx)

Haxkomner, 106aBUM CBOIl METO/-UTEPATOP, BLI3BIBAIONIMI METOJ split() oObeKkTa
KFoldl M BO3BpAIIAOIINil 0OYYAOIIYI0 1 KOHTPOJbHYIO BBIOOPKHU [IJIST KAsKIOTO
OJI0Ka:

def __iter_ (self):
for train_index, test_index in self.folds.split(self.files):
X_train = self.documents(train_index)
y_train = self.labels(train_index)

X_test = self.documents(test_index)
y_test = self.labels(test_index)

yield X_train, X_test, y_train, y_test

B pasnene «Ornenka Mojiesin», ajiee B 9TOH TJ1aBe, Mbl Oy/IeM HCIOJIb30BaTh 9TOT
METO/ JIJIs CO3[IaHUsl PEIIeHNs IePEKPECTHOI TIpoBepKu ¢ 12 GiokaMu, KOTOpoe
obydaeT Mozesib 12 pa3 U HaKAIIMBAET OIEHKH IS TTOCTEAYIONIErO YCPeIHEHUS
U BbISIBJIEHUsT HAanOOJIee KaueCTBEHHOI MO/IEI.
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KoHcTpyupoBaHue Mmogenu

Kak BbI y3nanu B rinase 4, 06bexTbl Scikit-Learn Pipeline us 6ubanorexu Scikit-
Learn moMoraroT CKOOPAMHUPOBATD TPOIECC BEKTOPUBAIUN C TTPOTIECCOM MOJIETTH-
poBanusi. Haunem ¢ KoHBeiiepa, KOTOPbIil HOPMaJIU3YeT Halll TEKCT, IpeobpasyeT
€T0 B BEKTOPHOE ITPeJICTABJIEHIE U 3aTeM TrepeaeT kiaaccudukratopy. Takoit moaxos
MIOMOJKET HaM CPaBHUTD Pa3HbIE MOJIEJTN KIACCH(DUKAINI, TaKie Kak HanBHast Gaiie-
COBCKasl MOJIEJIb, IOTUCTUYECKAST DETPECCHS U METOJ] OTIOPHBIX BEKTOPOB. 3aTeM MbI
CMOKeM TIPUMEHUTD TIPUEM YMeHbIIIeHUsT PA3MEPHOCTH TIPOCTPAHCTBA TPU3HAKOB,
TaKOH Kak MeTOJ| cutzyasprozo pasiodcenus (Singular Value Decomposition), 4to6br
yOenuTHCST B €r0 CIIOCOOHOCTH WK HECTIOCOOHOCTU YIYUIIUTD HAILY MOJIETb.

B KomHIle KOHIIOB, MbI CKOHCTPYUPYEM IIIeCTh MOJIesIel KIacCu(pUKAIIUM: 110 OJTHOI
KaykK/IOTO M3 TPEX TUIIOB B JIBYX KOMOMHAIUSIX KOHBEHEPOB, KaK IIOKa3aHO Ha PHC. 5.5.
Wcnonp3oBanue zunepnapamempos o YMOJTIAHUIO 751 KKAONU U3 MOfesel 1o-
MO’KEeT HaM HadyaTh MOJy4aTh Pe3yIbTaThHI.

HausHasa

6ariecockas
mozenb
3arpy3unk o| Hopvanzaus .| Bektopusauus —
Ll Ll
JaHHbIX TeKcra TF-IDF
JNorncrnyeckas
Ty — perpeccua
3arpy3unk | Hopvanzauya _| Bektopuauua |
—P P TF-IDF » CIHTYTIAPHOTO
Ml UER Pa3IoKeHNA Knaccudukatop
METOA0M CTOXaCTUYeckoro

TPaANEHTHOrO Crycka

Puc. 5.5. MpocToit KoHBelep knaccudmkaumm

Nrtak, 1o6aBUM pyHKIUIo create_pipeline, IPpUHUMAIONIYIO 00BEKT OIlCHKU
Estimator B IIepBOM apryMeHTe U JIOTHYeCKUil dyiar HeoOXOAMMOCTH IPUMEHEHMS
CUHTYJISIPHOTO Pa3JIo:KeHUs JIJIs YMEeHbIIIeHUs yncia npusHakoB. Hain konseiiep
3aIeCTByeT IpenuMyIecTBa TextNormalizer, CO3JaHHOTO B IJaBe 4, KOTOPBIN UC-
nosb3yet emmatusannio WordNet i1s1 yMeHbIeHUsT 001ero KOJIMYeCcTBa KJIacCOB
csioB. Tak Kak MblI yzke 06paboTagn 1 HOPMAJIU30BAJIM TEKCT, B KauecTBe (DyHKIIMN
tokenizer MBI TOJCKHBI TEPEAATH 9K3EMILIAPY TfidfVectorizer yHKIINIO identity,
KOTOPAas IIPOCTO BO3BPAIlaeT CBOM apTyMeHThl. KpoMe ToTro, cieryeT npeaoTBpaTuTh
MOBTOPHYIO IIPEIBAPUTENBHYIO 00pabOTKY U peodpasoBaHue B HUKHUN PETUCTP,
nepeaaB 0ObEKTY BEKTOPU3AIMK COOTBETCTBYIOIIIE aPTYMEHTBI.

from sklearn.pipeline import Pipeline
from sklearn.decomposition import TruncatedSVD
from sklearn.feature_extraction.text import TfidfVectorizer
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def identity(words):
return words

def create_pipeline(estimator, reduction = False):

steps = [
('normalize', TextNormalizer()),
('vectorize', TfidfVectorizer(
tokenizer = identity, preprocessor = None, lowercase = False

))
]

if reduction:
steps.append((
"reduction', TruncatedSVD(n_components = 10000)

))

# [N06aBUTb 06bLEKT OLEHKM
steps.append(('classifier’, estimator))
return Pipeline(steps)

Tenepb MbI MOKEM 6I>ICTpO CreHepupoBaTb CBOX MO EJIN:

from sklearn.linear_model import LogisticRegression
from sklearn.naive_bayes import MultinomialNB
from sklearn.linear_model import SGDClassifier

models = []

for form in (LogisticRegression, MultinomialNB, SGDClassifier):
models.append(create_pipeline(form(), True))
models.append(create_pipeline(form(), False))

Tenepb B criucke models €CThb ECTh MOJIEJIEN — 9K3EMIIISIPOB KOHBEHEPOB, BKJIIO-
YAIONUX KOHKPETHBIE METOIbl BEKTOPU3AIUK W U3BJIEYEHUS TPU3HAKOB (aHAIN3a
MIPU3HAKOB), KOHKPETHBIN AJITOPUTM U KOHKPETHBIE TUTIepIiapaMeTphl (B HaCTosIIIee
BPEMsI CO 3HAUEHUSIMU 110 YMOJTYAHUIO, KaK orpezesieHo B Oubimoreke Scikit-Learn).

OG6yueHne MoJIeJIell ¢ NCITOIb30BaHUEM 3a/IaHHO# 00y Yaroleil BBIOOPKHU C TOKYMEH-
TaMM 1 UX MeTKaMU MOKHO PeaiM30BaTh, KaK MOKa3aHO HUXKE:

for model in models:
model.fit(train_docs, train_labels)

Boi3oBoM MeTOa Fit () KasK10i MOJIe I TOKYMEHTbI U METKH 13 00ydaiolero Habopa
MepealoTcsI B HA4aI0 COOTBETCTBYIOIIEro KoHBeliepa. KoHBeliephbl BBI3IBAIOT METO-
1Bl Fit () cBoux IpeobpasoBaresieil 1 nepefaioT JaHHble UX MeTogaM transform(). Ha
KasKJIOM dTalle nIpeodpasoBaHHbIe JaHHbIE I00YEPESHO IIEPEJAIOTC B MeTox Fit()
caeyorero npeobpasosaresis. Hakorell, mpeobpasoBaHHbIe JaHHbIE TEPEAAIOTCS
Metofy fit() oObeKTa OLEHKU B KOHIIE KOHBeiiepa, B JaHHOM CJlydae aJrOpuTMy
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kiaaccudukaiui. Bei3os fit() nmpeobpasyer mpeaBapuTebHO 06paboTaHHbIE TOKY-
MEHTBI (CITICKY a03aII€B CO CIIICKAMHE MTPEITIOKEHUT, KOTOPbIE COCTOST 13 CIIUCKOB
KOPTEXKEH € JIeKCeMaMU U TeraMi) B JIBYMEPHBIN YHUCIOBOIT MAaCCUB, K KOTOPOMY
3aTeM IIPUMEHSIIOTCS aJITOPUTMbI ONITUMU3ALINH.

OueHka Mmopaenum

Ho kak onpesesntb sryutiyio Mojiesib? Tak e, Kak B ciydae BEKTOPU3AIIH, BBIOOP
MOJIEJIM BO MHOTOM 3aBUCHUT OT OCOOEHHOCTEN TaHHBIX U KOHTEKCTA TPUMEHEHMUSI.
B manHOM ciyyae HaM HY’KHO y3HaTh, Kakasi KOMOMHAIUS 1acT OoJiee TOTHbBII
MPOTHO3 MPUHAAIEKHOCTH MOKYMEHTAa K TOW WM MHOW KaTeTOPUU yBJIEUEHUH,
Onupasich Ha ero TekcT. Tak Kak B KOHTPOJIbHOI BHIOOPKE YiKe eCTh PaBUIbHbIE
1[eJIeBble 3HAYEHUST, MBI MOKEM CPAaBHUTH OTBETBHI MOJIENH C 3TUMU 3HAYCHUSAMH,
BBIYKUCJIUTH MPOIEHT IPaBUJIbHBIX OTBETOB M OIIEHUTH II00ATHHYI0 TOYHOCTD
KaYKIOU MOJIEJIN.

JlaBaiitTe cpaBHUM Haiu Mojesn. VcrnonbsyeMm 00beKT CorpusLoader, CO3JaHHbIIA
B pasjesie «IT0TOKOBBII 0CTYI K k-O10KaM» BbIlIe, YTOObI TIOJIYYUTh 00yYaroIine
U KOHTPOJIbHBIE BBIOOPKH JIJIsI TIEPEKPECTHOM TIPOBEPKH. 3aTeM JIJIsT KasKI0TO OJI0KA
HATPEHUPYEM MOJIEJIb Ha 00YYaoIINX JaHHBIX U COMYTCTBYIOMINX METKaX, 3aTeM
MOJIYIM BEKTOP TIPOTHO30B JIJIs1 KOHTPOJIbHBIX JAHHBIX. 3aTeM IepeiaiiM ITpeicKa-
3aHHBIE 1 (PAKTUIECKUE METKH B OIIEHIBAIOILY 0 (DYHKIIMIO ¥ JOOABUM ITOJTYYEHHYIO
OIEHKY B KOHeI[ criicka. HakoHell, yepeHuM pe3yJIbraThl o BceM 0JI0KaM, YT0ObI
HOJIYYUTH OOIILYIO OIEHKY MO/JIEJIH.

import numpy as np
from sklearn.metrics import accuracy_score

for model in models:
scores = [] # Cnucok oueHoK Ana Kaxporo 6noka

for X_train, X_test, y train, y_test in loader:
model.fit(X_train, y_train)
y_pred = model.predict(X_test)
score = accuracy_score(y_test, y_pred)
scores.append(score)

print("Accuracy of {} is {:0.3f}".format(model, np.mean(scores)))

Bot xakne PE3YJIbTAThI ITOJIYUYUJINCH Y HaC:

Accuracy of LogisticRegression (TruncatedSVD) is ©.676
Accuracy of LogisticRegression is 0.685
Accuracy of SGDClassifier (TruncatedSVD) is ©.763
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Accuracy of SGDClassifier is 0.811
Accuracy of MultinomialNB is 0.562
Accuracy of GaussianNB (TruncatedSVD) is ©0.323

VHTepripeTaliyisi TOUHOCTH 3aKJTI0UAETCS B M3YUEHUH ITI00aIBHOTO TIOBE/IEHUS] MOJIe-
JIW 71715 BCEX KJ1accoB. B manHOM cirydae, /17151 KiraccrKaTopa ¢ IecTho KJIaccaMu,
TOYHOCTH — 3TO CyMMa TIPABUJIBHO OTIPEIETIEHHbIX KIACCOB, TO/IeJIeHHast Ha o0Iiee
YHCII0 IK3EMILISIPOB KOHTPOJIBHBIX MaHHbIX. OIHAKO 00II[asi TOUHOCTH He JaeT rIIy-
GOKOTO TIOHUMAHUST TIPOMCXOISIIIETO B MOJIe/ . BO3MOsKHO, /17151 Hac BakHee OBLIO
ObI 3HATH, UTO OTIPEAETCHHBIN KIACCU(UKATOP JIyUIIlEe OIPE/IEIISIET «CIIOPTUBHbIEY,
YyeM «KyJIMHapHbIe» CTaThbHU.

EcTb /i1t KJ1acChl, ¢ KOTOPBIMU MOJIETH PabOTAIOT JIydllie, 4eM ¢ ApyruMu? Mosker
OBITh, €CTh KaKOI-TO OINH «ILIOXOW» KJIACC, KOTOPBIil CHIZKAET TI00AIBHYIO TOU-
HocTh? Kak yacto 00yueHHbIH Kiaaccuduratop omubaeTcst B MoJIb3y OJHOTO KJIac-
ca 3a cuer apyroro? YtobObl MOIyYUTh NpeAcTaBaeHne 06 9THX (HaKkTopax, HysKHO
B3TJISHYTb Ha OIIEHKU JIJIsI KJIACCOB: MATPUILY HECOOTBETCTBUIA.

B oruere kiaccuduKkanum BEIBOAUTCS OI[EHKA KauecTBa MOJIEH T10 KiaccaM. Tak Kak
OTYET COCTABJISIETCS IIYyTEM COIOCTABJIEHHSI MCTUHHBIX METOK C IIPEICKA3aHHBIMH,
OH 00BIYHO UCIIOJIb3YeTCs Oe3 esieHnst BBIOOPKH Ha OJI0KH, a HEITOCPEACTBEHHO Ha
obyJaroleit 1 KOHTPOJIBbHON BHIOOPKAX, YTOOBI TOUHEe MAEHTUHHUIIMPOBATH TIPO-
6JIeMHY10 00JTaCTh B MOJIEJIH.

from sklearn.metrics import classification_report

model = create_pipeline(SGDClassifier(), False)
model.fit(X_train, y_train)

y_pred = model.predict(X_test)
print(classification_report(y_test, y pred, labels = labels))

CaM oTyer opranu30BaH Mog0OHO MATPHUIIE HECOOTBETCTBHIA, TIOKA3bIBast Pa30UBKY TIO
tounoctu (precision), mosHote (recall), onernke F1 1 momaepskke (support) kasxaoro
KJIacca, Kak MmoKa3aHo HUKe:

precision recall fl-score support

books 0.85 0.73 0.79 15
cinema 0.63 0.60 0.62 20
cooking 0.75 1.00 0.86 3
gaming 0.85 0.79 0.81 28
sports 0.93 1.00 0.96 26
tech 0.77 0.82 0.79 33

(]

avg / total 0.81 0.81 .81 125
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Tounocmo puia Kjacca A BLIUNCAETCS KaK OTHOIIEHNE YHCJIa JOKYMEHTOB, /IS KO-
TOPBIX MPABUJIBHO MTPEICKA3aH Kaace A (MCTHHHBIX A), K 00TIEMY YUCITY TOKYMEH-
TOB, JIJIT KOTOPBIX TTpe/icka3al Kiaace A (MCTHHHBIE A TITIOC JIOsKHBIE A). TogHOCTD
[IOKa3bIBAET, HACKOJIbKO TOUHO MOJIEJIb IIPE/ICKA3bIBACT JIAHHBII KJACC, COTJIACHO
KOJINYECTBY pa3, KOI/la OHa BEPHO OIIPE/IesINIIa ero.

Hoanoma niis Kj1acca A BBIYUCISIETCS KAK OTHOLLEHUE YU JOKYMEHTOB, /11 KOTO-
PBIX TPABUIIBHO MPEICKA3aH KIacc A (MCTHHHBIX A), K 00IIEMY YHCIY TOKYMEHTOB
KJlacca A (MCTUHHBIX A + JIOKHBIX -A). IloTHOTY Takke Ha3blBalOT YyBCTBUTEIBLHO-
CTBIO, OHA TIOKA3bIBAET, KAK YACTO BBIOUPAIOTCS PEIEBAHTHBIE KITACCHL.

IToddepacka nist Kaacca MOKA3bIBAET KOJUYECTBO KOHTPOIBHBIX HK3EMIISPOB,
Y9aCTBOBABINNX B BBIYUCIEHUH OTIEHOK. Kak MOKHO CyIUTH TI0 OTYETY BHITIIE, KJIacc
cooking (KyJIMHAPUST) HEOCTATOYHO MTPE/ICTABJIEH B HAIIIEH BBIOOPKE, TO ECTh MOJIENb
MOJIYYMJIa HEJIOCTATOUHOE KOJIMYECTBO JJOKYMEHTOB JIAHHOTO KJIACCa JIJIs Ha/IeXKHOM
OIIEHKHU.

Haxkormer, oyenxa F1 — 2T0 cpeniiee TapMOHUYECKOE M3 TOYHOCTH ¥ TIOJIHOTBI; OHA
aBiistercs 6ojee MHPOPMATUBHOIL, YeM IIPOCTast TOYHOCTD, IIOTOMY YTO YYUTHIBAET
BKJIQJI KaJKJIOTO Kjracca B OOIIHiT Pe3yJibrar.

B NpuioXeHUsIxX YacTo XenaTerbHO UMETb BO3MOXXHOCTb MOBTOPHOMO 06y4eHus
MOAENN MO MEPE MOCTYMNIEHUSI HOBbIX AaHHbIX. STOT NMPOLECC MOBTOPHOIO 06yye-
HUWS NPOTEKAET 3a Ky/IMCaMU U B KOHEYHOM UTOre [0/HKEH OBHOB/ISATL Pa3BEPHY-
Tylo Mozenb, Bbibupas Hanbonee 3hdEKTUBHYIO Ha AaHHbLIA MOMEHT. o 3Tol
MpUYKHE MOME3HO BbIBOAUTL NOAOGHbLIE pe3yNbTaThbl OLEHKHM B XYpHas Npuioxe-
HUSI, YTOBbI MOTOM MOXHO 6bI/10 MOCMOTPETb, KaK U3MEHSIHOTCS TOYHOCTb, MOJHO-
Ta U oueHka F1, 1 BpeMs OT BpeMEHW NPOBOAWTb NMOBTOPHOE 06yYeHMe.

MbI MO’KEM CBECTH BCE OIEHKU MOIE/IN B TaGJIMILY U OTCOPTUPOBATH MX 110 orjeHKe F1,
4T0OBI TIPoIIle OBLIO BHIGPATH JIYUIIYI0 MOZEH Yepe3 HEKOTOPOE YHUCIIO UTePaIlHil
OIEHKI.

import tabulate
import numpy as np

from collections import defaultdict
from sklearn.metrics import accuracy_score, f1l_score
from sklearn.metrics import precision_score, recall_score

fields = ['model', 'precision', 'recall', ‘'accuracy', 'f1']
table = []

for model in models:
scores = defaultdict(list) # xpaHUT BCe oOuUeHKM ANA TeKylwei monenu
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# nepekpecTHas nposepka no k-6nokam

for X_train, X_test, y_train, y_test in loader:
model.fit(X_train, y_train)
y_pred = model.predict(X_test)

# [o6aBUTb OLIEHKM B scores

scores[ 'precision’'].append(precision_score(y_test, y_pred))
scores['recall'].append(recall_score(y_test, y pred))
scores[ 'accuracy'].append(accuracy_score(y_test, y pred))
scores['f1'].append(fl_score(y_test, y pred))

# CrpynnupoBaTb OUEHKM U JobaBuTb B table.

row = [str(model)]

for field in fields[1:]
row.append(np.mean(scores[field]))

table.append(row)

# OTcopTupoBaTb MoAenu Mo oueHke F1 B nopsake y6biBaHUA
table.sort(key = lambda row: row[-1], reverse = True)
print(tabulate.tabulate(table, headers = fields))

311ech MbI U3MEHUJIU TIPEIBIAYIIYIO OIEHKY 110 k-6s10KaM U nCTIoNIb30BaIH defaultdict
JUIST XpaHEeHUs OTIEHOK TouHoCTH (precision), mosHoTh (recall), kauecTsa (accuracy)
u F1. ITocsie 06ydenust Moiesin Ha Kask1oM GJI0Ke MbI BBIYUCIISIEM CPEJIHEE TI0 BCEM
oIleHKaM ¥ 106aBJsieM UX B TaOJIUILy. 3aTeM MbI COPTHPYeM Tabauity 1o orenke F1
U BBIBOJIM €€ C TMTOMOITBIO MO/LYJIS tabulate, Kak IMOKA3aHO HIDKE, UTO TTO3BOJIAET
OBICTPO OTIPEIETUTD JIYUIITYTO0 MOJIETb:

model precision recall accuracy f1

SGDClassifier 0.821 0.811 0.811 0.81

SGDClassifier (TruncatedSVD) 0.81 0.763 0.763 0.766
LogisticRegression 0.736 0.685 0.685 0.659
LogisticRegression (TruncatedSVD) 0.749 0.676 0.676 0.647
MultinomialNB 0.696 0.562 0.562 0.512
GaussianNB (TruncatedSVD) 0.314 0.323 0.323 0.232

Ira TabJIrIa MO3BOINIA HaM OBICTPO BBISICHUTD, YTO JIYUIIEH SIBJISIETCS MOJIEIb, UC-
HOJIb3YIOIIAst METOI OTIOPHBIX BEKTOPOB, 0OyUYEeHHAs! C MCIIOJIb30BAHUEM AJITOPUTMA
CTOXACTUYECKOTO TPAJAUEHTHOTO CITycKa 6e3 YMEHBIINEHUsT Pa3MEPHOCTH TIPOCTPaH-
crBa npusHakoB. OOpaTUTe BHUMAHIE, YTO NMPH BHIOOPE HEKOTOPHIX MOJENIEH, Ha-
npuMep LogisticRegression, MpeAIOYTUTEIbHEE PYKOBOICTBOBATHCS O1leHKOM F1
BMecTO KadecTBa (accuracy). [TogobOHoe cpaBHemHe MOIeIell MO3BOJISIET JIETKO
[POTECTUPOBATH Pa3Hble KOMOWHAIINY TPU3HAKOB, THIIEPIIAPAMETPOB U aJITOPUTMOB,
U HAWTU JYUITYI0 MOJIEJTb JIJIs TAHHOW CUTYaIUN.
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JKcnayartauma Mmoaenm

Teriepb, BBISIBUB JIyYIILyI0 MOJIEJIb, CAMOE BPEMSI COXPAHUTD €€ Ha IUCK VIS TIOATOTOB-
KU K 9Kcnayamayuu. MeTo bl MalmnHHOro 00y4eHust OpHEHTUPOBAHBI HA CO3/[AHE
MOIeJieid, CTOCOOHBIX BBIABATH TPOTHO3BI 10 HOBBIM IAHHBIM B PEKIUME PEATHHOTO
Bpemen Oe3 poBepku. YToObI 3a1€HICTBOBATD MOJIENDb B IPUJIOKEHIH, €€ CHAaYaIa
HY’KHO COXPaHUTb Ha JUCK, 4TOOBI TOTOM 3arpy3uTh U UCMOJIB30BaTh. JIJist aTOTO
JIydIlle BCETro UCIIOIb30BaTh MO/LYJIb pickle:

import pickle
from datetime import datetime

time = datetime.now().strftime("%Y-%m-%d")
path "hobby-classifier-{}'.format(time)

with open(path, 'wb') as f:
pickle.dump(model, f)

MOHG]IB COXPaHAETCA C MEHEM, BKIIOYAIOIINM /IaTy €€ CO3/JaHUA.

BMecTe ¢ MOogenblo BaXXHO Takxke COXpaHUTb €e MeTaAaHHble, HanpuMmep, B CO-
nyTCTBYtOLLEM chaiine unu B 6ase AaHHbIX. ObyyeHne Moaenm — psiioBOM NpoLiecc,
1, BoO6LLE roBOpsl, OHO AO/MKHO NMPOM3BOAUTLCS Yepe3 perynsipHble MHTepBabl
BPEMEHW, COOTBETCTBYIOLLME CKOPOCTU HaKOMIEHUs iaHHbIX. [locTpoeHwe rpadu-
KOB M3MEHEHMs1 KayeCTBa MOAEeNM C TEYEHWEM BPEMEHU W NMPUHSTUE peLleHus
O COKpalleHNN AaHHbIX N KOPPEKTUPOBKE MOAENN ABNAETCA Ba)XKHEMLLEN YacTbio
COMPOBOXAEHUS MPUMOXEHWUI MALLMHHOMO 06YYEHMS.

Yro6bl 3a1eiCTBOBATh MOJIE/Ib B IIPUJIOKEHUH JJIsl IPOTHO3UPOBAHUS 110 HOBOMY
TEKCTY, TIPOCTO 3arpy3uTe MOJIENh U3 APXUBA U BBI3OBUTE €€ METO/[ predict().

import nltk

def preprocess(text):
return [

list(nltk.pos_tag(nltk.word_tokenize(sent)))
for sent in nltk.sent_tokenize(para)
] for para in text.split("\n\n")
1

with open(path, 'rb') as f:
model = pickle.load(f)

model.predict([preprocess(doc) for doc in newdocs])

[TockombKy TIpoltecc BEKTOPU3aUKM MHTETPUPOBAH B MOJIEJTh Yepe3 Pipeline, HO-
Bble BXOJ[HBIE JIaHHbIe HEOOXOANMO TIOTOTOBUTD, UCIIOJIb3YsI B TOYHOCTHU Ty Ke
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[POLIELYPY, YTO MPUMEHSIIACH JJIST TIOATOTOBKU 00YYaIONUX AaHHbIX. [109TOMY MbI
JOGABUIIN TIPOIIELYPY TIPEABAPUTETHHON 00pabOTKU U TPeodPa30BaHUs CTPOK B TOT
ke opmart. Temeps MOKHO OTKPBITD (haiiyl apXuBa ¢ MOETbIO, 3aTPY3UTh MOIEb
U BBI3BATh ee MeTo/ predict (), YTOObI OJIYUYNTh METKH.

B 3aknroueHue

Kax 6b1710 TOKa3aHoO B 9TOIi IJ1aBe, BBIOOP ONMTHMAILHOM MOJIEN — CIIOKHBII HTepa-
TUBHBIN TIPOIIECC, HAMHOTO H0JIee CJOKHBIN, YeM, CKaKeM, BEIOOP MEKLy METO0M
OTIOPHBIX BEKTOPOB ¥ KJIaccH(UKATOPOM Ha jiepeBe pelienuii. /J[uckyccnu, mocss-
IeHHbIE MAITMHHOMY 00YYeHUT0, 4acTo (hOKyCUPYIOTCs Ha BbIOope Mozesu. Crieru-
QJINCTBI, MPAKTUKYOIIME IPUMEHEHE METOI0B MAITMHHOTO 0OYYEHUsI, 4acTO OYTH
cpasy BBIPAKAIOT CBOM MPEMOYTEHHUS B BBIOOPE MEK/LY JIOTUCTHYECKON PErpeccueit,
CJIydaiiHbIMU JiecaMi, GaileCOBCKMMU METOIaMK WJIH KCKYCCTBEHHBIMI HEHPOHHBIMI
cersimi. BeiGop mMojiesii, KOHEYHO, 04eHb BaskeH (0COOEHHO B KOHTEKCTE KJIacCH-
(bukanmm Tekcra), OHAKO MalIMHHOE 00YUYEHIEe OTMPAETCsI Ha 3HAYUTETHHO HoJiee
IUPOKUI KPYT (haKTOPOB, YeM MIPOCTON BBIOOP MEKILY «IIPaBUIbHBIM» U «HETIpa-
BUJIBHBIM» aJITOPUTMOM.

B oTHOmMEHNM TPUKJIAIHOTO aHAIN3a TEKCTAa MOMCK MOJIEIN OCYIIECTBIISETCS TI0
ob1iemMy 1mabJOHY: CO3/IaeTCst KOPIYC, BBIOUPAETCS TIPUEM BEKTOPU3AINH, BbI-
HOJTHsIETCS1 0OyUYeHre MOJIEIN 1 €€ OIleHKa ¢ IPUMEHEHMEM MpreMa MepeKpecTHO
npoepku. Hamblibre, cMoiiTe, moBTOpUTE! M cpaBHUTE pe3ysbratbl. Ha ocHoBe
PE3yJIBTATOB TIEPEKPECTHON TIPOBEPKU BHIGEPHUTE JIYUIITYIO MOIEIb U UCTIOIb3YHTE
ee JIJIs TIPOTHO3WPOBAHMS.

Baxxno otMeTuTh, UTO KiIaccuUKAIIN MpeijiaraeT Takue OlleHOYHBIE TTapaMeTPHl,
KaK TOYHOCTB, TOJIHOTA, KA4eCTBO 1 o1leHKa F1, KoToppIMI MOKHO PYKOBO/ICTBOBATD-
cst ipu BbIOOpe anmroputMa. OHAKO He BCe 3ajlad4i MAIIHHHOTO OOYYEHHSI MOKHO
copMyIMpoBaTh Kak 0OyueHwe ¢ yanuTeseM. B ciemnyroreii riaase Mbl 00Cy 1M eliie
OJIMH BayKHBIIT TPHEM MAITUHHOTO O0YYeHUs Ha TEKCTOBBIX TAHHBIX — KAACMEPUIaA-
4ur0, KOTOPBIN sIBJIsieTCst 0OydeHreM 6e3 yunuresist. Mbl TTOKakeM, 4TO HECMOTPsI Ha
6oJiee BBICOKYIO CI0KHOCTD, TIPHEM KJIACTEPU3AIINU TOKE MOKHO OIITUMU3UPOBAThH
1 Ha €70 OCHOBE CO3/[aBATh BIIEUATIISIONINE IPIIIOKEHIST, CIIOCOOHBIE 0OHAPYKIBATH
VIMBUTEJBHBIE U MOJIE3HBIE 3aKOHOMEPHOCTH B GOJIBIITIX 0ObeMax JJAHHBIX.

! Vmeercs B BULy aHEKOT ITPO IPOTPAMMUCTA, HA/IOJITO 3aCTPSIBIIIETO B /yIIle H3-3a CIEI0BAHUS

MHCTPYKIMK Ha (hi1akoHe C IaMITyHeM: «HaMblIbTe, CMOIiTe, ToBTOpuTe». — IIpumeu. nep.



Knacrepusauusa ansa BbiiBJIeHUS
CXO[ACTB B TEKCTe

Kax 6b1 BbI OCTYNHIIHN, €cJii OBl BAM BPYUHJIN Ky4y JTOKYMEHTOB — KyJIHHAPHBIX
PETenTOB, 9JIEKTPOHHBIX TTUCEM, TYPUCTUYECKUX TTYTEBOANTEEH, TPOTOKOJIOB 3a-
CellaHuil — W TPEJJIOKUIIA PACCOPTUPOBATH MX? [[Jist 9TOr0 MOKHO TTOTIPOOOBATD
[POYMTATh KasK/bIil JOKYMEHT, BHIIEIUTH HanboJiee XapakTepHbIe CI0Ba U (hpasbl
U PasJIOKKUTh UX 110 CTOMKaM. Ec/in Kakasi-TO CTOIKA MOJIyYaeTcst CIAUIIKOM 00JTh-
IOH, MOJKHO MOMPoOOBaTh PAa3OUTH ee Ha JIBe CTONMKU MeHbIero pasmepa. [locie
IIPOCMOTPA U TPYIIIUPOBKH JOKYMEHTOB MOKHO MOTIPOOOBATH NCCIIE0BATD KAK /LY IO
cTorKy 6osiee BHUMATETbHO. MOKET OBITh, BBl CMOKETE UCTIOJIB30BATh KIIIOYEBbIE
(bpasbl WM CII0BA M3 KAKIO0I CTOIKH, 4TOOBI 0XapaKTEPU30BATh MX U [aTh KayK 101
YHUKAJbHOE Ha3BaHUe — TeMY CTOIIKU.

DaxkTnueckn, 3agaun 1006HOTO po/Zia IPaKTUKYIOTCA BO MHOTUX JAUCIUTIIMHAX, OT
ME/IUITMHBI /10 IOPUCIIPYJIEHIIMN. B UX OCHOBE JIEKUT Hallla CIIOCOOHOCTD CpaBHU-
BaTh JOKYMEHTBI U OIIPEETSTh UX CX00cmB0. JIOKyMEHTBI, MOX0KUE APYT Ha IPYTa,
00BEIMHSIOTCST B TPYIIIBI, KOTOPbIE OMUCHIBAIOT TEMBI U 3aKOHOMEPHOCTH BHYTPU
KOpITyca. DTH 3aKOHOMEPHOCTH MOTYT ObITh AUCKPETHBIMU (HApUMEp, KOT/Ia
IPYIIIIBI BOOOIIE HE MePeceKalnTcs) WK HeYeTKUME (HApuMep, KOT/a JOKYMEHTBI
HACTOJIBKO CXOKH, YTO WX TPYAHO Pa3induTh). B mo6oM ciydae, oydaonmecs
IPYIIIIbI TPEACTABISIOT COO0N MOJEb COAEPKUMOTO BCEX JTOKYMEHTOB, KOTOpast
TTO3BOJISIET JIETKO OTHECTU HOBBIE JIOKYMEHTBI K TOW WJTU UHOM TPYIIIIE.

B nacrosgree Bpems Takast COpPTHPOBKA IOKYMEHTOB YaCTO BBITTOTHAETCS BPYYHYIO,
OJTHAKO 3TY 3aj1a4y BIIOJIHE MOKHO PEIIUTH 32 MEHBIIEe BPeMsT TPUMEHEHNEM 00y -
uenus 6e3 yuumeisi, 0 KOTOPOM PACCKa3bIBAETCS B 9TOI TJIaBe.
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Ob6yuyeHMe Ha TEeKCTOBbIX AlaHHbIX 6e3 yuutens

[Ipuembt 06yuenus 6e3 yIuTesiss MOTYT OKA3aThCsT BECbMa MOJIE3HBIMIU JIJIST AHAJII3a
TEKCTa B IIpoIiecce rccaenoBannii. 4acTo KOpITycsl He CHaGKAI0TCSI METKAMU, TTPH-
TOJIHBIMUY JIJIsT KiIaccudukaimm. B Takux ciydasix 0cTaeTcst eMHCTBEHHDINA BBIGOP
(KpOMe TeperopyyeH st KOMY-TO ITPUCBOUTH METKH JOKYMEHTAM ) HJIH, 110 KpaitHeil
Mepe, 06s13aTe IbHbIIT TTPeIBAPUTEIBHBII 9TAIl BO MHOTHX 33/1a4aX 06paboTKY ecre-
CTBEHHOTO sI3bIKa — OOyuYeHue 6e3 yIuTeis.

[Tesib aNropuTMOB KJacTepHU3allMi — BBISIBUTH CKPBITYIO CTPYKTYPY HEMapKHUPO-
BAaHHBIX JAHHBIX C UCIIOJb30BaHUEM MIPU3HAKOB JJIS1 OPTaHU3aIUN 9K3EMILISPOB
B CYIIIECTBEHHO pasJiyaioniiecst rpynibl. [Ipu paboTe ¢ TEKCTOBBIME TAHHBIMU TT0]]
9K3EeMIIJIIPOM TIOHMMAETCs e/JMHCTBEHHBIN IOKYMEHT MJIM BBICKA3bIBaHUe, a 0]
IIPU3HAKAMU — JIEKCEMBI, CJI0Bapb, CTPYKTYPa, METaJlaHHbIC U T. [1.

B riiaBe 5 MbI co3mann ¢BOI KOHBelep KaacCu(UKAIUN [JIsT CPABHEHMST U OLICHKN
MHO’KECTBa PadHbIX MOJIeJieil 1 BhIOOpa HarboJjiee Ka4eCTBEHHON U3 HUX JJIST TTOJTY-
YeHUs TIPOTHO30B Ha HOBBIX JaHHBIX. MeTobl 00yueHust 6e3 yunuTesisi B KOpHe OT-
JIMYATOTCS; BMECTO BBISIBIICHUS TIPEIOIPEIEeHHbIX Ma0JI0HOB MOJIE/h 0e3 yunTe st
MBITACTCST HANTH 3a8e00MO CYlyecmsyioujie 3aKOHOMEPHOCTH.

—
.| BexTopbl Anroputm
JK3emnnApbl >
MpU3HaKoB Knactepu3aumum
¢ A 4 ¢
Teva A Teva b Teva B
T T T
HoBblii BEKTOpbl
> (xoAcTBO
Kk3emniAp NpU3HaKoB A

Puc. 6.1. KoHBeiiep knacTepusaumnm
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Kax pesysbrat, unrerpaiusi 3TuX IpUEMOB B aDXUTEKTYPY TMPUIOKEHUS JaHHBIX
Hen30esKHO oTrdyaeTcst. Kak MOKHO BuAeTh Ha puc. 6.1 ¢ n3o0paskeHrueM KOH-
Beiiepa, KopIyc npeoOpasyercsi B BEKTOPbI IIPU3HAKOB U MEPEJAeTCsl aJlTOPUTMY
KJIaCTePU3AIUU /IS ONpeieIeHusT KJIacTePOB IPYIIT WK TEM C MCTIOJb30BAHUEM
METPUK PACCTOSHHUSL, COIJIACHO KOTOPBIM JIOKYMEHTBI, GoJiee OIM3KIe B IIPOCTPAHCTBE
[PU3HAKOB, CYUTAIOTCS GoJiee ToX0KUMU. [Tocsie 9TOro MOKHO BHIIIOIHSATH BEKTO-
PH3AIMIO HOBBIX IOKYMEHTOB ¥ IIOMEIATh UX B Osinkailmii kiaacrep. /laiee B 910
TJIaBe MBI UCIIOTh3yeM JAHHBIN KOHBeNep /1JisI CKBO3HOTO KJIACTEPHOTO aHAIM3a Ha
BbIOOPKE 13 Kopiyca Baleen, o koTopoMm pacckasbiBasoch B riiase 2.

[Ipeske Bcero Ham HY>KE€H METO/I OTIPEIeJIEHUSI CXO/ICTBA IOKYMEHTOB, U B CJI€IYI0-
IIeM pas/iesie Mbl UCCJIE/IYEM CIIEKTP METPUK PACCTOSIHUSI, KOTOPbIE MOXKHO UCIIOJTh-
30BaTh /7151 OTIpe/ie/IeHUS CXO/ICTBA JIBYX JIOKYMEHTOB. /{asee MBI paccMOTpUM /iBa
OCHOBHBIX IOIX0/Ia K 00y4eHuIo Oe3 yuuTesis, TapTUTUBHYIO (partitive) u uepap-
xnueckyto (hierarchical) kimacrepusariuio, 1 KCIOIb3yeM METO/IbI, PEATU30BaHHbIE
B NLTK u Scikit-Learn. ITosyunBiuinecst KaacTepbl Mbl 3afeiCTBYEeM B 9KCIIEPH-
MeHTaX M ucrosbdyeM Gensim Jijisi TeMaTUYECKOTO MOJIEJTUPOBAHUST U OTTUCAHUS
KJacTepoB. B 3akitoueHme Mbl HCCJIEIYyEM /[Ba allbTePHATUBHBIX C1T0Cc0Oa 00yYeHusT
6e3 yumTesist: MaTpUYHOE pasJioskenue u JatenTHoe pasmertenne [upuxie (Latent
Dirichlet Allocation, LDA).

Knactepusauusa QOKYMEHTOB N0 CXOACTBY

CyImecTByeT MHOKECTBO TIPH3HAKOB, KOTOPBIE MOTYT CBUIETELCTBOBATH O CXO/ICTBE
JIOKYMEHTOB, OT CJIOB U (hpa3 10 TPAaMMATUKK 1 CTPYKTYPbL. M bl Moryiu Ob1 00beu-
HUTh MEJMIIUHCKUE 3aIFCH, OTTUCHIBAIOIIIE CUMIITOMBI, 3asIBUB, UTO JIBa MAllMeHTa
[IOX0KH, TIOTOMY 4TO y 000MX HaOJIIOIAI0TCS «TOIHOTA U yToMJyIeHue. [liis copru-
POBKHM TIePCOHAJIBHBIX BeO-CAliTOB U GJIOTOB MBI, BEPOSITHO, OY/IeEM HCIIOJIb30BATh
UHOW TTO/IXO0/I, Ha3bIBask MOXOKUMU OJIOTH, €CJIU B HUX OMyOJUKOBAHBI PEIIEIThI
BbiTeyku. Eciii HOBBIN GJIOT COMEPIKUT PEIENThl CaJaTOB U3 CBEKUX OBOIIEH, OH,
BEpOSITHO, Gy/1eT GoJiee TIOXOK Ha GJIOTH ¢ pellenTaMu BBITIEYKH, 4eM Ha OJI0TH ¢ pe-
e TaM¥ TIPUTOTOBJICHUST B3PbIBYATKHU B IOMAIITHUX YCITOBUSIX.

g abdekTUBHON KIacTepusanuyt Mbl TOJKHBI OTIPEIENUTD, YTO 3HATUT JIJIST JITO-
6I)IX ABYX JOKYMEHTOB M3 KOPITyCa 6bITb TTOXOKMU WNJIN PAa3HBIMU. CyH_[eCTByeT
MHO’KECTBO Pa3HbIX METPUK, KOTOPbIe MOKHO HCIIOJIB30BATD JIJISI OTPE/eTeH S
CXO/ICTBA JIOKYMEHTOB; HEKOTOPBIE U3 HUX MMOKaszanbl Ha puc. 6.2. [To cytu Bce onn
OIMPAOTCA Ha BOSMOKHOCTD IIPEACTABJIATD IOKYMEHTDI KaK TOYKHU B IIPOCTPAHCTBE,
OTHOCUTEJIbHAA 6JII/ISOCTI) KOTOPLIX OIIpeAe/IAeT UX CXOACTBO.
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MeTpuueckoe Cxoncrteo
CxoAcTBO CTPOK paccrosHme OTHOLICHMI Apyrue MeTpuku
AncraHums EBknnaoBso Ha ocHoBe YncnoBoe paccTtosiHne
PEAAKTUPOBaHUA MaHx3TTeHcKoe MHOXECTB Jlornyeckoe cxoacTBoO
JleBeHwTenHa (paccrosHue Kybuka HeueTKoe CooTBETCTBYE
— rOPOACKMX KBap-
CmnTa — BatepmaHa Taﬁog) P TaHumoTo (OKakkapa) | CneuyvanuavposaHHble
AdpurHHOE [lo obwmx cocepent METPUKM
MwHKOBCKOro
B3BelLeHHOe paccTo-
BbipaBHMBaHue A aHve Anapa Faserbl
— Hanu3 TeKcTa
Pxapo — Buhknepa Jlekcuyeckoe conocTas-
Soft TF=IDF Xakkapaa FpynnupoBka nenne
MoHF — 3nkaH TF-IDF Cpentue 3HaueHns MMeHOBaHHbIe Cylil-
KocnHycHoe MakcvManbHble/Muy- HocTn (Named Entities
doHeTUKa CXOACTBO HMMarbHble 3HaveHns | Recognition, NER)
Co3Byuvne MeawuaHa
MNepesog YacroTa (Moga)

Puc. 6.2. MeTpuku NpoCTpaHCTBEHHOIO CXOACTBa

MeTpuKK paccTossHUA

Paccy:kaast 06 M3MepeHUU PACCTOSTHIS MESK/LY IBYMsI TOUKaMH, Mbl 0OBIYHO NMEEM
B BUJLY COEIMHSIONLYTO UX TIPSIMYIO JINHIIO, UJIH e6KAUO0B0 PACCTNOSHIUE, N300PAKEH-
HyIO Ha puc. 6.3 Kak AuaroHaJbHas TUHUI.

Manxsmmencroe paccmosiue, n300pakeHHOE Ha puC. 6.3 TPEMsI CTYTIeHYAThIMU JIN-
HISIMU, BBIYUC/ISIETCST KAaK CyMMa abCOTIOTHBIX PA3HOCTEN [IEKaPTOBBIX KOOP/IHAT.
Paccmosinue Munxoeckozo — 310 06001IeHe €BKINI0BA U MAHXITTEHCKOTO Pac-
CTOSHUI, OHO OTIPE/IETISIET PACCTOSTHUE MEKIY ABYMS TOUYKAMU B HOPMAJIN30BAHHOM
BEKTOPHOM TIPOCTPAHCTBE.

OmHako ¢ pOoCTOM CI0Baps KOPITyca TaKXKe PAcTeT ero pa3MepHOCTh — U OHA Peji-
KO ObIBaeT paBHOMEPHO paciipejesiera. 110 aToil mpuynHe mepedncaeHHbIEe MEpPbI
PaCCTOSTHUS HE BCET/A OKAa3bIBAIOTC 3((MEKTUBHBIMU, TIOTOMY UTO TIPETIOJIATAIOT
CUMMETPUYHOCTH JAHHBIX U PABEHCTBO PACCTOSIHUI BO BCEX U3MEPEHUSX.

Paccmosmue Maxaranobuca, uaobpaxennoe Ha puc. 6.4, HAIPOTUB, ABJISETCI
MHOTOMEPHBIM 00001IEHNEM KOJIMYECTBA CTAaHIAPTHBIX OTKJIOHEH U, OTAESIONINX
KOHKPETHYIO TOYKY OT paclpe/eseHus Touek. B pesybrare MpouMCcXOQuT CABUT
1 MaciITabupoBaHKe KOOPAWHAT ¢ YI€TOM XapaKTePUCTHK pacupeseaeHus. To ecTb
paccrosinne MaxamaHoOuca jaeT HeMHOTO OoJjiee THOKUI ¢11oco6 ompeeeHust
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PACCTOSIHUI MEXKIY TOKYMEHTAMU; HAITIPUMED, [TO3BOJISIET ONPEEISTh CXOJACTBO
BBICKA3BIBAHUI PA3HON JJIMHBIL.

10
8 »
F 4
/
/
V4
. /
rd
7
/
7
] 7
P 4
/
/
/
2 1 e
— D=17
- . D:\ﬁ
0 T T T T
0 p 4 B 8 10

Puc. 6.4. PacctosHne MaxanaHobuca
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Paccmosinue JKaxkapoa onipeiesisieT CXOACTBO MKy KOHEYHBIMU MHOKECTBAMU KaK
YaCcTHOE OT UX Iepecedenns U 00beJuHeH s, KaK [ToKasano Ha puc. 6.5. Hampumep,
paccrognue yKakkapaa MeXAY IBYMS JOKYMEHTaMHU A 11 B MOKHO U3MEPUTh, pasjie-
JIMB KOJIMYECTBO OOIIUX YHUKAIBHBIX CJIOB, IPUCYTCTBYOIINX B 000MX JOKYMEHTaX,
Ha KOJIMYECTBO BCEX YHUKAJIBHBIX CJIOB B 9TUX JOKYMeHTax. JHaueHre @ 03HaYaeT
MIOJTHOE OTCYTCTBHE 4€ro-100 00TIET0 B IBYX JOKYMEHTaX, 1 — 9TO 06a 9K3EMILIIsI-
pa TIPEJICTABISIOT OJMH W TOT K€ JIOKYMEHT, 2 3HAUEHUS MEXK/Y © U 1 ONPe/IesIsioT
CTeleHb OTHOCUTEIBLHOTO CXO/ICTBA.
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Puc. 6.5. PaccTosHme Xakkapaa

Jlucmanyus pedaxmuposanusi ONpPeesIsieT yAATeHHOCTb IBYX CTPOK JIPYT OT JAPyTa
KaK KOJIMYeCTBO U3MeHeHU  (TIPaBOK ), KOTOPbIE HYKHO ITPOU3BECTH, YTOOBI 13 OTHOM
Moy4duTh /pyryio. CyliecTByeT HECKOJBKO peau3aiii n3MepeHus AUCTaHINN
pellakTUPOBaHUS, BCE OHU OCHOBaHBI HA paccTosiHuu JleBeHnireiina u pa3anyaoT-
csI pa3HbIMU padMepamu mTpada 3a BCTABKY, yAaJeHUE U TOJCTAHOBKY, a TaKKe
HOTEHI[UAIBHO YBEJIMYMBAIOIIUMICS mTpadaMu 3a podeibl 1 nepemertenus. Ha
puc. 6.6 oKazaHo, YTO AUCTAHIMS PETAKTUPOBAHUS MEKLY cIoBaMu «woodman»
u «woodland» Brmouaer mrpadbl 32 OIHY BCTaBKY U OJIHY MOJICTAHOBKY.

woodman

woodland

Puc. 6.6. PaccTosHne peaakTvpoBaHus
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Tax:ke ecTh BOBMOXKXHOCTbh U3MEPSITh PACCTOSTHUE MeX1y BeKTopamu. Harpumep,
CXOJICTBO BEKTOPHBIX TIPEICTABICHUN ABYX TOKYMEHTOB MOXKHO OTPENEJUTh KaK
paccmosinue TF—IDF, uHbIMK CJIOBaMH, KOJIMYECTBO OOIIMX YHUKAJbHbIX CJIOB
OTHOCHUTEJIBHO 00IIEro KOJUYecTBa cJoB B Kopiyce. ONpesenTh 9T0 paccTosIHIe
MozkHO ¢ Tomotrbio oreHkn TF—IDF, kak onuceiBasioch B riiase 4. Takske MOXKHO
BBIYUCJIUTD KOCUHYCHOE PACCMOSIHUE, NCTIONB3YsT KOCUHYC YTJIa MEXK/y BEeKTOPaMHU,
1 UHTEPIIPETUPOBATD €r0 KaK CTeleHb CXOACTBA UX OPUEHTAIINH, KaK IT0Ka3aHo Ha
puc. 6.7. To ecTh, 4eM MEHBIIIE YTOJI MEK/LY ABYMSI BEKTOPaMU, TeM GoJiee CXOKUMIE
CUMATAIOTCS JOKYMEHTHI (C YIeTOM X BEJTNYNHBI).

dist(A, B)

Puc. 6.7. KocnHycHoe cXoacTBo

[To ymomganuio B runepmapaMeTpax MOAENN KJIACTEPU3AINN B KAYeCTBE METPUKHI
CXOJICTBA YACTO BBIOWPAETCST €BKJIMIOBO paccTosinme (Kak OyIeT MOKa3aHo B cre-
AYIONIMX pasjiesiaX), HO HEPEJIKO KOCHHYCHOE PACCTOSIHIE TTO3BOJISET TOOUTHCS
JIYUTINX PE3YJIbTAaTOB.

MapTuTUBHaRA KNacrepusaums

Tenepb, y3HaB, Kak KOJTMYECTBEHHO OIEHUTDb CXOJCTBO JIBYX JIOKYMEHTOB, MOKHO
MPUCTYIIATh K UCCIIEIOBAHUIO METOIOB 0OyJeH s Ge3 YIuTest IJis TIOUCKA TPYIII
MOXOKUX IOKYMEHTOB. /[ByMsI OCHOBHBIMH TOJXOAAMU ABJISAIOTCA NAPMUMUBHASL
Kaacmepusauus i aziomepamusnas kiacmepusayusi. Oba pasaessiior J0KyMeHTbI Ha
IPYIIIBI ¢ MAKCUMAJIbHBIM CXOJICTBOM BHYTPH B COOTBETCTBHM C BHIOPAHHOI METPH-
Koii. B aTOM pasjiesie MbI cOCPe/IOTOYMMCS HA TAPTUTUBHBIX METO/IAX, KOTOPBIE Pac-
MIPEIEJISTIOT 9K3EMILJISIPBI 110 TPYIITIAM, [TPE/ICTABJISEMbIM IIeHTPAIbHBIMUA BEKTOPAMM
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(LleHTpOUIAMHI ) UJIH OTTHCBIBAEMBIM ILJIOTHOCTBIO IOKYyMEHTOB B kKiiactepe. LleHTponibt
MIPENICTaBSAIOT arperupoBaHHOEe 3HAUEHNE (HAIIPUMED, CpeHee WK MeANaHy ) BCeX
JTOKYMEHTOB-UYJIEHOB ¥ [IAI0T yAOOHbI CII0COO OMUCAHMsI JOKYMEHTOB B KJIacTePe.

Kak 6b1710 mokaszano B riiase 5, Kopiyc Baleen yske kiaccuduiimpoBan HEKOTOPbIM
06pa3oM — BCe IOKYMEHTBI B HEM [TOMeY€eHbI (4eJIOBEKOM ) KATErOPUSIMI HCTOYHUKOB
RSS, orkyna onu 6ouri nzBiedersl. OMHAKO HEKOTOPbBIE M3 ATUX KATETOPUN YETKO
pas3InunMBbl (HAIpUMep, «TeXHOJIOTUN» ¥ «UTPbI»), a ApyrHe Oosee pa3mbiThl. Ha-
MpuMep, KOPITYC «HOBOCTHY COIEP:KUT HOBOCTH B IMUPOKOM CIIEKTPE T€M, BKITIOUas
HOBOCTH MOJIUTUKH, HOBOCTU UH/IYCTPUH Pa3BJeUueHNIT, HOBOCTH HAYKH 1 OITUCAHUE
APYTUX TEKYHIIMX COOBITHIA. B 3TOM pasjiesie Mbl HCIIOJIb3yeM TIPUEM KJIACTEPU3AIIH
JIJIST OTIPEJIeJIEHUs] TIOJIKATErOPUil B KOPILyCe «HOBOCTH», KOTOPbIE IIOTOM MOKHO
OyIIeT UCTIOIb30BATh B KAYECTBE I[eJIEBbIX 3HAYEHUIT B 3a/laUaX KJIacCH(PUKAIIUIL

Knacrepusauua MeToaqom k-cpeaHux

Mertop k-cpeqHux peannsoBaH B 3HAKOMBIX HaM Oubanorekax, takux kak NLTK
u Scikit-Learn, moatomy Hautewm ¢ Hero. [Tomy isspHbIil MeTOJL ISt 3a/1a4 00y YeHusT
6e3 yuuTeIst, AITOPUTM KJIACTePU3aIUH R-CPEIHUX HAYMHAETCSI C TIPOU3BOJIBHO BbI-
OPaHHOTO KOJIMYECTBA KJIaCTEPOB, R, U pas0MBaeT BEKTOPU30BAHHBIE 9K3EMILISIPBI Ha
KJIaCTEPbI COIJIACHO UX OJIM30CTH K HEHTPOUAM, KOTOPble MUHUMUSUPYIOT CyMMbI
KBaZ[paToOB BHYTPHU KJIACTEPOB.

Haunewm c ompenenenus kimacca KMeansClusters, HacaeqyIoOIIero BaseEstimator
1 TransformerMixin, 4TOObI €0 MOKHO ObLIO BKJIIOUUTDH B Pipeline U3 OnbIMOTEKN
Scikit-Learn. [{yist Hareir Mojie/in UCIOIB3yeM peanusaiuio k-cpeqanx us NLTK,
IIOTOMY UTO OHa TIO3BOJISIET OIIPE/IEIUTH CBOIO METPUKY paccTossHUS. THUTIMa n3m-
pyeM KMeansClusterer jKeJJaeMbIM KOJIMIECTBOM KJacTepoB (k) U cBOel METPUKOIL
pacctosiHus (cosine_distance) U UCKJIIOYNUM U3 pe3yJibTaTa KJIacTePbl, HE COep-
JKallue JOKYMEHTOB.

from nltk.cluster import KMeansClusterer
from sklearn.base import BaseEstimator, TransformerMixin

class KMeansClusters(BaseEstimator, TransformerMixin):

def __init_ (self, k = 7):
yucno k onpepenseT KOAMYECTBO KacTepos
mopenb model sBnAaeTcs peanusauuein Kmeans
self.k = k
self.distance = nltk.cluster.util.cosine_distance
self.model = KMeansClusterer(self.k, self.distance,
avoid_empty clusters = True)
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Tenepb mo6aBUM 1rycToi MeTO fit() M MeTox transform(), BHI3BIBAIONIMIT METO/
cluster() BHyTpeHHeH Mojiesn KMeansClusterer, yKa3aB, 4YTO KaK/IbIH JOKYMEHT
JIOJIKEH TIoMeTaThes B kaactep. Hamr Meton transform() mpUHUMaET BEKTOPHBIE
MIPe/ICTAaBJIECHUS JOKYMEHTOB, MTOJTyYeHHBIE TIPSIMBIM KOJMPOBAHUEM, ¥, COTJIACHO
mapamMeTpy assign_clusters = True, Oy/eT BO3BpAIIaTh CIIUCOK KJIACTEPOB IS
KaKJI0TO IOKyMeHTa:

def fit(self, documents, labels = None):
return self

def transform(self, documents):

ObyyaeT moaenb K-Means BeKTOpHbIMM NpeAcTaBlEHUAMU OOKYMEHTOB,
MoJly4eHHbIMU MPAMbIM KOAUPOBAHUEM.

return self.model.cluster(documents, assign_clusters = True)

YT00BI MOATOTOBUTH JIOKYMEHTBI JIJIs TIepeiadr B KJacc KMeansClusters, UX HY;KHO
BEKTOPU30BATh 1 HOPMAIN30BaTh. [[J11 HOpMaIu3aIuu NCIoJIb3yeM BEPCHIO KIacca
TextNormalizer, KOTOPYIO MBI OTIPEZICTTUIN B TJ1aBe 4, B pazzese «Co3nanme cBOETO
peoOpasoBaTeis 1Jisi HOPMAIU3AIMKI TEKCTa», ¢ OJHUM MaJeHbKUM U3MeHeHueM
B MeTo/Ie tranform(). BMecTo Bo3BpaTa JJIOKyMeHTa B BUJI€ «<MEIITKa CJIOB» 9Ta BEPCUS
TextNormalizer Oy/eT yAaJsaTh CTOII-CJI0BA, IPOU3BOAKUTD JEMMATH3AI[UIO U BO3-
BpaIaTh CTPOKY JIJISI KAXKOTO JOKYMEHTa:

class TextNormalizer(BaseEstimator, TransformerMixin):

def transform(self, documents):
return [' '.join(self.normalize(doc)) for doc in documents]

[l BeKTOpU3AIIUK TOKYMEHTOB ITOCJIE KJIACTEPUBAIUH U TIOCIeAYIONIEN KIacTepu-
3aIMK OIPELEIUM KJIace OneHotVectorizer. BekTopusaluio 6yeM OCYIIECTBIATH
C IIOMOII[BIO KJIacca CountVectorizer ¢ ImapaMeTpoM binary = True u3 OMOIMOTEKN
Scikit-Learn, BoIIOJHSIONUI 4aCTOTHOE U JBOMYHOE Koguposanue. Hair meros
transform() Oy/eT BO3BpaIaTh IPEACTABICHIE KasKI0TO JOKYMEHTA B BUJIE MACCHBA,
MOJTYYEHHOTO METO/IOM TIPSIMOTO KOJMPOBAHI:

from sklearn.base import BaseEstimator, TransformerMixin
from sklearn.feature_extraction.text import CountVectorizer

class OneHotVectorizer(BaseEstimator, TransformerMixin):

def __init_ (self):
self.vectorizer = CountVectorizer(binary = True)
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def fit(self, documents, labels = None):

return self

def transform(self, documents):

freqs = self.vectorizer.fit_transform(documents)
return [freq.toarray()[@] for freq in freqgs]

Tenepb co3gaaiumM KOHBeerp Pipeline B IJIaBHOM BBIIOJIHIEMOM MOJYJe€, KO-
TOPBIIl MPOM3BEIET KJIACTEPUIANUIO METOAOM k-cpemxuux. VHunuaaiusupyem
PickledCorpusReader, KaKk ONpeeIeHO B TJiaBe 3, B pa3zene «UTeHne mpeaBapu-
TeJIbHO 0OPabOTAaHHOTO KOPITyca», yKa3aBs, 4TO HAC MHTEPECYET TOJHKO KaTeropust
«News» B KOpPITyce. 3aTeM MHUIMAJN3UPYEM KOHBelep, BKJIIOUUB B HETO CBOU
KJIacchl TextNormalizer, OneHotVectorizer u KMeansClusters. 3aTeM BbI30BOM
MeTojia fit_transform() KOHBelepa BBHITIOJHNIM CPa3y BCe ATH ITAIbI B YKa3aHHOM

II0CJIe10BATEIbHOCTH:
from sklearn.pipeline import Pipeline

corpus = PickledCorpusReader('../corpus"')
docs = corpus.docs(categories = ['news'])

model = Pipeline([
("norm', TextNormalizer()),
('vect', OneHotVectorizer()),
('clusters', KMeansClusters(k = 7))

D)

clusters = model.fit_transform(docs)

pickles = list(corpus.fileids(categories = ['news']))

for idx, cluster in enumerate(clusters):

print("Document '{}' assigned to cluster {}.".format(pickles[idx],

cluster))

B PE3YJIbTATE MbI ITIOJIYYUM CITMCOK JJOKYMEHTOB U3 KaTETOPUN «NEWS» N HA3HAYEH-
HbI€ UM KJIACTEPDI, C TIOMOIIBIO KOTOPOI'O MbI JIETKO MOJKEM IIOJIYYUTb UMEHA Cl)all/)IJIOB

APXUBUPOBAHHDBIX JJOKYMEHTOB!

Document 'news/56d62554c¢1808113ffb87492.pickle’
Document 'news/56d6255dc1808113ffb874f0.pickle’
Document 'news/56d62570c1808113ffb87557.pickle’
Document 'news/56d625abc1808113ffb87625.pickle’
Document 'news/56d63a76c1808113ffb8841c.pickle’
Document 'news/56d63aelc1808113ffb886b5.pickle’
Document 'news/56d63af0c1808113ffb88745.pickle’
Document 'news/56d64c7ac1808115036122b4.pickle’
Document 'news/56d64cf2c1808115036125f5.pickle’
Document 'news/56d65c2ec180811l6aade2f8a.pickle’

assigned
assigned
assigned
assigned
assigned
assigned
assigned
assigned
assigned
assigned

to
to
to
to
to
to
to
to
to
to

cluster
cluster
cluster
cluster
cluster
cluster
cluster
cluster
cluster
cluster

NNOOUVTWONMAMUD
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I/ITaK, MbI ITOJIYUWJIX NPEABAPUTEJ/IbHYO MO/IEJIb JIJIA KJIIACTEPU3aAllM JIOKYMEHTOB 110
CXOJICTBY MX COJIEPKUMOTO; T€IEPh IIOCMOTPUM, YTO MOKHO C/IEJIATh JIJISI OTITUMHU-
3armu pe3yJibraToB. Ho, B oTimune ot 3ajaun kiaaccudukaimm, y Hac HeT OleHKH,
KOTOpast MorJia GbI COOOTIMTH HaM, HACKOJIBKO TIPaBUJIBHO BBITIOJTHEHO Pa3/ie/ieHne
KOpITyca «NeWS» Ha TOIKaTeErOpuu — B 00ydeHnr 0e3 yuuTesist HeT STajJoHa JJIst
cpaBHeHust. [109TOMY 4acTo PUXOAUTCS TIOJIATATHCST HA TPOBEPKY Y€JIOBEKOM, 4TOOBI
OIICHUTDb 3HAYMMOCTD BbIAC/ICHHDbIX KJIACTEPOB — [[el‘/JICTBI/ITeJII)HO JIN OHU paSJII/I‘-IHbI?
JlocTaTo4HO JI OHKM CKOHIIEHTPUPOBaHbI? B cireytoriem pasjiesie Mbl 00CY M, 4TO
MOJKET TI0/IPA3yMeBAThCST IO/ «ONTUMUBAIINEI > MO KJIACTEPU3AIUH.

OnTuMmM3auua Meroaa k-cpegHux

Kak MOKHO «yIy4dmnThy MOZIeNIb KJacTepusanuu? B HalieM ciyyae 1o 3TUM BO-
[IPOCOM TIOHUMAETCSI: KaK C/IeJIaTh PE3yJIbTaThl O0JIee MOJIE3HBIMU U TIPOCTHIMU B UH-
TeprpeTanuu. Bo-1mepBeIX, yIIPOCTUTh WHTEPIIPETAITNIO MOKHO, 9KCTIEPUMEHTUPY S
C pa3HbIMU 3HaUeHUAMY k. B Klactepusaium MeTooM R-cpelHiX BbIOOp k — yacto
UTePAaTUBHBIIN MPOIECC; HECMOTPS HA CYIECTBOBAHNE HEKOTOPHIX dIMIUPUIECKIX
MIPaBILI, TePBOHAYAIBHBII BHIOOP YACTO JEIaeTCs IPOU3BOJILHO 10 ONPeAeIeHHON
CTEIEeHN.

B rnaBse 8, B pa3gene «OueHKa cuyaTa U NIOKTEBbIE KpMBbIE», Mbl 06CYaANM [Ba
BU3YaslbHbIX MPpMeMa, KOTOpble MOXXHO UCMOb30BaTb B 3KCNEPUMEHTax C Bbl60p0M
yucna k: OLlEHKa C1UnyaTa U NOKTEBbIE KPUBbIE.

Taxke MOKHO HACTPOUTD JIPYTHE YaCTH KOHBelepa; HallpuMep, BMECTO TIPSIMOTO KO-
JIMPOBaHUS UCIIOIb30BaTh BekTopu3aiinio metosioM TF-IDE BmecTo TextNormalizer
MOKHO 3a/1€[ICTBOBATH CEJIEKTOP IIPUSHAKOB, BEIOMPAIOIUI OrpaHIMYEHHOE OAMHO-
JKECTBO U3 Bcero Habopa npusHakos (Harnpumep, 5000 Hanbosiee 4acTo UCHOJIb3Ye-
MBIX CJIOB, 32 UCKTIOUEHNEM CTOTI-CJIOB).

HecMoTpsi Ha To YTO 60sIbLUME AaHHbIE HE SBASIOTCS r1aBHOW TEMOW 3TON KHUTK,
cnenyeT OTMETUTb, YTO MeTO k-cpeaHuX 3deKTMBHO MaclITabupyeTcs A0 ypoB-
H$1 60MbLIMX A@HHBIX C MPUMEHEHMEM HaBeCHOW (canopy) knactepusaumu. pyrve
anropuTMbl Knactepusaumnmn TekcTa, Takne kak LDA, HaMHOro TpyaHee nogaatoT-
Cs1 pacrnapannenmeaHuio 6e3 NpuMeHeHns 4ONONHUTENbHBIX MHCTPYMEHTOB (Ha-
npumep, Tensorflow).

VwmeiiTe B BULY, YTO AJITOPUTM k-CPEHUX HE SIBISIETCS JIETKOBECHBIM U MOJKET
paboTaTh JOBOJBHO MEIJIEHHO Ha JaHHBIX € GOJIBIIMM KOJUYECTBOM U3MEPEHUH,
TaKUX Kak TeKcT. Ecau koHBeilep KJIacTepu3aliy MOJyUYnJICs CAUIIKOM MeJlJIeH-
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HBIM, CKOPOCTb MOKHO IIOBBICUTD, IIEPEKIIOUNBIINCH C MOAYJIA nltk.cluster Ha
peanm3sanuio MiniBatchkMeans 13 sklearn.cluster. MiniBatchKMeans — 9TO BapuaHT
aJITOpUTMa k-CpeTHIX, KOTOPBII HCIIOIB3YEeT CTyYailHO BHIOPAHHDIE TIOIMHOKECTBA
(MM «MUHK-TIAKETBI» ) U3 BCEro 00yJaoIero Habopa st ONTHMU3AIINH TOW JKe
1eJIeBoii (OYHKITH, HO 32 MEHbIIIee BPEMSI.

from sklearn.cluster import MiniBatchKMeans
from sklearn.base import BaseEstimator, TransformerMixin

class KMeansClusters(BaseEstimator, TransformerMixin):

def __init_ (self, k = 7):
self.k = k
self.model = MiniBatchKMeans(self.k)

def fit(self, documents, labels = None):
return self

def transform(self, documents):
return self.model.fit_predict(documents)

Mb1 BbIOpasiu GoJree TsKeTOBECHOE PellieHre, TOTOMY 4To OoJiee ObicTpast peajnsa-
115t MiniBatchKMeans MCIOJIb3YeT €BKJIMIOBO paccTosiine — MerHee ahHeKTUBHYIO
Mepy CXOACTBa JJist TeKcTa. Ha MOMEHT HallMcaHus 9TUX CTPOK peansannu KMeans
1 MiniBatchkMeans B Scikit-Learn e noazepkuBaim Apyrux Mep CX0JACTBa, KPOMe
CBKJINA0BA PACCTOAHMAA.

O6paboTka HepaBHOMEpPHOI reomMeTpumn

AJIropuTM™ k-CpesiHuX JieJ1aeT HECKOIBKO YITPOIIEHHBIX TIPEIIOI0KEHIIA O TaHHbBIX:
OHHU PaBHOMEPHO paciipe/e/ieHbl, SBISIOTCS TPUHIUIUATBHO chepuuecKuMu Mo
CBOEIT IPUPO/IE, U KJIacTePbl UMEIOT COTIOCTaBUMble auctiepcuu. Kak pesysbrat, Bo
MHOTHX CJIy4asiX KJIaCTePU3aLisi METOAOM R-CPEIHUX He JaeT XOPOIINX Pe3Y/IETaTOB;
HAIPUMeEP, KOI/Ia PE3KO BBIAEAIONIMECS TOYKU OTPULATEIbHO CKAa3bIBAIOTCS HA CO-
IJTACOBAHHOCTH KJIACTEPOB U KOT/IA KJIACTEPhI UMEIOT 3aMETHO MHYIO, HeC(hepUIecKyIo
IJIOTHOCTD. VICTIPaBUTh CUTYAIMIO B TAKMX CJydYasiX MOKET IIOMOYb IIPUMEHEHHUE
aJITEPHATHBHBIX MEP CXOJICTBA, TAKMX KaK KOCHHYCHOE PACCTOSTHUE WK PACCTOSTHIE
Maxasnanobuca.

B 6ubnunoteke Scikit-Learn ecTb peanusaumm Apyrux NnapTUTUBHBIX METOAOB, TaKuX
Kak MeToA pacrnpocTpaHeHusi 61IM30CTU, CneKkTpanbHas Knactepusaums 1 raycco-
Ba CMeCb pacrpefenieHuii, KoTopble MOryT oka3aTbcsi 6onee 3chdeKTUBHBIMU
B CNyyasix, Koraa Metoq k-CpefiHMX OKa3blBaeTcsl 6eCCUbHbIM.
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B 1esom, mpenMyInecTBa MeToa k-CpeHuX AeJAl0T €r0 BasKHBIM HHCTPYMEHTOM
B chepe aHAIN3a eCTECTBEHHOTO sI3bIKA; OH 00JIa/[aeT KOHIENITYaIbHON IIPOCTOTOH,
IPOM3BOAUT ILJIOTHBIE chepudecKne KaacTepbl, yA0OHbIE EHTPOUIBI, KOTOPbIE
00ecneynBaloT MPOCTOTY MHTEPIPETAIIMH MOAEH, U TapaHTUPYET CXOKIEHHE.
B ocrasineiics yacTu 9TOI r1aBbl Mbl PACCMOTPHM HEKOTOPbIE IPYTHE, GOJIee CI0K-
HbIE METO/IbI, KOTOPbIE, KAK HAM KaKeTCsl, MOTYT IIPUTOANTHCS ISt aHAIM3a TEKCTa,
HO HET MaHaller OT Beex Oefl, 1 POCTO MeToJ R-CPeIHIX 4acTO OKa3bIBAETCS CaMOii
yI0OHOI OTIIPABHOI TOUKOIA.

Uepapxuueckan knacrepmsauus

B npezbiayiiem pasjese Mbl HCCIEA0BAJM TTAPTUTHUBHBIE METO/IbI, KOTOPbIE pac-
[pefesTioT TOYKK TT0 KJaactepaM. Mepapxudueckast KJacTepusalins, HalpoOTHUB,
[PE/IIoJIaraeT co3laHne KJIacTepoB ¢ IPEIOTIPeIeTIeHHBIM MOPSIIKOM CBEPXY BHUS.
Wepapxudeckrie MOAETH MOTYT ObITh 00 aziomepamusivimu (00beANHSIIONINE ),
KOTZla KJIacTepbl HAYMHAIOT (DOPMHUPOBATHCS ¢ OTAEIbHBIX 9K3EMILIAPOB M 3aTEM
UTEPATUBHO OOBEAUHSAIOTCS TI0 MOT00MIO, TIOKA BCE HE OKAKYTCST B OTHOM TPYIITIE,
60 OueusuMHbIMU (JETSITINE ), KOT/Ia CHAYasIa CO3/[aeTCsT KIIacTep, 00 beANHSIOIIHIT
BCIO BBIOOPKY, M 3aTeM MOCJE0BATEIbHO JEJUTCsT Ha O0oJiee MeJIKUe KJIacTepbl 10
JIOCTVKEHUST YPOBHST OT/IEIbHBIX 9K3EMILISPOB.

ITU METO/IbI CO3/IAI0T IPEBOBU/THOE TIPE/ICTABIEHNE CTPYKTYPBI KJIACTEPOB, KAK MO-
Ka3aHo BHU3Y cJieBa Ha puc. 6.8.

ArnoMepaTvMBHas Knacrepusauus

MeTtoz arsioMepaTUBHOI KJIACTEPU3AINH 3aKII0YAETCST B OCJIEI0BATEILHOM 00D-
eIMHEHNHT OJIVIKANIIINX 9K3eMILISIPOB, TOKA BCE OHU He OKasKyTCsI B OJ[HOI TPyTITIe.
B crydae ¢ TeKCTOBBIMU JAHHBIMU PE3YJIBTATOM SIBJISIETCS MePAPXUST PA3HOPa3Mep-
HBIX TPYIITI, ONTUCHIBAIONIAS CXO/ICTBO IOKYMEHTOB Ha PA3HBIX YPOBHSIX U C PA3HOM
CTEIEeHBIO TIOAPOOHOCTH.

Mp51 TeTKO MOZKeM TIEPEKTIOUNTD HAIITy PEATU3AIINIO KJIACTEPU3AITNN Ha NCTIOTh30Ba-
HUe arJJoMepaTUBHOTO Toxoa. CHavyasa ompeeTuM Kiaacc HierarchicalClusters,
UHUIMATN3UPYIOLIMI MOozeIb AgglomerativeClustering us 6ubamrorexu Scikit-
Learn.

from sklearn.cluster import AgglomerativeClustering
class HierarchicalClusters(object):

def __init_ (self):
self.model = AgglomerativeClustering()
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aoe OO0

Puc. 6.8. Nepapxnyeckas knacrtepmsaums

JlobaBuM nyctoit Mmetosl fit() u MeTox tranform(), KOTOPbI BbI3bIBAET METO]
fit_predict BHYTPEHHEN MO, COXPAHSIET TIOJyYUBIINECS aTPUOYThI children
" labels /IS JaJbHEHUIIETO UCIIOJTb30BAHMS U BO3BPAIlacT KJIacTePhl.

def fit(self, documents, labels = None):
return self

def transform(self, documents):

O6yqaeT ariomMepaTuBHyrw Moes/lb Ha YKa3aHHbIX AaHHbIX.

clusters = self.model.fit_predict(documents)
self.labels = self.model.labels_
self.children = self.model.children_

return clusters

3areM 0OBEMHUM BCe YaCTH B KOHBelep Pipeline W MPOBEPUM METKH KJacTepa
7 WIEHCTBO KaKJOTO TIOTOMKA B KasK/OM HEKOHIIEBOM Y3JI€.
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model = Pipeline([
("norm', TextNormalizer()),
('vect', OneHotVectorizer()),
('clusters', HierarchicalClusters())

D)

model.fit_transform(docs)
labels = model.named_steps['clusters'].labels
pickles = list(corpus.fileids(categories = ['news']))

for idx, fileid in enumerate(pickles):
print("Document '{}' assigned to cluster {}.".format(fileid,labels[idx]))

B pesyJbrare 1MmoJiydyaeTcda Ciaeaylollee:

Document 'news/56d62554c1808113ffb87492.pickle’' assigned to cluster
Document 'news/56d6255dc1808113ffb874f0.pickle’ assigned to cluster
Document 'news/56d62570c1808113ffb87557.pickle’ assigned to cluster
Document 'news/56d625abc1808113ffb87625.pickle’ assigned to cluster
Document 'news/56d63a76c1808113ffb8841c.pickle’ assigned to cluster
Document 'news/56d63ae1c1808113ffb886b5.pickle’ assigned to cluster
Document 'news/56d63af0c1808113ffb88745.pickle’ assigned to cluster
Document 'news/56d64c7ac1808115036122b4.pickle’ assigned to cluster
Document 'news/56d64cf2c1808115036125f5.pickle’ assigned to cluster
Document 'news/56d65c2ec1808116aade2f8a.pickle’ assigned to cluster

CORRORRRLROR

Opna u3 mpobjieM arJToMepaTUBHON KJIacTepU3al[ii — OTCYTCTBHE BO3MOKHOCTH
HCIOJIB30BATDH LIEHTPOU/IBI JIJIsI MAPKUPOBKU KJIACTEPOB JOKYMEHTOB, KaK MbI Jl€-
JIaJIA 3TO B NPUMeEpPe peannsaiiuu Metoaa k-cpeanux. [1oaTomy, 4ToObI TTOTYYNUTH
BO3MOJKHOCTbh BU3yaJIbHOI'O HCCJIELOBAaHU KJIACTEPOB, IIOJIYUYEHHBIX MOLEJIbIO
AgglomerativeClustering, onpe/ie/iuM MeTo/| plot_dendrogram, CO3/IaIONIUIN BU3Y-
aJbHOE IIpe/CTaBIeHNeE.

Harr meton plot_dendrogram GyaeT UCIOIb30BaTh MeTO/ dendrogram u3 SciPy,
a TakKe MOAYJIb pyplot u3 6ubsorekn Matplotlib. Mcmonbszyem NumPy st Bbi-
YUCJIEHUI PACCTOSHUSA MEKY JOUEPHUMU JIMCTOBBIMU Y3JIaMU U OIIPEJICSIUM PaB-
Hble UATIa30HbI 3HAYEHUT 1T TPEACTaBAEHUS MO3UIINN KayK/IOTO MTOTOMKA. 3aTeM
CO3/IaJINM MATPUILY CBSA3€H /1A XpaHEHU MTO3UITUI TTOTOMKOB M PACCTOSTHUI MEK/LY
HuMu. Hakonelr, BbizoBeM MeTo/1 dendrogram u3 SciPy, nepenas emy MaTpuily cBsizeii
1 JiI0Oble IMEHOBaHHbIE aPTYMEHTBI, KOTOPbIE TTO3/IHEE MOKHO OY/IET TIepeiaTh J1JIst
KOPPEKTUPOBKU M300Pa/KEHMSI.

import numpy as np

from matplotlib import pyplot as plt

from scipy.cluster.hierarchy import dendrogram

def plot_dendrogram(children, **kwargs):
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# PaccToAaHuA mexay napamu MOTOMKOB
distance = position = np.arange(children.shape[0])

# Co3paTb mMaTpuuy cBsA3eld M cHopMMpOBaTb AEHAPOrpamMMmy
linkage_matrix = np.column_stack([

children, distance, position]
).astype(float)

# HapucoBaTb [AeHApoOrpammy

fig, ax = plt.subplots(figsize = (10, 5)) # set size

ax = dendrogram(linkage_matrix, **kwargs)

plt.tick_params(axis = 'x', bottom = 'off', top = 'off’',
labelbottom = 'off')

plt.tight_layout()

plt.show()

children = model.named_steps['clusters'].children
plot_dendrogram(children)

[Honmyuusmyoca quarpaMMy MOXKHO BUeTh Ha puc. 6.9. B ximacTeps! ¢ kpaTyaitimm-
MU BETBAMUIN O6’be]_II/IHHIOTC$I JOKYMEHTDBI C HAUMEHbITNMU PA3JINYNAMU. KJIaCTepr
C CaMbIMU JUTMHHBIMU BETBSMU OObEIUHSIOT HanboIee pasinyaioniiecs: TPYIIbL
U CO3/IAI0TCS HA TIOCJIEIHUX HTAIaX MPOIeCca KJIACTEPUIAIHH.

1200

Puc. 6.9. [leHgporpamma

CyutecTByeT 60JIbIIOE KOJTMYECTBO CIIOCOO0B KOJIMYECTBEHHON OIEHKH Pas iy uii
MEKY JIOOBIMU JABYMS JOKYMEHTAMHU, U TOYHO TakK jKe CYIIECTBYET OOJIbIIOe
KOJIM4eCTBO KPUTEPHUEB OTpe/iesieHns cBa3eil Mexxay numu. /s armomepaTns-
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HOU KJIacTepusaiuu TpeOyeTcst ONpeesuTh He TOIbKO (BYHKITMIO PACCTOSIHIIS,
HO Tak)Ke Kputepuil cBsi3biBanms. [1o ymorganuio B Scikit-Learn ucnosb3yercs
kpurepuii Bapna (Ward), KoTopblit MUHUMU3HUPYET AUCIEPCUIO BHYTPH KIacCTEPa.
Ha kaskioMm 1mare 00beIHHEH ST AITOPUTM OTBICKUBAET TTapy KJIACTEPOB, KOTOPbIE
BHOCSIT HAMMEHDBIINN BKJIAJ B OOIIYIO IUCIIEPCHIO BHYTPH KJacTepa 1ocJe 00b-
e/INHEeHUS.

B uncne gpyrux kputepmes, AOCTYMHbIX B 6ubnnoTteke Scikit-Learn, MOXXHO Ha3BaTb
"average", UCMO/b3YIOLWMIN CpeaHME PACCTOSHUS MEXAY TOUYKAMU B KacTepe,
n "complete", NCNONb3YOWMIA MaKCUMarbHbIE PACCTOSIHUS MEXAY BCEMU TOUKa-
MU B Knacrepe.

Kax MosxHO 3amMeTuTb 110 pe3yJibrataM KMeansClusters 1 HierarchicalClusters, map-
TUTUBHbBIE U arJIOMePaTUBHbIE METO/IbI KJIACTEPU3ALINN He TAI0T II0JIHOIO IIOHNMaHUs,
nouemy ToT NJjn WHOM JOKYMEHT OKa3aJICsI B KOHKPETHOM KJlaCTeEpPE. B cjieayrouiemM
pasiesie MbI HCCJIELyeM JPYTOil HAOOP METOIOB € TIOIEP/KKOIT CTPATETHIT, KOTOPbIE
He TOJIBKO MO3BOJISTIOT OBICTPO CIPYIIIUPOBATH JOKYMEHTBI, HO TaK/Ke OTMHICHIBAIOT
X COJEPKUMOE.

MopenupoBaHMe TeMaTUKN OKYMEHTOB

Ternepb, paccOPTUPOBAB JOKYMEHTBI 110 CTOTIKAM, TOCMOTPUM, KaK BBITIOJHUTH Map-
KHUPOBKY ¥ OTINCATh UX COAEPKUMOe. B aTOM pasziesie Mbl 3aiiMeMest memamuueckum
MOOenUPosanueM, TIPUEMOM MAIIIMHHOTO 00yYeHMs Oe3 YUUTE st LIS OIPeIeICHIIsT
TeM KOJIEKIIUH TOKYyMeHTOB. Eciiu 11esb Kiactepusaiiiy — pas3aeuTh KOPIyc 10-
KyMEHTOB Ha IPYIIIIbI, TO I1€JIb TEMATHYECKOTO MOAETUPOBAHUS — BBIIEIUTH OCHOB-
HbIE TeMBI 113 HaGopa BbICKA3bIBAHW; KJIACTEPU3AIINS OCOYKMUBHA, A TEMATHIECKOE
MOJIEJTUPOBAHIE — UHOYKMUBHO.

MeTobl TeMaTHYeCKOTO MOIETUPOBAHYS 1 YA0OHDIE PEATU3AIINHN C OTKPBITHIM HC-
XOJIHBIM KOJIOM JIOCTUTJIU CYIIIECTBEHHOTO ITPOrpecca 3a MOCJeHee TeCsTHIETHE.
B caenytotiem pasjiesie Mbl CPABHUM TPU TaKUX METO/IA: JIATEHTHOE Pa3MelleHie
Hupuxie (Latent Dirichlet Allocation, LDA), maTeHTHO-ceMaHTUYECKWIT aHAIN3
(Latent Semantic Analysis, LSA) u HeorpuiiatesbHoe MAaTPUYHOE PA3IOKEHITE
(Non-Negative Matrix Factorization, NNMF).

JlaTeHTHOe pa3MelyeHue [impuxne

Brepssie npepnoxentsiii Jasugom Baeem (David Blei), 9uapio blnom (Andrew
Ng) u Maiikiom [Ixxopaanom (Michael Jordan) 8 2003 r., meTox iamenmuozo
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pasmewenus Jupuxie (Latent Dirichlet Allocation, LDA) siBisieTcst MeTomoM
orpeziesieHnst tembl. OH MPUHAMJIEKUT CEMERCTBY MOPOKIAIOINX BEPOSITHOCTHBIX
MOjieJiell, B KOTOPBIX TEMBI TIPEICTABIEHBI BEPOSATHOCTSIMU TIOSIBJICHUST KAKIOTO
cJioBa U3 3aaHHOTO Habopa. JIOKYMEHTBI, B CBOIO OYepe/lb, MOTYT OBIThH MPeE/-
CTaBJIEHbI KaK COYETAHWs ITUX TeM. YHUKaJbHass 0coOeHHOCTh Mojesneil LDA
COCTOUT B TOM, 4TO T€MbI He 0OS3aTEJNbHO JOJKHBI ObITh PA3JUYHBIMU U CJIOBA
MOT'YT BCTPEYaThCs B HECKOJBKHUX TEMax; 9TO NMPUAAET HEKOTOPYIO HEYETKOCTh
OTpeIesIIeMbIM TeMaM, YTO MOKET TIPUTOAUTHCS JJIsl COBJIAJAHUS ¢ THOKOCTHIO
a3bika (puc. 6.10).

[JlokymeHTbI 3 Kopnyca Tema — 3710 OnvH LOKYMEHT OXBaTblBaeT
BKIIKOUAOT KOMMEKC TeM pacnpefenexue gios HeCKOJIbKO TeM
monu oAwaAnuT Al | L e e e e
aitonn 06xapuTb 67MHbI :
Kobe Kpem YecHoK -—-) 7
— | T )
BbI00PbI NeyaTb Gexarb }
MIpe3AeHT MpaKCKuil { ) (]]II]]]) poeees
([ kobeHBApexops )} | 0 ... .°
nNaH GuHan cyxoxunme gl i

NpUMeyaHue 3anuc non .
BYOJIOHYENb FAPMOHMA TPHO
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Puc. 6.10. JlateHTHOe pa3mMelleHne Jupuxne

Buaeii (Blei) ¢ komreramu (2003) ycranoBuiim, uto pacupenesienue Jupuxie,
ceMelCcTBO HePEPBIBHBIX pactpefeneHuil (¢rmocob n3MepeHns TPYIITUPOBKH 0
pacipeeseHusiM), — 9T0 YAOOHBIH ¢110c00 BBISBJICHUS TEM, TIPUCYTCTBYIONIMX
B KOPIIyCe, a TaK’Ke TPOSIBIISIONINXCS B PA3HBIX COUECTAHUSAX B KAJKIOM JIOKYMEHTE
B Kopmyce!. Daxtuueckn, Mmeton tamenminozo pasmewenus Jupuxae (LDA, Latent
Dirichlet Allocation) maer Ham HabJFOaEMOE CIIOBO MJIU JIEKCEMY, TI0 KOTOPOMY
MOJKHO TIOTBITATHCS ONIPEIETUTH BEPOSTHYIO TEMY, PACTIPe/ieJIeHre CJIOB B KaXK /10
TeMe U cCOUeTaHue TeM B IOKYMEHTE.

Yrobbl 32/1e1CTBOBATD METO/bI TEMATUYECKOTO MOJICJIMPOBAHUS B IIPUJIOKECHUU,
HYKHO CO3[[aTh HACTPAWBAEMbIil KOHBeWep, KOTOPbIil GyIeT 9KCTPAmoJIupOBaTh
TEMbI U3 HECTPYKTYPUPOBAHHBIX TEKCTOBbBIX /[AHHDbIX, 1 CHOCO6 COXpaHeHUuA quﬂleﬁ

! David M. Blei, Andrew Y. Ng, and Michael I. Jordan, Latent Dirichlet Allocation (2003), https://
stanford.io/2GIBHR1
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MOAeJIn, I-ITO6I:»I IIOTOM €€ MOJKHO 6bIJIO HCITOJIb30BaTDh [1JId aHaJI3a HOBbLIX IaHHBIX.
Caemnaem 570 cHauasa ¢ npuMenennem Scikit-Learn, a sarem — Gensim.

C npumeHeHuemM Scikit-Learn

Haunewm ¢ cosmanust kinacca SklearnTopicModels. DyHKius __init__ cospaer
KOHBeilep ¢ HamuMu oObeKTaMu TextNormalizer, CountVectorizer u peanusanueis
LatentDirichletAllocation u3 Scikit-Learn. Mbl OJKHBL OIIPEAEIUTD KOJIUYECTBO
teM (31ech BbIOpaHo yncyio 50), B TOYHOCTH KaK MPU KJIaCTEPU3AINH METOLOM
k-cpenHux.

from sklearn.pipeline import Pipeline
from sklearn.decomposition import LatentDirichletAllocation
from sklearn.feature_extraction.text import CountVectorizer

class SklearnTopicModels(object):

def __init_ (self, n_topics = 50):

n_topics -- xenaemoe 4yucno Tem
self.n_topics = n_topics
self.model = Pipeline([
("norm', TextNormalizer()),
('vect', CountVectorizer(tokenizer = identity,
preprocessor = None, lowercase = False)),
('model', LatentDirichletAllocation(n_topics = self.n_topics)),

D)

B ocTanbHbIX MpuUMepax B 3TOi rfaBe Mbl 6yieM WUCMONb30BaTh OPUrMHAMBHYIO
Bepcumio TextNormalizer u3 pazgena «Co3aaHue CBOero npeobpasosatens ans
HOpManu3aumu TEKCTa» B raBe 4, KOTopasi BO3BPALLAeT NnpeacTaBneHne aoKy-
MEHTOB B BM/IE «MELLKA CIIOB»,

3areM ompesiesuM MeTos fit_transform, BBI3BIBAIONINI BHYTPEHHNE METO/BI it
U transform Ha KayKJIOM 9Talle KoHBelepa:

def fit_transform(self, documents):
self.model.fit_transform(documents)

return self.model

Ternepb, Korjia y HaC €cTh BCce He0OXOAMMOE JIJIst CO3/IaHusT KOHBeliepa 0OyJueHwsl,
HaM HYy’KeH KaKOH-HUOY/Ib MEXaHU3M TIPOBEPKH TeM. TeMbl HUKaK He OTMEYaioTCs,
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Uy HaC HeT IIEHTPOUIOB, Ha OCHOBE KOTOPBIX MOKHO ObLIO ObI FeHEPUPOBATH METKH,
KaK 3TO JIEJIAJIOCh B TPUMeEpPE KJIaCTepU3aini MeTooM k-cpeaaux. [loatomy Gyiem
IIPOBEPSITH KAKIYIO TEMY ¢ TOYKHU 3PEHUsT HarOoiee BEPOSITHBIX CJIOB.

OnpesiesiiM MeTO/ get_topics, KOTOPbIiT 1oJrydaeT 13 00beKTa KOHBeiiepa BEKTOPHOE
IPEeCTaBICHUE U U3BJIEKAET IEKCEMBI 13 ero aTpubyTa get_feature_names(). MeToz
BBITIOJTHSIET 0OXO0/[ COAEPKUMOro aTpubyTa components_ Mozesn LDA v st Kaskpoit
TEMBbI BBITIOJIHSIET OOPATHYIO COPTUPOBKY JIEKCEM TI0 BECY, YTOOBI [IEPEMECTUTH B Ha-
YaJIo CIucKa 25 JIeKCeM ¢ CaMBIM BEICOKUM BECOM. 3aTeM COOTBETCTBYIONIHE JIEKCe-
MbI UBBJIEKAIOTCSI U COXPAHSIIOTCS B CJIOBAape topics, KII0OUaMU B KOTOPOM CJIY3KAT
uHeKChl 13 yrca 50 TeM, a 3SHaueHUsAMU — HarOoJIee 4acTo BCTPEYaIOIMecs CJI0Ba,
CBSI3aHHBIE C JaHHON TEMOI.

def get_topics(self, n = 25):

n -- YUCNO NeKcem C HauboNbWUM BECOM B Kaxaon Teme

vectorizer = self.model.named_steps['vect']
model = self.model.steps[-1][1]

names = vectorizer.get_feature_names()
topics = dict()

for idx, topic in enumerate(model.components_):
features = topic.argsort()[:-(n - 1): -1]
tokens = [names[i] for i in features]
topics[idx] = tokens

return topics

Ternepb MOKHO CO31aTh 2K3eMILIISIP SklearnTopicModels U IiepesiaTh KOPITYC JIOKYMeH-
TOB B KoHBeliep. [[pricBomM pe3ymsraT MeTofa get_topics() (cIoBaphb) epeMeHHOH
topics ¥ BBIBEJIEM €T0 COJEPKMMOE Ha 9KpaH, 4ToObI YBUAETh TEMbI U HanboJee
UHGOPMATUBHBIE JIEKCEMBI, COOTBETCTBYIOITHE FIM:

if __name__ == '__main__":
corpus = PickledCorpusReader('corpus/")

lda
documents

SklearnTopicModels()
corpus.docs()

lda.fit_transform(documents)

topics = lda.get_topics()

for topic, terms in topics.items():
print("Topic #{}:".format(topic+1))
print(terms)
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BoT Kak BBITJISUT pe3yabraT paboThl 9TOM IIPOrPaMMBbI:

Topic #1:

['science', 'scientist', 'data', ‘'daviau', 'human', ‘'earth', 'bayesian’,
'method', 'scientific', 'jableh', 'probability', ‘'inference', ‘'crater’,
'transhumanism', 'sequence', 'python', 'engineer', 'conscience',
'attitude’, 'layer', 'pee', 'probabilistic', 'radio’']

Topic #2:

["franchise', 'rhoden', 'rosemary', ‘'allergy', 'dewine', 'microwave’,
'charleston', 'q', 'pike', 'relmicro', '($', 'wicket', 'infant',

't20', 'piketon', 'points', 'mug', 'snakeskin', ‘'skinnytaste’,
"frankie', ‘'uninitiated', 'spirit', 'kosher']

Topic #3:

['cosby', 'vehicle', 'moon', 'tesla', 'module', 'mission', 'hastert’,
‘air', 'mars', 'spacex', 'kazakhstan', 'accuser', ‘'earth', 'makemake’,
'dragon', 'model', ‘'input', 'musk', ‘'recall', 'buffon', 'stage’,
'journey', ‘'capsule']

C npuMmeHeHneM Gensim

B 6ubsimoreke Gensim Toxke eCTh peannsaiust JaTeHTHOTO pa3merieHust JTupux-
Jie, obJIaaIast psjoM HHTEPECHBIX aTpUOYTOB, OTJMYAOIINX €€ OT Peayu3alii
B Scikit-Learn. Haunnas ¢ Bepcun 2.2.0 6ubinorexa Gensim BrJrouaet B cebst y100-
HYI0 00ePTKY /IS CBOeit peansaliy LDAModel ¢ uMeHeM ldamodel.LdaTransformer,
KOTOpas yIpollaeT HHTerpaiuio ¢ konseiiepamu Scikit-Learn.

Yr00BI BOCIIOIB30BATHCS KJIaccoM LdaTransformer n3 Gensim, Hy;KHO CO3/1aTh CBOTO
00epTKy 17ist 00bEKTOB TfidfVectorizer us Gensim, 4ToObI KX MOKHO OBIJIO UCITIO b=
30BaTh BHYTpH KOHBeliepa Pipeline u3 Scikit-Learn. Kimacc GensimTfidfVectorizer
BBITIOJTHAET BEKTOPU3AIINIO IOKyMeHTOB Tepest LD A, a Takike coxpaHsieT u 3arpyskaeT
CIIEIUAJIBHO TTO0OPAHHBIN JIEKCUKOH JIJIST TIOCJIE/LYIOIIETO UCTIOTb30BAHMSI.

class GensimTfidfVectorizer(BaseEstimator, TransformerMixin):

def __init_ (self, dirpath = ".", tofull = False):
MpvHMMaeT nNyTb K KaTanory C JeKCUKoHom B danne corpus.dict
n mogenbkw TF-IDF B daine tfidf.model.

Mepepainte tofull = True, ecnau cnepywwmMm >Tanom ABNSETCA 06bekT
Estimator u3 Scikit-Learn, wuHaye, ecnu cnepywwum 3>Tanom ABnAeTCA
mofenb Gensim, ocTaBbTe 3HayveHue False.

self._lexicon_path = os.path.join(dirpath, "corpus.dict")
self._tfidf_path = os.path.join(dirpath, "tfidf.model")

self.lexicon = None



MogaennpoBaHue TeMaTUKW AOKYMEHTOB 151

self.tfidf = None
self.tofull = tofull

self.load()

def load(self):
if os.path.exists(self._lexicon_path):
self.lexicon = Dictionary.load(self._lexicon_path)

if os.path.exists(self._tfidf_path):
self.tfidf = TfidfModel().load(self._tfidf_path)

def save(self):
self.lexicon.save(self. lexicon_path)
self.tfidf.save(self._tfidf_path)

Ecau momenn yiKe 06yqua, GensimTfidfVectorizer MOXHO MHUIMAJINU3UPOBATH
JEKCUKOHOM U BEKTOPHBIM IIPE/ICTAaBIEHUEM, 3aTPY3UB UX C IMCKa BBI3OBOM METO/1a
load. MBI Tak)Kke TIperycMOTPesu MeTOT save (), YTOOBI TOJIYYUTHb BO3MOKHOCTD CO-
XpaHATh BEKTOPHOE IIpeicTaBIeHNE.

Jlanee peanusyeM MeToz fit(), B KOTOPOM co3aauM 00beKT Dictionary 13 GuG/IMO-
Texn Gensim, mepesaB KOHCTPYKTOPY CIIMCOK HOPMATU30BAHHBIX JOKYMEHTOB.
3areM cozmaauM 0ObeKT TfidfModel Ha OCHOBE CIIMCKA JIOKYMEHTOB, Ka)K/Ibli1 U3 KO-
TOPBIX npeo6pasyeTc51 B MEIIIOK CJIOB C TTOMOIIBIO lexicon.doc2bow. BeisoBem MeTOT
save, 4TOOBI COXPAHUTD JIEKCUKOH U BEKTOPHOE ITPeJICTaBIeHIe Ha [UCK, U, HAKOHEII,
BepHEM CCBLIKY self, kak Toro Tpebyer Scikit-Learn API.

def fit(self, documents, labels = None):
self.lexicon = Dictionary(documents)
self.tfidf = TfidfModel([
self.lexicon.doc2bow(doc)
for doc in documents],
id2word = self.lexicon)
self.save()
return self

Teneps no6aBuM MeTOx transform(). OH co3maer reHepaTop, KOTOPbI B IIUKJe
06XOIUT BCEe HOPMAJIM30BAHHBIE JIOKYMEHTBI M BEKTOPU3YET UX, UCIIOJIb3yst 00y-
YEeHHYI0 MOJIeJib U TMIpe/icTaBIeHue «MelloK CJIOB». Eciau ciaeayonmuM aTanomM
B KOHBeliepe sBJsieTcd Mojie b Gensim, BEKTOPU3aTOP MHUIIMATIU3UPYETCS Tapame-
TpoM tofull = False 1 B pe3yJibTaTe BO3BpaAIlacT pa3peKeHHbIC BEKTOPIHLIE MPE-
CTaBJICHUS JOKYMEHTOB (B BHU/IE TIOCIEIOBATETHPHOCTH 2-2JIEMEHTHBIX KOPTEXKei ).
Ho eciu coreytonim atarnom siBiisieTcst 00beKT Estimator us 6ubsmorexu Scikit-
Learn, 06beKT GensimTfidfVectorizer Jo/KeH MHUIMAIU3UPOBATHCS TTAPAMETPOM
tofull = True, M TOT/Ia METOJ transform IIpeoOpas3yeT pa3peskeHHOe MPEeICTaBIeHNE
B IJIOTHOE JJIsI COXPAaHEHUA B MAaCCUBE np.
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def transform(self, documents):
def generator():
for document in documents:
vec = self.tfidf[self.lexicon.doc2bow(document) ]
if self.tofull:
yield sparse2full(vec)
else:
yield vec
return list(generator())

Teneps, Korja y Hac ectb 00epTKa JJist BeKTopuszaTopa us 6ubsmoreku Gensim, Mbl
MOKeM 00beINHUTD BCE KOMITOHEHTBI B KJIacC GensimTopicModels:

from sklearn.pipeline import Pipeline
from gensim.sklearn_api import ldamodel

class GensimTopicModels(object):

def __init_ (self, n_topics = 50):

n_topics -- xenaemoe 4ucio Tem

self.n_topics = n_topics
self.model = Pipeline([
("norm', TextNormalizer()),
('vect', GensimTfidfVectorizer()),
('model', ldamodel.LdaTransformer(num_topics = self.n_topics))

D

def fit(self, documents):
self.model.fit(documents)

return self.model

W nepenatb B KOHBeliep Halll corpus . docs:

if __name__ == "'__main__':
corpus = PickledCorpusReader('../corpus"')

gensim_lda = GensimTopicModels()

docs = [
list(corpus.docs(fileids = fileid))[Q]
for fileid in corpus.fileids()

1

gensim_lda.fit(docs)

[TomyanTs TeMBbI /17151 TPOBEPKY MOKHO 13 aTara LD A, koTopbrii mpeicTaBieH aTpu-
GyTOM gensim_model ITOCJIE/THETO ATAlla KOHBeepa. BhIBECTH TEMBI U JIECATH CAMBIX
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BJINATEJIbHBIX JICKCEM C UX B€CaMM MOJKHO C ITIOMOII[bIO METO/Z1a ShOW_tOpiCS KJiacca
LDAModel u3 6ubanorexn Gensim:

lda = gensim_lda.model.named_steps[ 'model’'].gensim_model
print(lda.show_topics())

Takke MOJKHO OIIPEIESTUTD CBOIO (DYHKIIHMIO get_topics, IPUHUMAIOILYIO O0YYEeHHY O
MO/IeJib LDAModel 1 BEKTOPU30BAHHbBIN KOPITYC, M BO3BPAIIAIOILYIO CITUCOK TEM C Hau-
GOJIBIINME BECaMU JIJIST KasKIOTO JOKYMEHTa B KOPITyCe:

def get_topics(vectorized_corpus, model):
from operator import itemgetter

topics = [
max(model[doc], key = itemgetter(1))[0]
for doc in vectorized_corpus

]

return topics
lda = gensim_lda.model.named_steps[ 'model’'].gensim_model

corpus = [
gensim_lda.model.named_steps['vect'].lexicon.doc2bow(doc)
for doc in gensim_lda.model.named_steps['norm'].transform(docs)

1
topics = get_topics(corpus,lda)

for topic, doc in zip(topics, docs):
print("Topic:{}".format(topic))
print(doc)

Busyanusauyus tem

[Ipu ncmoIb30BaHNN METOIOB 00yUeHNs Ge3 YUUTEIST YaCcTO TT0JE3HO UMETh BO3-
MOKHOCTb BU3YaJbHOTO IMPE/ICTABIEHNS PE3YJIbTaTOB MOJIEJNPOBAHNUS, TOTOMY
4TO TPAIUITUOHHBIE CIIOCOOBI OIIEHKU KaueCcTBA MOJIETIEN XOPOIIIH TOJIbKO B 33/1a4aX
obyuenust ¢ yunteseM. bosee moapoOHO METO/bI BU3YATINU3AIUH, UCTIOJIb3yeMbIe
IIPU aHAJIU3E TEKCTA, 6y/:[yT 06cy>1</:[aTbc;{ B TJIaBe 8, a 3/1eCh MbI JINIIIb KPATKO pac-
cMoTpuM mpumenenue 6ubanoreku pyLDAVis, npeaHasHaueHHON 15T CO3/IAHMST
BU3YyaJIbHOTO I/IHTep(l)ef/)Ica C IIeJIbIO TTIOMOYb B MHTEPIIPETAIIUN TEM, TTOJTYUYEHHBIX
B pe3yJIibTaTe TeMaTHYeCKOTO MO/IeJINPOBAHNSL.

PyLDAVvis uspiekaer nabopmanuio n3 oOydeHHol TeMaTudeckoit mogenun LDA
1 oToOpakaer ee B MHTEPAKTUBHOM BeO-uHTepdeiice, KOTOPbIil JIETKO MOKHO OT-
KpbITh BHyTpH Jupyter Notebook nim coxparuts B dhaitin HTML. st Busyaimsaryn
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TeM JIOKyMeHTa ¢ momMotpio py LD Avis MOKHO BBITIOTHUTH KOHBeliep BHYTpH Jupyter
Notebook, kak moxazano Huxe:

import pyLDAvis
import pyLDAvis.gensim

lda = gensim_lda.model.named_steps['model'].gensim_model

corpus = [
gensim_lda.model.named_steps['vect'].lexicon.doc2bow(doc)
for doc in gensim_lda.model.named_steps['norm'].transform(docs)

]

lexicon = gensim_lda.model.named_steps['vect'].lexicon

data = pyLDAvis.gensim.prepare(model,corpus,lexicon)
pyLDAvis.display(data)

Cnavajyia Hy;KHO BBI3BAaTh OCHOBHOU MeTO[ pyLDAvis.gensim.prepare, KOTOPBII
npunnMaeT Mozesab LDA, BEKTOPM30BaHHBIN KOPITYC U TIOPOKAEHHBIN JTEKCUKOH,
a 3aTeM BbI3BaTh METOJ display, YTOOBI CO3/aTh BU3YATIbHOE MPEICTABJIEHIE, 110~
106HOEe n306pakeHHOMY Ha puc. 6.11.

Selected Toplc: 3 Previous Tople | Next Tople || Clear Topie Slide to adjust relevanca metric:(2) | |
A=0.94 on oz o4 s a8 1
Intertopic Distance Map (via multidimensional scaling) Top-30 Most Relevant Terms for Topic 3 (5.7% of tokens)
a 00 1,000 1.500 2.000

2

Masginal iopis detsbution
Coversll berm iregency

2% I £t term recency wittin e seiectec g

Losaliensyiieem wi = Foguencyinl * fsum 1ol Lwi * loglett | wiOl] for josca 1 see Chuacg oL al (2012
2. smimsancedtenm w | iopic 1= b " plw | 1]+ (1 - A) " plar| Dindwl: son Savert & Shirey (201£]

Puc. 6.11. IHTepaKTMBHOE BM3yasibHOE MPeACTaB/eHNE TEMATUUYECKOW MOLENN,
NoJsTly4YeHHoe C nomolLLbio pyLDAvis
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JlaTeHTHO-CEMaHTUYeCKUA aHanus3

Jlamenmmuo-cemanmuuecxkuit anamus (Latent Semantic Analysis, LSA) — oo perenue
Ha OCHOBE BEKTOPOB, BIIEPBBIE MTPE/JIOKEHHOE JIJIs1 TEMATHYECKOTO MOJIETUPOBAHUS
Jlupsectepom (Deerwester) ¢ kosuteramu B 1990 r.!

B orsmmume ot rateHTHOTO pasMelteHust npuxiie, n3BIEKAOIIEro TeMbI U3 JOKYMEH-
TOB, KOTOPBIE 3aTeM MOKHO NCIIOJIb30BATh JIJIS KJIACCU(MUKAIINHT IOKYMEHTOB 10 J10JIe
TeMAaTUYeCKUX CJIOB B HUX, JJATEHTHO-CEMAHTUYECKIH aHATN3 TTPOCTO OTBICKUBAET
TPYTIBI TOKYMEHTOB € OIMHAKOBBIME cioBamMu. Meton LSA ma tematnyeckoro
MOZIETTMPOBaHUS (TaKKe M3BECTHBIN KaK JAMEHMHO-CEMAHMUUECKOEe UHOEKCUPO -
sanue — Latent Semantic Indexing) omnpesesisier TeMbl BHYTPH KOPITyca, CO3/1aBast
PaspekeHHYI0 MaTPUILY «JIEKCEMBbI/IOKYMEHTDBI», T7le CTPOKAMHU SIBJISTIOTCSI JIEKCEMDI,
a crosbriamMu — goKyMeHTbl. Kaskoe 3nauenne B MaTpHIle COOTBETCTBYET YaCTOTE
BCTPEYAEMOCTH IAHHON JIEKCEMBI B IAHHOM JIOKYMEHTE 1 MOKeT HOPMAJIM30BaThCs
c momotpio TF-IDFE 3atem k MaTpuite MO;KHO TPUMEHUTD METOT CUH2YAAPHOZ0 PA3-
nodxcenust (Singular Value Decomposition, SVD) miist ee pasiioskeHust Ha MaTPHUILbI,
[PECTABIISIONTIE COG0I KOMOMHAIINHU «JIEKCEMbI/TEMBI», BAKHOCTD TEM ¥ «TE€MbI/
JIOKYMEHTDI».

Kopryc MosHo Nipe/iCTaBuTb B Bifie 3aTeM METOF0M CUHTYAPHOTO PasodeHH
MaTpHLbl <T1EKCeMbl/ZIOKYMEHTbI VI3BTIEUb 13 Hee TPV MaTpULbl
JOKYMeHTI Tembl
JOKYMEHTBI

o)

5 z BaXHOCTb 5
g =g X X :
= = Tem &

=

Puc. 6.12. JlaTeHTHO-CEMAHTUYECKMI aHanu3

[To mpou3BOAHOI AUATOHAIBHON MATPUIE BA)KHOCTEH TEM MOKHO OTIPE/ETUTh,
KaKe TEMbI SIBJISTIOTCSI HanboJiee BaKHBIMU B KOPITYCE, ¥ YIAJIUTh CTPOKHU, COOTBET-
CTBYIOIIIE HAMMEHee BAKHBIM TeMATUYeCKIM JlekceMaM. [1o ocTaBImiMest cTpokam
(71ekceMbl) 1 cTosIOnaM (JIOKYMEHTBI) MOKHO OTIPEAEUTh TEMbI, UMEIOIINe Hau-
GOJIBINNI BEC Ba)KHOCTH.

! Scott Deerwester, Susan T. Dumais, George W. Furnas, Thomas K. Landauer, and Richard

Harshman, Indexing by Latent Semantic Analysis (1990), http://bit.ly/2JHWx57
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C npuMmeHeHueM Scikit-Learn

YTo6B! BBITIOJIHUTD JIATEHTHO-CeMaHTUYECKU aHammn3 ¢ noMonibio Scikit-Learn,
CO3/IaINM KOHBeliep, KOTOPBIIT HOPMaJU3YeT TEKCT, CO3/IA€T MATPUILY «JIEKCEMbBI/
JIOKYMEHTBI» C IIOMOIIIbIO CountVectorizer u meperaeT ee Kaaccy TruncatedSVD,
peausyioneMy CUHTYJ/IsIpHOE pasJioxenue. Peanusarnus B Scikit-Learn Boramciisiet
TOJIBKO R HAMOOIBINTNX CUHTYJISIPHBIX 3HAYEHNUH, T/ie B — 9TO rutiepnapameTp, KOTo-
PBII MBI JIOJIZKHBI OTIPEIEUTh yepe3 aTpuOyT n_components. K cuactbio, Ham 11ouTH
HUYETO He TPUIETCS eaTh, MbI JTUIITh MI3MEHNM HEMHOTO MeTOJl __init__ Halero
KJacca SklearnTopicModels!

class SklearnTopicModels(object):
def __init_ (self, n_topics = 50, estimator = 'LDA'):

n_topics — xenaemoe Konu4yecTBO TeMm

YTO6bl BHIMOAHUTL NIATEHTHO-CEMaHTUYECKWUIA aHaNn3, HYXHO NMPUCBOUTL
napameTpy estimator cTpoky 'LSA', moTOMy 4TO MHa4ye MO YMONYaHWI0
6yfeT BbiNONHEHO NaTeHTHoe pa3meweHue Aupuxne ('LDA').

self.n_topics = n_topics

if estimator == 'LSA':
self.estimator = TruncatedSVD(n_components = self.n_topics)
else:
self.estimator = LatentDirichletAllocation(n_topics =
self.n_topics)

self.model = Pipeline([
('norm', TextNormalizer()),
('tfidf', CountVectorizer(tokenizer = identity,
preprocessor = None, lowercase = False)),
('model', self.estimator)

D

OpurnHajibHble MeTO/bI fit_transform 1 get_topics, KOTOpbIie OBLIN OIpee-
JIEHBI B peajin3allii JaTeHTHOro pasmerienust Jupuxie ¢ npumenenuem Scikit-
Learn, He TpeGyiOT M3MEHEHWIT [I7isT HOPMATbHOU PabOThI B OOHOBIEHHOM KJIacce
SklearnTopicModels. biarojiapsi 9ToMy JIerKO MOXKHO ITEPEKII0YATHCA MEXK/TY ABYMS
AJITOPUTMAMU, YTOOBI OIIPEIEIUTh, KAKOI U3 HUX JaeT JIydllie Pe3yIbraThl B KOH-
TEKCTe HaIlero IIPUIOKEHN U KOPITyca JOKYMEHTOB.

C npuMeHeHuneM Gensim

Jlobasienue MOAEP/KKY JIATEHTHO-CEMAaHTUYECKOTO aHan3a B KjIacc GensimTo-
picModels oCyIIeCTBJISIETCS TIOUTH Tak ske. M bl cHOBa 3ajielicTByeM TextNormalizer
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1 GensimTfidfVectorizer, KOTOpBIE UCTIOIH30BAJINCH B KOHBEMEPE JJATEHTHOTO pa3-
Mmerenust J{upuxiie, u B KoHerl 106aBiM 00epTKy LsiModel u3 Gensim, OCTYIIHYIO
B MOJZlyJie gensim.sklearn_api Kak lsimodel.LsiTransformer:

from gensim.sklearn_api import lsimodel, ldamodel
class GensimTopicModels(object):
def __init_ (self, n_topics = 50, estimator = 'LDA'):

n_topics — xenaemoe KONUYECTBO Tem

YTO6bl BHINOAHUTbL NATEHTHO-CEMaHTUYECKWUIA aHaNn3, HYXHO NPUCBOUTL
napameTpy estimator cTpoky 'LSA', moToMy 4TO MHa4ye MO YyMONYaHWI0
6yneT BbINOJIHEHO NaTeHTHoe pa3MmelleHue [upuxne ('LDA').

self.n_topics = n_topics

if estimator == 'LSA':
self.estimator = lsimodel.LsiTransformer(num_topics
self.n_topics)

else:
self.estimator = ldamodel.LdaTransformer(num_topics
self.n_topics)

self.model = Pipeline([
("norm', TextNormalizer()),
('vect', GensimTfidfVectorizer()),
('model', self.estimator)

D

Tenepb J1eTKO MOKHO HEPEKJII0YATLCS MEXK/LY IBYMS aJITOPUTMAaMU, MEHssI 3HaYeHNe
MMEHOBAHHOTO apryMeHTa estimator.

HeoTpuuaTenbHoe MaTpUUYHOE passioKeHue

Eue ogun npuem obyderust 6e3 yuuTesisi, KOTOPbIi MOKHO MPUMEHSTH JJIst Te-
MaTHYECKOTO MOJIETUPOBAHUS, — HEOMPUYAMENbHOE MAMPUUHOE PA3TLOJCEHUE
(Non-Negative Matrix Factorization, NNMF). Briepsbie nipesiioskennbiii [lentTn
[MTaatepo (Pentti Paatero) u Yurto Tammmepom (Unto Tapper) B 1994 r.! u oty isipro
onucanHbiil B ctatbe Nature [lanuenom Jlu (Daniel Lee) u Cebactbsinom CeyHrom
(H. Sebastian Seung) B 1999 .2, Metox NNMF nmMeer MHOKECTBO MPAKTHYECKUX

! Pentti Paatero and Unto Tapper, Positive matrix factorization: A non-negative factor model with
optimal utilization of error estimates of data values (1994), http://bit.ly/2GOFdIU

2 Daniel D. Lee and H. Sebastian Seung, Learning the parts of objects by non-negative matrix
Jfactorization (1999), http://bit.ly/2GIBIV5
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MIPUMEHEHUH, BKITIOUasl CIIeKTPATbHBIN aHAIN3 TAHHBIX, COBMECTHYIO (DUJIBTPAITUIO
NI peKOMEeHIAaTeTbHBIX CUCTeM U u3BJiedeHue TeM (puc. 6.13).

I[Tpumenenne NNMF n1g TemaTrdeckoro Mo/ile TMpOBaHUS Mbl HAUHEM C TPeJI-
CTaBJIEHUS KOPITYyCa B BU/I€ HOPMAJIM30BAHHON MATPUIIbI «JIEKCEMbI/TOKYMEHTBI»,
KaK 9TO [1eJIaIOCh B JATEHTHO-CEMAHTUUECKOM aHajiu3e. 3aTeM Pa3JI0KUM 3Ty
MaTpPUITy Ha JBe, MPOU3BeeHNE KOTOPBIX allPOKCUMUPYET OPUTUHAJ, TaK ITO-
Obl Kask/0€e 3HaueHne B 06enx MaTpuiiax OblIo HeoTpuiaTebHbIM. [ToydeHHbIe
MaTPHUITEI UTIOCTPUPYIOT TEMBI, UMEIOTIHE TIOJIOKUTETbHbBIE CBSI3U C JIEKCEMaMU
U TOKYMEHTaMHU B KOPITyCe.

Kopnyc moxHo npeactaBuTb 3aTem MeToZI0M HEOTPULIATENHOTO MaTPIYHOrO
B Buze TF—IDF-Hopmani30BaHHoi Pa3/OKEHVIA U3BNIEUb 1Ba MHOXUTENS,
MTPULIbl <TIEKCEMbl/IOKYMEHTb 1> MPOVI3BEAICHIAE KOTOPbIX AMMPOKCUMMPYET OPUTMHAN
JIOKyMEHTbI Tembl
JIOKYMEHTbI
z _
Z ~ % [
&

Puc. 6.13. HeoTpuuaTtenbHoe MaTpMyHOE pasnoXeHue

C npuMmeHeHuemM Scikit-Learn

HeotpumnarenbHoe MmaTpudHoe pasiokenne B 6ubiaroreke Scikit-Learn peaiusyer
KJ1acc sklearn.decomposition.NMF. HeMHOro Mm3MeHMB MeTO/I __init__ HaIero Kjac-
ca SklearnTopicModels, Mbl Jierko MoxkeM peasinzoBaTb NNMF B Haniem konBeiiepe
6e3 Kakux-J1100 JAPYruxX U3MEHEHHIT B KOJIE:

from sklearn.decomposition import NMF
class SklearnTopicModels(object):

def __init_ (self, n_topics = 50, estimator = 'LDA'):
o
n_topics — xenaemoe KO/NMYECTBO TeM
YTO6bl BbINOMHUTL NIATEHTHO-CEMAaHTUYEeCKUA aHaNNU3, HYXHO MPUCBOUTH
napameTpy estimator cTpoky 'LSA'.
YTo6bl MCNONBb30BaTb HEOTpULATENbHOE MAaTpUYHOE pa3/IoKeHUE, HYXHO
npucBouTb napameTpy estimator cTpoky 'NMF', uHa4e no ymonyaHwuio
6yfeT BbiNONHEHO NaTeHTHoe pa3meweHue Aupuxne ('LDA').

self.n_topics = n_topics
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if estimator == 'LSA':

self.estimator = TruncatedSVD(n_components = self.n_topics)
elif estimator == 'NMF':

self.estimator = NMF(n_components = self.n_topics)
else:

self.estimator = LatentDirichletAllocation(n_topics =
self.n_topics)

self.model = Pipeline([
("norm', TextNormalizer()),
("tfidf', CountVectorizer(tokenizer = identity,
preprocessor = None, lowercase = False)),
('model', self.estimator)

D

WNTax, xakoit aIropuT™M TeMaTUuecKoro Mo/ieJIMpoBanns jgy4diie? Kak nmokaspiBaer
OH]:)IT1, METO/ LSA WHOT DA Jydllne MOAXOAUT JIJId BbIABJEHUA ONMMCATEJbHBIX TEM,
9TO MOJIE3HO B CITYYAsIX, KOT/IA eCTh O0JIee IIMHHbIE IOKYMEHTDI 1 60JIee PACCEsTHHBIE
kopirychl. C IpyToil CTOPOHBI, JTaTeHTHOE pa3MeltieHre J[npuxiie n HeoTpurateabHoe
MaTpUYHOE Pa3JIokKeHe MOTYT IaBaTh 00Jiee Ka9eCTBEHHBIE PE3Y IbTATHI B BbISIBJIE-
HHHW KOMIIAKTHBIX T€M, 4TO IIOJIE3HO AJId CO3JaHUA KOPOTKUX METOK.

B xoneunoM cueTe kKauyecTBO MOJZIeJIN BO MHOIOM 3aBUCUT OT KOPILyca U IieJsieil IIpu-
noxxenust. Terepb y Bac ecTb Bce He0OOXOIMMbIe HHCTPYMEHTBI [IJIsT 9KCIIEPUMEHTOB
C HECKOJIbKUMU MOJIEJIAMU, U Bbl CAMM CMOZKETE OIPE/E/UTD, KaKasd U3 HUX JaeT
JIy4IIIe pe3yJibTaThl B BaleM ciyydae!

B 3ak1roueHue

B a10ii ri1aBe Mbl yBuUzIEIH, 4TO 00y Ueriie Ge3 yUUTes MOJKET OKA3aThCsI HETPOCTHIM
JIEJIOM U3-32 OTCYTCTBUSI HAIE)KHOTO CIIOCO0a OIEHUTh KauecTBO Mojiesu. Tem He
MeHee CYIIeCTBYIOT METO/IbL, [I03BOJISIONME KOJTMYECTBEHHO OIICHUTD CXO/ICTBO JI0-
KYMEHTOB, KOTOPbIE MOTYT OBICTPO 1 9(h(HeKTUBHO 06pabaThiBaTh GOJIBIITHE KOPITYCHI
U [IPEJICTaBJISATh NUHTEPECHYIO U aKTyasIbHY10 MH(GOPMAIIHIO.

Kax yske roBopusioch, Metos k-cpeaaux — 970 3(hHEKTUBHBII 1 YHUBEPCATHHBII
METO/I KJIACTEPU3AITIH, KOTOPBIH XOPOIIIO MACIITaGUPYeETCst 117151 00pabOTKU OOIBIITIX
KOpITycoB (B 4acTHOCTH, ecyin ucnonb3yetcs peasnsannuss NLTK ¢ kocunycHpim
paccTrosHIeM Win MiniBatchkMeans u3 Scikit-Learn), oco6eHHO ecin KJIacTepoB He
OY€Hb MHOTO 1 TEOMETPHSI HE CJIMIITKOM CJI0KHA. B cirydasix ¢ GOJIbIITIM KOJUYECTBOM

! Keith Stevens, Philip Kegelmeyer, David Andrzejewski, and David Buttler, Exploring Topic
Coherence over many models and many topics (2012), http://bit.ly/2GNHg11
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KJIAaCTePOB U MeHee PABHOMEPHO paciipeieIeHHbIMU JaHHBIMU XOPOIIel aJbTepHa-
THUBOH MOXKeT 0Ka3aThCs arJoMepaTHBHAs KIacTepu3aliusl.

MbI TaksKe y3HaIH, 4TO 7151 9HEKTUBHOTO 0600IIEHNsT KOPITyca JOKYMEHTOB Oe3
METOK 4acTo TpebyeTcsi He TOJIbKO MpeBapuTebHast KJaaccupuKaIus, Ho U METO/
OTIMCAHUI KaTeropuil. ITO feaeT TeMaTUYeCcKoe MOJeTUPOBAHNE — METOIOM
JIATEHTHOTO pa3Metnenus /[upuxiie, TaTeHTHO-CEMATUIECKOTO aHAMN3a UJIN HEOT-
PUTIATETLHOTO MATPUIHOTO PA3JI0KEHUSI — ellle OJHUM BaKHBIM MWHCTPYMEHTOM
B apceHaJe IPUKJIAJHOr0 aHAJIM3a TEKCTOB Ha eCTECTBEHHOM SI3BIKE.

Kiactepbl MOTYT CTaTh OTJIMYHON OTIIPABHOM TOYKOI /11T aHHOTUPOBaHUsT Habopa
JIaHHBIX C TEJIIO TATbHEHIIeT0 MPUMEHEHUsT METO0B 00yueHus ¢ yuanteaeMm. Cos-
JaHne KOJJIEKITUH MOX0KUX JOKYMEHTOB MOXKET TIPUBECTH K CO3/IAHUIO CIOKHBIX
CTPYKTYP, TAaKMX KaK OTHOIIEHUS B rpade (KOoTopble MBIl YBUJUM B TJaBe 9), crio-
COOCTBYIOIINX YBeINYeHII0 9(hheKTUBHOCTH OCIEYIONIEro aHau3a. B riraBe 7 Mbl
1opoOHEEe PACCMOTPUM HEKOTOPbIE GoJiee COBEPIIIEHHbBIE CTPATET I KOHCTPYHPOBa-
HIS KOHTEKCTHBIX MPU3HAKOB, KOTOPbIE TIO3BOJISAT HAM BBISIBUTH HEKOTOPBIE U3 9TUX
CJIOJKHBIX CTPYKTYP ¥ CllesIaTh MojieiupoBanie 6osee a(hHeKTUBHBIM.



KOHTeKCTHO-3aBUCUMbIN
aHaJIM3 TeKCTa

Moyenn, KOTOpbIe BbI BUJIEJUW BBIIIIE B ATOM KHUTE, UCIIOJb3YIOT METO/] aHAJIM3a
TEKCTA KaK MEeUKa CJ108, KOTOPbIIA MMO3BOJISIET UCCIEI0BATH OTHOIIEHUS MEXK/ILY JI0-
KyMEHTaMH, COIEP/KAIINMU OJMHAKOBbIE HAGOPHI U3 OTAEIbHBIX CJIOB. ITO OYEHb
MIOJIE3HO, I MBI IEHCTBUTENBHO BUIEN, UTO OIIEHKA 9aCTOTH BCTPEYAEMOCTH JIEKCEM
MOsKeT ObITh 0OYeHb a(hPEeKTUBHA, KOT/Ia CJI0Baph TEPMUHOB KOHKPETHON 06J1acTH
WJIA TEMBI JI0CTATOYHO OOraT, 4TOOBI MOKHO OBLJIO OTIPENEUTh TIPUHAIEKHOCTD
WJIM HETIPUHAJIJIEXKHOCTD K HEll JIPYyTroro TEKCTa.

OIIHaKO [0 CUX IIOP MbI HE YUYUTBIBAJIN KOHMEKCN ITI0ABJIEHUA CJI0B, KOTOPBIIL/,Iy KaK MbI
3HAEM I10 OIIBITY, UTPAET BaKHY1O POJIb B II€PpE/lad€ CMbICJIA. PaCCMOTpI/IM ciaenyromie
(l)paBI)IZ «OHa JIIOOUT 3a1ax PO3» U «OHA ITaXHET PO3aM1». Ecini ncnosb3oBaTh IIpUEMbI
HOpMaJIn3allnuu, MpeACTaBJI€HHbIE B IPEAbIAYIINUX I'JIaBaX, TAKNE KaK ya/IEHUE CTOII-
CJIOB 1 JieMMaTu3alysd, 3TN /IBa BbICKa3bIBaHUA IIPEBPATATCA B UACHTUYHBIE BEKTOPbI
MENIIKOB CJIOB, XOTA B JECTBUTEIBHOCTN UMEIOT COBEPHIEHHO paSHbeI CMBICJI.

JTO He 3HA4YUT, 4TO MOo/JeJin, pa6OTaIOHII/I€ C IIpeACTaBJICHUAMUN TUIla MEIIIOK CJIOB,
MOJKHO TIOJTHOCTBIO COPOCHUTD CO CYETOB — Ha CAMOM JIeJIe TaKUe MOJAETH OOBIYHO
OUYeHb TOJIe3HbI Ha HAYaJbHOM 3Talle aHaanu3a. Kpome Toro, kagecTBo Heahek-
THUBHBIX MOZLeJIefI HEPEeAKO MOKXHO 3HAYUTEJIbHO YJIYUYIIUTD, lIO6aBI/IB n3BJjIeHeHNE
KOHTEKCTHBIX MPU3HAKOB. OIH MPOCTOH, HO d(D(MDEKTUBHBII TIOXO 3aKITI0YAETCST
B JIONIOJTHEHUT MOJIEJIEN 2pamMMamuxamu J7ist CO3aHsI iabJIOHOB, KOTOPbIE TIOMOTY T
AKIEHTUPOBATHCS Ha OIPEIe/JeHHbIX THIIAX (pas, Iepesaloiux OoJIblie HIOAHCOB,
YEeM OTZEJIbHbIC CJI0OBA.

9Ty TJ1aBy Mbl HQUHEM C UCITOJIb3OBaHUWA I'PAMMaTUKU JIAd U3BJI€YECHUA U3 JOKYMEH -
TOB KJlto4esvlx ¢pa3. 3aTeM Mbl uccjiefyeM mpuMeHeHune n-2pamm s BbIsABJICHUA
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BAIICHBLX CIOBOCOUEMANUL, KOTOPbIE MOKHO UCTIOIB30BATh JIJIs1 PACIINPEHUS MOJIE/IN
MelllKa cJ10B. Hakomel, Mbl I0CMOTPUM, KaK MOXKHO PaCIIUPUTDL MOJe/Ib Ha OCHOBE
1-TPaMM C NCTIOJIb30BAHNEM OIIEHKH YCI0BHOZ0 PACNPEOCSeHUS UACTNOM, C2IANCUBAHUSL
1 6036PaMO8, ITOOBI TIOJIYIUTH MOJIENTb, CIOCOOHYIO TeHEPHPOBATH SI3BIK, — BAKHBII
9JIeMEHT MHOTHX IIPUJIOKEHNH, BKITIOUast MAIIMHHBIN TIEPEBOI, 4aT-O0ThI, HHTEJLIEK-
TyaJIbHOE aBTO/IOIIOJIHEHUE U MHOTHE JIpYTHE.

U3BneyeHue NnpusHaKoB Ha OCHOBe
rpaMMaTUKM

IpamMmaTmueckre nMpu3HaAKM, TaKWe KaK YaCTU PEUH, MTO3BOJISIOT 3aKOAUPOBATH
JOMOJIHUTENbHY0 WH(MOpMauio o si3bike. OpHuM u3 Harbosee 3(hhHeKTUBHBIX
CII0COOO0B yJIyUIIEHUST Ka4eCTBA MOJIEJIU SIBJISIETCS] BHEAPEHWE ZDAMMAMUK W Nap-
cepos ISt CO3/IaHsT 00IETYeHHBIX CHHTAKCUIECKUX CTPYKTYP, HETIOCPEICTBEHHO
3aTparuBaloONNX IMHAMITYECKIE KOJIEKITUHI TEKCTa, KOTOPbIe MOTYT UMETh HOJIb-
nroe 3HaYeHue.

Y106l OMYYUTh WHGOPMAIIIIO O sI3bIKE, Ha KOTOPOM HAlMCaHO MPeJIoKeHne,
HaM MoHaA00UTCss HAGOP TPAMMATHYECKUX MPABUJI, OIMPEAETSIONIMX KOMIOHEHTBI
BepHO O(hOPMJIEHHBIX TTPEIOKEHIH Ha 3TOM SI3BIKE — BOT UTO JIA€T 2PAMMAMUKA.
Ipammarika — 910 HAGOP MPaBUJI, OMIUCHIBAIOIINX, KAK CHHTAKCUYECKIE €JNHUIIbI
(nipeptoskenus, bpasbl U T. JI.) B SI3bIKE JIOJCKHBI JIEJIUTHCS HA COCTABJISIONINE X
aneMeHThL. BOT HeCKOJIbKO MPUMEPOB TAaKUX CUHTAKCUYECKUX KaTeTOPUIi:

Cumson CuMHTaKCH4YecKas KaTeropums

S Mpepnoxenue (Sentence)

NP MmeHHoe cnosocoyeTanume (Noun Phrase)
VP naronbHoe cnosoco4eTaHue (Verb Phrase)
PP MpeanoxHoe cnoBocoyeTaHue (Prepositional Phrase)
DT Onpepensiowee cnoso (Determiner)

N CywectsutenbHoe (Noun)

\ Inaron (Verb)
ADJ] MpunaratensHoe (Adjective)

P Mpeanor (Preposition)

TV MepexoaHbiii rnaron (Transitive Verb)

v HenepexoaHbiit rnaron (Intransitive Verb)
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KOHTeKCTHO-CBO60AHbIE T PAaMMaTUKH

C OMOII[BIO0 TPAMMAaTHK MOKHO OIIPEAEINTh Pa3HOOOpasHble paBuia s COOPKH
dbpas wau GpparMeHToB U3 yacreil peun. Konmexcmmo-ce0600nas epammamura —
3TO HabOP MPaBUJI OObEAMHEHUST CHHTAKCUYECKUX KOMIIOHEHTOB B OCMbICJICHHbBIE
crpoku. Hampumep, nMenHoe cioBocoderanme «the castle» (3amok) BrIO9aeT
onpenessioniee caoBo (obo3Hauaemoe terom DT u3 Habopa Penn Treebank)
u cymecrsurenabnoe (N). Ipemnoxuoe caosocoderanue (PP) «in the castle»
(B 3amKe) BrJouaeT npeasor (P) U uMeHHoe cioBocodetanue (NP). ItaronbHoe
cioBocoueranue (VP) «looks in the castle» (3aryisinys B 3aMOK) BKJIOYAEeT riaroJi
(V) u npemsioskuoe ciaoBocouetanue (PP). IIpemnoskenue (S) «Gwen looks in the
castle» (I'Ben 3arisiHyJia B 3aMOK ) BKJII0OYaeT UMst co6cTBeHHOE (NNP) U TJIaroJibHOe
croBocodetanwue (VP). Vcrmonb3ys aTh Terw, MOKHO OTTpe/iesIITh KOHTEKCTHO-CBO-
6OIHYI0 TPAMMATHKY:

GRAMMAR = """
S -> NNP VP
VP -> V PP
PP -> P NP
NP -> DT N
NNP -> 'Gwen' | 'George'
V -> 'looks' | 'burns'
P -> 'in' | 'for'
DT -> 'the'
N -> 'castle' | 'ocean'

B 6ubmmorexe NLTK ecth 06beKT nltk.grammar . CFG, ONpeIe/IsONIi KOHTEKCTHO-
CBOOOJIHYIO rPAMMATHKY M B3aMMOCBSI3U MEXK/Y Pa3HBIMU CHHTAKCHUYECKUMU dJIe-
MeHTaMK. MBI MOJKEM HCII0Ib30BATh ITOT OOBEKT JJIs [IAPCUHTA HAIIEH TPAMMATUKI:

from nltk import CFG
cfg = nltk.CFG.fromstring(GRAMMAR)

print(cfg)
print(cfg.start())
print(cfg.productions())

CvHTaKcuuyeckue napcepbl

Tenepp, KOT/1a y HAC UMEETCS TPAMMATUKA, HAM HYKEH MEXaHW3M, BBITTOJHSIOIIHIT
CUCTEMAaTUYECKU MOUCK OCMBICTEHHBIX CUHTAKCUIECKUX CTPYKTYP B KOPIIYyCE;
MeXaHW3M, UTPAIOIIIH 3Ty POJIb, HA3BIBAIOT napcepom. Ecam rpaMMaTiKa ompe/e-
JIeT KPUTEPHUI MOMCKA «OCMBICIECHHOCTH» B KOHTEKCTE HAIIETO SA3BIKA, TO Mapcep
BBITIOJIHAET TIoUCK. Cunmarxcuyeckuil napcep — aTo MPOTPaAMMHBIN KOMIIOHEHT, KO-
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TOPBIiT TpeoOpasyeT MPe/JIoKEHUs B IEPEBO CHHTAKCUIECKOTO aHAJIN3a, COCTOSIIIEE
13 NepapXuIecKux 2JIEMEHTOB, UJIN CUHTAKCUYECKIX KaTeTOPUil.

Korma mapcep BcTpeyaeT IIpeiyioskeHne, OH IIPOBEPSIET COOTBETCTBUE €0 CTPYKTY-
PBI U3BECTHOI TPAaMMAaTHKE M, €CJIM TAKOE €CTh, BBITIOJIHSIET MAPCUHT TIPE/IJIOKEHUS
COTJIACHO TIPABUJIAM ATOI IPAMMATHKH, TPOU3BO/IS IEPEBO CHHTAKCHYECKOTO aHa-
ausa. Ilapcepsl 4acTo UCHONb3YIOTCS JUJIsL BbISBJIEHUS BasKHBIX CTPYKTYP, TAKUX
KaK CyObeKT 1 0OBEKT JeHCTBUS B MPEIOKEHNHT N OCJIE0BATENBHOCTH CJIOB,
KOTOPbI€E JIOJKHBI OBITH CTPYIIITMPOBAHDI B KaXK/I0I CHHTAKCUIECKON KaTeropuu.

Cnauasma onpeie MM TPaMMaTUKY GRAMMAR [1715 BBISIBJICHUS B TEKCTE TIPEIJIOKEHUT,
COOTBETCTBYIOIINX MTA0JIOHY CJICIOBAHS YACTEN PEUH, & 3aT€M CO3/Ia M IK3EMILIISIP
RegexpParser u3 NLTK, ucrosb3yionuii Haliry rpaMMaTUKY 715 IeJIeHUS TeKCTa Ha
¢parmenThr:

from nltk.chunk.regexp import RegexpParser

GRAMMAR r'KT: {(<3I>* <NN.*>+ <IN>)? <JI>* <NN.*>+}'
chunker = RegexpParser(GRAMMAR)

B mannoM ciryuae GRAMMAR — 9TO peryJsipHOEe BbIpakeHue, KOTopoe OyeT uc-
MOJTb30BAThCs TAPCEPOM RegexpParser /ISt CO3/IaHusT iepeBbeB ¢ MeTKoil KT (key
term — BaxkHbIil TepmuH). Hanr axseMiuisap chunker Gyaer uckath (pasbl, Ha-
YMHAIONIMECs ¢ Heo0sA3aTeIbHOTO KOMIIOHEHTA, BKJIIOYAOIIEro HOJIb MIn Oojiee
[pUJIaraTeJbHbIX ¢ OJHUM MU HECKOJbKUMHE CYIIECTBUTENbHBIMKI PA3HOTO B
u npejsioramu. Bestes 3a HeoOs13aTeIbHBIM KOMITOHEHTOM MOTYT CJIE[OBATH HOJIb
nin GOJTBIIE MPUJIATATETbHBIX U OTHO UK OOJIee CYIeCTBUTETbHBIX JII0O0T0 BUJIA.
IToii rpaMMaTHKe COOTBETCTBYIOT Takue (Gpasbl, Kak «red baseball bat» (kpacruas
Geiicbonbras 6urta) uan «United States of America» (Coenunennbie IItaro
Amepukn).

PaccMoTpriM mpumMep mpeiokeHus u3 HoBocteit o beiic6oire: « Dusty Baker proposed
asimple solution to the Washington National’s early-season bullpen troubles Monday
afternoon and it had nothing to do with his maligned group of relievers» ([lactu
Beiikep npeioKuiI B MOHEIETbHUK THEM ITPOCTOE PelieH e MPobJIeM ¢ MoaqaMu,
npeceIoBaBIInX KoMaHy «Bammarron Hamrxiics B Hauase ce30Ha, U OHO He CBsI-
3aHO C €T0 IPYIIIO PACKPUTHKOBAHHBIX TTUTYEPOB).

(S
(KT Dusty/NNP Baker/NNP)
proposed/VBD
a/DT
(KT simple/JJ solution/NN)
to/TO
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the/DT
(KT Washington/NNP Nationals/NNP)
(KT
early-season/J3J
bullpen/NN
troubles/NNS
Monday/NNP
afternoon/NN)
and/CC
it/PRP
had/VBD
(KT nothing/NN)
to/TO
do/VB
with/IN
his/PRP$
maligned/VBN
(KT group/NN of/IN relievers/NNS)
1Y)

o TpeIoKeH e OO pasjiesieHo Ha mrecTb (pas, Briodast: «Dusty Bakers, «early-
season bullpen troubles Monday afternoon» u «group of relievers».

N3BneueHmne knroueBbix ¢ppas

Ha puc. 4.8 usobpasxken KoHBeliep, BKIIOYAOMIMI dTaln 0ObeAMHEHNs TPU3HAKOB
C UCMOJB30BAHNEM KJIACCOB MU3BJIEUECHUS KJIOUEBBIX (hpa3 U CYIIHOCTeH — Key-
phraseExtractor u EntityExtractor. B aToM paszesne MBI peasnsyeM KJacc Key-
phraseExtractor, IpeoOpas3yoIHii JOKYMEHTHI B TPE/ICTABIEHIE BU/IA «METIOK (hpas».

Kniouesvie mepmunvt v ppasvl, conepxRainiyecs: BHyTPU KOPITYCa, 4aCTO TIO3BOJISTIOT
MOJTy4aTh MPe/CTaBIeHIE O TeMe AaHAJIN3UPYEMBIX IOKYMEHTOB MJIN O CYTITHOCTSX,
coziepskammxcs B HUX. V3Biedenne KiroueBbIX (hpas 3aKII0vaeTCs B NACH TH(DUKATITN
U BbijieJIeHnN (ppa3 IMHAMUYECKOTO pa3Mepa, YT0ObI OXBATUTh KaK MOKHO OOJIbIIe
HIOAHCOB B TeMax JIOKYMEHTOB.

Haw knacc KeyphraseExtractor co3gaH nog BIUSHUMEM NMPEBOCXOAHOW CTaTby
bapTtoHa [e Bunbae (Burton DeWilde)'.

[lepBbiii mar B u3BJeUeHNHN KIIOYEBBIX (hpas — orpe/ieieHre KaHAuaToB Ha (Dpasbl
(HarmpuMep, Kakue cJI0Ba U (DPas3el Iydllle epelaloT TeMY UJTH B3aUMOCBSI3H B J10-

U Burton DeWilde, Intro to Automatic Keyphrase Extraction (2014), http://bit.ly/2GIBKwb
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KyMeHTax). MbI onipesiesiuM KeyphraseExtractor ¢ UCIOJIb30BAHUEM I'PAMMATUKHI
U 1apcepa, BbIABIJISIONIETO UMEHHbLE CLOB0COUEMAHUS B TEKCTE, MAPKUPOBAHHOM
Teramu yacTell peuu.

GRAMMAR = r'KT: {(<33>* <NN.*>+ <IN>)? <JJI>* <NN.*>+}'
GOODTAGS = frozenset(['3JJ',"'JIR','JIS','NN','NNP','NNS', 'NNPS'])

class KeyphraseExtractor(BaseEstimator, TransformerMixin):

O6epTbiBaeT PickledCorpusReader, copepxawuit MapkMpoBaHHble AOKYMEHTbI.

def __init_ (self, grammar = GRAMMAR):
self.grammar = GRAMMAR
self.chunker = RegexpParser(self.grammar)

Tak Kak mpejroJsaraercs, 4to KeyphraseExtractor OyieT BBIIIOJIHATHCS HEPBbIM
B KOHBeiiepe ocJie JeKceMusaluu, 100aBuM MeTO normalize (), BBITOJIHSIONIMIA
HEKOTOPYIO TPOCTYI0 HOPMaJIM3aI[HIO TEKCTA, YA 3HAKK TIPEMUHAHNS U TIPeos-
pasys Bce OYKBBI B HUKHUIL PETUCTP:

from unicodedata import category as unicat

def normalize(self, sent):

YpanaeT 3HaKuW NpenuHaHus M3 IeKCeMM3UPOBAHHOI0/MapKUPOBAHHOTO
npeanoxeHusa u npeobpasyeT 6yKBbl B HWKHWIA perucTp.

is_punct = lambda word: all(unicat(c).startswith('P') for c in word)
sent = filter(lambda t: not is_punct(t[@]), sent)

sent = map(lambda t: (t[@].lower(), t[1]), sent)

return list(sent)

Tenepp HanuIIeM MeTO/ extract_keyphrases(). ITOT METO IPUHUMAET JOKYMEHT
1 CHavyajia HOPMaJIU3yeT €ro TEKCT, a 3aTeM MCII0JIb3YeT Halll Tapcep JJIs1 CHHTaKCH-
4ecKOoro aHaimsa. PesyibraroM paGoThl apcepa sIBJASIETCS IePEBO ¢ HECKOJIbKUMME
HarboJiee MHTEpeCHbIMU BeTBAME (KiaiodeBbiMu (pasamu!). UToObI U3BIEUD HTH
(dpasbl, ucrob3yeM QYHKIHIO tree2conlltags /s IpeoOpaszoBaHus gepesa B hop-
Mmat pasmeTku CoNLL IOB — criucox kopTeskeil (word, tag, I0B-tag).

Ter IOB coobiiaet oJIoKeHe TePMIHA B KOHTEKCTE (hpasbl; TEPMIH MOKET HAUU-
Hamo K04eByio ¢hpasy (B-KT), HAXOAUTHCs 6 cepedune (1-KT) uiu 3a npedenamu (0)
ka09eBoit hpasbl. [lockoabKy HAC UHTEPECYIOT TOJBKO TEPMUHBI, SIBJSIONIAECS
YaCTBIO KII0UeBOU (hpaspl, UCob3yeM (PYHKIUIO groupby () U3 TakeTa itertools
cTaHAapTHON OMOJIMOTEKH, YTOOBI HAMKCATD JAMOIA-(DYHKITIIO, TIPOIOJIKAIOILY IO
IPYIITMPOBATH TEPMUHBI, [I0KA HE BCTPETUTCS TET O:
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from itertools import groupby
from nltk.chunk import tree2conlltags

def extract_keyphrases(self, document):
BbiNoNHAET MapCUHI MpennoXeHuidh U3 LOKYMeHTa, WMCMoMb3yA Haw napcep
C rpaMmaTuKOW, npeobpasyeT AepeBO CUHTAKCUYECKOro aHanusa B
MapKUPOBaHHY MNOC/eA0BaTENbHOCTD.
Bo3sBpawaeT u3Bne4YeHHble ¢pasbl.
for sents in document:
for sent in sents:
sent = self.normalize(sent)
if not sent: continue
chunks = tree2conlltags(self.chunker.parse(sent))
phrases = [
" ".join(word for word, pos, chunk in group).lower()
for key, group in groupby(
chunks, lambda term: term[-1] ! = 'O’
) if key
1
for phrase in phrases:
yield phrase

ITockoabKy Hall Kiace hakTHUECKH SBJISETC MpeodpasoBarTesieM, 3aBEPIIIM €To
onpejieJieHe IMyCTbIM MeTO/IOM fit M MeTO/lOM transform, KOTOPbII BbI3bIBAET
extract_keyphrases() AJIs1 Ka)KI0I0 TOKYMEHTa B KOPILycCe:

def fit(self, documents, y = None):
return self

def transform(self, documents):
for document in documents:
yield self.extract_keyphrases(document)

Bot nipumep pesysibrara mpeobpasoBaHust OJJHOTO U3 TOKYMEHTOB:

['lonely city', 'heart piercing wisdom', 'loneliness', 'laing',
'everyone', 'feast later', 'point', 'own hermetic existence in new york',
‘danger’', 'thankfully', ‘'lonely city', 'cry for connection’,

'overcrowded overstimulated world', 'blueprint of urban loneliness',
‘emotion’, ‘'calls', 'city', 'npr jason heller', ‘olivia laing',

'lonely city', 'exploration of loneliness',

'others experiences in new york city', 'rumpus', ‘review', 'lonely city’,
'related posts']

B rmase 12 MbpI BHOBD BepHEMCS K 3TOMY KJIacCy, HO yiKe C PYTOH TPaMMaTHKOH,
¥ CO3/I/IFIM CBOH TTPe0Opa3oBaTesib BU/IA «MEIIOK KITI0YeBbIX (hpas» /11t Kiaaccubi-
KaTopa 3MOIMOHAJIbHON OKPACKU HAa OCHOBE HEHPOHHOI CeTH.
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N3BneueHue cyujHoCTEN

[To ananoruu ¢ u3BIEYEHUEM KJIIOUYEBBIX (Dpa3 MOKHO TaKKe Peayn30BaTh CBOU
MEXaHU3M U3BJICUEHUS CYITHOCTEH, Hpeo6pa3y101u1/1171 JIOKYMEHTBI B «<MEIIKA CYyII-
HocTel». Vcnosb3yeM /171 9TOTO YTUIIUTY ne_chunk paclio3HaBaHNS MMEHOBAHHBIX
cymrHocTet 3 NLTK, xoTopas co3zmaer BI0KEeHHYIO IPEBOBUAHYIO CTPYKTYDPY
€ CUHTAKCHMYECKUMU KATETOPUSIMU U TETAMK YaCTel PeUr, COJAEPIKANTMMUCS B KAK-
JIOM TIPe/ITIOKEH NN,

Haunewm cosmanme kiacca EntityExtractor ¢ MHUIIUAIU3AIUN €70 MHOKECTBOM
METOK CYTIHOCTEN. 3aTeM 100aBIM METO/ get_entities, MCIOTB3YIOMUI yTUIATY
ne_chunk /IS TIOJIy4eHUS iepeBa CHHTAKCHYECKOTO aHAIN3a JJAHHOTO JI0KYMEH-
Ta. 3aTeM 9TOT METOJI BBIIOJHsIET 00XO0/[ TO//IePEBbEB, U3BJIEKAET CYIHOCTU
€ METKaMH, IPUCYTCTBYIOIIUMHU B HAIlleM MHOKeCTBe (MMeHa JIio/ieil, Ha3BaHus
OopraHu3alui, 00BEKTOB, FeOMOJUTUYECKIE CYIIHOCTHU U T€OCOIMAJbHbBIC IO~
muTrdeckue cymaoctn). Haiientbie cymuocTu 100aBISIOTCS B KOHEI CITUCKA
entities, KOTOPBIN BO3BPAIAETCS METOJIOM IO 3aBepLIeHNN 00X0/1a BCEX MO/ -
TlepeBbeB JOKYMEHTA:

from nltk import ne_chunk
GOODLABELS = frozenset(['PERSON', 'ORGANIZATION', 'FACILITY', 'GPE', 'GSP'])

class EntityExtractor(BaseEstimator, TransformerMixin):
def __init_ (self, labels = GOODLABELS, **kwargs):
self.labels = labels

def get_entities(self, document):
entities = []
for paragraph in document:
for sentence in paragraph:
trees = ne_chunk(sentence)
for tree in trees:
if hasattr(tree, 'label'):
if tree.label() in self.labels:
entities.append(
' '.join([child[@].lower() for child in tree])
)

return entities

def fit(self, documents, labels = None):
return self

def transform(self, documents):
for document in documents:
yield self.get_entities(document)
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Bot npumep noxkymMeHnTa u3 Kopiyca:

['lonely city', 'loneliness', 'laing', 'new york', 'lonely city’,
'npr', 'jason heller', ‘'olivia laing', 'lonely city', 'new york city"',
"rumpus’, 'lonely city', 'related’']

M1 efite BepHEMCS K U3BJI€YEHNIO TPU3HAKOB HA OCHOBE IPAaMMATHK B TJiaBe 9, Te
MCIIOTh3yeM Halll KTacc EntityExtractor COBMECTHO ¢ TpadaMu 11 MOJETMPOBAHUS
OTHOCUTEJNBHON BA)KHOCTU PA3HBIX CYIIHOCTEN B TOKYMEHTAX.

U3BneueHue Nnpu3HakKoB Ha OCHOBE n-rpaMmm

K coskanenmio, mogxopI Ha OCHOBE TPAMMATHK, /1ake caMble a(heKTUBHbIE, He BCET-
Jla JIAI0T XOPOIINii pe3yJibTaT. Bo-1iepBbIX, OHU B 3HAUUTEJIbHOU CTEIIeHN 3aBUCST OT
YCIENTHO MapKUPOBKY CJIOB TETAMU YaCTeil Pedi, TO eCTh MbI IOJIKHBI OBITH yBe-
PEHBI, YTO HAIIl MEXaHU3M MapKUPOBKHU ITPABUJIBHO OTIPE/IessieT CYIIeCTBUTEIbHBIE,
IJIArOJIbl, IpUJIaraTeIbHble U Apyrue yacT peun. Kak Gyaer mokasaHo B riase 8,
MEXaHM3MbI PA3METKHU YaCTel PeYH ¢ HACTPOIKAMU 110 YMOJIYAHHIO JIETKO OTMTHOAIOTCST
P aHAJIM3€ HECTAHAAPTHOTO UK 6E3TPAMOTHOTO TEKCTA.

V3BiieyeHre MPU3HAKOB Ha OCHOBE IPAMMATHKHU CTPaaeT HEKOTOPOIl HErMOKOCTHIO,
Tpebyst peBapUTENHHO OMPEIETUTh TpaMMaTuKy. OTHAKO YacTo 0YeHb TPY/IHO 3a-
paHee MOHSTh, KAKOU rpaMMaTHYeCKUi mabJIoH M03BOUT Hanbosiee ahhekTuBHO
BBISIBUTD B TEKCTE 3HAUNMBIE TEPMUHBI U (hpasbl.

Itu npobIeMbl MOKHO pelaTh UTEPATUBHO, IKCIIEPUMEHTHPYSI ¢ MHOKECTBOM
PasHbIX TPAMMaTHUK UJIN OOYYMB CBOIO MOJEJNb JIJIsl PACCTAHOBKHU YacTeil Pevm.
Ho B aTOM pa3snesie MbI iccemyeM ApYTOH TTOAXOI, OCHOBAHHBIN HAa TPUMEHEHUHN
n-zpamm, naouuii 6Gosiee 00600IEHHbI CII0CO0 MAeHTU(MUKALUN TT0CAe10BaTE b-
HOCTEN JIEKCEM.

Pacemotpum mipemioxkenue «The reporters listened closely as the President of
the United States addressed the room» (JKypHaaucTsl BHUMATEIBHO CYLIANN
obpamienne npesugenta Coennnernpix [ItaToB k 3amy). CKaHUPYsT BCIO OCJIE10-
BaTEJbHOCTH OKHOM (QPUKCHUPOBAHHON ITMPUHBI 77, MOKHO COOPATh BCE BO3MOKHbIE
HeINpepbIBHbBIE TIOCJIEI0BATEIBHOCTH JieKceM. /1o cuX mop Mbl paboTajii ¢ yHUTPaM-
MaM# — n-TpaMMami ¢ 7 = 1 (To ecTb OTAeNbHBIME JiekceMaMn ). C IMMUpUHOIT OKHA
n = 2 MBI TIOJTy4aeM GUTPaMMBI, KOPTEXKH JIEKCeM, Takue Kak ("The", "reporters")
u ("reporters”, "listened"). C n = 3 — TpUTpaMMBbl, TO ECTh TPEXIJIEMEHTHBIE KOP-
TEXKU: ("The", "reporters”, "listened") U Tak jajee, s Jnoboro 3HaveHus n. Ha
puc. 7.1 mokasaHa 1ocJe0BaTeIbHOCTh OKOH JIJIST BBIIETIEHUS] TPUTPAMM.
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The reportersilistened closely asithe President of the United States addressed the room.

Puc. 7.1. BbigeneHve n-rpaMm CKOMb3SILLMM OKHOM

I‘ITO6I)I BbIJEC/INTD M3 TEKCTA BCE 7-TPpaMMbI, JJOCTATOYHO IIPOCKAHMUPOBATDL CIIMCOK
CJIOB CKOJIB3SITIIIM OKHOM (buKcupoBaHHOM mputbl. Cesats 910 Ha Python moskHO
CJIETYTONTM 006pa3oM:

def ngrams(words, n = 2):
for idx in range(len(words)-n+1):
yield tuple(words[idx:idx+n])

Ira hyHKIM nepedrpaeT 3HAYCHHsT MHEKCA OT @ /[0 TIO3UIMN, HAXOSAIIEHCs OT
KOHI[A CITUCKA CJIOB TOYHO HA PACCTOSTHUU IMIUPUHBI OKHA. 3aTE€M IT0CJIe/[0BATENbHO
BBIOMPAET U BO3BpAIlaeT 7-TPaMMbl B BUjie HEU3MEHSIEMbIX KopTexkeil. Ecim mpu-
MEHUTH ATy PYHKITUIO K TPUMEPY TPEIJIOKEHNUS BBIIIE, MBI TOJTYIUM:

words = [
"The", "reporters", "listened", "closely", "as", "the", "President",
"of", "the", "United", "States", "addressed", "the", "room", ".",

]

for ngram in ngrams(words, n = 3):
print(ngram)

('The', 'reporters', 'listened')
('reporters', 'listened', 'closely')
('listened', 'closely', 'as')
('closely', 'as', 'the')

('as', 'the', 'President')
('the', 'President', 'of')
('President', 'of', 'the')

('of', 'the', 'United')

('the', 'United', 'States')
('United', 'States', 'addressed')
('States', 'addressed', 'the')
('addressed', 'the', 'room')
('the', 'room', '.")

Hemroxo! Onnaxo aT pe3yasTaThl BBI3BIBAIOT HECKOIBKO BOITPOcoB. IlepBorit: kak
06pabaThIBaTh HAUAJIO 1 KOHEIl Ipe/ioskeHuii? 11 BTopoil: Kak onpe/esanTb OnTh-
MaJIbHBIN pagmep n-rpamm? OTBeThI Ha 062 BOIIPOCA MBI PACCMOTPUM B CJIE/[YIOIIEM
paszeue.
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YreHue Kopnyca C noaaepIXKon n-rpaMmm

W 3Bjieuenne n-rpaMM — 9TO YacTh IPOLEAYPh 00pabOTKU TEKCTa, BBIIOIHIAEMON
niepet MoziesiupoBanueM. [10atomy Ob1I0 OB y100HO BKIIIOUUTH METOJL ngrams () B CO-
CTaB KJaccoB CorpusReader 1 PickledCorpusReader. DTO MTO3BOJIUT JIETKO BBIJIEUTH
n-TPaMMBI 113 BCETO KOPTIyca M N3BJIEKaTh UX mo3aHee. Hampumep:

class HTMLCorpusReader(CategorizedCorpusReader, CorpusReader):

def ngrams(self, n = 2, fileids = None, categories = None):
for sent in self.sents(fileids = fileids, categories = categories):
for ngram in nltk.ngrams(sent, n):
yield ngram

HOCKOJIbe HaC MHTEPECYET B IIEPBYIO OUEPECb KOHMEKCM, 1 KayK/10€ IIPEIJIOKEHNE
IIpeacTaBIAET 3aKOHYEHHYIO MbICJIb, €CTb CMbICJI IDUHUMAThb BO BHUMaHNE TOJIbKO
n-TrpaMMbI, HeE TIepeCEKAIONe I'PaHnI] MEXKAY NPEAJIOKEHUAMMU.

CaMmplii IPOCTOii Iy Th 00eCTIeYnTh COOIOIEHNE CITOKHBIX TPABUJI 0TOOPA 71-TPAMM —
BOCIIOJIb30BAThCS METOAOM ngrams () u3 6ubanorekn NLTK, KoTOpbIil MOKHO COueTaTh
¢ MeToIaMu (hparMeHTUPOBAHIIST 1 BBIIETICHUST JIEKCEM 13 9TOi ske Grnbmmorekn. Metoz
ngrams () MO3BOJISIET J0OABIATH CIEIMATbHbIE MAPKEPBI 0 U TIOCTIE TIPEIIOKEHHUIA,
9TOObI 72-PAMMBbI TAK/KE BKJTIOYAJIN TPAHUIIBI MEK/LY TTPETIOKEHUSAME. ITO IACT BO3-
MOJKHOCTb OTIPE/IEIUTD, KAKKE 7-TPAMMbI HAUMHAIOT U 3aKAaHUNBAIOT MTPE/I0KEHNS.

3aecb Anst 0603HaYeHMs Hauana 1 KOHLA NPEAIOKEHWIA Mbl UCTIONIb3YEM CUMBOJTbI
XML, nOTOMY 4YTO OHM Nerko MAEHTUPULMPYIOTCA Kak pa3MeTka U MoYT Hasep-
HSIKa He SIBNSIOTCSA YHMKabHbIMU flekceMaMu B TekcTe. OfHaKo Hal Bbibop BO
MHOIOM MPOU3BOJIEH, U C HE MEHbLUMM YCNEXOM MOXHO MCMONb30BaTb Apyrue
CUMBOJIbI. HanpuMep, Mbl YacTo Ucnonb3ayeM * ("\u2605") n * ("\u2606") ans
napcuHra TeKCTOB, He coAepXKallumx 3TUX CUMBOJIOB.

Cuepsa ompeeauM KOHCTAHTBI /It 0003HAYEHKS HAyajla U KOHIIA IIPEeIIOKEHMS
KaK <s> 1 </s> (TaK KaK B aHTJIUICKOM SI3BIKe CJI0BA 3aMIUCHIBAIOTCS CJIeBa HAIIPABO,
Ha30BeM KOHCTAHTHI left_pad_symbol 1 right_pad_symbol COOTBETCTBEHHO). B s13bI1-
Kax C MMChMOM CIIPaBa HaJIeBO 9TH KOHCTAHTHI MOTJIN ObI UMETh IIPOTUBOIOJIOKHBII
CMBICIL.

Bo BTopoii wactn koma onpesengeTcs GyHKINUA nltk_ngrams, ICTIOAb3YOMasd QyHK-
1110 partial, 4TOOBI CO31aTh CBOIO 00EPTKY JUist (DYHKIMM nltk . ngrams, KOTOpast MO~
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CTaBJISIET 3HAYEHUS] B UMEHOBAaHHbBIE aPTYMEHTBL. JTO TI03BOJIUT HAM TaPAHTUPOBATh
TpebyeMoe MmoBeieHre nltk_ngrams TIPU KaskJIOM BBI30BE, HE MTOBTOPSIST MOJTHOCTHIO
CUTHATYPY BBI30Ba Be3/ie B HAIIEM KOJIe, Tle T BBI30BBI TPOU3BOAATCI. Hakowmerr,
Halia HoBas Trepeonpeaenentas GYHKINA ngrams TPUHUMAET CTPOKY C TEKCTOM
Y pa3Mep n-TpaMM. 3aTeM OHA ITPUMEHSIET K TeKCTY (yHKIIUN sent_tokenize M word_
tokenize 1 miepeaeT pe3yJIbTaT B BbI30B nltk_ngrams /i MOJIYYEHUS N-TPAMM:

import nltk
from functools import partial

LPAD_SYMBOL "<s>"
RPAD_SYMBOL = "</s>"

nltk_ngrams = partial(
nltk.ngrams,
pad_right = True, right_pad_symbol = RPAD_SYMBOL,
left_pad = True, left_pad_symbol = LPAD_SYMBOL

def ngrams(self, n = 2, fileids = None, categories = None):
for sent in self.sents(fileids = fileids, categories = categories):
for ngram in nltk.ngrams(sent, n):
yield ngram

Hanpuwmep, aus snauenus n = 4 u rekcra «After, there were several follow-up
questions. The New York Times asked when the bill would be signed» (3arem mo-
CcJIeI0BaJIO HECKOJIbKO BOIIPocoB. Peroprep us New York Times cripocu, Korga Oyaer
HOMKCaH 3aKOH ) OY/IyT TOJTydeHbI CJIEIYIOIINE TETPArpaMMb:

('<s>', '<s>', '<s>', 'After')

('<s>', '<s>', 'After', ',")

('<s>', 'After', ',', 'there')

('After', ',', 'there', 'were')

(',", 'there', 'were', 'several')
('there', 'were', 'several', 'follow')
('were', 'several', 'follow', 'up')
('several', 'follow', 'up', 'questions')

('follow', 'up', 'questions', '.")
('up', 'questions', '.', '</s>")
('questions', "'.', '</s>', '</s>")

("L, ks>, ks>, T</s>!)
('<s>', '<s>', '<s>', 'The")
('<s>', '<s>', 'The', 'New')
('<s>', 'The', 'New', 'York")
('The', 'New', 'York', 'Times')
('New', 'York', 'Times', 'asked')
('York', 'Times', 'asked', 'when')
('Times', 'asked', 'when', '</s>")
('asked', 'when', '</s>', '</s>")
('when', '</s>"', '</s>', '</s>")
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O6parure BHUMaHUE, 9TO (DYHKIHMS H0OABJISIET MapKePhl BO BCEe BO3MOKHBIE 110-
CJIEIOBATEIBHOCTH 7-TPaMM. JTa ee 0COOEHHOCTD MPUTOIUTCST HAM TTO3JKe, KOT/a
MBI OyzieM 00CYKIATh 6036pambl, HO, €CJIM BaM JIOCTATOYHO 3HATH, T/I€ HAXOIATCS
HAYaJI0 W KOHEI] TOCJIeZI0BATETbHOCTH, MOKETE TIPOCTO OT(UIBTPOBATH 1-TPAMMBI,
cozepskarre 6osee OHOTO MapKepa.

Bbi60op pasmepa n-rpaMmm

A rernepsb 3aiiMeMcst BBIGOPOM pazmepa 7-rpaMM. PaceMOTpUM IPHUIIOKEHNE, KOTOPOe
HCITIOJIb3YET 71-TPAMMBI JIJIST BBISIBIEHUsSI KAHAUAATOB HA UMEHOBAHHBIE CYIIHOCTH.
Ecau BoiOpaTh pasmep n = 2, Ml osryunm B pedyabrare «The reporters», «the
President», «the United» u «the room». Xotst aTa MO/esb aJIEKO He UeaTbHa,
OHa YCIEIHO UAeHTU(GUIIMPOBAIA TPU COOTBETCTBYIONINX CYITHOCTEN 6e3 0cOOBIX
BBIYHMCIIUTETbHBIX 3aTPaT.

C pyToii CTOPOHBI, MOJIE]IH C Pa3MEPOM OKHa 2 JIJIsI BbIIEJICHUS 7-TPaMM He CIIOCOOHA
YJIOBUTH HEKOTOPbIE HIOAHCHI KCXOAHOTO TekcTa. Hampumep, eciim npeaioxenne
B TEKCTe YIIOMUHAET HECKOJIbKUX IJIaB TOCYAapCTB, Toraa Gurpamma «the President»
MOKeT OKa3aTbhCs HeoHo3HauHoil. YToObl 0XBAaTUTDL BCe cjJoBocodeTanue «the
President of the United States», MbI 10/IKHBI BBIOpATH 72 = 6:

('The', 'reporters', 'listened', 'closely', 'as', 'the'),
('reporters', 'listened', 'closely', 'as', 'the', 'President'),
('listened', 'closely', 'as', 'the', 'President', 'of'),
('closely', 'as', 'the', 'President', 'of', 'the'),

('as', 'the', 'President', 'of', 'the', 'United'),
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('the', 'President', 'of', 'the', 'United', 'States'),
('President', 'of', 'the', 'United', 'States', 'addressed'),
('of', 'the', 'United', 'States', 'addressed', 'the'),
('the', 'United', 'States', 'addressed', 'the', 'room'),
('United', 'States', 'addressed', 'the', 'room', '.")

K coxxamenmio, kKak MOKHO CY/INTD IO PE3yJIBTaTaM BBIIIIE, OY€Hb MATOBEPOSITHO, YTO
PE3YIIBTAaThI MOZIEJTH HAa OCHOBE 7-IPaMM CJIMIIKOM OGOJIBIIOTO pa3Mepa Oy Ly T BKIIOYATh
HOBTOPSIIONIMECS CYIIHOCTH. DTO 3aTPYAHUT OIIpe/ieJieHre BEePOSITHOCTEH, TI03BOJISI-
IOIIUX BBISIBUTH 11/ aHAIN3a. KpoMe ToTo, ¢ yBeJMUeHNEM 7 YBEJINIUBACTCS YUCII0
BO3MO’KHBIX TPABUJIbHBIX 71-TPAMM, M3-32 Y€TO CHIKAETCS BEPOSITHOCTD OTIPe/Ie/IeHUsT
BCEX MPABUJIbHBIX 72-TPaMM B Kopityce. CIUITKOM GOJIBITOe 3HAYEHUE 72 MOJKET YBEJU-
YUTD TITYM, IEPEKPBIBAIOIINI HE3aBUCUMBbIE KOHTEKCTBI. Eciti OKHO GOJTbIIe pa3MepoB
IPEIOJKEHIIT, OHO BOOOIIE MOJKET HE BEPHYTh HU O[HOU 72-TPAMMBbL.

BoI60p 7 MOJKHO TaKsKe pacCMaTPUBATh KaK KOMITPOMUCC MEKILY CUCTNEMAMUUECKUM
omxnoHeHuem i ducnepcuei. T1pu MasoM 3HAYEHUH 72 TIOJTydaeTcst Gosiee TipocTast (cra-
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6ast) MOJIe/Ib, BHI3bIBAIOIIAS OGOJIbILE OUIMOOK U3-32 CUCTEMATUYECKOIO OTKIOHEHMSL.
[Tpu GOJIBIIIOM 3HAYEHUM 72 TTOJIydaeTcst Oosree CI0KHasT MOesb (MOJIEIb BBICOKOTO
HOPSIZIKA), BhI3bIBaroIas OoJIbIie oMmnbOK U3-3a auciepcuit. Tak jke, Kak B cIydae ¢ 3a-
JlaYaMK MAITIHHOTO O0YYEeHMUsT ¢ YYUTEIEM, Mbl JI0JIZKHbI HATH TIPaBUIbHbII Oasiamc
MEK/Y 4yBCTBUTENBHOCTHIO ¥ CHEU(PUUHOCTBIO MoAean. Yem GoJIblle 3aBUCHMBbIX
CJIOB HAXOUTCS Ha OOJIBIIOM PACCTOSIHIN OT TJIABHOIO CJIOBA, TeM OOJIbILAS CIOKHOCTD
HeoOXOIMMa JIJIsT CO3/[aHuUsT TPOTHO3MPYIOIIEN MOJIEIN HA OCHOBE 71-TPaMM.

3HauMMblie CJZIOBOCOYETaHUsA

Tenepb, KoT/1a HAIll OOBEKT YTEHUST KOPITyCa MOJIEPKUBAET 72-IPAMMBI, MBI MOKEM
BHEJPUTH 3TU PU3HAKH B TIOCJIELYFOIIIAE MOJIEJIH [Ty TeM BEKTOPU3AIIUH TEKCTa C UC-
MOJIb30BAHUEM 7-TPaMM BMECTO MTPOCTOTO ¢JIoBapst ¢oB. OIHAKO NCTIOIH30BAHIE
UCXOAHBIX 7-TPAMM TIOPOAUT MHOTO, CJIUIIKOM MHOTO KaHANUAATOB, OOJIBITHHCTBO
U3 KOTOPBIX He ABJSIOTCA peseBanTHbIMEU. Harpumep, npepioxenue «I got lost
in the corn maze during the fall picnic» (g 3abaymuicsa B 1abupruHTe KYKYPy3bl Ha
OCEHHEM THUKHUKE) COMEPKUT TpUrpamMmy ('in', 'the', 'corn') (B KyKypy3e), He
SABJIAIONYIOCS TUTTUYHOU HpeaﬂomHoﬁ 1eJbI0, TOTIa KaKk Tpurpamma ('I', 'got’,
"lost"') (s1 MOTEPSIICS) IMEET CMBIC caMa TIo cebe.

Ha npaxktuke 06paboTKa JIUIITHIX 72-IPAMM MOKET OOXOAUTHCS CIIUIIKOM JA0POTO ISk
MIPOCTBIX TTPUJIOKEHUH ¢ TOUYKU 3PEHUST BBIUUCIUTETBHBIX PECYPCOB. ITY Hp06JIeMy
MO>KHO PEITUTh BBIUUCJIEHUEM YCA08HOU 8eposmuocmu. Hampumep, KakoBa BeposIT-
HOCTb IIOSIBJIEHUSI B TEKCTe JiekceM ('the', 'fall') BMecCTe ¢ JieKceMOU 'during'?
Moskno HafiTH SMIUPUYECKHIE BEPOSITHOCTH, BBIUNCISASA 4acTOTy (1 — 1)-TpaMMbl,
KOTOPOIi TIpe/IecTByeT neppas JeKceMa 13 7-rpaMMbL. TaKuM CIioco60M MOKHO
YBEJIUYNUTD BEC 7-TPAMM U3 CJIOB, Yallle UCIOJIb3YEMbIX BMECTE, TAKUX KakK ('corn’,
'maze '), OTHOCUTEJIBHO PEKO UCII0JIb3YEMbIX KOM61/1Hau1/11?1, KOTOpble MeHee 3Ha4MBbL.

Wpest o Gosiee BBICOKOM IIEHHOCTH HEKOTOPBIX 72-TPAMM BEJIET K €Il OJTHOMY WH-
CTPYMEHTY B cepe aHaiu3a TEKCTa: 3HAUUMbIM clogocouemanusm (significant
collocations). Cioso collocation — 910 060061IeHHbIIT CHHOHMM /151 #-TpaMMbl (6e3
YTOYHEHHUsT pa3Mepa OKHa) 1 IPOCTO 0O03HAYAET MOCAeJ0BATEIbHOCTD JIEKCEM, Be-
POSITHOCTH COBMECTHOTO TIOSIBJIEHISI KOTOPBIX 0OYCIOBJIEHA HE TOJIBKO CIYYAHBIM
cosnagenneM. C IIOMOIIBIO YCIOBHBIX BEPOSTHOCTEH MOKHO IPOBEPUTH IMIIOTE3Y
0 3HAYNMOCTH BBIOPAHHOTO CJIOBOCOYETAHUSI.

B 6ubmmoreke NLTK ecth /1Ba MHCTPYMEHTA 7SI BBISIBICHUST 3HAYMMBIX CJIOBOCO-
yeTaHuii: CollocatioFinder, OTBICKUBAIOIIMI 1 OIIEHUBAIONIUI 7-TPAMMbI CJIOBO-
COouYeTaHUi, U NgramAssocMeasures, COJlepKAIUN KOJIEKIIUIO METPHUK /IS OLEHKU
3HAUYUMOCTH cJI0BocoueTanust. O6e YTHIINTDI 3aBUCSIT OT BEJIUUMHBI 77, 2 KDOME HIX
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B MOJYJISIX MMEIOTCS YTUJIMTHI OIIEHKH [T paboThl ¢ OUrpaMMaMu, TPUIPaMMaMK
u reTparpamMmmamMu. K coskasieHuIo, yTHINTBI st 06pabOTKHU 7-rpaMM U3 5 U 60JIb-
IIEr0 KOJIMYECTBA JIEKCEM BaM MTPUIETCST PEATTM30BATH CAMOCTOSITEIbHO, PACTITUPSIST
COOTBETCTBYIOIIHIT POMTEIBCKUN KITACC M UCTIOJIB3YsI KaK MIaGJI0H OINH U3 HHCTPY-
MEHTOB 06PabOTKM CJIOBOCOYETAHUIA.

A Temiepb TOCMOTPUM, KaK TPOU3BOIUTCS BBISBIEHNE CYyIECTBEHHBIX TETPATPAMM.
Tak Kak MOUCK ¥ OI[eHKa 7-TPaMM B OOJIBIIIOM KOPITyce TpeOyeT OueHb MHOTO BpeMe-
HU, Pe3yJIBTaThl pEKOMEH/IyeTCs COXPaHATh B (paiin Ha qucke. Hanumem dyHKIo
rank_quadgrams, KOTOpast IPUHUMAET KOPITYC, OTKy/a OHa OY/eT YUTaTh CJOBA,
a TaKiKe MeTPUKY 13 QuadgramAssocMeasures, OTBICKMBAET M OII€HUBAET TETPArpaMMBbl,
3aTeM 3aIMUChIBAET PE3yAbTAThI B (haiiyl Ha TUCK:

from nltk.collocations import QuadgramCollocationFinder
from nltk.metrics.association import QuadgramAssocMeasures

def rank_quadgrams(corpus, metric, path = None):
W
HaxoAuT ¥ oueHMBaeT TeTparpammbl B yKa3aHHOM KOpryce C MpUMeHeHueM
3af4aHHON MeTpWKM. 3anucbiBaeT TeTparpammbl B ¢ain, ecin yKasaH,
MHaye BO3BpalWaeT CNUCOK B MaMATH.
W
# Co3p8aTb 06bEKT OLEHKU C/IOBOCOYETAHWN W3 C/IOB B Kopryce.
ngrams = QuadgramCollocationFinder.from_words(corpus.words())

# OUeHWTb CNOBOCOYETaAHUS B COOTBETCTBUM C 3a[aHHOW MeTpUKOM
scored = ngrams.score_ngrams(metric)

if path:
# 3anucaTb pe3ysnbTaTbl B $ailn Ha Aucke
with open(path, 'w') as f:
f.write("Collocation\tScore ({})".format(metric.__name__))
for ngram, score in scored:
f.write("{}\t{}\n".format(repr(ngram), score))
else:
return scored

Haan/IMep, BOT KaK MOJKHO MCITIOJIb30BaTh METPUKY OTHOIICHUWA HOZ[O6I/I$II

rank_quadgrams (
corpus, QuadgramAssocMeasures.likelihood_ratio, 'quadgrams.txt’

)

Otma BepHET TeTparpaMMbl 3 KOPITYCa ¢ OI[eHKaMH O00Hs], HATTPUMED:

Collocation Score (likelihood_ratio)
("New', 'York', "'", 's') 156602.26742890902
('pictures', 'of', 'the', 'Earth') 28262.697780596758
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('the', 'majority', 'of', 'users') 28262.36608379526
("numbed', 'by', 'the', 'mindlessness') 3091.139615301832
('There', 'was', 'a', 'time'") 3090.2332736791095

Kirace QuadgramAssocMeasures BKJIFOUaeT B ce6st HECKOJIBKO METO/IOB OIEHKY 3HAUH-
MOCTH ITyTEM MTPOBEPKU TUIIOTE3. DTH METOJIBI TPEATONATAIOT, UTO MEK/LY CJIOBAMMU
HeT cBsi3u (OCHOBHAs TUIIOTE3a), @ 3aTEM BBIYUCJISIOT BEPOSITHOCTh aCCOIUAIINH,
€cJIM OCHOBHAs TUTIOTe3a BepHa. Ecyin ocHOBHAd rUIoTe3a nMeeT HU3KUH YPOBEHDb
3HAUUMOCTH U ee MOKHO OTBEPTHYTH, MBI MOKEM MPUHATH aJbTePHATUBHYIO TH-
MOTE3Y.

Knacc QuadgramAssocMeasures u3 6ubnunoteku NLTK BKIIOYAET psif MHCTPYMEH-
TOB NPOBEPKM 3HAYMMOCTM C UCMOSIb30BAHUEM TaKMX KPUTEPUEB, KaK t-KpUTEpUii
CrblogeHTa, xu-kBagpat MNMpcoHa, NnoToyeyHas B3aMMHas nHdopMaums, hyHKUMS
npaBaonoaobust MyaccoHa—CtupnuHra u gaxe koadduumeHT Xakkapa. [Ans
MpOBEpKM accoumaumin burpamMm NpeaocTaBnseTcs elle 6osblie METOA0B, TakuX
Kak cu-kBagpat (KkBagpaT KoadduumeHTa koppensuum MNMpcoHa), TOYHbIN Kpu-
Tepuii Guwepa unmn koahdruMeHT cxoacTea [aiica.

Tenepb MOKHO IIPEACTaBUTD TIpeobpasoBaTesib SignificantCollocations, mpeaHa-
3HAYEHHDBIH /7T MICTI0JIb30BaHNs B KOHBelepe, TAKOM Kak Ha puc. 7.2.

06beKT uTeHns

KTOpbI
e y| 3Hauumble BexTopb!
OPKKOTin-Tpat 10BOCOYETaHUA NpU3HaKoB

Knaccudukaums
WM Knactepu3aups

—»  TF-IDF

Puc. 7.2. KoHBelep 13BieYeHnst NpM3HAKoB B BUAE n-FpaMM

B meToze fit() MOKHO HAWTH U OIIEHUTH 3HAUMMBbIE CJIOBOCOUYETAHMSI, & B METO/IE
transform() CTeHEPUPOBATH BEKTOP, KOAUPYIOITNI OIIEHKU BCEX 3HAYUMBIX CJIOBO-
coYeTaHWil, HAIEHHBIX B JJOKYMEHTE. DTH IPU3HAKK 3aTEM MOKHO OOBEIUHUTD
C IPyTUMHU BEKTOpPaMU C IIOMOIIbIO FeatureUnion.

from sklearn.base import BaseEstimator, TransformerMixin
class SignificantCollocations(BaseEstimator, TransformerMixin):

def __init__ (self,
ngram_class = QuadgramCollocationFinder,
metric = QuadgramAssocMeasures.pmi):
self.ngram_class = ngram_class
self.metric = metric

def fit(self, docs, target):
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ngrams = self.ngram_class.from_documents(docs)
self.scored_ = dict(ngrams.score_ngrams(self.metric))

def transform(self, docs):
for doc in docs:
ngrams = self.ngram_class.from_words(docs)
yield {
ngram: self.scored_.get(ngram, 0.0)
for ngram in ngrams.nbest(QuadgramAssocMeasures.raw_freq, 50)

ITocne aT0OTO MOKHO CKOHCTPYHMPOBATb MO/I€JIb, KaK ITOKA3aHO HUIKE:

from sklearn.linear_model import SGDClassifier

from sklearn.pipeline import Pipeline, FeatureUnion

from sklearn.feature_extraction import DictVectorizer

from sklearn.feature_extraction.text import TfidfVectorizer

model = Pipeline([
('union', FeatureUnion(
transformer_list = [
('ngrams', Pipeline([
('sigcol', SignificantCollocations()),
('dsigcol', DictVectorizer()),

M,

('"tfidf', TfidfVectorizer()),

))

('clf', SGDClassifier()),
D

O6paTI/ITe BHHUMaHHUE, YTO 3TO TOJBKO 3arOTOBKa KO/la, HO €€ MOKHO MCIIOJIb30BaTb
Kak nrabJon JJIA BRJIIOUEHUA aHa/IM3a KOHTEKCTa B CTaHAAPTHYIO MOJEJ/b THUIIA
<«MECIIOK CJIOB».

Mopaenu sa3biKka n-rpamMm

PacemotpuM ipustoskere, KOTOPoe MTPUHUMAET OT TIOTb30BATESI HECKOJTHKO TIEPBBIX
cJ10B 13 (hpasbl, a 3aTeM TIpejjIaraeT 3aBepiieHne aToii ppasbl U3 HarboJIee BePosiT-
HBIX CJI0B (KaK 3TO [esaeT nonckosast cucrema Google). luist mpunsTUS pereHuii
MO/ICJIH Ha OCHOBE 72-TPAMM HMCIIOJI3YI0T CTATUCTUYECKYIO YacTOTY 7-rpamm. UTo0b!
MOJIYYUTh MOJIETD SI3BIKA 71-TPAMM, TIPE/ICKA3BIBAIOIITYIO CIOBO, CJIE/IYIONIee 32 cepueit
CJIOB, MOJKHO CHa4aJia II0/ICHUTATb KOJIMYECTBO BCEX 77-I'PAaMM B TEKCTE 1 3aTEM UC-
I10JIb30BAaTDb X YaCTOTDLI JIJIA ITPEACKa3aHA BEPOATHOTO IIPOAOJIZKEHMA. TGHGPI) Yy Hac
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€CTb IIpUYNHA UCII0JIb30BaTh 3HAYMMbIE CJIOBOCOYETAHMA HE TOJBKO KaK CPe/ACTBO
N3BJICYEHMA IIPU3HAKOB, HO TaKKe€ KaK MO EJIb s13bIKal

YT006BI IIOCTPOUTH MOZE/Ib A3bIKa, CIIOCOOHYI0 TeHEPUPOBATH TEKCT, CO3AaAUM
KJ1acc, O0BEIUHSIONINN BCe KOMITOHEHTBI, KOTOPBIE MbI PACCMOTPEJH B TIPEbILY-
IIUX pasfiesiaX, i Peaqu3dyoniuil T0MOJTHUTETbHBIN TTPUEM: BRIYUCTIEHUE YCA08HOU
uacmomol.

Korpa-to B 6ubnuoteke NLTK 6bin1 Moaynb, NO3BOMSBLUMIA FE€HEPUPOBATHL TEKCT
Ha ecTeCTBEHHOM 13blKe, HO OH YyAasieH nocne nosiBneHus npobnem B MeToae
CO3/aHus MoJenen n-rpamMM. Maes knaccos NgramModel n NgramCounter, KOTO-
pble Mbl peanu3yeM B 3TOM pasjene, nosisunace noA snuvsiHuem setsu NLTK,
peluatoLLeil MHOrue M3 3TUX HEAOCTAaTKOB, HO Ha MOMEHT HamnucaHust 3TUX CTPOK
Ta BETBb BCE elle Haxoawnacb Ha cTaaum pas3paboTku u He Gbina obbeauHeHa
C rNaBHOW BETBbIO.

YacroTa 1 ycnoBHas yacroTta

BriepBbie moHsITHE YACTOTBI JIEKCEM MbI PACCMOTPEJTH HA PUC. 4.2, T/Ie UCTTOIb30BAJIH
YaCTOTHDbIC IIPpE/ICTaB/JICHUA B MOAECJIN THUIIA «MEIIOK CJI0OB», IIpe/AIlo/Iarasd, 4YTo 4aCToTa
CJIOB B JIOKYMEHTAX MOJKET CJIYKUTh 3HAYMMOH XapaKTEePUCTUKON COEPKUMOTO
JIOKYMEHTOB JIJISI BBISIBJICHUS Pa3Inuuil Mexk1y HUMHU. HacTtora TakKe sABadeTcs
MOJIE3HBIM TIPU3HAKOM JIJTs1 MOJIeJiell Ha OCHOBE 7-TPaMM — MOYKHO TIPETIONOXKNTD,
4TO 7-TPaAMMBbI ¢ OOJIBIION YaCTOTOM TIOSBJIEHKST B 06yJaiolieM Kopiryce OyayT mo-
SIBJIATHCS M B HOBBIX JIOKYMEHTAX.

[IpencraBbTe, UTO MBI YNTaEM KHUTY, CJIOBO 32 CJIOBOM, U HAM HY’KHO OTIPENENTh
BEPOSITHOCTD TIOSBJIEHUS cienyioniero ciaoBa. CaMmblii TPOCTON M HAUBHBIH CITO-
cob6 — BBIOpATh CJI0BO, Yallle [PYTUX MOSBISIONIEECs B TEKCTE, KaK MOKa3aHO Ha
puc. 7.3.

OHako MBI 3HaeM, YTO TaKOTO MPOCTEHIIEro T0/X0/1a Ha OCHOBE YaCTOT HEI0CTa-
TOYHO; HEKOTOPBIE CJI0Ba HarboJiee BEPOSITHBI B HaYaJle TIPEJIOKEHNN, a IPyTHE
Yaiie MosIBJISIOTCS MOCJIe ONPe/IeJIEHHBIX TIPEIIECTBYIONUX UM cJioB. Harpumep,
JlaBaiiTe OIpeIes MM, HACKOJIBKO BEPOSITHOCTD cJie[loBaHus cjioBa «chairs (cryir)
3a CJIOBOM «lawn» (Ta30H) OTJIMYAETCS OT BEPOSITHOCTH CJIeI0BAHMs cJIoBa «chairs
(ctyan) 3a cioBom «lavas (naBa) niu «lampy (1amia). T BEPOSITHOCTH COOOTIAIOT-
CS YCILOBHBIMU BEPOAHOCTAMU 1 0003HAYAIOTCS KaK P(chair|lawn) (4nTaercs Kak
«BEPOSITHOCTD TIOSIBJIEHUsI ¢JioBa chair 3a ciioBom lawns ). YToObl cMoieiMpoBaTh
9THU BEPOSITHOCTH, HY’KHO UMETH BO3MOKHOCTH BBIUUCJIECHUS YCLOBHBLY UACON JIIIS
BCEX BO3MOKHBIX 71-TPAMM.
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Puc. 7.3. I'padvk pacrnpeaeneHunst 4acToT B KOpryce TeKCTa

HaunewMm c onpenenenus kiacca NgramCounter, KOTOPBI CMOKET OTIPENETUTH YCIOB-
HbIE YaCTOThI BCEX CyOrpaMM, OT YHUIPaMM [0 7-TPaMM, C KCIIOJIb30BaHueM FregDist
u ConditionalFreqDist. Hamr kiace takske peasiMayer JOMOJHEHUE TPE/IOKEHUT,
Kak OBLJIO TIOKA3aHO BBIIIIE B IJIaBe, ¥ OTIPE/IEJISIET CJIOBA, OTCYTCTBYIOIINE B CJIOBape
OPUTUHAJIBHOTO KOPITyca.

from nltk.util import ngrams
from nltk.probability import FreqDist, ConditionalFreqgDist

from collections import defaultdict

# CumBOAblI [OMNOSHEHUA
UNKNOWN = "<UNK>"
LPAD = "<s>"

RPAD = "</s>"

class NgramCounter(object):
Knacc NgramCounter noAcYMTbIBAeT N-rpammbl AfA 33JaHHOrO C/loBapa WM pa3mepa
OKHa.
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def __init_ (self, n, vocabulary, unknown = UNKNOWN):

n -- pasmep n-rpamm
if n < 1:
raise ValueError("ngram size must be greater than or equal to 1")

self.n = n
self.unknown = unknown
self.padding = {
"pad_left": True,
"pad_right": True,
"left_pad_symbol": LPAD,
"right_pad_symbol": RPAD,
}

self.vocabulary = vocabulary

self.allgrams = defaultdict(ConditionalFreqDist)
self.ngrams = FreqgDist()

self.unigrams = FreqDist()

Jlanee 106aBuM B Kaacc NgramCounter METOJI, KOTOPBIii IIO3BOJIUT CUCTEMATUYECKH
BBIYUCIISITH paciipejiesieHre YacTOT U YCJIOBHOEe pacIpeiesieHre YacToOT JJIs 3a/1aH-
HOTO pasMepa 7-TPpaMM.

def train_counts(self, training_text):
for sent in training_text:
checked_sent = (self.check_against_vocab(word) for word in sent)
sent_start = True
for ngram in self.to_ngrams(checked_sent):
self.ngrams[ngram] + = 1
context, word = tuple(ngram[:-1]), ngram[-1]
if sent_start:
for context_word in context:
self.unigrams[context_word] + =1
sent_start = False

for window, ngram_order in enumerate(range(self.n, 1, -1)):
context = context[window: ]
self.allgrams[ngram_order][context][word] + = 1

self.unigrams[word] + = 1

def check_against_vocab(self, word):
if word in self.vocabulary:
return word
return self.unknown

def to_ngrams(self, sequence):

ObepTka AnAa MeToga ngrams u3 6ubnuotekum NLTK

return ngrams(sequence, self.n, **self.padding)



Mogenu si3blka N-rpaMm 181

Tenepsb onpeniesium pyHKITNIO (32 TpeieaMu Kaacca NgramCounter ), KOTOPast CO3/1a€T
AK3EMILISIP KJlacCa U BBIUUCJISET pejieBaHTHbIe 4acToThl. DyHKIMS count_ngrams
MPUHUMAET MapaMeTp C JKeJaeMBbIM Pa3MepoOM 7-TPaMM, CJIOBaph M CITICOK TIPEI-
JIOKEHUI B BUJE CTPOK, Pa3/leIEHHbBIX 3aTISITBIMI.

def count_ngrams(n, vocabulary, texts):
counter = NgramCounter(n, vocabulary)
counter.train_counts(texts)
return counter

if __name__ == '__main__":
corpus = PickledCorpusReader('../corpus')
tokens = [''.join(word[@]) for word in corpus.words()]
vocab = Counter(tokens)
sents = list([word[@] for word in sent] for sent in corpus.sents())
trigram_counts = count_ngrams(3, vocab, sents)

PacripeziesieHne 4acToTHI 111 YHUTPAMM MOKHO TIOJTYYHUTh U3 aTpubyTa unigrams.

print(trigram_counts.unigrams)

Jlust n-rpamm GoJiee BBICOKOTO MOPSIIKA YCIOBHOE PACIIPENeIeHIEe YaCTOT MOKHO
HOJIYYUTh U3 aTpuOyTa ngrams.

print(trigram_counts.ngrams[3])

Kioun YCJIOBHOTO paclpeaesieHruA 4aCTOT ITOKa3bIBalOT BO3MOKHbBIE KOHTEKCTDI,
IMpeAmecTByonme Kaxx/ioMy CJIOBY.

print(sorted(trigram_counts.ngrams[3].conditions()))
Harma Mmoesib Takske cIrocoOHa BO3BPAIaTh CIIMCOK BO3MOMKHDIX CJIELYIOIINX CIIOB:

print(list(trigram_counts.ngrams[3][('the', 'President')]))

OueHKa MaKCUMaJibHOW BEpOATHOCTHU

Kiacc NgramCounter aeT BO3MOKHOCTD MPpeoOpa3oBaTh KOPILYC B YCJIOBHOE pac-
npejeIeHre 4acToT #-rpaMM. B Haimem BooOpaskaeMOM HPUIOKEHUN, IPELCKa-
3BIBAOIIEM CJIEAYIOIIeE CJI0BO, HAM MOHAZO00UTCS MEXaHU3M OLEHKU BO3MOJKHBIX
KaH/MIAaTOB Ha POJIb CJIOBA, CJIEAYIOIIEr0 3a 7-TPAMMOIi, YTOOBI MBI MOTJIM BBIOpATh
HarboJIee BEPOSTHOTO U3 HUX. MTHBIMY CJIOBaMU, HaM HY’KHA MOJIEJIh, OTIPE/Ie/ISIONIasT
BEPOSITHOCTD JIEKCEMBI t TI0 TIPENIECTBYIONIEH MOCIe/I0BATETHHOCTH S.

OmiTH 13 caMbIX TIPOCTHIX CITOCOGOB OI[EHKU BEPOSTHOCTH #-TPAMMBI (s, t) OCHOBaH
Ha BBIYUCJEHUN OTHOCUTEIBHON YaCTOTBL. JTO KOJINYECTBO ITOSIBJICHUI t BCJIEL 3a s,
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JleJIeHHOE Ha 001iee KOJTMYECTBO MOSIBJIEHUH s B KOpITyce. DTO OTHOIIEHUE JIaeT

OTIEHKY MaKCUMAJTbHOU BEPOITHOCTH JIJISI 1-TPAMMBI (s, t).

HayneM c co3manus kiacca BaseNgramModel, KOHCTPYKTOP KOTOPOTO IPUHUMA-
eT 00beKT NgramCounter ¥ CO3/1aeT MOJEJb si3biKa. VIHMIIMAIU3upyeM MOJeb
BaseNgramModel aTpuOyTamMu JJist XpaHEHUsT 7-rpaMM OoJiee BBICOKOTO MOPSIIKA 13
00yueHHOTO 0OBbeKTa NgramCounter, CAMHX 72-IPaMM, X YCJOBHBIX Paciipee/eHuii

YaCTOT U CJI0OBap.

class BaseNgramModel(object):

BaseNgramModel co3pgaeT mMogenb A3blKa N-rpamMm.

def

3arem 100aBUM B KJIace BaseNgramModel MeTOJI score BBIUMCJIEHNS OTHOCUTETHHOMN
YacTOTHI CJI0BA B JJAHHOM KOHTEKCTE, KOTOPBIN CHavajia MPOBEPUT, YTO KOHTEKCT
KOpoUe n-TpaMm OoJiee BLICOKOTO MOPsi/IKa 13 NgramCounter. Tak Kak aTpubyT ngrams
B BaseNgramModel sBJsieTcst 00beKTOM ConditionalFreqDist us 6ubanorexu NLTK,
MBI MOKEM ITOJIYIHUTh FreqDist st IF0O0T0 JaHHOTO KOHTEKCTA ¥ €r0 OTHOCUTE T h-

__init__ (self, ngram_counter):

BaseNgramModel wuHuumanusupyetca obbekTom NgramCounter.

self.n = ngram_counter.n

self.ngram_counter = ngram_counter

self.ngrams = ngram_counter.ngrams[ngram_counter.n]

self. check_against_vocab = self.ngram_counter.check_against_vocab

HYIO 4aCTOTYy U3 aTpubyTa freq:

def

def

score(self, word, context):

JAnAa [AaHHOro CTPOKOBOMO MpeAcTaB/ieHUA C/loBa U CTPOKU C KOHTEKCTOM
BO3BpallaeT OUeHKY MaKCUMasbHOWM BEpPOATHOCTU, HTO [aHHOe CNoBO
NpoOAONXKUT STOT KOHTEKCT.

fdist[context].freq(word) == fdist[(context, word)] / fdist[context]

context = self.check_context(context)
return self.ngrams[context].freq(word)
check_context(self, context):

MpoBepaeT ANMHY KOHTEKCTa, KOoTopasa AO/XHA 6bITb MeHblle AJ1HbI
N-rpaMMbl BbiCWero nopAnka mopenu.

Bo3BpaljaeT KOHTEKCT KakK KopTex.
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if len(context) > = self.n:
raise ValueError("Context too long for this n-gram")

return tuple(context)

Ha mpakTike BEPOSITHOCTH 7-IPaMM TTOJIYIaI0TCsT HEOOIBITUMHE, TOITOMY X YaCTO
HPEJICTABJISAIOT Kak JorapudMbl BepositHocTeil. [Toatomy mobaBiM MeTo[ logscore,
peoGpasyIoNHii pe3yJIbraT METO/Ia score B JIOrapr(M, ecJIi OlleHKa He paBHa HYJIIO
U He MEHbIIIe er0, MHa4Ye BO3BPAIIAIOIINN OTPHUIIATEIbHYI0 GECKOHEYHOCTH:

def logscore(self, word, context):

JnAa [aHHOro CTPOKOBOrO MpeAcTaB/ieHUA C/loBa U CTPOKU C KOHTEKCTOM
BblHUCNnAeT ﬂOFBpI/I(I)M BEpOATHOCTU NOABNIeHUA C/1I0Ba B OaHHOM KOHTeKCTe.

score = self.score(word, context)
if score < = 0.0:
return float("-inf")

return log(score, 2)

Teneps, Korjia y Hac eCTb METO/Ibl OLIEHKHU 3K3eMILISIPOB 7-TPaMM, Peaii3yeM MeTo/|
OIEHKH MOJIEJI SI3bIKA B I[EJIOM, KOTOPBIN Gy/IeT BBIYUCIISITD aHmponuio. JlobaBum
MeTO/I entropy B BaseNgramModel, OTIIpeIeISIONTAMN CpeTHUH JorapudM BepoSTHOCTEN
BCeX n-TpaMM U3 NgramCounter.

def entropy(self, text):
BolyncifaeT NpUBANKEHHYH MepeKpecTHYl SHTPOMUI MOAENU N-rpaMMm
ONA 3aaHHOro TekcTa B ¢opMe CMUMCKA CTPOK, pas3fesieHHbIX 3ansTbiMu.
3TO cpepHuii forapudm BepoATHOCTU BCEX CJIOB B TeKCTe.
normed_text = (self._check_against_vocab(word) for word in text)
entropy = 0.0
processed_ngrams = @
for ngram in self.ngram_counter.to_ngrams(normed_text):
context, word = tuple(ngram[:-1]), ngram[-1]
entropy + = self.logscore(word, context)
processed_ngrams + = 1
return - (entropy / processed_ngrams)

B riaBe 1 MbI CTOJIKHYJIHCD C TIOHSITHEM HEONPEOeJeHHOCMI W TIPUIILINA K BBIBOJLY,
YTO JIJIST JAHHOTO BBICKA3bIBAHMUST IOCTATOYHO 3HATH HECKOJIBKO MEPBBIX CJIOB, 4UTOObI
MIPE/ICKA3aTh HECKOJIBKO MOCJIEYIONNX ¢JI0B. CyTh COCTOUT B TOM, UTO CMBICJI OYEHb
OrpaHMYEeH U sIBJISIETCS Bapualeil MapkoBekux gomyuiennii (Markov assumption).
B crygae ¢ mogenpio n-rpaMM HaM HY;KHO MUHUMHU3UPOBATH HEOMIPEIETEHHOCTD,
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BbIOpaB HanboJsiee BeposTHYIO (7 + 1)-rpamMmy it JaHHON BXOJHOM 72-IPaMMBbI.
JLJist OIEHKY TIPOTHO3UPYIOIIEH MOIIHOCTH MOJAETH OOBIYHO TIPUHSITO BBIYNCIISITH
ee HeolpeleIeHHOCTh, KOTOPYIO MOYKHO BBIUUCTUTH B TEPMUHAX entropy, Kak 2
B CTE€IIEHU entropy:

def perplexity(self, text):

AnAa 3apaHHOro cnucka CTpoK, pa3jesieHHbIX 3anATbiMU, BblHMCAAET
HeonpenesneHHOCTb TeKCTa.

return pow(2.0, self.entropy(text))

HeOHPEI[eJIeHHOCTI) — 9TO HOpMaJIM30BaHHaA OL€HKA BEPOATHOCTU; YEM BbIIIIE yC-
JIOBHasA BEPOATHOCTD ITOCJIE/I0OBATEC/IbHOCTU JIEKCEM, TEM HUKE HEOIIPE/IEJTEHHOCTD.
Kax IIpaBUJIO, MO/JIEJIN 6oJiee BBICOKOTO TMopA/Ka IEMOHCTPUPYIOT MEHBIITYIO HE-
OIIpEeAC/IEHHOCTb!:

trigram_model = BaseNgramModel(count_ngrams(3, vocab, sents))
fivegram_model = BaseNgramModel(count_ngrams(5, vocab, sents))

print(trigram_model.perplexity(sents[0]))
print(fivegram_model.perplexity(sents[@]))

HeunsBecTHble C/i0Ba: BO3BpPAThbl U CrinaxmnBaHue

EcrecTBeHHbIE SI3bIKM 0YeHb THOKH, TI09TOMY OBLJIO OBl HAMBHO OKUIATh, YTO JIAJKe
BecbMa GOJIBIIIE KOPITYChI OY/IyT COAEPKATh BCE BOBMOKHBIE 72-TPaMMBbl. A 3HAYWT,
HAIlM MOJEJIN TOXKE JOJKHBI ObITh JOCTATOYHO IMOKIMM, YTOObI 0OpabaThiBaTh
n-rpaMMbl, KOTOPbIE TIpesk/ie HUKoTAa He Bugesan (Hanpumep, «the President of
California» (npesuznent Kammudopmumn), «the United States of Canada» (Coexunen-
ubie [IItarer Kanazsr)). B cHMBOIMYECKUX MOJIEISIX 9TY TIPOOJIEMY MOKHO PENTUTD
C UCIIOJIb30BAHUEM 8036DAIM08 — €CJIU BEPOSITHOCTD JAHHON 72-TPaMMbl HEU3BECTHA,
MO/IEJTb TIBITAETCST OMPEIEUTh BeposiTHOCTE (7 — 1)-Tpammbr («the President of»,
«the United States of») u tak gasee, oka He A0#IET 10 OAMHOUHOMN JIEKCEMBI, HJIN
yHurpamMmbl. Kak 1mmpaBuiio, Bo3BpaThl K MEHBIINM 7-TPaMMaM BBITIOJIHSIOTCS, TIOKa
He Oy/IeT MOJYYeHO JOCTATOYHO NH(MOPMAIUK /IS OLIEHKKU BEPOSTHOCTH.

[TockonpKy BaseNgramModel MCTIOJIB3YET OIEHKY MaKCUMAJbHON BEPOATHOCTH,
HEKOTOPbIe (BO3MOKHO, MHOTHE) 7-TPaMMBbI OYIyT UMETh HYJIEBYIO BEPOSITHOCTD
TOSIBJIEHUSI, B Pe3yJIbTaTe score () Oy/eT BO3BPAIIATh HOJIb, ¥ OI[EHKA HEOTIPe/IeIeH-
HOCTH OyIeT MOJTy4aThCs PABHO + 1K - GecKoHeuHocTH. J{Jist perenust mpobieMbl
HYJIEBBIX BEPOSATHOCTEH 7-TPaMM MOKHO OPTaHn30BaTh c2aaxcusanue. Craaknupanue
3aKJllo4aercs B Ilepejade HeKOTOPOU 10J1M BEPOATHOCTU 4acTO BCTPEUAIOIMXCS
n-TpaMM TIpesK/ie He BCTpedaBImMced n-TpamMMam. [IpocTeiimy BumoM criiasknBanms
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siByisiercst cruasknBanue Jlammaca («add-one smoothings), korza HoBoMy TepMIHY
IPUCBAUBAETCS YacTOTA | ¥ IPOU3BOUTCS IEPECYET BEPOSITHOCTEN, HO CYIECTBYET
MHOTO IPYTUX BUJIOB CIIIAKUBAHMST, TAKUX Kak 060011eHHOe criakuBanue Jlarnaca,
i «add-k smoothing».

O6a Bua CriaskuBaHKs JIETKO peaii30BaTh, ONPeIesiB Kiaacc AddKNgramModel, Ha-
CJIelyIONIUIT Hall KJIace BaseNgramModel 1 Iiepeolpe/iesIsioninil MeTo/| score, KOTO-
pblit OyeT 106aBISTh CrIaKMBaolee 3HaYeHUE R K CYETUNKY N-TPAMMBI U JICJTUTh
Ha 3HaYeHue cyeTdnKa (1 — 1)-rpaMMbl, HOpPMAJTM30BaHHOE CYETYNKOM YHUTPAMMBI,
YMHOKEHHBIM Ha k:

class AddKNgramModel(BaseNgramModel):

PeanusyeT obobweHHoe crnaxuBaHue Jlannaca (add-k).

def __init_ (self, k, *args):
MpuHMMaeT 3HayveHue Kk, Ha KOTOpoe HLO/IXHbI YBENMYMBATLCA
CYETYUKU CNOB B MpoLEecce OLEHKH.

super(AddKNgramModel, self)._ _init__ (*args)

self.k = k
self.k_norm = len(self.ngram_counter.vocabulary) * k

def score(self, word, context):
B obobuweHHOM crnaxuBaHuu Jlaniaca ouLeHKa HopmanusyeTcA
3HaveHuem k.
context = self.check_context(context)
context_freqdist = self.ngrams[context]
word_count = context_freqdist[word]
context_count = context_freqdist.N()
return (word_count + self.k) / \
(context_count + self.k_norm)

Tenepb MOXHO OTIpeseUTh Kaace LaplaceNgramModel, KOTOPBIM MHUITUATUZNPYET
AddKNgramModel 3HaueHueM k = 1:

class LaplaceNgramModel (AddKNgramModel):
Peanusyet crnaxusBaHue Jlannaca
CrnaxuBaHve Jlannaca agnaeTcA 6a3oBbiM cayyaem 0606wWeHHOro
crnaxuBaHuA add-k co 3HaveHuem k = 1.
def __init_ (self, *args):
super(LaplaceNgramModel, self). init_ (1, *args)
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Moy probability 6ubanoreku NLTK momaepskuBaeT HECKOJIBKO CITOCOOOB BbI-
YKCJIEHUSI BEPOSITHOCTH, BK/II0YAsl PASHOBUHOCTH METO/a MAKCUMAJILHOI'O IOA00MST
u 06o61eHHoro craaxubanus Jlamaca (add-k), a raxxe:

O UniformProbDist IpucBaMBaeT PaBHbIE BEPOSTHOCTU BCeM obOpasiiaM, UMeo-
IUMCST B 33/TAHHOM HAOOPE, U HYJIEBYIO BEPOSITHOCTH BCEM OCTAJBHBIM.

O LidstoneProbDist CIJIasKUBAaET BEPOSTHOCTUA 00PA3IIOB C MCIIOJb30BAHUEM Be-
LI[eCTBEHHOr0 Yncia gamma B guamaszone ot 0 go 1.

O KneserNeyProbDist peasin3yeT Pa3HOBUIHOCTH BO3BPATOB, MOJCUYUTHIBASI BEPO-
SITHOCTH 7-TPaMMBbI 110 YUcy (7 — 1)-rpamMM, BCTPEYEHHBIX TIPU 00YYEHIH.

Craaxuanne Knecepa — Hest (Kneser—Ney) BcIo/ib3yeT 4acTOTy YHUTPaMMBbI He
camy 110 cebe, a B OTHOIIIEHUH K 7-TpaMMaM, KOTOpbie oHa 3aBepiraet. OHK cI0Ba
MOSIBJISTIOTCST B CAMBIX Pa3HBIX KOHTEKCTAaX, HO IPYTHE MOIBISIIOTCS 9aCTO U TOJTHKO
B OTIPeIeTIEHHBIX KOHTEKCTAX; MBI TOJKHBI MHTEPIIPETUPOBATH UX TI0-PAa3HOMY.

Mbi MOsKeM co31aTh 00epTKY /Jist peanu3aiiuu criaakuBanust Kinecepa — Hest us
NLTK, ompenenus kmacc KneserNeyModel, Hacseaytomuii BaseNgramModel u miepe-
OTIPEZICSIAIONINI METOJI score, B KOTOPOM HCITOJIb3yeTcs nltk.KneserNeyProbDist.
O6parure Banmanue Ha To, 4o NLTK-peanmsaiust, nltk.KneserNeyProbDist, pa-
6oTaeT TONBKO ¢ TPUTPAMMAMYL

class KneserNeyModel(BaseNgramModel):

Peanusyet crnaxumBaHue KHecepa — Hea

def __init_ (self, *args):
super(KneserNeyModel, self). init__ (*args)
self.model = nltk.KneserNeyProbDist(self.ngrams)

def score(self, word, context):

Mcnonb3yeT KneserNeyProbDist u3 NLTK gnAa nonyyeHusa oOueHKM

trigram = tuple((context[@], context[1], word))
return self.model.prob(trigram)

leHepaums A3bika

BMmecTe ¢ BO3MOKHOCTBIO ITPUCBANBATD BEPOSITHOCTU 72-TPAMMAaM MBI ITOJIYUUIIN MeXa-
HU3M IIPUMEPHOII reHepannm si3bika. UToObI IPUMEHNTH Halll KJacc KneserNeyModel
JUIST IOCTPOEHUS TeHEPATOPa CJAEIYIONIETO CI0BA, TOOABUM JIBa TOTOJHUTETHLHBIX
MeTo/Ia, samples ¥ prob, YTOOBI MOJYYUTh JOCTYII K CIIUCKY BCEX TPUIPAMM C He-
HYJIEBBIME BEPOSATHOCTSMHE ¥ K BEPOSITHOCTH KasKI0r0 06pasiia.
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def samples(self):
return self.model.samples()

def prob(self, sample):
return self.model.prob(sample)

Terepb MOKHO HalKcaTh IPOCTYIO (PYHKIINIO, KOTOPAsk IPUHUMAET TEKCT, U3BJICKAET
BEPOSATHOCTU BCEX BO3MOKHDIX TPUIPAMM IIPOAOJIKEHUA I IBYX [TOCIEIHUX CII0B
1 o6aBiisieT Harboiee BEpOSITHOE cJie/Iytoliee cioBo. Eciiu mepenano Membiie 1ByX
CJIOB, 3AIIPOCUM JIOTIOJTHUTENbHBIN BBOJI. Eciin KneserNeyModel TPUCBONT HYJIEBYIO
BEPOSITHOCTD, MOMPOOYEM U3MEHUTD TEMY:

corpus = PickledCorpusReader('../corpus"')

tokens ['".join(word) for word in corpus.words()]

vocab = Counter(tokens)

sents = list([word[@] for word in sent] for sent in corpus.sents())

counter = count_ngrams(3, vocab, sents)
knm = KneserNeyModel(counter)

def complete(input_text):
tokenized = nltk.word_tokenize(input_text)
if len(tokenized) < 2:
response = "Say more."
else:
completions = {}
for sample in knm.samples():
if (sample[@], sample[1]) == (tokenized[-2], tokenized[-1]):
completions[sample[2]] = knm.prob(sample)
if len(completions) ==
response = "Can we talk about something else?"
else:
best = max(
completions.keys(), key = (lambda key: completions[key])

)
tokenized + = [best]
response = " ".join(tokenized)

return response

print(complete("The President of the United"))
print(complete("This election year will"))

The President of the United States
This election year will suddenly

JloBoJIbHO JTeTKO HanMcaTh TPUJIOKEHIE, PETIalolee MPOCThIE 33/1a91 BEPOSTHOCT-
HOIT reHepaIiy A3bIKa, HO, KaK MbI BUJIEJIH, YTOOBI CO3/[aTh YTO-TO HoJiee CIOKHOE
(HampuMep, MPUJIOKEHNE, TeHEPUPYIOIee 11eJible MPEJJIOKEHU ), B MOJIETH He-
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006X0IUMO 3aKOAUPOBATH O0JIblle MHGOPMALMK O SI3bIKE. DTOTO MOKHO AOOUTHCS
¢ IPUMEHEHHUEM 72-IPAMM BBICOKOTO MOPSIAKA U OOJIBIIUX IIPEAMETHO-OPUEHTIPO-
BaHHBIX KOPITYCOB.

Ho kak orpeesintb, HaCKOJIbKO XOPOoIIia Hallia MoeJsib? MoJjiesi Ha OCHOBE 7-TPaMM
MOJKHO OILIEHUTDb JABYMS1 CHOCO6aMI/I. BO-HGpBbIX, Ka4eCTBO MO/J€Ji Ha KOHTPOJIbHbIX
JAHHBIX MOKHO OIEHUTH C UCIIOJIb30BAHNEM BEPOSTHOCTHON MEPHI, TAKON KakK He-
OTIPeIeJIEHHOCTDb WJIM AHTPOIUsL. B aTOM cirydae Jiydliieit MO;KHO CYUTATh MOJIEJIb,
MaKCHUMU3UPYIOILYI0 SHTPOIUIO WJIN MUHUMHU3UPYIOILYIO HEOIIPEAENEHHOCTD JIJIsT
KOHTPOJIbHOTO Habopa. KauecTBo cUMBOIMYECKUX MOJIe/Ieil IIPUHSATO ONMUCHIBATD UX
MaKCUMaJIbHbIM KOHTEKCTOM (Pa3MepoM 7-TpaMM) U ITPUMEHSIEMbIM MEXaHU3MOM
CIJIa’KUBaHNMA. Ha MOMEHT HallUCaHMA 9TUX CTPOK JIydHIInMun CUUTAJINCh CUMBOJIN-
JecKue MOJIEJTH ¢ S-TpaMMami U criaaskuBannem Kraecepa — Hes!.

C npyroii cTopoHbl, 6oJiee HAEKHYIO OIIEHKY MOJIEJTH MOKHO TIOJTY4UTh, BCTPOUB
ee B IIPUJIOKEHUE U TPOAHATU3NPOBAB OT3BIBBI 1T0Ib30BaTe e !

B 3ak1roueHue

B sTo0i1 T/1aBe MBI UCCHIEIOBAIIM HECKOJIBKO HOBBIX METOJ/IOB KOHCTPYUPOBAHMS
KOHTEKCTHBIX TIPU3HAKOB JIJIsI YJIYUIIEHUST IPOCTBIX MOJIEJIE TUIIA «MEIIOK CJIOB>.
CrpykTrypa Tekcta nMeeT OOJIbIoe 3HAYeH e IJIsT eT0 TIoHnManus. Vlcrnorb3oBarne
KOHTEKCTa Yyepe3 U3BJIeYeHre KJIT0YeBBIX (Ppa3 Mian 3HAUNMBIX CJIOBOCOYETAHUT Ha
OCHOBE IPAMMATHK MTO3BOJISET CYIIECTBEHHO YIYUITUTh KAY€CTBO MOJIEITH.

B 37011 rmaBe MBI NCTIOTB30BANN CUMBOIUUECKUL TTOAXO K AaHATU3Y TEKCTA, TO €CTh
CMOJIETMPOBAJIH SI3bIK KaK HAOOP AMCKPETHBIX ()ParMEHTOB ¢ BEPOSTHOCTSIMU UX
nogsyieHus. [[ONOJHUB 3Ty MOJIEJIb MEXaHU3MaMU 8038PAMA W C2LANCUBAHUS I
06pabOTKM HEU3BECTHBIX CJIOB, MBI ITOJIYYMIN MOJIEJb SI3bIKA HA OCHOBE 7-TPaMM,
CIIOCOOHYIO TEHEPUPOBATh TEKCT. TaKOil MOAX0/ K MOAETMPOBAHUIO SI3bIKA MOKET
ITOKa3aThCsI U3JINUIITHE aKaJeMUUYeCKIM, OJTHAKO BO3MOKHOCTH CTATUCTUYECKOM
OIIEHKM OTHONIEHWH B TEKCTE HAILIa IMMPOKOE TPUMEHEHNE B CAMbIX Pa3HbIX KOM-
MePYECKHX ITPUIIOKEHUSIX, BKJII0Yast COBPEMEHHbBIE CHCTEMBbI ITOMCKA B CETH, YaT-O0ThI
1 MallIMHHBIN TT€PEBO/I.

Bropoii oaxoz, He 06CYKAABIIUNCS B 9TOI TJIaBe, HO 3aCIyKMBAIOIIAN YIIOMH-
HAHUS: HeHPOHHAS, UTU ACCOUUAMUBHAS MOJEb I3bIKa, KOTOPAs MCIOJb3yeT
HEWPOHHBIE CETU B KAYECTBE aCCOIUATUBHBIX €AMHUIL C HETIPECKa3yeMbIM TTOBe-
nenueM. B HacTosIee BpeMst HeiPOHHbIE CETH CTAIU HIMPOKOAOCTYITHBIMU GJ1aro-

U Frankie James, Modified Kneser—Ney smoothing of n-gram models (2000), http://bit.ly/2JIc5pN



B 3aks04eHne 189

Japsi MOSIBJIEHIIO TAKUX HHCTPYMEHTOB, Kak word2vec, SpaCy u TensorFlow, Ho nx
obyueHre MoKeT TpeOOBaTh 3HAYMTEIHHBIX BBIYUCIUTENBHBIX PECYPCOB, a OTJIa/IKa
Y MHTEPIIPETAINS PE3YJIBTATOB COMPSIKEHBI ¢ OOJBITIUMU CJIOKHOCTSIMU. 10 3TOi
[PUYUHE MHOTHE IPUJIOKEHS KCIIOIb3YI0T O0JIee HOHATHbIE CHMBOJIMYECKIE MOJIE-
JI, KOTOPBIE YACTO JIETKO MOJUMDUITPOBATD C MCTIOTh30BAHNUEM TTPOCTHIX ABPUCTHK,
Kak Oyzer nokasato B raase 10. B riase 12 MbI MCITIOJIb3yeM acCOIMATUBHbII O/
XO/I JLJIST CO3/IaHMsI MOJIENTN KJIACCU(MDUKAIINY SI3bIKA U 00CYIUM CJIy4au, KOT/la TaKue
MOJIEJTH MOTYT OKa3aThCst 0JIee TPEITOYTUTETHHBIMIL.

Ho npexae yem nepeidtu Kk aTuM 6o0Jiee IPOABUHYTHIM MOJEISM, PACCMOTPUM
B TJIaBe 8 IpreMbl BU3yaIM3aIMK TEKCTA U IUArHOCTUKU BU3YaJIbHBIX MOJIEJIEN,
HCIOJIb3YIONINE CTATUCTUYECKUE BBIYUCIIEHUS JIJIsl BU3YaIU3AI[UU IIPOUCXO/ISIIETO
B MOJICJISX.



Busyanusayusa Tekcra

MarmHHOe 06ydYeHre 4acTo aCCOIMUPYETCST C aBTOMATH3aIlMel TIPUHSITUST PEIEeHUT,
HO Ha MPAKTHKE MPOIIECC CO3aHUs MPOTHOCTHYECKON MOAETH 0OBIYHO TpebyeT
y4JacTus yesoBeka. KoMIbIoTephbl MPeKpacHo CIIPABJISAIOTCS C TOUHBIMU MaTeMaTH-
YECKUMU BBIYNCIEHUSIMHE, & JIIOIU CIIOCOOHBI OBICTPO BBISIBJISITH 3aKOHOMEPHOCTH.
OObeIMHNUTD ATH [IBA BaKHBIX ACIIEKTa TIOMOKET MEXaHU3M BU3YAIUIAUUL, TOTHO
U aKKyPaTHO OTOOPAKAIOIINI [aHHbIe Ha 9KPaHe KOMITbIOTEPA B HEKOTOPOM BH3Y-
AJILHOM TIPE/ICTABJIEHIH, KOTOPOE MO3BOJIUT YEJTOBEKY OBICTPO TIOHSTD UX CYTh.

B rimaBax 5 11 6 MBI paCCMOTPEIM HECKOJIBKO MPAKTHUECKUX IIPUMEPOB IIPUKJIAIHBIX
Mojiesiell MalnHHOTo 00y4YeHwst. B Xo/1e peasimsaiiuu aTUX IPUMEPOB Mbl 3aMETHIIH,
YTO MHTErPalysi MAIIMHHOTO OOYYEHUST YaCTO OKa3hbIBAETCS HAMHOTO CJIOKHEE MTPO-
cToro o0y4deHust Mojesii. Bo-1epBbIX, epBast MoJIe/Ib PEAKO ObIBaeT OIITHMAIbHOII,
4TO O3HAYaeT HeoOXOAMMOCTh OPraHU3aIMK UTEPATUBHOTO TIpollecca 00yYeHts,
OIIEHKU U HACTPOWKU MOJIEJIEH.

Kpome Toro, olieHKa, WHTEPIIPETAIUs U TIPEACTABIEHUE PE3YIBTATOB MPUKJIAIHOTO
aHAJIM3a TEKCTA OCYIIECTBISIOTCS ¢ GOJIBIIUMU CJIOKHOCTAMMU, YEM B CJIydae ¢ YHC-
JI0BbIMU faHHbIMU. Kakoii crioco6 noncka Hanbosee nHGOPMaTUBHBIX TPU3HAKOB
JIydilie — KOIJla IPU3HaKaMU SBJSIOTCS CJI0Ba, (hparMeHTsl ¢10B man ¢paspi? Kak
OTIPEIEJINTD, KaKast MOJIEJTh KIaCCU(DUKAIIMY JIyUIlle TIOJXOMUT JIJIST HAIIIErO KOPITY-
ca? Kak y3Harh, kKakoe 3HaueHUe k maeT HanOoabINi ahdEKT B KIacTepusaim
MEeTOIOM k-CpesHuX?

Nmento st BOIIPOCBI BMECTE C HCO6XO]II/IMOCTI)IO UTEPATUBHOI'O ABUKEHUA K 10~
CTHKEHUIO HarboJiee ONTUMAIbHOTO PElIeHUs TIPUBEJIN HAC K mpoliKke avibopa
MoOenu, Kak OIicaHo B pasjiesie < Tpoiika Bpibopa Mojiesin», B TiiaBe 1. B aT0ii riraBe
MbI YBU/INM, KaK 8U3YAIbHASL OUAZHOCMUKA TOTIOJHSIET ATOT IIPOIECC MEXaHU3MaMU
BU3YaJIM3aI[UH JIJIsT BbISIBJICHUSE TPOOJIEeM WK J1J1st GoJiee IPOCTOI OIEHKH KayecTBa
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MoJieJiell OTHOCUTENBHO APYT Apyra. Mbl uccieayeM Habop HHCTPYMEHTOB BU3ya-
JIM3AIUH, KOTOPBIE MOTYT TIPUTOIUTLCSI [T YNPABIeHUsI MOJIEJISIMU MATITTHHOTO 00-
yuenust, momorast 3 dexTnBHEe BMENTMBATHCS B IIPOIIECC MOJIETNPOBAHIST OJ1aroapst
HAIIIM BPOKIAEHHBIM CIIOCOOHOCTSIM BBISIBIISITH 3aKOHOMEPHOCTH B H300PAsKEHUSIX.

CHauasia Mbl Pea3yeM PasjMYHble METO/IbI AaHAIN3A ¥ KOHCTPYUPOBAHMUSI TIPH-
3HAKOB [IJIs1 TEKCTOBBIX IAHHBIX, OT TPAUKOB BDEMEHHBIX PSIZIOB 72-TPAMM JI0 CTOXa-
CTHYECKOTO aJiropuT™a BiokeHust cocesieil (Stochastic Neighbor Embedding, SNE).
3arem mepeiiieM K BU3yaJibHOMY aHAJIMU3Y TEKCTOBBIX MOJIE/IEl U MHCTPYMEHTaM
BBISBJICHUS ONTMOOK B MOJIEJISIX, TAKMM KaK MaTPHI(bl HECOOTBETCTBUIT U rpaduku
onmbOK MPOrHO3UPOBAHKSI KIacCOB. HaKOHEIT, Mbl PACCMOTPHM HEKOTOPbIE BU3YaJlb-
HbIE METO/[bI, KOTOPbIE MOKHO MCIIOJIb30BATh /ISl ONTUMU3AIMHI THIIEPIAPAMETPOB
C LEJIBIO YIIYUIIEHUsT KaueCTBa MOJIEIEH.

Busyasinsauusi NpoCcTpaHCTBA NPU3HAKOB

KouncrpyupoBanue 1mpusHakoB, OlleHKa U HACTPOHKA MOJiesieil B TPAAUITMOHHOM
PoIIecce YUCTOBOTO TTPOTHOZMPOBAHUS BBITTOIHSIOTCS OTHOCUTENHHO TTPOCTO. BhI-
ABUTDH HaI/I6OJIee I/IH(I)OpMaTI/IBHbIe IIPpHM3HAaKU B IIPOCTPAHCTBE C He6OJHJH_II/IM YUCJIOM
U3MEPEHNIT MOKHO MyTeM 0OydeHUsT MOJIEIN W BBIYUCIIEHUS 0T HAOJII01aeMOii
aucnepeuu, 00bsICHSIEMON KaK/[bIM TIPU3HAKOM. [TosrydeHHbIE Pe3yJIBTaThl MOKHO
BU3YaJMN3UPOBATh C UCIIOJIb30BaAHUEM CTOJI6'-IB.TI)IX AarpaMm Wjin ABYMEPHbBIX TE-
IIJIOBBIX KApPT TIOTIAPHBIX KOPPEJIAIHIL.

B cayudae ¢ TeKCTOBBIMU JAHHBIMU BHU3YaJU3UPOBATh IPOCTPAHCTBO IIPU3HAKOB
HAMHOTO cJIokHee. OTYacTy 9TO CBSI3aHO C TEM, YTO BU3YaJU3aIMsi MHOTOMEDPHBIX
JAHHBIX TI0 CYTH CJIOKHEE, a TAK)Ke MMOTOMY, UYTO BU3YaTN3aINS TEKCTOBBIX TAHHBIX
B Python tpeGyer momosHuTebHBIX BBIYUCACHUIT B CPABHEHIN C BU3yalnu3aIueil
YUCTO YMCJOBBIX JAHHBIX. B aTOM pasiesie Mbl pacCCMOTPHUM TIPUEMbI BU3YaIN3aIN
¢ npuMenenreM Matplotlib, koTopbie MOTYT BaM IPUTOIUTHCS TIPU aHALU3E W KOH-
CMPYUpOBanuU NPU3HAKoes.

Bu3yasibHblA aHaNIn3 NPU3HAKOB

I[To cyTu, anaiu3 MPU3HAKOB CBOIUTCST K 3HAKOMCTBY ¢ OCOOEHHOCTSIME JTAHHBIX.
AHaTM3UPYsT YUCTOBbIE TAHHbBIE C HEOOBITNM YUCIOM H3MEPEHUH, MOKHO HCIIOJIb-
30BaTh OJIOYHbIE U «CKpUTIMYHBIE» (Violin) AnarpaMMbl, THCTOTPAMMBI, IHATPAMMBI
paccesiHUS, paJiajibHble MarpaMMBbl U JUarpaMMbl I1apajlle/IbHbIX KOOPJAUHAT.
K coskanenuno, BbICOKasi pa3MepPHOCTb TEKCTOBBIX JIAHHBIX JIeJIAeT 3TH IIPUEMbI He
TOJIBKO HeYTOOHBIMHU, HO U He BCEeT/[a aKTyaTbHBIMH.
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B xonTexcTe TEKCTOBBIX HaHHbIX aHaJIN3 TPU3HAKOB CBOAUTCA K U3YUYEHUWIO COAEP-
JKUMOTO Kopiyca. HampuMep, HacKOJIbKO BeTUKHU JOKYMEHTHI U cJIoBaph? Kakue
3aKOHOMEPHOCTHU MJIN KOMOUHATIUN 7-TPAMM MO3BOJISIIOT TTOJTy4aTh HAanOOMbITNI
o6bem nHdopmaruu o gokymenTax? M BooOIne, HACKOJbBKO TPaMMaTHYeCKU
[paBuJIeH Hall TeKCT? SIBJseTcs i OH cyryb6o TeXHUYECKUM, COCTOSIIUM U3
MHOJKECTBA Y3KOCTEITMATbHBIX COCTABHBIX MMEHHBIX CJIOBOCOYeTaHUIT? ABIsieTcs
JIN OH IEPEBOJAOM C APYIroro sa3pika? Hackoisbko IIPpaBUJIbHO UCIIOJIB3YETCA IIYH-
KTyaIus?

Bce 3TH BOIPOCH! TOMOTAIOT TPUCTYITUTH K (HOPMYJTUPOBAHUI0 0OOCHOBAHHBIX
TUI0TE3, MO3BOJSIONNX 3(P(PEKTUBHO IKCIIEPUMEHTUPOBATH U CO3/1aBaTh MPO-
TOTUTBL. B 9TOM paszesie Mbl TO3HAKOMUMCS C HECKOJBKUMU CIIETTNATN3UPOBAH-
HBIMI TIPHEMaMK AHAJIN3a TIPU3HAKOB, KOTOPbIE 0COOEHHO XOPOIIO MOAXO/ST [IJIsI
TEKCTOBBIX IAHHBIX: BDEMEHHBIE PS/IbI #1-TPAMM, CETEBOI aHATN3 U TTPOEKITUOHHBIE
JlarpaMMbl.

BpeMeHHble psaabl N-rpaMm

B rmaBe 7 MbI viccsie[oBaIi TpUeMbl U3BJIEUEHUS TPU3HAKOB HA OCHOBE TPAMMATHK
C 11eJIbI0 BBISIBJIEHUSI 3HAYMMbIX 3aKOHOMEPHOCTEH CJIeJOBAaHKS JIEKCEM B OOJIBIIIOM
KOJIMYECTBE JOKYMEHTOB. DTHUM 9TATIoM pabovero mporecca mpolie YIpaBIsaTh, IMest
BO3MO’KHOCTh BH3Ya/IbHO UCCIE0BATh YaCTOTY KOMOMHALINI JIEKCeM Kak (hyHKITHIIO
oT BpeMeHU. B aTOM paszzesie pacckasbiBaeTcs, Kak Peajn30BaTh BU3YaTU3AIUIO
n-TpaMM JIJIs1 TIOJIEPKKY aHAIN3a IPU3HAKOB TAKOTO BUJIA.

B 06bekTax YTeHMst KOprnyca, CKOHCTPYMPOBaHHbLIX HaMW B rnaBax 3 U 4, oT-

CYTCTBYET MeToj dates, OAHAKO 3TOT MPUEM BU3yanu3aLmMn TpebyeT HEKOTO-

pOro MexaHu3Ma, KOTOpbIi MO3BOJIs 6bl MOTYUYNUTb BPEMSI CO3AAHUS AOKYMEH-
| Ta no ero fileid.

JlotmycTim, 9TO KOpIyc AaHHBIX chOPMUPOBAH KaK CIOBAPH, KIIOUaMU B KOTOPOM
SIBJITIOTCS JIEKCEMBI, 2 3HAUCHUSMI — KOPTEKH (CYETYNK NIeKCEMbI, BPEMS CO3AaHWUA
pokymenTa). /lommycTrM TakKe, 4TO y HAC UMEETCS CITMCOK terms CTPOK, Pa3iieIeHHbIX
3aIATBHIMU, KOTOPBIE COOTBETCTBYIOT #-TPaMMaM JIJIsI TOCTPOEHN I BPEMEHHBIX PSTIOB.

[Toctpoente rpaduka 3aBUCHMOCTH YACTOTHI 72-IPAMM OT BPEMEHU HAUYHEM C MHU-
rmasinsarny purypsl Matplotlib u oceit, ykazas mupuny u BoicoTy B atoiimax. J{uist
Ka/K/IOr0 TEPMUHA B CIHCKE MOCTPOUM TPpaduK, B KOTOPOM OCh Y COOTBETCTBYET
4aCcTOTe N-TPaMMBbI, a 0Chb X — BPEMEHU CO3/IaHusI JTOKYMEHTA, B KOTOPOM BCTpe-
waercst TepMuH. [[06aBUM TakiKe 3aroll0BOK rpaduKa, JereHpy IIBETOB U METKU Ha
ocsix Y u X. Takyke MOKHO 3a/1aTh [HAIIa30H JIAT [JIS1 TIOJIEPKKY MACIITAONPOBAHUS
u huabTpanun rpadguKa:
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fig, ax = plt.subplots(figsize = (9,6))

for term in terms:

data[term].plot(ax = ax)

ax.set_title("Token Frequency over Time")
ax.set_ylabel("word count")
ax.set_xlabel("publication date")
ax.set_xlim(("2016-02-29","2016-05-25"))
ax.legend()

plt.show()

[Tosyuusmmiics rpaduk, IpuMep KOTOPOTo II0KasaH Ha puc. 8.1, Hokas3bIBaeT 4acToTy
YIIOMMHAHUH TOJINTUYECKIX KaHIU/1ATOB (3/1eCh OHU IIPe/ICTaBJIeHbI yHUTPAaMMaMu )
B HOBOCTSIX Iiepe/l BBIOOpaMHL.

— trump
— dinton
bernie

100

word count

] B Al -
o Py \B.Q*ﬁl K o Fiad o
» ® ° »
publication date

Puc. 8.1. paduk 3aBUCUMOCTM YacTOTbl N-rpaMM OT BPEMEHU

Kak BUaIunTeE, I‘pa(l)I/IK 3aBUCUMOCTU YaCTOThI OT BPEMEHU MOJKET OKa3aTbCA I10JI€3~
HbIM MHCTPYMEHTOM M3Yy4Y€HUA U CPaBHEHUA YNCJIA BXO)KI[GHI/II;,I n-rpaMM B KOPILYC
C TEHEHHEM BPEMEHMU.

CeTteBble guarpamMmmbi

CereBble AnarpaMmbl IMOJIb3YIOTCA OOJIBIION TIOIYJIAPHOCTBIO B HalllM /THU, O YEM
CBU/IETEJIbCTBYET UX HpeO6JIa,Z[aHI/Ie B HEJaBHEM o630pe METO/I0B BHU3yaJin3allun
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TEKCTOBBIX JaHHBIX!. ITO OOBSICHAETCS TEM, YTO CETEBBIE [UATPAMMBbI TIO3BOJISTIOT
0TOOPA3UTH CJIOKHBIE B3AUMOOTHOIIEHHSI, KOTOPbIE MHAYE MOKHO BBIPA3UTH TOJIb-
KO Ha eCTeCTBEHHOM si3bike. OHU 0COGEHHO MIMPOKO UCTIOMB3YIOTCS JIJIST aHAIN3a
CONMANBHBIX ceTel. Takne ararpaMMBbl MOKHO MCTOJB30BATD [T UILTIOCTPAITAN
CBs3eil MeX/y CYIIHOCTSIMH, JOKyMEHTaMU U JIa’ke UeSMH B KOPITyce, KOTOPbIE
MBI IOJIPOOHO PacCMOTPHUM B TJiaBe 9. B aTOM pasiesie Mbl CO3/aIUM JIHATPAMMY,
npezacrasisiontyto kaury The Wizard of Oz («Bommebuuk crpabbl O3») Mpanka
Bayma B Buzie connanbhoil cetu. IlepcoHasku u3 KHUTH OYAyT UTPATh POJIb Y3JI0B,
a UX OTHOIIIEeHUs OyIyT N300paKkaThCst peOpaMu, ITMHA KOTOPHIX TEM MEHbIIIE, 4eM
TecHee CBA3D.

B 3ToM pa3aene Mbl nocTpouM rpad B3amumogeictaus cun (force-directed graph),
CMOAENMPOBaHHBIV B BUAE CETU COBXOXAEHUS NepcoHaxel Les Misérables («OT-
BepXeHHble») Maiikom BoctokoMm (Mike Bostock)?. Takue rpacbl npotle oTobpa-
»XaTb ¢ nomoLbto D3 1 apyrmx dhpenMBopkoB Ha JavaScript, HO Mbl NOKaXeM, Kak
3TO Aenaetcs Ha Python ¢ npumeHeHnem Matplotlib 1 NetworkX.

Jlist mocTpoenwst rpaca MCIob3yeM 00paboTaHHYIO BEPCHUIO U3 OGUOJINOTEKH MTPO-
exta [yrenOepra, xpansiiiyiocst B haiiie JSON, KOTOPbIN COMEPIKUT CTIOBAPH C IBYMST
aJIeMEHTAMU: TIEPBBIM — CIMUCOK UMEH TIePCOHAXKEN, OTCOPTUPOBAHHBIN B TIOPSIIKE
yOBIBAHUS MX YaCTOT B TEKCTE, U BTOPOIl — CJIOBAPh MIEPCOHAXKEN ¢ TapaMu KJII0Y,/
3HaUeHNe {Ha3BaHne rnasbli: TekcT rnasbi}. /1718 MPOCTOTHI M3 T1aB y/1aIeHBI Ty CTHIE
cTpoKu (TO eCcTh Kak/asi CTPOKA TPeCTABIISIET OTAETbHBIN ab3all) U Bce JABOITHbIE
KaBBIYKH B TEKCTe (HAIPUMED, B IMAJTIOTAX ) 3aMEHEHBI OJ[MHOUYHBIMY KaBbIUKAMM.

Tak Kak MepcoHakM U3 KHUTU UTPAIOT POJIb Y37I0B B Tpacde, HaM TpebyeTcst ycTaHo-
BUTDH CBA3U MEXKIy y3aamu. J[yig atoro HammieMm ¢hyHKIIAIO cooccurrence, KOTOpas
CKaHWPYET TJIaBbI 1 JIJIs1 KaXKIOH Tapbl IIePCOHAXKEH MpoBepseT, KaK 4acTo OHU 110-
SBJIAIOTCS BMecTe. VIHUInanusupyeM cjaoBapb, KI0YaMy B KOTOPOM SBJISTIOTCS BCE
BO3MOJKHBIE TTapbl. 3aTeM 71 KK I0U TJIaBbl UCIIOJIb3yeM MeTOJI sent_tokenize u3
NLTK, 4T0o0bl BBIAETUTD MPEJIOKEHUST B TEKCTE, M IS KAsKIOTO TIPEIIOKEHNS],
coZlepIKaIero MMeHa 000X TepCcoHasKeil, OyeM YBEJNUNBATH COOTBETCTBYIOIIEE
3HaYeHNe B CJI0Bape Ha eIUHUILY:

import itertools
from nltk import sent_tokenize

def cooccurrence(text, cast):

! The ISOVIS Group. Text Visualization Browser: A Visual Survey of Text Visualization Techniques
(2015), http.//textvis.lnu.se/
2 Mike Bostock, Force-Directed Graph (2018), http.//bit.ly/2GNRKNU
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MpuvHuMaeT Ha Bxofe cnoBapb text c rnaBamu {Ha3BaHue: TekcT}
M cast — CMMCOK MMEH MepcoHaxei, pa3feneHHbX 3anATbMM.
Bo3BpalwaeT cnoBapb CYETYUKOB COBXOXAEHWUA ANA BCEX BO3MOXHBIX
nap MMeH.
possible_pairs = list(itertools.combinations(cast, 2))
cooccurring = dict.fromkeys(possible_pairs, 0)
for title, chapter in text['chapters'].items():

for sent in sent_tokenize(chapter):

for pair in possible_pairs:
if pair[@] in sent and pair[1] in sent:
cooccurring[pair] + =1

return cooccurring

[lanee otkpoem daiin JSON, 3arpy3uM TEKCT, U3BJI€YEM CITICOK TIEPCOHAKEH U MHU-
rmasusupyeM rpacd NetworkX. [IJist ka0l mapbl, creHepupoBaHHON (DyHKITHENR
cooccurrence, UMEOIIEI HEHYJIEBOE 3HAYEHME, T0OABUM PebPO, XpaHsIIIee CUETINK
COBXO’KJIEHUI KaK CBOMCTBO.

3aTeM BBITIOJHUM U3BJIEUEHHE ego_graph, YT0ObI moMecTHTh MMst Dorothy B ienTp.
Vcnonb3yeM spring_layout, 4TOOBI 100aBUTH Y3JIbI C CUJIOI OTTAJIKUBaHsI, 0OPATHO
IPONOPIMOHATBHON BecaM UX pebep, yKaszas jKeJTaeMoe PACCTOSHIE MEKILY Y3/IaMu
uepes mapamerp k (4ToObI n36esKaTh 0OPA3OBAHUST «<KOMKOB IIEPCTH» ) ¥ KOJIMIECTBO
uTepauii ypaBHOBEIIMBAHNS CHJI OTTAJIKMBAHUS Yepes mapaMerp iterations. Ha-
KOHEII, UCIOJIb3yeM MeTo 1 draw 13 Orbinorekn NetworkX, uToObI creHepupoBaTh
durypy Matplotlib ¢ skesraembiMu 1iBeTaMu 1 pazMepaMu y3JI0B U pedep, U pasMepom
mpudra s oAnKceii (¢ UMeHaMu epCOHaKeN ), 00eCIeYrBAIOIIIM J0OCTATOYHY O
YUTAEMOCTD:

import json

import codecs

import networkx as nx

import matplotlib.pyplot as plt

with codecs.open('oz.json', 'r', 'utf-8-sig') as data:
text = json.load(data)
cast = text['cast']

G = nx.Graph()
G.name = "The Social Network of 0z"

pairs = cooccurrence(text, cast)
for pair, wgt in pairs.items():
if wgt>0:
G.add_edge(pair[@], pair[1l], weight = wgt)

# MomecTuTb Dorothy B uUeHTp
D = nx.ego_graph(G, "Dorothy")
edges, weights = zip(*nx.get_edge_attributes(D, "weight").items())
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# [obaBWUTb Yy3/bl, MOMECTUTb B Y3/bl, MEHee TeCHO cBA3aHHble ¢ Dorothy
pos = nx.spring_layout(D, k = 5, iterations = 490)

nx.draw(D, pos, node_color = "gold", node_size = 50, edgelist = edges,
width = .5, edge_color = "orange", with_labels = True, font_
size = 12)
plt.show()

[TosyuuBimiicst rpad, n306pakeHHBIN Ha pric. 8.2, HATJISHO WILTIOCTPUPYET CBSI3U
Dorothy (/lopoti) B KHUTE; GJIHIKE BCETO K HEll PACTIONIOKEHDI Y3JIbI, TIPEICTABJIS-
fonre GsKaiimmx apyseit — ee codaky Toto (Toromiky), Scarecrow (Crparnmry)
u Tin Woodman (JKenesnoro /IpoBoceka), a gajblie — IIePCOHAKN, ¢ KOTOPBIMU
Dorothy cBsizana menee TecHo. ConmasbHblil Tpad Takke MoKa3biBaeT GJU30CTh
Dorothy k Oz (Bosme6nuKy O3) 1 Wicked Witch (31011 Bezibme), ¢ KOTOpbIME Y Hee
TOKE CIOKIIIUCH 3HAYNMbIE, XOTSI U H0JIee CIIOKHbIE B3AMMOOTHOIIIEHSI.

King Crow
Hammer-Heads
Quadlings Glinda
Winged Monkeys Winkies
Uncle Henry
Wicked Witch
Scarecrow Aunt Em
Mr. Joker Dorothy

Tin Woodman o, Toto
Munchkins

Cowardly Lion
Stork

Kalidahs
Monkey Kinc

Boa

Puc. 8.2. Mpad B3aumonencTausa cun ans kHuru «Wizard of Oz»

Co3paHue rpadoB 1 X CBOMCTBA, a Takxke MeToabl add_edge, ego_graph u draw
n3 6ubnmotekn NetworkX nogpobHo 6yayT obcyxaaTtbcs B rnase 9.

OnarpaMmmbl COBXOXXAEHUM

[TocTpoenwe ararpaMMbl COBXOKICHUIN — ellle OJ[UH TIPUEM, TIOMOTAONIUIA OBICTPO
Pa3o0dpPaThCS B CBA3SIX MEK/LY CYITHOCTSIME FJIU IPYTHMHU 7-TPaMMaMU B TEPMUHAX
YaCTOTBI MX COBMECTHOTO TIOsIBJIEHUs. B aTOM pasiesie Mbl HCIoib3yeM Oubinore-
Ky Matplotlib mis cosnanust mnarpammbl cOBXOKIeHUs TIepcoHakeil B kKuure The
Wizard of Oz.
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Crauvana HanumieMm GYHKIIUIO matrix, KOTOpasg TPUHUMAET TeKCT KHUTH U CIIUCOK
nepcoHaskell. IHMIaMsupyeM MHOTOMEPHbIIT MaCCHB, KOTOPBII OyIeT UrpaTh POJIb
CIUCKA, COIEPIKAIIETO /I KasKOTO MePCOHaKa CTIMCOK CYETYNKOB COBXOXKACHUH
CO BCEMM JIPYTUMU TIEPCOHAKAMI:

from nltk import sent_tokenize

def matrix(text, cast):
mtx = []
for first in cast:
row = []
for second in cast:
count = @
for title, chapter in text['chapters'].items():
for sent in sent_tokenize(chapter):
if first in sent and second in sent:
count + =1
row.append(count)
mtx.append(row)
return mtx

Terrepb MOXKHO TIOCTPOUTH TUATPAMMY Ha OCHOBE Hareil MaTputibl. /{1 HarsHocTn
0T06PA3VM JIBE AMArPaMMBI € TOMOIIBI0 D3; B 01HOI TTlepcoHaski 6Ly T OTCOPTHPOBA-
HbI B a71(DaBUTHOM TOPSIZIKE 110 UMEHAM, a B IPYToii — 10 00Iell 4acToTe MOSIBJIEHUsT
B TekcTe. Unuianusupyem Gburypy u ocu, 100aBUM Ha3BaHUe, YBEJTHINM OTCTYIIbI
MEKJTY InarpaMMaMi, 4T0ObI OCBOOOAUTD IOCTATOYHO MECTA JIJIs BBIBO/IA UMEH TIepCo-
HasKeH, ¥ yBeJIMYNM pa3Mephl IeJTeHIH Ha ocsaX X 1 Y, COOTBETCTBYIONINX TIEPCOHAKAM.

3areM OmpeIeuM IUArpaMMy, KOTOPYIO Oy/1eM U3MEHSITh, COCJIABIINCD HA €€ MH/EKC
(121) — HOMep cTpok# (1), HoMep cTosibIa (2) u Homep auarpaMmbl (1). Onpexesnm
mapaMeTphl fiesieHui Ha ocax X U Y ¥ OATNCH 7S IeJIeHUH ¢ UMeHaM1 TiepcoHa-
JKel, yMEHBITUM MPU(T MOAIICET U yTOJI TOBOPOTA TO/AHCei, paBHBIN 90°, 4TOOBI
uX OBLIO TPOIIE YUTATh. YKAKEM, 4TO JAeTeHUs Uit ock X JOJEKHBI 0TOOPaKAThCst
cBepXy, U 106ABUM TOJIIUCH K OCSAM TepBOil auarpaMmbl. HakoHelr, BbI3oBeM Me-
TO/L imshow, YTOOBI TIOIYYUTH TEIIOBYIO KApPTY, Mepe/iaB mapaMeTp interpolation,
JKEJITO-0PAHKeBO-KOPUYHEBYIO IIBETOBYIO MATUTPY U YKA3aB HEOOXOMMOCTD JIOTa-
prudMIIECcKOit HOPMATM3AMNT YaCTOT COBXOKIEHUT, YTOOBI PEIKUE COBXOKIEHIST
He 0TOOPAKAIUCDH CTUIITKOM SIPKUMU [[BETAMHU:

# CHavana co3paAuMM MaTpuubl C COPTUPOBKOM
# Mo 4acToTe
mtx = matrix(text,cast)

# Tenepb co3gagum Auvarpammbl
fig, ax = plt.subplots()
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fig.suptitle('Character Co-occurrence in the Wizard of 0z', fontsize = 12)
fig.subplots_adjust(wspace = .75)

n = len(cast)
x_tick_marks
y_tick_marks

np.arange(n)
np.arange(n)

axl = plt.subplot(121)
axl.set_xticks(x_tick_marks)
axl.set_yticks(y_tick_marks)
axl.set_xticklabels(cast, fontsize = 8, rotation = 90)
axl.set_yticklabels(cast, fontsize = 8)
axl.xaxis.tick_top()
axl.set_xlabel("By Frequency")
plt.imshow(mtx,
norm = matplotlib.colors.LogNorm(),
interpolation = 'nearest’,
cmap = 'Y1OrBr')

YT106bI CO3ATH AUArPAMMY COBXOKIECHUI MEPCOHAKEN ¢ COPTUPOBKOM 110 UMEHaM,
CHaYaJIa CO3/1a/IM COPTUPOBAHHBIN CITUCOK TIEPCOHAKEN U OTIPE/IIM BTOPYIO [nua-
rpamMmy, ¢ KOTOpoii GyieM paboTats, (122). Jlo6aBuM 37IeMEeHTbI OCEll, KaK B TEPBOM
ciryvae:

# W no andaButy
alpha_cast = sorted(cast)
alpha_mtx = matrix(text,alpha_cast)

ax2 = plt.subplot(122)
ax2.set_xticks(x_tick_marks)
ax2.set_yticks(y_tick_marks)
ax2.set_xticklabels(alpha_cast, fontsize
ax2.set_yticklabels(alpha_cast, fontsize
ax2.xaxis.tick_top()
ax2.set_xlabel("Alphabetically")
plt.imshow(alpha_mtx,

norm = matplotlib.colors.LogNorm(),

interpolation = 'nearest’,

cmap = 'Y10rBr')

8, rotation = 90)
8)

plt.show()

Kak u B cyuae ¢ ceTeBbIM TpadoM, JaHHOE TIPECTaBIeHNE ABSETCS JUIID atl-
MPOKCUMAIIIEH, TTOTOMY YTO MBI pACCMATPUBAEM TIEPCOHAKEHN KaK MOCJIe0BATEh-
HOCTH CHUMBOJIOB, TOT/Ia KaK B IECTBUTENHHOCTH MEPCOHAKU MOTYT 0003HAYATHCS
MHOKECTBOM PasHbIX c110co60B («Jloporu» u «geBouka u3 Kamsaca», «Toromka»
U «ee MaJieHbKast cobaukas ). TeM He MeHee [uarpaMMa, M300paskeHHast Ha puc. 8.3,
JIOBOJIBHO TOYHO OTPsKAeT TECHOTY CBSI3€U MEXKIY TIePCOHAKAMU B KHUTE.



Bu3yanusaumsi NpoCTPaHCTBA NPU3HAKOB 199

Uncle Henry
china Princess

Sterk

Dorothy Awnt Em 4
Scanecrow Bog
Oz Cowardly Lion

Tin Wosdman Dorothy n H E Bl

Toto Garyelette o

Wickeo Wech
Winkies

Winged Morkeys

Aunt

Uncle Henry

Sterk |
Guelala
Kalidahs
Quadiings [ | H N
Gayelette Sk o
Bog Tin Woedmar I [ | .-
Monkey King Tow o
Hammar Heads Ursete Henry
King Craw Wicked Witeh < | |
M. joker Winged Monkiys | |
china Princess wiries - |
Green Girl china Princass -
By Frequency Alphabetically

Puc. 8.3. CoBMeCTHOe MnosiBfieHWe nepcoHaxel B kHure «The Wizard of Oz»

PeHTreH Tekcrta U AMarpaMmbl paccesiHus

CerTeBble fUarpaMMbl U TUATPAMMBI COBXOJKIEHWH IEHCTBUTETHHO TIOMOTAIOT BbI-
SIBUTD CBSI3U MEK/LY CYIIHOCTSAMU (MJIH TEPCOHAKaMK ) B TEKCTE, a TaKyKe Hanbosree
Ba)KHbIE CYIIIHOCTH, HO OHU HE OTPAYKAIOT PA3JINIMI MEXK/Y UX POJISIMU B TIOBECTBO-
BaHuu. /[y TOTO HAM HYKHO YTO-TO BpO/Ie AnmarpamM paccesuns [[xxedda Krapka
(Jeff Clark)' u Tpesopa Crusena (Trevor Stephen)?.

JlarpamMma paccestHusl TOMOTAET MOJIYYUTh CBOEOOPA3HBIN «PEHTTEHOBCKUIT CHU-
MOK» TEKCTa, pacrioyaras mepcoHaxkeil BAOIb ocu Y 1 yITIOMIHAHUSA O HUX B TTOBE-
CTBOBAHUU BJI0JIb OcH X TaK, 4TO PSAIOM C KaK/bIM ITEPCOHAKEM Ha [narpaMMe 0TO-
GpaskaeTcsi TOPU30HTAIbHAS JIMHUSI TOYEK, COOTBETCTBYIOIINX MECTAM YITOMUHAHUST
MePCOHAKA B TEKCTE.

CospaauM auarpaMmy paccesiiiust ¢ iomoinbsio Matplotlib, ucronbsosas texer The
Wizard of Oz. CHauasa HOCTPOMM CITMCOK 0z_words BCEX CJIOB B TEKCTE B MOPSIIKe
ux nosipenust. Takke OyeM 3allOMUHATD JATUHY M Ha3BaHUE KaKI0M! TJI1aBbl, 4TOObI
[IOTOM KCIIOJIb30BaTh MX JJIs OTOOpasKeHWs Hayaaa 1 KOHIA IJ1aB Ha ocu X:

from nltk import word_tokenize, sent_tokenize

# Tpaduk ynomuHaHMii mepcoHaxeih B riaBax
oz_words = []
headings = []

t Jeff Clark, Novel Views: Les Miserables (2013), http.//bit.ly/2GLzYKV
2 Trevor Stephens, Catch-22: Visualized (2014), http.//bit.ly/2GQKX6¢
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chap_lens = []
for heading, chapter in text['chapters'].items():
# [obaBWTb Ha3BaHWe rnaBbl B CNUCOK
headings.append(heading)
for sent in sent_tokenize(chapter):
for word in word_tokenize(sent):
# JlobaBuTb Kaxgoe CJ0BO
oz_words.append(word)
# 3anoOMHUTb AJIMHY TnaBbl B C/IOBaX
chap_lens.append(len(oz_words))

# OTMeTUTb Havana rnase

chap_starts = [0] + chap_lens[:-1]

# 06beAWHWTb C Ha3BaHWAMKU TNaB

chap_marks = list(zip(chap_starts,headings))

Teriepb OTBIIIEM B CITHCKE 0z_words BCe MECTA, T/le YIOMUHAIOTCSI IEPCOHAXKH, 1 J10-
GaBUM UX B CIIUCOK TOYEK JIJIsi OTOOpaKeHMsI Ha iMarpamme. B Haiem ciydae y He-
KOTOPBIX MEPCOHAKeN UMeHa 13 0AHOro cioBa (Harnpumep, «Dorothy» (lopoTtn),
«Scarecrow» (Crparmiuia), «Glindas (Tmama)), a y apyrux u3 isyx («Cowardly Lion»
(Tpycausnrii JleB), «Monkey King» (Koposb 06e3bsit)). YauTsiBast 910, IMeHa 13
OJTHOTO CJIOBa GyJIeM IIPOCTO CPABHUBATD C OYEPETHBIM CJIOBOM U3 TEKCTA, a UMEHA 13
JIBYX CJIOB — CO CJIOBOM U3 TEKCTA, 00BeTHEHHBIM C ITPE/IIIIECTBYIONINM eMY CIOBOM:

cast.reverse()
points = []
# [lobaBnATb TOYKY, KakK TO/IbKO BCTPETUTCA WMMS MepcoHaxa
for y in range(len(cast)):
for x in range(len(oz_words)):
# Y HekoTOpbiX NepcoHaxei MMeHa M3 OAHOro CJ/oBa
if len(cast[y].split()) == 1:
if cast[y] == oz_words[x]:
points.append((x,y))
# Y HeKoTopbiX W3 ABYX C/OB

else:
if cast[y] == ' '.join((oz_words[x-1], oz_words[x])):
points.append((x,y))
if points:
X, y = list(zip(*points))
else:
x=y=(Q

Cospaaum hurypy u ocu, caesaeM ocb X mupe, 4eM 10 YMOJTYaHKT0, YTOObI [ra-
rpamMmy OBLIO Jierde yuTaTh. Jlo06aBUM TaksKe BEPTUKATIbHBIE JIMHITH, OTMEYATOIIIe
HAYAJIO KAKOH TJIaBbl, U UCIIOJIb3YeM HMEHA TJIaB B POJIU METOK, TIOMECTUB UX HeIo-
CPeCTBEHHO 1101 0chbio X ¢ moBopoToM Ha 90° 1 yMEeHBIIMB HEMHOTO IMIPUDT. 3aTeEM
0TOOPA3KUM TOUKY X U y 1 UBMEHUM tick_params, 4TOOBI OTKIIOUUTH OTOOPaXKeHUe Je-
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JIEHUH ¥ MOJIIUCEl 110 yMoJdaHuto BHU3Y. [Tocsie 9Toro 106aBuM METKH BI0JIb OcH Y
UL BCEX MEPCOHAKEN M MOAIUCH ¢ UX UMEHAMU U, HAKOHELl, 10OaBUM 3ar0JI0BOK:

# Co3paTb Auarpammy
fig, ax = plt.subplots(figsize = (12,6))
# [lo6aBUTb BepTUKaNbHbIE JIMHUM, OTMeYawlue Hayvana rnas, C
# B nognucax
for chap in chap_marks:
plt.axvline(x = chap[@], linestyle
color 'gainsboro')
plt.text(chap[@], -2, chap[1], size = 6, rotation
# BbiBECTM TOYKM YMOMUHAHWUI MepcoHaxei
plt.plot(x, y, "|", color = "darkorange", scalex
plt.tick_params(
axis

[

- k]

.1)

)

plt.yticks(list(range(len(cast))), cast, size
plt.ylim(-1, len(cast))

plt.title("Character Mentions in the Wizard of 0z")
plt.show()

8)

NX Ha3BaHuMAMU

90)

'x', which = 'both', bottom = 'off', labelbottom = 'off’

HOJIy‘lI/IBH_IaHCH ArarpamMmma, I/1306pa>K€HHaH Ha puc. 84, JlaeT 06]].[66 IpeicraBaeHue
O CTPYKTYPE€ TEKCTA. Omna He TOJIBKO IT03BOJISIET YBUETD, I'/l€ YIIOMUHAIOTCA IIEPCO-

Hasku (uiu, B OoJiee 001IeM Cirydae, 7-TPaMMBbl ), HO TaKKe SICHO

ITOKa3bIBa€T, KaKue

MEePCOHAKY UTPAIOT TJABHYIO POJIb, U JIasKe TMOICBEYNBAET HEKOTOPhIE MHTEPECHDIE
06JacTH B TeKcTe (HATIPUMED, T/I€ YIIOMIHAETCSI CPa3y HECKOIbKO MEePCOHAKET HITH
TJle 9acToTa YIIOMIHAHNS TOTO MJIM MHOTO TIePCOHAYKA PE3KO M3MEHSIETCH ).
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YnpaBnieHue KOHCTPyMpoOBaHUEM NPU3HAKOB

[Tosryuns GoJiee TIOJTHOE TIPeICTaBIeHNE 00 UCXOIHOM COAEPKUMOM KOPITyCa, HYKHO
CIIPOEKTUPOBATHL MUHUMAJIbHBIA HAOOP IPU3HAKOB, 00/1a1a0MIMX HANOOIbIINMU
HPOTHOCTUYECKUMHE CBOMCTBAMHU JIJIsT HCIIOJIb30BAHUS B MOIEINPOBAHIN. DTOT HAOOP
JOJIKEH OBITh KaK MOYKHO MEHbIIIE, TTOTOMY YTO KasK/10€ HOBOE nu3MepeHue OyeT BHO-
CHTB JIOTIOJIHUTEIbHBII [ITyM U 3aTPYAHATH MOAEJUPOBAHKE IIPOCTPAHCTBA PEIIEHNUI.

[Tpu paboTe ¢ TEKCTOBBIMU JAHHBIMU OCOOEHHO Ba)KHO MCIIOJIb30BATH TBOPYECKUI
MO/IXO/T, YTOOBI MAKCUMAIBLHO CHU3UTH PA3MEPHOCTH (€3 3HAYUTETHHOI TTOTepH
KauecTBa curHasma. B umcse ahekTHBHBIX cmoco6OB CKATUS Pa3MEPHOCTH UCXO/I-
HBIX JAHHBIX MOKHO HasBaTh MeTOJ IIaBHbIX KoMmmoHeHT (Principal Component
Analysis) u nmuHeNHBIA AUCKPUMUHAHTHBIN aHanmu3 (1 Doc2Vec B ciydae ¢ Tek-
CTOBBIMU JIaHHBIME ). OIHAKO 9TH METO/[BI MOTYT BBI3BATH MPOOJIEMBI TIO35KE, €CIIN
0JTb30BATEJISIM TIOTPEOYETCsI BOCCTAHOBUTH OPUTHHAJIbHBIE TIPU3HAKY (HAIIpUMep,
KOHKPETHbIE TEPMUHBI 1 (hPasbl, HA OCHOBE KOTOPBIX OBLIO OMPEIEIEHO CXOACTBO
IIBYX TOKYMEHTOB).

B aTom paszesie MbI pacCMOTPUM HECKOJIBKO BU3YaJTbHBIX IPUEMOB yIIPaBJICHUSI
KOHCTPYHMPOBAaHKEM [TPU3HAKOB, KOTOPBIE, 10 HAIIIEMY MHEHUIO, 0COOEHHO XOPOIIIO
MOJXOJAT JIJIsl TEKCTOBBIX JJAHHBIX: BU3yaJibHAd pa3MeTKa YacTsAMU pedd U 1JI0T-
HOCTb paclipejiesIeHUsI.

Pa3MmeTka yacTasMu peyum

Kak ™Mbl y3Ha/M B rmaBe 3, yacTu peunt (TJIar0Jbl, CYIICCTBUTEIbHbIE, TTPEJIOTH,
mpuJaraTesbHbIC U IP.) YKa3bIBAIOT HA POJIb CJIOBA B KOHTEKCTE Mpe/ioxkeHus. Bo
MHOTHX SI3BIKaX OJTHO U TO JKe CJIOBO MOKET UTPATh pa3Hble POJIN, M HaM HY>KHA BO3-
MOKHOCTD Pa3Jjinyath UX (HaIlPUMeD, CJI0BA «I1eUb» U «KWJIa» B Pa3HbIX KOHTEKCTAX
MOTYT OBITH TJIATOJIAMU WUJIU CYIIECTBUTENbHBIMI ). PagmMeTka (Wi MapKUPOBKA)
JaCTSIMK PEYH MO3BOJISIET 3aKOAMPOBATH MHPOPMAIIHIO HE TOJIBKO 00 OIIPeIeIEHIH
CJI0BA, HO TaK’)Ke O €T0 PO B TAHHOM KOHTEKCTE.

B rmaBe 7 Mbl MCITOJIB30BAIN TETU YACTEN PEUYN BMECTE C TPAMMATUKOM /1715 U3BJIe-
yeHust KIo4eBbix (pa3. OpHa U3 mpobjeM TaKoTo MOAX0/a K KOHCTPYHPOBAHUIO
MPU3HAKOB 3aKTI0YAETCS B CIOKHOCTHU OTIPEIEIEHUST TPAMMATHKU, KOTOPAsT JTydIIie
HOZOMIET JIJIs MOMCKa KJII04YeBbIX (hpas. B obIem ciryyae crpaterusi COCTOUT B UC-
HOJIb30BAHUK 9BPUCTUK U MPOBEAEHUHN 9KCIIEPUMEHTOB, TIOKa He OyAeT MoJydeHo
peryJsipHOe BbhIpaXkeHue, XOPOIIOo CIPABJISIONIEECS ¢ U3BJeYeHUEeM BbICOKOWH-
dbopmaruBHBIX KI0UeBbIX (hpa3. Ha camom [este, ata cTpaTerusi Xopoiio paboraer
€ TPAMMATHUYECKH TIPABUJIBHBIMU TeKcTaMu. Ho 4To, eciii aHam3upyeMblii TEKCT
Harucan 6e3rpaMOTHO WM U300uIyeT opdorpaduyecKUMU 1 IyHKTYAI[HOHHBIMU
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ommbOKamMu? B Takux ciydasix pasMeTKa 4acTsIMU PeYr MOKET TIPUHECTH OOJIbliie
Bpe/la, YeM MOJIb3bI.

[IpencraBbre, 4TO TEKCT HE COAEPKUT 3HAUUMBIX KITIOUEBBIX ()Pa3, COOTBETCTBYIONTIX
mabJIOHy <«IIpUJIaraTeibHOE,/CyIecTBUTEIbHOEe>. Harpumep, BO MHOTHX CJIydasix
CyIecTBeHHass THMOPMAIIUS MOXKET Tlepe/laBaThCs He Yepes MpuaraTeIbHble, a ue-
p€3 TJIaroJIbHbIE WA HAPEYHbIE CIOBOCOYETAHNUS MM UMEHa cOOCTBEHHbIE. B aTOM
caydae, ake ecii MEXaHU3M Pa3MeTKU YacTsIMU pedr paboTaer 6e3yKOPU3HEHHO
1 Halll ITapcep BBIIVIANAT KaK-TO TaK...

grammar = r'KT: {(<33>* <NN.*>+ <IN>)? <JJI>* <NN.*>+}'
chunker = nltk.chunk.regexp.RegexpParser(grammar)

...MBI IEHCTBUTEILHO MOKEM TIPOITYCTUTD BasKHBIN CUTHAJ B HaIlleM Kopiryce!

Bblio 6bI 110J1€3HO CcHAayYasla BU3YaJbHO OIEHUTH pacrpejesieHue yacTeil pedn
B TEKCTE, ¥ TOJBKO IIOTOM TIE€PEXOANTH K HOPMAJIU3AINH, BEKTOPU3AIMN U MOJEIH-
poBaHKIO (BO3MOKHO, B KAUeCTBE AMarHOCTHYECKOTO MHCTPYMEHTA IIPU BBISICHEHU T
IPUYMH HEYIOBJIETBOPUTEIbHBIX PE3YJIBTaTOB MojiepoBanus ). Hanpuwmep, o6Ha-
PY’KUB, 4TO 3HAYMTEJBHAS J0JIST TEKCTAa OKa3aaach HEKIaCCU(UIIMPOBAHHON (MIn
KJIacCUBHUIIMPOBAHHON HETIPABUIIBHO ) UMEOIIMCS MEXaHU3MOM Pa3METKU YaCTSIMK
PEeun, MbI CMOKEM Peajin30BaTh CBOI MEXaHU3M Ha OCHOBE PEryJISPHBIX BbIPAKEHUI
U151 06pabOTKHU HAIIIEro KOHKPETHOTO Kopiyca. Takske 9TO MOKET MTOBJIMSITh Ha BBIOOP
crocoba HOpMATN3AINH TeKCTa (HATIPIMED, €CJIH B TEKCTE TPUCYTCTBYET MHOJKECTBO
3HAYMMBIX BapUallii CJIOB ¢ OHUM KOPHEM, Mbl MOTJIN ObI IIPEANOYECTh 3aMEHUTh
CTEMMUHT JIeMMaTH3aIiel, HECMOTPS Ha TO Y4TO 9TO YBEJIUYHUT BpeMs 00pabOTKH ).

Bub6muorexa Yellowbrick mpemmaraer BosMoKHOCTD BEIBOZA TEKCTA PA3HBIME LIBETA-
M, 0003HaYaoIMMU YacT pedn. OObeKT PosTagVisualizer pacKpalinBaeT TEKCT,
[O3BOJISAS TI0JIb30BATE/I0 BU3YaJbHO OIEHUTH IIPOMOPIIMOHAIBHOE COOTHOIIEHE
CYIECTBUTENbHBIX, [JIATOJOB U T. JI. ¥ UCIIOJb30BaTh 9Ty WH(MOPMAIKIO [IPU [IPH-
HATHH PEIIeHNH, KaCAIOIMXCsl Pa3METKH YaCTSMU PeY, HopMaausaiun (Harmpumep,
[P BBIOOPE MEK/Ly CTEMMUHIOM M JIeMMaTU3allieil) U BEKTOPU3aIKH.

Meroz transform peobpasyeT MCXOIHBIN TEKCT, TOATOTAaBINBAs €T0 K BU3YaIn3aIilini
vacreii peun. O6paruTe BHUMaHUE: OH TpeGyeT, YT0ObI OKYMEHTHI ObLIN TIPE/ICTaB-
JIEHBI TIOCJIEIOBATEIBHOCTSIMUA KOPTEKel (tag, token):

from nltk import pos_tag, word_tokenize

from yellowbrick.text.postag import PosTagVisualizer
pie = "nn
In a small saucepan, combine sugar and eggs
until well blended. Cook over low heat, stirring
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constantly, until mixture reaches 160° and coats

the back of a metal spoon. Remove from the heat.
Stir in chocolate and vanilla until smooth. Cool

to lukewarm (90°), stirring occasionally. In a small
bowl, cream butter until light and fluffy. Add cooled
chocolate mixture; beat on high speed for 5 minutes
or until light and fluffy. In another large bowl,
beat cream until it begins to thicken. Add
confectioners' sugar; beat until stiff peaks form.
Fold into chocolate mixture. Pour into crust. Chill
for at least 6 hours before serving. Garnish with
whipped cream and chocolate curls if desired.

tokens
tagged

word_tokenize(pie)
pos_tag(tokens)

visualizer = PosTagVisualizer()
visualizer.transform(tagged)

print("' '.join((visualizer.colorize(token, color)
for color, token in visualizer.tagged)))
print('\n")

Ecuut BBITOJTHUTD 9TOT KO B KOMaH/IHO# cTpoke miu B Jupyter Notebook, ou mpo-
U3BeJIeT BbIBOJI, M300paKeHHBIN Ha puc. 8.5.

In a small saucepan , combine sugar and eggs until well blended . Cook over low heat , stirri
ng constantly , until mixture reaches 160° and coats the back of a metal spoon . Remove from
the heat . Stir in chocolate and vanilla until smooth . Cool to lukewarm ( 90° ) , stirring o
ccasionally . In a small bowl , cream butter until light and fluffy . Add cooled chocolate mi
xture ; beat on high speed for 5 minutes or until light and fluffy . In another large bowl ,
beat cream until it begins to thicken . Add confectioners ' sugar ; beat until stiff peaks fa
rm . Fold into chocolate mixture . Pour inte crust . Chill for at least 6 hours before servin
g . Garnish with whipped cream and chocolate curls if desired .

Puc. 8.5. TekcT peuenTa nocne pa3MeTku YacTsMu peym

Kak mokazano Ha puc. 8.5, TEKCT U3 TOBAPEHHOI KHUTH OKa3aJICsl JOCTATOYHO XO-
POIIIO pa3MeyeH YacTsIMU PEYH, ¥ JIUIITh B HECKOJIbKIX MECTAX MEXAaHU3M PAa3METKH
obCst WM He CMOT OIPEIeINTh, KAKOH Ter moctaBuTh. OQHAKO, KAK I0KA3bIBAET
caepyromuii pumep (puc. 8.6), 6a30BbIil MEXaHNU3M Pa3METKH YaCTSIMU PEUH 13
6ubmorexkn NLTK formyckaer cauimkoM MHOTO OMIMOOK B HEKOTOPBIX 00JIACTSIX,
HallpuMep B AE€TCKUX CTHUIITKaX.

Baa , baa , black sheep , Have you any wool ? Yes , sir , yes , sir , Three bags full ; One £
or the master , And one for the dame , And one for the little boy Who lives down the lane .

Puc. 8.6. [IeTCKMIA CTULLIOK MOC/e pa3MeTKM YacTaMU peun
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Kax Bunure, BU3yasbHYI0 MAPKUPOBKY YacTell peur MOKHO UCIIOJIb30BATh KaK MH-
CTPYMEHT JIJIst O1IeHKU 9(h(PEeKTUBHOCTH HHCTPYMEHTOB ITPEIBAPUTENbHOI 00pabOTKI
(kak omucaHo B Ty1aBe 3), a TaK:Ke s KOHCTPYUPOBAHUS MTPU3HAKOB U TUATHOCTUKH
MO/IeJIeN.

Haun6onee nHpopMaTMBHbIE NMPU3HAKU

BoisiBiienue vanbosiee nHGOPMATHBHBIX (TO €CTh MPOTHO3UPYONINX) TPUHAKOB
B HabOpe JTAHHBIX — BaJKHAsI YaCTh B TPOiTKe BEIOOpa Moiesin. TeM He MeHee MeTO/IbI,
XOpOTITO 3HAKOMBIE HaM TI0 YNCJIEeHHOMY MojennpoBannio (Harmpumep, L1- n L2-
peryssipusaitust, yruauTsl 13 Scikit-Learn, Takue kak select_from_model, u T. 11.),
YacTO OKa3bIBAIOTCS MaJIOMOJIE3HBIMU, KOT/Ia POJIb JAHHBIX UTPAET TEKCT, a MPH-
3HAKAMU SBJISIIOTCS JIEKCEMbI WJIM JIPYTUE JUHTBUCTUYecKue cyinHocTu. [locre
BEKTOPU3AINH JAHHBIX, KAK PACCKA3bIBATIOCH B TJIaBe 4, KOMUPOBAHUE 3aTPYIHIET
n3BJedeHne NHPOPMAIUN ¢ OTHOBPEMEHHBIM COXPAHEHWEM eCTEeCTBEHHOTO MOBe-
CTBOBAHMS HETPOHYTHIM.

OZ[I/IH 13 METO/I0B BU3YaJIbHOI'O UCCJIEN0OBaHUSA TEKCTA — OIIpEeAe/I€eHUE TIJIOTHOCTU
paciipeaejieHusd. B xonTexcre TekcTOBOrO KOop11yCa IJIOTHOCTDb pacIipeeJieHuA 110~
MOraeT OoeH1uThb Hp€O6JIa/IaHI/Ie HEKOTOPOTO 3JIEMEHTA CJI0BapA UM JIEKCEMbBI.

B cremnyommx HeCKOJIbKUX MpUMepax Mbl ¢ momolisio 6ubmnoreku Yellowbrick
pOBeIeM BU3yallbHOE HcciepoBanne noakopiyca «hobbiess (yBieuenus) us
kopiryca Baleen, KOTOpBII MOKHO 3arpy3uTh BMECTE C IPYTMMU HAOOpaMM TaHHbBIX
Yellowbrick.

3ArPY3KA HABOPOB JAHHbIX YELLOWBRICK

Kak sarpysuts HabopbI ganubix Yellowbrick:

Bubnmoreka Yellowbrick Briowaer Heckosbko HaOBOPOB TAHHBIX, MTOJTYYEH-
mbix u3 perozuropust UCI Machine Learning Repository. YtoGbr 3arpysurthb
HaOOPbI JaHHbIX, u3BJIeKkuTe 6ubanorTeky Yellowbrick u samycrure sarpysky,
KaK [OKa3aHO HITKeE:

$ git clone https://github.com/DistrictDatalLabs/yellowbrick.git
$ cd yellowbrick/examples
$ python download.py

OO6parute BHUMaHKE Ha TO, YTO B pe3yJsbraTe OyJAeT cO3[aH Katajior data
C IOJKATAIOTaMU, COAEPKAIUMU JAHHDIE,
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[Tocuie 3arpysku UCnob3yiiTe 00beKT sklearn.datasets.base.Bunch, 4T00OBI
3arpysuTh KOPIyc B aTpuOyThl features 1 target COOTBETCTBEHHO, OA0OHO
TOMY, KaK CTPYKTYPHPOBaHbl HAGOPHI TaHHBIX B Scikit-Learn:

import os
import yellowbrick as yb
from sklearn.datasets.base import Bunch

## MNyTb K TecToBbM HabopaMm [aHHbIX
FIXTURES = os.path.join(os.getcwd(), "data")

## MexaHM3Mbl 3arpysku Kopnyca
corpora = {

"hobbies": os.path.join(FIXTURES, "hobbies")
}

def load_corpus(name):

3arpyxaeT u u3BnekaeT yKaBaHHbIVI Kopnyc no UMeHuU name.

# MonyuuTb NyTb M3 HABOPOB AaHHbIX
path = corpora[name]

# Mpo4nTaTb KaTanoru B KaTanore Kak KaTeropuu.
categories = [

cat for cat in os.listdir(path)

if os.path.isdir(os.path.join(path, cat))

files = [] # cnucok umeH ¢aitfloB OTHOCUTENIbBHO KOPHEBOrO KaTasora
data = [] # TekcT, NpoyYnMTaHHbIA U3 daina
target = [] # cTpoka c Ha3BaHueM KaTeropuu

# 3arpysuTb AaHHble U3 ¢aiinoB B Kopmnyc
for cat in categories:
for name in os.listdir(os.path.join(path, cat)):
files.append(os.path.join(path, cat, name))
target.append(cat)

with open(os.path.join(path, cat, name), 'r') as f:
data.append(f.read())

# BepHyTb MakeT AaHHbIX ANA WCMNONb30BaHUA, Kak B Npumepe C rpynnamu
# HoBOCTEN
return Bunch(
categories = categories,
files = files,
data = data,
target = target,
)

corpus = load_corpus('hobbies")
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[Tocute 3arpysku kopiyca «<hobbies» mosxHo ¢ momornsio Yellowbrick mposectu nc-
cJieloBaHue CI0BAPS IIyTeM aHa/IN3a IIOTHOCTH pactipenesenust. bubanorexa NLTK
TaKKe TpeijTaraeT BO3MOKHOCTD TTIOCTPOUTH TUATrPAMMY TIJIOTHOCTH PACTIPeiesIeHUs
50 HanboJiee 4acToO BCTPEYAIONUXCS JIEKCEM, HO 3/1ech Mbl uctionbayeM Yellowbrick,
HOTOMY 4TO OY/IEM €€ UCITOJIb30BATh B CJIELYIONIIX HECKOJIBKUX TTprMepax. O6paTute
BHMMaHMeE Ha TO, YTO HU MeToJI FreqDist 3 NLTK, Hu MeTo1 FreqDistVisualizer us
Yellowbrick He BbIIOIHSIOT HOpMATU3AIIMIO UK BEKTOPU3AIIIO; 00a IIPEeAII0JIaraior,
YTO TEKCT y’Ke BEeKTOPU30BaH.

Jl1st Havasta co3iaiuM 00BEKT BU3yann3ainu FreqDistVisualizer 1 3aTEM BBI30BEM
ero Meto]] fit() ¢ BEKTOPU30BAHHBIMU JIOKYMEHTAMU U ITPU3HAKaMu (TO €CThb CJIOBA U3
KOpITyca), KOTOPBIi pacCYMTaET IIIOTHOCTD pactipesiesieHnst. OH IOCTPOUT CTOJIOUYATYTO
Jarpammy JiJist HanboJiee 4acTo BCTPeYarouxest TepMIHOB (50 110 yMOJIYaHHIO, HO 9TO
YUCJIO MOKHO U3MEHUTH C TIOMOIIIBIO TTapaMeTpa N), B KOTOPOIl TEPMITHBI pacioJiara-
I0TCST BIIOJTh OcH Y, a X 9acTOThl — BI0Jb ocu X. [locsie 5TOro MosKHO creHeprpoBaTh
OKOHYATEJIbHOE BU3YaJIbHOE IIPE/CTABICHNE BBI3OBOM METO/Ia poof ():

from yellowbrick.text.freqdist import FreqDistVisualizer
from sklearn.feature_extraction.text import CountVectorizer

vectorizer = CountVectorizer()
docs = vectorizer.fit_transform(corpus.data)
features = vectorizer.get_feature_names()

visualizer = FreqDistVisualizer(features = features)
visualizer.fit(docs)
visualizer.poof()

Ha puc. 8.7 nokasansl 50 caMbIX 4acTO BCTPEUYAIOIIUXCSA TEPMUHOB B KOPILyCe
«hobbies». OxHaxo, eciv B3rJIsSIHYTh Ha CIIMCOK CJIOB, PACTIOJIOKEHHBIX BIOJIb OCH Y,
MOKHO 3aMETHUTb, UTO OOJIbIIAS YACTh U3 HUX HE MPEACTAB/ISET HUKAKOIO NHTEPeca
(mampumep, «the», «<and», «to», «that», «of», «it»). To ecTh, HecMOTPsT Ha GOJIBIITYIO
YaCcTOTY, 5TU TEPMUHbBI OIPEIETEHHO HE ABJISIOTCA MH(OOPMATHBHBIMK MPU3HAKAM.

B riaBe 4 Mbl UCIIOJIB30BAJIM yAJ€HUE CTOI-CJIOB KaK CHOCOO YMEHbIIEHUS Pas-
MEPHOCTH U TIOJIyYeHMsl TIPU3HAKOB, HECYIIUX 3HaYMMYyto nHbopmanuio. aBaiite
[OCMOTPHM, KaK MOBJIMSIET YaJeHHe U3 KOPITyca PacipoCTPaHEHHbBIX aHTJIMACKUX
CJIOB Ha Pe3yJIbTaThl BU3YaJIM3alliK, IepeaB mapaMeTp stop_words KOHCTPYKTOPY
oObeKTa CountVectorizer:

vectorizer = CountVectorizer(stop_words = 'english')
docs = vectorizer.fit_transform(corpus.data)
features = vectorizer.get_feature_names()

visualizer = FreqgDistVisualizer(features = features)
visualizer.fit(docs)
visualizer.poof()
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N corpus

wocab: 20,140
words: 230,051
hapax: B,775
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Puc. 8.7. MnoTHOCTb pacnpeaeneHns TepMMHOB B Kopryce Baleen
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Puc. 8.8. [N0THOCTb pacrpeneneHns TepMUMHOB B koprnyce Baleen

nocne yganeHua cton-cnos
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Tenepb, Kak MOJKHO 3aMETHUTh Ha puc. 8.8, Tociie yaajeHust CTOTI-CJI0B MbI IOy Y-
Ji GoJiee MHTEPECHBII pe3yibraT (HalpuMep, «games, «seasony, «teams, «<world»,
«film», «<book», «week» ). Ho Takske cTajia oueBHIHOI Pa3MBITOCTb IaHHbIX. B riase 1
MbI Y3HAJIM, YTO MIPHU CO3AAHUN MPHUIOKEHIIT /I aHAIN3a eCTECTBEHHOTO S3bIKa
cJIe[lyeT OIUpaThCs Ha ClelMaJu3upoBaHHble, a He Ha 0000IEeHHbIe KOPIYCHI.
[Toatomy Terepb npoBepuM, sjsiercs Jii kopiyc <hobbies» pocrarouno cnenu-
AJU3UPOBAHHBIM /I MOAECIUPOBaHUs. MBbI MOKEM MIPOJOJIKUTH UCIIOAb30BATh
JIMarpaMMBbl TJIOTHOCTH Paciipe/ieIeHusT 1JIst TOUCKa B Kopiyce 0oJiee Y3KHX MOATeM
1 IPYTUX 3aKOHOMEPHOCTEH.

Kopmyc «hobbies», paciipoctpansiembiii BMecte ¢ 6ubaunorekoii Yellowbrick, yske
knaccudunmposat (monpobyiite mpounuTath corpus|['categories']). Ha puc. 8.9
n 8.10 mokazansl [rarpaMMBbl TJIOTHOCTU PacIIpe/ie/IeHns I/ IBYX KaTerOpui,
«cooking» (kyauHapus) u «gaming» (UTPbl) COOTBETCTBEHHO, MOCJIE YAaTCHUS
CTOII-CJIOB.

CpaBHUB ATH IMarpaMMbl, MOXKHO CPa3y 3aMeTUTh, HACKOJbKO OHU PAa3INyYaloTCs;
B KOpIIyce «cooking» gartie BCEro MCIoab3yI0OTCs CI0Ba «pastar (Tmacra), «pans»
(nporusens), «<broccoli» (6pokkosnn) u «pepper» (1epeir), a B KOpIyce «gaming» —
caoBa «players» (urpoxn), «developers» (pazpaborunkn), «character» (repconasx)
u «supporty» (mojeps:kKa).
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Puc. 8.9. M0THOCTb pacnpeseneHms TEpPMMHOB B nogkopryce «cooking»
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vocab: 7,564 COTPU
words: 30102
hapax: 3.711
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Puc. 8.10. NnoTHOCTb pacnpeaeneHns TEpMUHOB B NOAKOPMYyCe «gaming»

AvarHocTuka moaeneun

[Tocsie koHCTpYMpPOBaHUA U aHAJN3a MPU3HAKOB HACTYTAET CIEAYIOMMUHN dTaIl
B IIpoIlecce TPOHKU BIGOpa Mojies i — BbIOOP Mojztesin. Ha nmpakTuke Mbl BbIOMpaem
Y CPAaBHUBAEM MHOKECTBO MOJIEJIEH, TOTOMY UTO CJIO3KHO TIPEICKA3aTh HAIlepe/l, Ka-
Kast MOJIeJIb OKaskeTcst HanboJiee a(hHeKTUBHOI 17ist HOBOTO Kopiryca. To ecThb Hara
CJIEIYIONIAsT 3a/1a9a — OMPEIETUTD, KOT/Ia MOJIEN pabOTAIOT XOPOIIIO HJIH TLIOXO.

B TpagniinoHHOM KOHTEKCTE MAITMHHOTO 0OYYeHMs MOKHO MOJIOKUTHCST Ha TaKue
oreHKH 3(h(HEKTUBHOCTI MOJIEJIH, KaK CPeHEKBAIPATIHYHAsT OITHOKA 1 KOA(hdUIeHT
CMEIIaHHON KOPPEJISIUY B CJIydae PErpecCuu UM TOUHOCTD, KauecTBO U F1 B coryuae
KJIacCu(pUKAINIK, ¥ ¢ MX TTOMOTIBIO ONPE/IETNTh, KaK1e MOJIEJH ABJSIOTCS CAMBIMU
OTMTUMAJTBHBIMU. JTU METOIBI TAKKE MOKHO TOTIOTHUTE CPEACTBAMU BU3YaJTbHOTO
aHanm3a. Perpeccust peske mpuMeHseTcs /I aHaIn3a TeKCTa, BIIpoyeM, B TaBe 12
MbI PACCMOTPUM ITPUMEP TIPE/ICKA3aHMsI OTIEHKN aIbOOMOB B BUJIE BEIIECTBEHHOTO
YUCJIa UCKIIOYNTETHLHO HA OCHOBE TEKCTOB OT3BIBOB O HUX. Kak pacckasbiBasoch
B ry1aBax 5 1 6, B MalTMHHOM OOy4YeHUHU Ha TEKCTOBBIX JaHHbBIX Yallle TPUMEHSIIOTCST
KJIacCu(DUKAINA 1 KJIACTePU3AIN, ¥ B 3TOM Pas/iesie Mbl TO3HAKOMUMCS C HECKOJTb-
KUMU TTPUEMaM7 OTIeHKHU MOJIesiell B 3TUX KOHTEKCTax.
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Busyanusaumsa knacrepos

Korza nesio 1oXoauT 10 aJIrOpUTMOB KJIaCTEePU3alliig, OLeHKa MOIEIN OKa3bIBAeTCs
He TAKOM IPOCTOIL, KAK B CJIyUae MAITUHHOTO 00yY€eH s C yYUTeIeM, KOT/Ia Y HaC eCTh
MPENMYIIeCTBO 3HaHUS TPABUJIBHBIX 1 HENPAaBUJIBHBIX 0TBeTOB. Ha camom zeue,
B KJIACTEPU3AINK HEeT KOJNYECTBEHHON OIIEHKN — OTHOCHUTEIbHBIN YCIIeX MOJIeNH
0OBIYHO 3aBHICHT OT TOTO, HACKOJIBKO OJIATOTIONYYHO OHA OOHAPYKIBAET 3aKOHOMEP-
HOCTH, pa3jIn4MMble U 3HAUYUMBbIE 71 YyesoBeKa. 11o aToil mpuunne mpuMeHenue
METO/I0B BU3YQJIU3AINN JIJIST OTIEHKH IPHOOPETAaeT 0COOYIO BAsKHOCTb.

[Too6HO TOMY, KaK C TTOMOIIIBIO AUATPAMM ILIIOTHOCTH PACTIPEAETEHUS] MBI HCKAJIN
MeJIKIEe TIPU3HAKK Pa3TPAaHUUYEHUS U PA3MBITOCTH, MbI MOKEM UCCJIEIOBATH CTEIIEHb
CXOJICTBA JOKYMEHTOB 110 BCeM TIpu3HaKaM. [IJist 9TOil 1esIn 4acTo MCHOIb3yeTCst
OYeHb MOTYJISIPHBIN METO/I £-PACIIPEIEIEHHOTO CTOXACTUYECKOTO BJIOKEHMs COCeIelt
(t-distributed Stochastic Neighbor Embedding, t-SNE).

bubmmoreka Scikit-Learn peanusyer merton pasioxkenus t-SNE B Buze npeobpa-
30BateJisi sklearn.manifold.TSNE. Metos t-SNE criocobeH crpymnmupoBarh CX0KHe
JIOKYMEHTBI [Ty TEM Pa3JI0KEHUsT BEKTOPHBIX MPEACTABIEHII JOKYMEHTOB € OOJIBIITNM
YUCJIOM U3MEPEHUH B JIBa U3MepeHUs (C UCITOTb30BaHNEM paCIpeieJIeHUil BEpOsiT-
HOCTeH M3 OPUTHHAJIBHON W Pa3I0KeHHON pagMepHOcTeil). Pasnoskenrem Ha 1Ba
WJIA Ha TPU U3MEPEHUS MOXKHO ITOCTPOUTH AUATPAMMBI PacCesHUs.

K coxanennto, meros1 t-SNE tpebyeT ciMIKoM MHOTO BBIYHCTUTEIbHBIX PECYPCOB,
M09TOMY Ha TIE€PBBIX ITAIAX Yalle TPUMEHSTIOTCST 0JIee TIPOCTBIE METO/IBI PA3JIOKe-
Hud, Takue kKak SVD (cunrynsgproe paznoskenne) mian PCA (MeToz TTaBHBIX KOM-
nonent). B 6ubimoreke Yellowbrick ects kiace TSNEVisualizer, KOTOpBIiA co31aeT
BHYTPEHHII KOHBelep mpeobpasoBaHus, IPUMEHSAIONII cHavaa pasoxenne SVD
¢ 50 KOMITOHEHTAMH TI0 YMOJTYaHHIO, a 3aTeM BITOJTHsToni BioxkeHue t-SNE. O6b-
€KT TSNEVisualizer IpUHUMAET JOKYMEHTBI B BEKTOPDHOM IIPE/ICTaBIEHNH, II09TOMY
OyzieM ncnob30Bath TfidfVectorizer us Scikit-Learn nepes mepemaueii 10KyMeHTOB
B MeTo/[ fit Kyacca TSNEVisualizer:

from yellowbrick.text import TSNEVisualizer
from sklearn.feature_extraction.text import TfidfVectorizer

tfidf = TfidfVectorizer()
docs = tfidf.fit_transform(corpus.data)

tsne = TSNEVisualizer()
tsne.fit(docs)
tsne.poof()
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B Takux AarpaMMax HaC MHTEPECYET IPOCTPaHCTBEHHOE CXO/ICTBO MEK/Y TOUKaMU
(moxkymeHTamMK) U JII00OBIE IPYTHE 3aMeTHbIe 3akoHOMepHocTH. Ha puc. 8.11 nokasana
JIByMepHast MPOEKINsT BEKTOPU30BAHHOTO Tojikopityca «<hobbies» n3 kopryca Baleen,
nosrydeHnast MetofioM t-SNE. Pesysisratom siBiisietcst iuarpamMma paccestiusi BEKTOpH-
30BaHHOTO KOPITYCA, T/l KayK/[ast TOYKA IIPEJICTABJISIET IOKYMEHT HJIH BHICKA3bIBAHNIE.
Paccrosiaue Mes/Ly IByMsi TOYKaMU B BU3YaJIbHOM [IPOCTPAHCTBE BBIYUCIISIETCSI C UC-
MTOJIb30BAaHUEM paclipe/ieieHus BEPOSITHOCTEN MOMAapHBIX CXOJICTB B TIPOCTPAHCTBE
6oJ1ee BLICOKOI pasMepHOCTH; TO €CTb TSNEVisualizer IIOKa3bIBAET KJIACTEPHI CXOKUX
JIOKyMeHTOB B Kopiiyce «hobbies» 1 OTHOTIIEH ST MEK /Ly TPYTITIAME JOKYMEHTOB.

TSNE Projection of 448 Documents

Puc. 8.11. [lnarpamMma t-pacnpeaeneHHoro CToxacTM4ecKoro B/IOXKEHUS coceaen
ans nogkopnyca «hobbies» n3 kopnyca Baleen

Kax ynomunasoch Bbilie, TSNEVisualizer MPpUHUMAET BEKTOPHOE TIPEJICTABIIEHUE
TEKCTa, ¥ B IAHHOM CJlydae MbI HCII0JIb30Basn 1peobpasoBanre TF—IDF xoTs Mbr
MOTJIH OBl UCTIOJB30BATH IPYTHE CIOCOOBI BEKTOPHU3AIINH, OUCAHHBIE B TJIaBe 4,
a 3areM creHepupoBaTh auarpammy ¢-SNE 1 cpaBaUTS pedyasratel. {1 yekopenus
0TOOpasKeHMs TIEPEl CTOXACTUYECKUM BJIOKEHUEM coce/iei TSNEVisualizer BBITION-
HSET pa3JioyKeHue, UCIOJIb3Ysl 10 YMOTYaHUIO TruncatedSVD; Mbl MOTJIN ObI TaKKe
MO3KCIIEPUMEHTHUPOBATH C METO/IOM CKaTust, TakuM Kak PCA, 117151 uero 10cTaTouHo
nepenarb napaMeTp decompose = "pca" B KOHCTPYKTOP TSNEVisualizer() Ha oTaie
MHUATUAJIA3AIIH.

OO6bexT TSNEVisualizer MOJKHO TaKsKe HCIIOJIb30BATD /LISl BU3YATM3alliy KJIACTEPOB
MIPU UCIIOJIB30BAHUU €T0 COBMECTHO C aJTOPUTMOM KjacTtepusaiuu. C moMoIIbio
3TOTO TIpreMa MOKHO OTIeHUTD 3(P(HEeKTUBHOCTD Pa3HBIX METOJIOB KIACTePU3AIIU.
B caenyiomem mpuMepe MBI UCTosb3yeM sklearn.cluster.KMeans C 9HCJIOM KJa-
CTEPOB 5, a 3aTeM IePelajiiM IT0JTyYeHHbIN aTpuOyT cluster. labels_ B lapaMeTpe y
meronay fit() oObekTa TSNEVisualizer:
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# Wcnonb3oBaTb KjacTepbl BMECTO MMEH KJ1acCOB.
from sklearn.cluster import KMeans

clusters = KMeans(n_clusters = 5)
clusters.fit(docs)

tsne = TSNEVisualizer()
tsne.fit(docs, ["c{}".format(c) for ¢ in clusters.labels_])
tsne.poof()

Terepb Bce TOUKM, IPUHAJIEKAIIIE OMHOMY KJIacTepy, OY/IyT He TOJBKO CIPYIIITHPO-
BaHbI, HO M pacKpailleHbl B COOTBETCTBUM ¢ Koadduimentom cxoacrna (puc. 8.12).
B mannom cirygae MOJKHO TIO9KCTIEPUMEHTHPOBATH C PA3HBIMI METOIAMHU KJIACTEPH3a-
IIUY VTN 3HAYEHUSIME R, HO O0J1ee TI0[pOOHO MbI TIOTOBOPUM Yy Th TI037Ke, B pasjielie,
MOCBATIEHHOM HACTPOWKE TUTIEPIIaPAMETPOB.

TSNE Projection of 448 Documents
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Puc. 8.12. narpamma -SNE ansa nogkopnyca «hobbies» u3 kopnyca Baleen
nocne Knacrepusaumm MeToAoM K-CpesHuX

Busyanusaumsa knaccos

[Ipu pemenun 3a1a4 KraccuUKaUM MOXKHO TIPOCTO MOJICTABISATD II€JIeBOE 3HAYE-
Hue (XpaHsIeecs B corpus . target) B TSNEVisualizer, uToObI IOJIyYUTD JUarpaMmy,
Ha KOTOPOII IIBET TOUEK IIPEICTABJISIET METKU KaTeTOPUil, KOTOPBIM COOTBETCTBYIOT
nmoKyMeHTBI. OTpesie;TMB MeTKH KJIaCCOB KaK apTyMEHT B BbI30Be fit() BU3yanin3a-
Topa t-SNE, MOXHO pacKpacuTb TOYKA COTJIACHO UX KaTETOPHSIM:

from yellowbrick.text import TSNEVisualizer
from sklearn.feature_extraction.text import TfidfVectorizer

tfidf = TfidfVectorizer()
docs = tfidf.fit_transform(corpus.data)
labels = corpus.target
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tsne = TSNEVisualizer()
tsne.fit(docs, labels)
tsne.poof()

Kax MosKHO 3aMEeTUTD Ha [uarpaMMe paccestHus, n3obpaskeHHoi Ha puc. 8.13, aTtor
MIPUEM ITO3BOJISIET JAOMOJTHUTDH BHEIPEHNE COCEEN AOTTOTHNUTENbHON HH(pOpMaIneil
0 CXOJICTBE U YITPOCTUTH MHTEPITPETAIIO KJ1accoB. Ecin Gbl HAC MHTEPECOBAJIM JIUIITH
HEKOTOPBIE U3 KATEropuii B HAIlleM KOPITYCe, Mbl MOTJIM Obl IPOCTO MEpPeiaTh UX
00beKTy TSNEVisualizer B rapamerpe classes Kak CIUCOK CTPOK C HA3BAHUSIMU Ka-
Teropuii (Hampumep, TSNEVisualizer(classes = ['sports', 'cinema', 'gaming'])).

TSME Projection of 448 Documents.
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Puc. 8.13. [Inarpamma t-pacrnpeaeneHHOro CToXacTM4yeckoro B/IOXKeHUs cocenen
ans noakoprnyca «hobbies» 13 kopryca Baleen ¢ MeTkamu kaTeropui

HOO‘{epeIIHHﬁ O630p TaKUX JrarpaMm IOMOJKET BbIABUTDH HanboJIee INIOTHBIE KaTe-
ropumn 10KyMEHTOB WJIH, HaO60pOT, Pa3MbITbIE, KOTOPbIE MOTYT YCJIOJKHUTD ITPOIECC
MOZJZEJIMPOBaHMA.

AwarHocTtuka owmnbok Kiaccupukaumm

B tpagunmronnom mozaxo/e K Kiaaccudukanuu o0ydeHHbIe MOIENN MOKHO OTITH-
MU3HUPOBAThH U 3aTE€M OIPENENUTh UX TOUHOCTD, MOJHOTY U BeJTMYUHY OorleHKH F1.
ITU 3HAUYEHUS MOKHO BU3YAJIU3UPOBATH, UCIOIb3YST MATPUITBI HECOOTBETCTBHIH,
TensoBbie KapThl 1 kKpuBble ROC-AUC.

B rmaBe 5 MBI paccMOTpeJH TIPHUEM TTEPEKPECTHOM TTPOBEPKU JIJIST TECTUPOBAHIS
KayecTBa MOJIEJIM C UCIOJb30BAHUEM OTHENbHBIX 00YYaOMMX U KOHTPOJIbHBIX
BBIOOPOK U3 KopIyca. Tam jKe Mbl Peain30Bajii METO/| TECTUPOBAHUS MHOKECTBA
PasHBIX MOJIEJIEN, YTOODI ITOIYYNUTh BO3MOKHOCTH CPABHUTD UX C TIOMOIIIHIO OTYETOB
KJIaccuUKAIMU ¥ MaTPUIl HECOOTBETCTBHI. MBI MCIIOJIb30BAIN OIPEAEIeHHbIE
MCTPUKH, ‘-ITO6bI BbIABUTD 60]166 YaAadHbl€ MO/JE€J/IN, HO OHU TOJIbBKO METPUKU HE
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0COOEHHO TIOMOTAOT MOHSITH, IOYeMY KOHKPeTHast MoJieJib (1T pa3bueHre Ha 00y-
Yalolre U KOHTPOJIbHBIE BBIOOPKH ) ICHCTBYET UMEHHO TaK.

B 5TOM pasjene Mbl paCCMOTPUM JIBa HAIIMX M3/II00IEHHBIX TIPUEMa BIU3YaJlbHOTO
aHaJIM3a U CPaBHEHMS KavyecTBa KJacCu(PUKATOPOB TEKCTA: TEIJIOBbIE KAPThl K Ma-
TPUIBI HECOOTBETCTBUI.

OT1uyeTbl KJ1laccuuKaLumm C TenJI0BbIMM KapTaMm

Ortuer KimaccuuKaIUm — 9TO TEKCTOBBIN MepevdeHb OCHOBHBIX METPHUK, TT0 KOTOPBIM
MOKHO CYIUTDh 00 YCIIEITHOCTH KaccubukaTopa: mounocms (precision) — croco0-
HOCTb HE OTHOCHUTD K JJAHHON KaTerOpUH 9K3eMILISP, (DaKTUUECKU TTPUHAIEKATII
npyroii kareropun; noanoma (recall) — criocob6HOCTH 0OHAPYKUBATD BCE 9K3EMILIISIPI,
IPUHA/IEKAIINE TAHHOW KaTerOpum; U ouerka f1 — B3BeIeHHOe Cpe/iHee TapMOHN-
4eCcKOe TOUHOCTH U MOJTHOTHL [ToTyunTh 0T4eT Kraccu(UKaIimm MOKHO ¢ TIOMOIIBIO
MeTozia classification_report 13 MOLyJ/Is metrics B 6ubanorexe Scikit-Learn, oxHa-
KO, Kak HaM Kaskercst, Bepcust B Yellowbrick, coderatorast BIBO/I 4MCIOBBIX OI[EHOK
C IIBETHOII TETIJIOBOM KapTOM, yIIPOIIAeT WHTEPIIPETAIIUIO 1 BBISIBJIEHUE TPOOJIEM.

Y100bI BOCIIONB30BATHCSA MEXaHU3MOM CO3aHus TerioBoii Kaptel u3 Yellowbrick,
3arpysuM KOpIIyc, Kak OIICaHo BO Bpe3Ke «3arpyska Habopos manHbix Yellowbricks
BBIIIIE, BHITIOJTHUM BEKTOPU3AIHIO T0KyMeHTOB MeTooM TF—IDF u coznaanm oOyya-
[o1e 1 KOHTPOJIbHbIE BbI60pKI/I. 3aTeM co3/IaINM 9K3eMILTISIp ClassificationReport,
HepeIaiM eMy sKeJlaeMbli KJaccuprKaTop U MMeHa KJIacCOB, BHI30BEM METO/bI fit
U score, KOTOpPbIE, B CBOIO OYepe/lb, BBI3OBYT BHYTPEHHUE MEXaHU3Mbl 00yYeHNUsI
U OLIEHKH MOJeJH, Haxosmuecs B 6ubanoreke Scikit-Learn. Hakonerr, Boi3oBeM
MeTOJI poof BU3yaJIn3aTtopa, KOTOPBIil J00aBUT B IMATPAMMy METKH U I[BET U 3aTEM
BbI30BeT MeTo/ draw u3 Matplotlib:

from sklearn.naive_bayes import GaussianNB
from sklearn.model_selection import train_test_split
from yellowbrick.classifier import ClassificationReport

corpus = load_corpus('hobbies")
docs = TfidfVectorizer().fit_transform(corpus.data)
labels = corpus.target

X_train, X_test, y_train, y_test = train_test_split(
docs.toarray(), labels, test _size = 0.2

)

visualizer = ClassificationReport(GaussianNB(), classes = corpus.categories)

visualizer.fit(X_train, y_train)
visualizer.score(X_test, y_test)
visualizer.poof()
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[TonyuusBmmasica TennoBas Kaprta mokasana Ha puc. 8.14. OHa oTpaskaeT TOYHOCTb,
noJtHOTY 1 otieHKy F1 o6yduentoii Mojienu, rje 6ojiee TeMHbIE 30HBI COOTBETCTBYIOT
06J1acTSIM MOJIENTN ¢ HanbOJIBIINM KayeCTBOM. B 5TOM IipuMepe Mbl BUIMM, U4TO Ta-
yCCOBa MOJIEJTb YCIIENTHO KacCH(GUIUpPyeT OOMBITHHCTBO KATETOPHiL, HO UMEET BbI-
COKYI0 OIMOKY BTOPOTO pojia (Hepacrno3HaBaHue) /st kKareropun «books» (kuurm).

GaussianNEB Classification Report
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Puc. 8.14. TennoBasi kKapTa HaUBHOro 6aliecoBCKOro rayccoBa KiaccudukaTopa
Ha kopnyce «hobbies»

MpbI MOXEM CPaBHUTD TayCCOBY MOJIENDb C IPYTON MOJIEJBI0, TTIPOCTO UMITOPTH-
poBaB apyroii kiaccuburatop us Scikit-Learn u mepemas ero KOHCTPYKTOPY
ClassificationReport. [Ijist cpaBHeHus Ha puc. 8.15 nsobpaskeHa TerjaoBas Kapra
Kkjaccuduraropa SGDClassifier, KOTOpas rOBOPUT, YTO OH XY:Ke CIIPABISETCS
¢ kaaccudukaimein koprnyca «hobbies» u numeer BbICOKy0 ONMOKY TIEPBOrO poja
(JTO’KHOE pacro3HaBaHue) [Jist KaTerOPUH «gaming» u omubKy BTOporo poja (He-
pacrosHaBaHue) s Kareropuu «bookss.
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SGDClassifier Classification Report
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Puc. 8.15. TennoBas kapTa knaccudurkaTopa METOAOM CTOXaCTUYECKOro rpaAMeHTHOro
cnycka Ha kopnyce «hobbies»
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MaTpuubl HECOOTBETCTBUMN

Marpuiia HeCOOTBETCTBU BKJIIOYAET TIOXOKYIO MH(POPMAITUIO, KaK B OTYETE KJIac-
crUKaIKI, HO BMECTO BHICOKOYPOBHEBBIX OIEHOK TIpejaraeT Gosee moapooHble
CBeJleHUs].

Y100bI TOCTPOUTH TAKYI0 BU3YaIM3aIIMIO ¢ ucnoab3oBanreM Yellowbrick, cosmamim
9K3EMILISAP ConfusionMatrix ¥ MepesajnM eMy KeJaeMblil Kaaccudukarop ¢ nme-
HAMU KJACCOB, KaK Mbl 9TO JieJIalld, co3/aBast 9K3eMILIAp ClassificationReport,
U TI0CJIeI0BATEJIbHO BBI3OBEM METO/IbI fit, score 1 poof:

from yellowbrick.classifier import ConfusionMatrix
from sklearn.linear_model import LogisticRegression

visualizer = ConfusionMatrix(LogisticRegression(), classes = corpus.
categories)

visualizer.fit(X_train, y_train)
visualizer.score(X_test, y_test)
visualizer.poof()

[TosryuumBIasicst MaTpuIla HECOOTBETCTBUI, N300pakeHHast Ha puc. 8.16, momoraer
YBUIETh, KaKHMe KJIACCHI XYK€ BCETO PACIIO3HAIOTCI MOJENbIo. B aToM mpuMepe
MOJIeJb LogisticRegression IpeKpacto CIIpaBUIACh C Paclio3HaBaHeM KaTeTOPHi
«sports» (cropr) u «gaming» (Urpbl), HO UCHBITHIBAET OOJIbIINME CIOKHOCTH TIPU
pacrio3HaBaHUU JIPYTUX KATETOPUIHL.

LogisticRegression Confusion Matrix

books 5 10 2
cinema 13 5 2
o
&
2 cooking 2 2
3
E
gaming 2
sports 3
£ g 2 g £
- 5 2 £ ]
3] 8 3 .

Predicled Class

Puc. 8.16. MaTpuua HECOOTBETCTBUI NMPUMEHEHUS KNTACCMMUKATOPa, UCMOSb3YIOLLErO
METOZ NIOrUCTUYECKON perpeccuu, k kopnycy «hobbies»

Mbl MOKEM CPaBHUTb KauyeCcTBO MOJIeJIei, 1TOJICTaBUB UX B BbI30B KOHCTPYKTOPA
ConfusionMatrix, Kak aTO /IeJIaJIOCh B ciiydae ¢ ClassificationReport. /115t cpaBHEHUS
Ha puc. 8.17 mokazaHa MaTpuIla HECOOTBETCTBUH KJaccubrKraTopa MultinomialNB,
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MultinomialNB Confusion Matrix

- D

cinema 5 14 1

@
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a3 .
o cooking 4
=
=
gaming 1
sports 1
g g § 5 g
o

Pradicted Class

Puc. 8.17. MaTpuua HECOOTBETCTBUI NMPUMEHEHUS MOSIMHOMWUANBHOIO HAaWBHOMO
6aiecoBckoro knaccudukaTtopa K kopnycy «hobbies»

KOTOPast MOKA3bIBAET, YTO OH TOXKE HEIOCTATOUHO XOPOIIO CIPABJISETCS C KIACCH-
(dbukanmeit 6oabIIMHCTBA KaTeropuil B kopiyce «<hobbies» 1, moxoske, yacto myraer
kateropun «books» n «gaming».

B o6rmem cirydae KauecTBO MOJIENIN CHIIBHO 3aBUCUT OT KOHTEKCTA, OITOMY, OIpe-
JTEJISIST AIEKBATHOCTD MOJIEJTH, Ba)KHO BBIOMPATH CIIEIMATM3UPOBAHHBIE OPUEHTHPBI
U He 110J1araThCsl Ha BBICOKOYPOBHEBbIE METPUKH, Takue Kak onienka 1. Hampumep,
€CJI OT HAIIETO TUIIOTETHYECKOTO TIPIIIOKEHUST TPeOYeTCsT KIacCuduIMpoBaTh
KOHTEHT, UMEIOIUI OTHOIIIEHUe K CIIOPTY, 3TUX Mojlesieil BroJiHe jloctarouno. Ho,
€CJIH T[eJTIO SIBJISIETCSI TIOMCK 0030POB KHUT, HEY/IOBJIETBOPUTEIHHOE KAUECTBO ITHX
Kjaccu(uKaTopoB IIpeAlloiaraeT, YTo HaM, BO3MOXKHO, IIPUAETCS I1epecMOTPeTh
OPUTUHAJBHBINA HAGOP TAHHBIX.

Bu3syasibHasi HaCTpoMKa

Korzma BeI3bIBaeTca MeToJ fit 0ObeKTa Estimator us 6ubanoreku Scikit-Learn,
MOJIEJIb MTOAOMPAET MapaMeTpPhbl aJITOPUTMa, JIydIlle COOTBETCTBYIONIME UMEIOIIM-
ca ganabiM. OIHAKO HEKOTOPBIE MTapaMeTPhl He CBA3aHbI HAPSMYIO ¢ 00ydYeHneM
B 0ObeKTe Estimator. Mbl Ha3bIBaeM UX 2UNEPRAPAMempPAMI A ONIPEJEISIEM B MOMEHT
CO3/IaHUS K3EMILISIPA MOJEJIN.

[umepmapaMeTpsl 3aBUCIT OT KOHKPETHOM MOJIENIN U BKJIIOYAIOT TaKKe XapaKTepH-
CTUKH, KaK BeJIMYNHA MITpada, UCIoIb3yeMas 1 PETYTMPOBKHU, DYHKIINA Spa IS
METO/Ia OTIOPHBIX BEKTOPOB, KOJMYECTBO JIMCTHEB MU IJIyOUHA JepeBa PelleHui,
KOJIMYECTBO Coce/ieil B KIaccudUuKaTope MeTOLOM OIMKANIINX COCeAei NIH KOJIM-
YeCTBO KJIACTEPOB B KJIACTEPU3ALUN METOJOM R-CPeIHUX.

Mopenu Scikit-Learn yacto Ha yIuBJIeHHE YCIIENTHO CIIPABJSIOTCS CO CBOUMHU 3a-
Jagamu ovTH 6e3 M3MeHEHUsT TUTIEPIIapaMeTPOB 110 YMOJTYAHUI0. DTO He CIydaiHast
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Yaada, a IToKa3aTeJib TOTO, YTO CO3/JaTe/IAMU 6I/I6JII/IOTCKI/I HaKOILJIEH 3HAUYNTEIbHBIN
OIIBIT 1 0OBEM 3HAHMI B JaHHOi obaactu. TeM He MeHee 110cIe BEIOopa HECKOIbKUX
MOIeJIEl, KOTOPbIE JTydllie BCEro CIPABJISAIOTCS ¢ OCTaBJEHHON 3aa4eil, MbI JI0JIKHbI
ClIeJIaTh CIIEYIONIHIT AT U TIOIKCIIEPUMEHTHPOBATE ¢ THUIIEPIAPAMETPAMH, YTOObI
HaiiTh HanboJiee ONTUMAIbHBIE HACTPOIKY JIJIsT KAsKIOH MOJIEJIH.

B aToMm pasmese MbI paccMOTPUM TIPHEMbI BU3YAJIbHOTO MCCIEI0BAHU TUTIEPIIapa-
METPOB U, B YaCTHOCTH, pasdepeM BhIOOP 3HaUEHMsI R JIJIs1 aITOPUTMA KJlacTepU3allin
METOJIOM k-CpeHuX.

OueHka CUNY3Ta U JIOKTEBbIE€ KpUBbIe

Kax mbl Buzeu B riiase 6, MeTos; B-CpeHIX — 9TO IIPOCTON aJTOPUTM MAIIUHHO-
ro oOy4eHust 6e3 yduTesst, FPyIIUPYONIil JaHHbIe B YKa3aHHOE KOJUYECTBO R
KaactepoB. [TockoabKy BHIGOP umncia k OCYIIECTBIISETCS M0JIb30BaTe/IeM 3apaHee,
AJITOPUTMY OCTAETCST TOJBKO PACIPEESUTh BCE 9K3EMILISPHI TI0 & KIacTepam, He-
3aBUCKMO OT TOTO, IBJISIETCS JIV MIPABIIbHBIM BBIOOP urcia R it Habopa JaHHbIX.
Bubsmoreka Yellowbrick peanusyer nsa Mexannusma BbIGOpa ONMTHUMATIBHOTO YKCTA k
JUIST IEHTPOMTHOM KJIacTepusalii, oyenka cunysma (silhouette scores) u ioxmesoie
xkpusvie (elbow curves), KOTOpbIE MbI PACCMOTPUM B 3TOM Pas/ieJie.

OueHka cunyaTa

B orcyTeTBHe 1ocToBepHOiT nHMOpPMAIUK 0 IPUPojie Habopa JaHHBIX BBIYHUCIISIETCS
Koa(hOUTMEHT CITyaTa, OTPAKAIONINIA TIIIOTHOCTU KJIACTEPOB, TPOU3BOIUMBIX MOJIE-
Jbio. Jlasee, 1St Kask1oro oOpasiia OIpeIesisieTesl OIleHKa CHIYaTa Iy TeM YCPeIHEHUsT
Ko PUIIMenTa CUIydTa, BRIYUCIIEMOTO Kak PAa3HOCTh CPETHETO PACCTOSTHUS BHY-
TPU KJIACTEPA U CPEIHETO PACCTOSHUS 10 OJIMKAIIETO KIacTepa OT 3TOro 06pasiia,
HOPMaJIM30BaHHAS MAKCUMAIHHBIM 3HAYCHHEM.

B pesymsraTe momydaercs snadenve B fuarmasornie ot 1 10 —1, e 1 TOBOPUT O TOM, UTO
KJIACTEPBI UMETOT OYeHb BBICOKYTO MIJIOTHOCTD, -1 — YTO KJIACTEPU3aIlHs BBITTOJTHEHA
a0COJIIOTHO HEBEPHO, a 3HAUEHUSsT, OJIM3KUE K HYJII0, — YTO IPUCYTCTBYIOT TIEPEKPbI-
BalOIIMECs KJacTepbl. YeM BbIllle OIEHKA, TEM JIydllle, I0TOMY UTO BBICOKAasl OIleHKa
MIPUCBANBAETCS IIJIOTHBIM U U30JIUPOBAHHBIM JIPYT OT IpyTa Kiaactepam. OTpuiiaTesib-
HblE 3HAYEHUS YKa3bIBAIOT, YTO 0OPa3Iibl OBLIM OTHECEHbI K HEBEPHBIM KJIaCTEPaM,
a TIOJTO;KUTETHHBIE — YTO B KOPITYCe ICHCTBUTEIBHO NMETOTCS IMCKPETHBIE KITACTEPHI.
3areM ToJIyYeHHbIe OIEHKH MOKHO OTOOPA3UTh B BUJIE IMArPAMMBI, YTOOBI TIOKA3aTh
Mepy OJIM30CTH KaK/I0H TOYKH B OJHOM KJIACTEPE K TOYKAM B COCEIHUX KJIacTepax.

JLJist BU3yasIu3aiuy OleHOK CUITYITOB KaKIOTO KJIacTepa MOKHO UCIOJIb30BaTh
00beKT SilhouetteVisualizer us 6ubanorexku Yellowbrick. TTockoabky Momenn
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KJIACTEPU3AINH C TPYIOM TIOIAI0TCST OlleHKe, Bu3yas3aTopsl 3 Yellowbrick obe-
proiBaloT Mojean knacrepusanuu us Scikit-Learn csoum metomom fit(). ITocue
00y4eHust MOJIeJIU MOKHO BBI3BaTh METOJ[ poof() BU3yanusaropa u 0TOOPasuTh
METPUKH OLIEHKH Pe3yJIbTaToB KaacTepusaiuu. YToObl co31aTh AuarpaMmy, CHadaa
00yunM MOJIeJIb KJIaCTEPU3ALINH, CO3/aMM SK3EMILISIP BU3yaI3aTopa, 00ydrM ero
Ha JIAHHBIX U3 KOPILYCa ¥ BbI30BEM METOJ poof():

from sklearn.cluster import KMeans
from yellowbrick.cluster import SilhouetteVisualizer

# Co3paTb MoAenb KjiacTepusauuu U BU3yannusaTop

visualizer = SilhouetteVisualizer(KMeans(n_clusters = 6))
visualizer.fit(docs)

visualizer.poof()

OO6bexT SilhouetteVisualizer oToOpaxaer KOI(MMUIMEHT CUIYITa I KasKIO0TO
06pasiia B KaykJ0M KJacTepe, IOKa3biBast, KaKue KJIaCcTepPhl IJIOTHbIE, a KaKUe HeT.
BeprukanbHas BbICOTa KTacTepa Ha IarpaMMe COOTBETCTBYET eT0 Pa3Mepy, a Kpac-
Hast MyHKTUPHAs! IUHKsE 0003HAYaeT r/106aIbHOe cpeiHee. Ty HHDOPMAIIIIO MOKHO
HCIIOJIb30BATh JIJIst OTIPE/IeIEHUS CTeTleHN cOaTaHCPOBAHHOCTH KJIACTEPOB UJIU BbI-
Gopa 3HaYeHus k IryTeM cpaBHEHMS HeCKOJIbKUX Auarpamm. Hanpuwmep, ra puc. 8.18
BU/IHO, YTO HEKOTOPBIE KJIACTEPHI UMEIOT 3HAUNTEBHYIO BBICOTY, HO HU3KYTO OIIEHKY.
ITO TOBOPUT O TOM, YTO CJIEAYeT MoNpoboBaTh BEIGpATh GoJibliiee 3HAYEHME K.

Silhouette Plot of KMeans Clustering for 448 Samples in 6 Centers
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Puc. 8.18. [lnarpamMma C oueHKaMu CMnyaTa pe3ynbTaTta Kiactepmsaunm
METOAOM K-CpefHuX

JlokTeBble KpuBble

JIpyroii MeTo/i BU3yaU3alii, KOTOPBI MOKHO HCIIOJIb30BaTh Ui MoA00pa 3Ha-
yenus k, — meros JokTs (elbow method). 9ToT MeTo 0OCcHOBaH Ha OTOOPAKEHIN
rpaduKa MI3MEHEHHUs KauecTBa MojieJiell ¢ u3MeHeHreM 3HaueHust k. Bei6op ornpese-
JIIETCS HAJIMYMEM TOYKH «JTOKTEBOTO cruba» Ha KpUBOii (TO €CTh KPUBasi BBITJIAANT
KaK PyKa, COTHYTAasl B JIOKTE, C IBHBIM M3MEHEHUEM ee HATIPABJICHUST ).
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OO6mbexT KElbowvisualizer B 6ubmoreke Yellowbrick peamusyer meton soxTst st
BBIOOPA ONTHMAJIBHOTO YKCJIa KIACTEPOB TP MCIIOJIb30BAHIK CIIOCO0A KIIacTepH-
3aIii METOJIOM k-cpeHuX. J[JIst 3TOT0 HYKHO CO3/1aTh HK3EMILISIP BU3Yyaln3aTopa,
epeziaB eMy HeoOyIeHHYI0 MOJIeb KMeans () ¥ IMAIa30H 3HaYeH il 1151 k (Harprmep,
o1 4 1o 10). 3ateM BbI3BaTh MeTO it () C JOKYMeHTaMM U3 KOpITyca (B CJIeayoneM
IpuMepe MPeAIoIaraeTcs, YTo I0KYMEHTHI yike BeKTopu3oBaHbl MeToioM TF—IDF),
B pe3yJIbraTe BU3YyaJM3aTop BBIIOJHUT KJIACTEPU3AIINI0 Habopa JaHHBIX METOIOM
k-cpemHuX ISt KasKI0TO 3HAYEHMST kB 1 PACCUUTAET OIEHKY CUJIYydTa, CPEHUN KO-
ahdunment cuayaTa o BceM obpasiam. ITocseayonuii BbI30B poof () OCTPOUT
rpaduK U3MEHEHNS OIEHKU CUIYITa JJIsT Pa3HBIX k:

from sklearn.cluster import KMeans
from yellowbrick.cluster import KElbowVisualizer

# Co3pjaTb Mojenb KnacTepusauuu U BU3yanusaTop

visualizer = KElbowVisualizer(KMeans(), metric = 'silhouette', k = [4,10])
visualizer.fit(docs)

visualizer.poof()

Ecom munust rpadmka nMeeT BUjl COTHYTOTO «JIOKTST», TOUKA epernba siBJsieTcst JIyd-
UM 3HAUEHUEM k; JIJTsI HAC JKeJTaTeJIbHO NMeTh MUHUMAJIbHO BO3MOKHOE 3HAUeHHE k,
4TOOBI KJTACTEPDI HE MEPEKPHIBAINCH. EC/M TaHHbIe HE MMEIOT YETKO BbIPAKEHHBIX
KJIACTEPOB, KPUBASI MOKET TIOJTYUUTHCSI CIIUTIKOM IJIA/IKOM UK UMETh HECKOJIBKO TOYEK
riepern6a, METO/T JIOKTSI OKa3bIBAETCsT OeCTIOIE3HbIM. B TakuX cIIydasix MOKHO TI0COBe-
TOBATb MCIIO/Ib30BATh BU3yaaIn3aTOp SilhouetteScore MM IPUMEHUTH MaPTUTUBHYIO
KJacrepusanuio. [iss Ha rpaduk, usobpaskeHHbIi Ha puc. 8.19, gajke IPUTOM, 4TO OH
MMeeT HECKOJIbKO TOUYEK Meperrda, MOKHO MPEINOJI0KITh, 4TO, BHIOPAB CeMb KacTe-
POB, MBI CMOKEM YJIYYITUTH TVIOTHOCTD U U30JIUPOBAHHOCTD KJIACTEPOB JIOKYMEHTOB.

Silhouette Score Elbow for KMeans C

[ IO

Puc. 8.19. MpaduK M3MEHEHUS OLIEHKM CUNY3Ta A1 KNAacTepU3aLmm METOAO0M K-CpeaHuX
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B 3akroueHue

C kakuMu ObI JaHHBIMU MbI HU PabOTald — YHUCIOBBIMU MU TEKCTOBBIMU (MU
JlasKe C TTMKCeJIaM¥ U HOTaM1 ) — eIMHCTBEHHON OIEeHKN NJTH /IaKe eZIMHCTBEHHOTO
rpaduka 4acTo HeJIOCTATOUHO [IJIsI IPOIlecca TPOMKHU BEIOOPA Mojie . MeTo/ib! BH-
3yasIU3aluy IPUTOIATCS BaM /I UCCIIeI0BATEIbCKOT0 aHAIN3a, KOHCTPYUPOBAHUS
[PU3HAKOB, BHIOOPA MOJIENN 1 €€ OTleHKN. B KOMOMHAIINY C YMCTIOBBIMU OIEHKAMU
OHHU MOTYT TIOMOYb HOJIYYUTH GoJiee TToJIHOoe MpeicTaBieHue 00 a(h(HeKTUBHOCTH.
O/HaKO TEKCTOBBIE IAHHBIE MOTYT BBI3BIBATH HEKOTOPbIE CIeI(udecKue mpobIeMbr
JUUIST BU3YAJIU3AIHH, 0COOEHHO B OTHOTIIEHUH Pa3MEPHOCTH U HHTEPIIPETUPYEMOCTH.

ITo HateMy OTIBITY, yIIpaBJIeHNE BBIGOPOM ITOMOTAET TTOJIy4aTh KaueCTBEHHBIE MOJIETN
(HarpuMep, ¢ BBICOKOH o1leHKoii F 1, M30JMpoBaHHBIMU KJIACTEPAMU 1 T. 1I.) ObICTpee
U JIOCTUTATH HOJIee OTHOTO OOIIETO MTPE/ICTABICHNUS. 3PUTETbHAS KOPA HAIIETO MO3Ta
YacTO HAMHOTO JIy4Ille CIIPABJISAETCS C BBIABICHUEM 3aKOHOMEPHOCTEH, TTPe/ICTaB-
JIEHHBIX He B YNCJIOBOH, a B BU3yaJabHOI hopme. To ecTh, MCTIOIH3YsT METO/IBI BU3Y-
aJInM3aIuu, Mbl MOKeM Gostee 3hhEKTUBHO YIIPABJISATH IPOIECCOM MOETUPOBAHMSI.

Hecmotrps Ha oTcyTeTBrE GOIBIIOTO MHOT00Opasust GUOINOTEK BU3YaIbHOI [ra-
THOCTUKH MOJE/IMPOBAHNA Ha TEKCTOBBIX JaHHbIX, IIPUEMDbI, ITpeAjiaralolniie nuTe-
PaKTUBHBIN MHTEPdEIiC K MAITMHHOMY 00YUYEHUIO 1 [TPOJEMOHCTPUPOBAHHBIE B 9TON
IJ1aBe, MOy T OKa3aThCs XOPOIIMMK HHCTPYMEHTAaMHU, TIOMOTAIOIIMMK CHU3HUTH Gapbep
MEJK/Ly YeJIOBEKOM ¥ MallinHOW. B uncire 6ubimoTek BUsyainsainu ecTh JBa O4eHb
yno6ubix nacrpymenta — Matplotlib u Yellowbrick, — kotopbie BMecTe 1103B0JISIIOT
BBITTOJTHUTH BU3YaJIbHYIO (DUIBTPAINIO, arpeTHpoBaHue, NHAEKCHPpoBaHUe U (op-
MaTUpOBaHUE, Iz[TO6bI IIOMOYb OTO6pa3I/ITb 6OJIBH_IOf/,I KOpIryCc ¢ MHOTOMEPHBIM IIPO-
CTPAHCTBOM IIPU3HAKOB B G0JIee IPOCTOM JIJIst TIOHUMAaHKS M MHTEPAKTUBHOM BH/IE.

Oxnum u3 Haubosee 3(hHEKTUBHBIX CITOCOOOB BU3YATU3AINH, [TPEACTABICHHBIX
B 9TOH TJIaBe, SIBJSIOTCS Tpadbl, TTO3BOJSIONINE MPEACTABUTH OTPOMHBIN 00beM
uHGbOpPMaIUH B ITPOCTOM ¥ MOHSATHOM BH/e. B riiaBe 9 Mbl eTaibHee paccCMOTPUM
rpadoBbie MOJIENI — UX CIIOCOOHOCTD K 3(h(PEKTUBHOI BU3YATbHON TPYIITMPOBKE
Y MOJIEJTMPOBAHII0 MHMOPMAIINH, JIJIs1 9€TO B MHOM CJIydae ImoTpeboBainch 6bi 6oJiee
cepbe3Hble YCHIIUS 110 KOHCTPYHPOBAHUIO TIPU3HAKOB.



'pacdoBblie MeToAbl
aHaJsin3a TeKkcTta

[[O 9TOIO MOMEHTA MbI UCITOJIb30BaJIN TPAJIMITUOHHbBIE AJITOPUTMbI KJIaCCI/I(l)I/IKaHI/II/I
U KJIACTEPU3AINN /IJI aHAJIN3a TEKCTA. ITU AJITOPUTMBI OTIPEIESISAIOT PACCTOSTHIE
Me3K/y TepMUHAMM, IPUCBAUBAIOT BeCa CJIOBOCOYETAHUSIM U BBIUYUCIISIIOT BEPOSIT-
HOCTHU BBICKA3bIBAHU, TOMOTAas HaM PACCY’KIATh O CBIA35IX MEXK/Y TOKYMEHTaAMU.
OxaHako Takue 3aauM, KAk MAITUHHBIU epeBOJI, MOUCK OTBETOB Ha BOIIPOCHI
U1 BBIIIOJIHEHUE I/IHCprKI_[I/Ifl, qacTo Tpe6y10T 60J1ee CJIOKHBIX CEMaHTUYECKUX
paccyKIeHu.

Hampumep, ocHOBBIBasiCh Ha GOJIBIIIOM KOJIIYECTBE HOBOCTHBIX CTATEM, KaK ObI BbI
CMO/JIETTUPOBAJIN COJIEPsKAIMEcs B HUX ONMMCAHUA: JIeMCTBUI KJIIOYEBBIX UTPOKOB
U OTBETHBIX JAEHCTBUN APYTHUX, MOCTEA0BATENBLHOCTEH COOBITUN, MPUYMH U CJIe/-
ctBuii? Vcnonp3ysd mpreMsl U3 TJIaBBl 7, BBl MOKETe U3BJEKATh CYINTHOCTH WUJIH
KJT04YeBbIe (hpasbl UK OTIPEIENIATh TEMBI C IPUMEHEHNEM METO/IOB TEMATHYECKOTO
MoztesiupoBanusi u3 raassl 6. Ho, uTo6b cMomenpoBath HHGOPMAIINIO O CBI3IX
MEXK/IY 9TUMHE CYIIHOCTSIMU, hpazaMu U TeMaMu, HeOOXOMM UHOM THIT CTPYKTYPbI
JTAHHDBIX.

PaCCMOTpI/IM, KaK MOJKHO BbIPA3UTDb TaKMWE CBA3U MEK/y Ha3BaHUAMU crareii':

headlines = ['FDA approves gene therapy',
'Gene therapy reduces tumor growth',
'"FDA recalls pacemakers']

! TlepeBoj Ha3BaHUil cTATEN:

«YpasJieHue 0100pPIIO FEHHYIO TEPATIUIO»
«lennas Tepanus 3ame/JIs1€T POCT OIYyXOJIN»
«Y1paBJieHue OT3bIBaeT KapAHOCTUMYJISTOPDI»
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TpaauimoHHO oK00HbIE GPasbl KOAMPYIOTCS ¢ UCTIOJIb30BAHUEM NPeOCAsieHuil
cmvicna mexcma (Text Meaning Representation, TMR). IIpencrasienus cMbic-
Jla UMEIOT BUJ TPOEK ('cybbekT', 'yTBepxaeHue', 'obbekT'), HaripuMep ('FDA’,
'recalls’, 'pacemakers'), K KOTOPBIM MOJKHO IIPUMEHATH JIOTUKY IIE€PBOTO IIOPSIAKA
1 JIIMOIa- UCUYKCIIEHIE JIJISE CEMAaHTHYECKOTO aHaJIH3a.

K coxasnenuto, koHcTpyuposanue mpeactasiaenniit TMR yacto TpebyeT cyiiecTBeH-
HOro 0ObeMa IpeiBapUTEbHBIX 3HaHMiT. Harprumep, MbI I0JIKHBI 3HATh, 4TO abOpe-
Buarypa «FDA»! onipesiesisiet 1eiicTBYIOIILYIO CTOPOHY, a TAK)Ke 4TO c10BO «recalling»
(OT3bIBaET) ONMUCHIBAET JIEHICTBUE, KOTOPOE MPEAITPUHUMAETCS OIHOH CYTTHOCTHIO
B OTHOIEHWH JAPYToii. [lJist GOIBITMHCTBA MPUIOKEHUI aHAIN3a €CTECTBEHHOTO
sI3bIKa CO3/IaTh JIOCTAaTOUHOE KOJIn4uecTBO mpeacTaBiaennii TMR ams nmoanep:xn
OCMBICJIEHHOTO CEMAHTHIECKOTO aHAIN3a TTPAKTUUECKU HEBO3MOKHO.

OnHaKO Ty JKe CTPYKTYPY «CYOBEKT-yTBEPKIAeHNE-00BEKT> MOKHO TIPEICTABUTD
B BUJIE 2paga, Tiie YTBEPIKACHS SIBJSIOTCS pebpamu MeXIY ysiamu — cCyObeKTaMu
1 00beKTaMU, Kak moka3aHo ua puc. 9.1. V3Biekasi mapbl CyIHOCTEN 1 KJIIOYEBbIE
(bpaser 13 3ar0I0BKOB, MOKHO CKOHCTPYHPOBATDH TPadoBOE TIPEICTABICHNE CBA3CH
MEXKIY «KTO», <4TO» ¥ JIaXkKe «TJIe», «Kak» U «Koraa» coObiThil. Biarogapst atomy
MBI [TOJTY9MM BO3MOKHOCTb KOHCTPYUPOBATh OTBETHI HA aHATIMTHYECKHE BOTIPOCHI,
takue Kak «Kro 6osiee Bcero mpuyacTeH K 3ToMy COOBITHS ?» mi «Kak MEHSIOTCST
OTHOIIEHUSI C TEYEHUEM BPEMEHU ?», BBITTOJHUB 00X0/1 rpada. KoneuHo, Takoii moj-
XO71 He ABJISAETCS TIOTHOIEHHBIM CeMaHTHYeCKUM aHAJTM30M, HO OH ITOMOTaeT MPUHTH
K TI0JIE3HBIM BBIBOJIAM.
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Puc. 9.1. CemaHTHyeckune paccy>XaeHunsa B TEKCTE, NpeacTaB/IEHHbIE B BUAE Fpa(bOB

! FDA (Food and Drug Administration) — Yupasiemue 1o KOHTPOJIIO 3a TIPOAYKTaMU U JieKap-
crBamu (CIIIA). — Ipumeu. nep.
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B 910ii r1aBe MbI OyeM aHaIu3MPOBATH TEKCTOBbIE TAHHBIE C CIIOJH30BAHUEM
rpacoBbIx anroputMoB. CHavyasma MBI IOCTPOUM Te3aypyc (CJI0Bapb CHHOHMMOB),
OCHOBaHHBIIT Ha Tpadax, U OTpe/Ie M HEKOTOpbIe HarboIee MoJIe3HbIe XapaKTepH-
cTuKH rpada. 3aTeM M3BJIEYEM COMATBHBIN rpad u3 Haiero kopmyca Baleen, cBsizas
cyOBEKTBI, MOSBJISIIONIIECS] BMECTE B OJHUX U TEX JKe TOKYMEHTAX, U UCIIOJIb3yeM
HEKOTOPBIE TIPOCTbIe MTPUEMbI U3BJI€UEHHs 1 aHAIn3a nodepagos. B 3akmiouenne
MO3HAKOMUMCSI C TIO/IXO/IOM K Pa3peulenuro cyusHocmeti Ha OCHOBe TpadoB, KOTOPBII
HasbIBaeTcst Heuemxum onoxuposanuem (fuzzy blocking).

NetworkX un Graph-tool — 310 ABe oCHOBHble 6ubnmoTekn ansa Python, peanusy-
toime rpadoBble anropuTMbl U MoZenb rpada CBOWCTB (KOTOPYHO Mbl UCCTIEaAyEM
fanee B 3ToN rnaee). Graph-tool mMacwTabupyeTcs CyLeCTBEHHO lyylle, YeM
NetworkX, Ho peanusoBaHa Ha C++ U JO/MKHA KOMMUINMPOBATLCS U3 UCXOAHOMO
koaa. [ins Bu3yanu3auuy rpacdoB Mbl HacTO MCMOMb3yeM HamMCaHHbIE Ha ApYruX
A3bIKax MHCTPYMEHTbI, Takme kak Gephi, D3.js n Cytoscape.js. OgHako paau npo-
CTOTbI B 3TOW rnase Mbl 6yaeM npuaepxusatbes 6ubnuotekn NetworkX.

BbluncneHme u aHanus rpacos

[maBHOI 3a1a4eil B anasu3e rpadoB siBJIsieTcs: onpeesienue y3aoB u pebep. OObraHo
POJIb Y3JIOB UTPAIOT CYIHOCTH PEATLHOTO MUPA, KOTOPbIE MbI XOTeJIH ObI TIPOAHAJII-
3MPOBaTh, a POJIb pedep — OTHOIIEHUS MEK/IY Y3J1aMK Pa3HOTO BH/a (1 BEJTHUUHDI ).

[Tocsie ompeseeHust cXeMbl KOHCTPYHPOBaHue Tpaca He MPeAcTaBisieT GOJbIIoit
pobemMbl. PaccMOTpUM MPOCTON MpUMeEp MOJAETMPOBAHUS Te3aypyca B BHIE
rpada. TpaauinoHHBIA Te3aypyc 0TOOpakaeT OJHU CJIOBa BO MHOKECTBA JAPYTUX
CJIOB, UMEIOIINX TIOXO0XKUI CMBICJI, 3HAYEHKE U TOPSIZIOK UCITOIb30BaHus. Tezaypyc
Ha OCHOBe rpacda, KOTOPbIiT IIPECTABIISIET CJI0BA KaK Y3JIbl, 2 CHHOHIMBbI KakK pebpa,
MOJKET TIPUHECTH CYIIECTBEHHYTO BBITO/LY, MOJICTTUPY S CEMAHTHYECKOE CXO/ICTBO KaK
(DYHKIUIO JUIMHBL ¥ BEca IYTH MEKIY JHOOBIME IBYMsI CBA3aHHBIMU TEPMITHAMMU.

Co3pnaHue Te3aypyca Ha ocHoBe rpada

Jl1st peanuzany TOJIbKO YTO OMUCAHHOTO Te3aypyca Ha OCHOBE rpada UCTI0Ib3yeM
WordNet!, 60ibIyio jiekcnueckyio 6a3y TaHHbIX AHTJTMHCKIX CJIOB, CTPYTITHPOBAH-
HBIX BO B3AaMMOCBSI3aHHbBIE cuncembl (Synset ), KOJTEKITNN KOTHUTUBHBIX CHHOHNMOB,
BBIPAKAIOIINX PasHbIe MOHATH. B Hammem Te3aypyce poJib y3Ja0B OyAyT UrpaTh
cinosa us cutceroB WordNet (noctynnbix yepes unrepdeiic WordNet 6ubmoreku
NLTK), a pebpa OyayT IpeicTaBieHbl OTHOIIEHUAME 1 B3aUMOCBA3SIMEI CUHCETOB.

! George A. Miller and Christiane Fellbaum, WordNet: A Lexical Database for English (1995),
http://bit.ly/2GQKXmI
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Omnpenenum hyHKINIO graph_synsets (), KOHCTPYUPYIOMLYIO rpad U 1006aBJISIONLY 10
B HETo Bee y3Jibl v pebpa. OHa IPUHUMAET CIIMCOK TEPMIHOB, 8 TAK/KE MAKCHMAJIbHYTO
riyOuHY, co31aeT HeoprueHTUpoBaHHbIi rpad ¢ nomoripio NetworkX u nipucsamn-
BaeT €My CBOICTBO name JJist GBICTPON MACHTU(DUKAIME B TOCAEAYIONEM. 3aTeM
BHYTpPeHHsIsT (DYHKIMS add_term_links() 00aBjIsieT CHHOHUMDBI, TTOJTy4asi MX C 110-
MoIibio GyHKIUK wn.synsets() u3 NLTK, koropast Bo3Bpaliaer Bce BO3MOKHbIE
oTIpejieJieHus JJAHHOTO CJIOBA.

Jlist Kasx10ro onpeesieHns nepebepeM Bce CAHOHUMbI, BO3BpalllaeMble BHYTPEHHIM
METOJIOM lemma_names (), U 100aBUM y3JIbl U peOpa 3a OJMH IIar BI30BOM MeTO/a
G.add_edge () u3 NetworkX. Ec/iu 3asianHbliii mopor riryOuHBI €llle He JOCTUTHYT,
PEKYPCUBHO 106aBUM CCBIJIKM Ha TePMUHBI B cuHceTe. [locie aToro GyHKIms
graph_synsets BBITIOJHUT 00X0JI BCEX TEPMUHOB U C TOMOIIIBIO HaIlIel peKyPCUBHON
dbyHKIMM add_term_links() u3BJe4eT CHHOHUMbI, CKOHCTPYUPYET pedpa 1, HaKOHell,
BepHeT TOJYIUBIINICS Tpad:

import networkx as nx
from nltk.corpus import wordnet as wn

def graph_synsets(terms, pos = wn.NOUN, depth = 2):

Co3paeT u3 TepmuHoB terms rpa¢ networkx c rnybuHoi depth.

G = nx.Graph(
name = "WordNet Synsets Graph for {}".format(", ".join(terms)),
depth = depth,
)

def add_term_links(G, term, current_depth):
for syn in wn.synsets(term):
for name in syn.lemma_names():
G.add_edge(term, name)
if current_depth < depth:
add_term_links(G, name, current_depth+1)

for term in terms:
add_term_links(G, term, 0)

return G

YToOBI MOTYYHUTH OMHICATETLHYTO CTaTHCTHYeCKY 0 nHopMmaruio o rpade Network X,
MOZKHO BOCITIOJIb30BaThes (hyHKITHEH info(), KoOTopasi BO3BpalaeT KOJIMIeCTBO y3JI0B,
KOJINYeCTBO pebep U cpeiHioo crenelb rpada. Temepsb mpoBepuM Haliry hyHKITAIO:
HIOJTYYUM C €€ TTOMOIIIbIO rpada [71st cioBa «trinket» (6pesiok) u n3BIeueM OCHOBHbIE
CTaTUCTUKHU Tpada:

G = graph_synsets(["trinket"])
print(nx.info(G))
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Bot kakne PE3yJIbTaTbl Mbl ITIOJTy4YWJIN:

Name: WordNet Synsets Graph for trinket
Type: Graph

Number of nodes: 25

Number of edges: 49

Average degree: 3.9200

Teneps y Hac ecTh MOTHOIIEHHBIH Te3aypyc! Bol MoskeTe ToaKCIIepuMEHTHPOBATD,
cosaBast Tpadbl ISt IPYTUX CJIOB, CIIUCKOB CJIOB MJIM U3MEHssT TIyOuHy cOopa
CUHOHUMOB.

AHanus cTpykTtypbl rpacda

JKcIepuMeHTUPYA ¢ (bYHKIIUEN graph_synsets U TlepeiaBasi eil pa3Hble TEPMUHBI,
MOKHO 3aMETHTh, 4TO MOJIydaolecss rpadbl MOTYT ObITh 0OYeHb GOIBIIUMU WJTH
OYEHb MaJIEHHKUMHU ¥ IMETh H0JIee TN MeHee CJIOKHYIO CTPYKTYPY B 3aBUCHMOCTI
OT TOTO, KaK CBs3aHbl TepMUHBIL. [Ipy anamuse rpadbl OMUCHIBAIOTCS UX CTPYKTY-
poii. B aToMm paszesie Mbl paccMOTPUM HabOP CTaHAAPTHBIX METPUK JIJIsI OIMCAHUS

CTPYKTYPBI TpacdoB.

B nipenbiytiiem pasjesie Bbi30B nx.info BbIBEJ KOJUYECTBO Y3JI0B (MU NOPSO0K)
B rpade, KonmdecTBo pebep (Mau pasmep) v cpeaHion cmenenv. Cocedsmu y3na
Ha3bIBAIOT HAGOP Y3JI0B, HAXOASIIMXCS OT HETO Ha PACCTOSTHUHU OJIHOTO TIepexo/ia,
a KOJIMYECTBO COCE/Iel otpeiesisieT cmenets yaia. Cpeitsis cterenb rpaca oTpaskaet
CpemHUH pa3Mep Bcex cocenell BHyTpu rpada.

luamemp rpada — 910 KOJIMUYECTBO Y3JI0B, KOTOPbIE HY’KHO MHHOBATD, YTOOBI TIPOMTH
Kpamyaiiwum nymem MeXIy IByMst HanboJiee yaaaeHHbIMU y3aaMu. [1oayanTs aTy
CTaTUCTUKY MOKHO C TIOMOTIBIO (PYHKIINK diameter():

>>> nx.diameter(G)
4

B konTekcre rpada mist cioBa «trinket» kpardailiimii myTh 4 MOXKET TOBOPUTH 00
y3KOii crierraau3anuu TepMuna (tabr. 9.1), B oTimdme ot APyrux TepMUHOB ¢ OoJiee
MUpOKoN uHTepnperanueii (Hanpumep, «<building» ) nau 6osee mpokuM Kpyrom
ucnosb3oBanust («bank»).

Ta6bnuua 9.1. KpaTyaiilume nyTu Ans HEKOTOPbIX PacrpoCTPaHEHHbIX TEPMUHOB

TepMuH trinket | bank | hat building boat whale | road tickle
OnameTtp 4 6 2 6 1 5 3 6
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Bor HEKOTOPbIE K/JIHOYEBbBIE BOIIPOCHI, OTBETbHI Ha KOTOPbIE HYKHO TTOJYYUTH B IIPO-
ecce anainsa rpada:

O Kakossl riry6uHa u guamerp rpada?

O dasiercst u rpad MOJHOCBSA3AHHBIM (TO €CTh UMEIOTCSI Jin B Tpade My TH MesK-
1y JIIOOBIME TIapaMiU Y3JI0B)?

QO Ecumu ectb HeCBsI3aHHbIE KOMITOHEHTbI, KAKOBbI X Pa3MEpPbI U Ipyrue cBolicTBa?

O MoxnHo nm u3Bieub moarpad (M 320-2pag, 0 KOTOPOM MBI pacCKaKeM HITKE)
JI71s1 KOHKPETHOTO y3J1a?

QO MoskHO Jiu co3aTh moArpad, GUIBTPYIOMIUI ONpeeIeHHbI 00beM MU THII
unhopmarun? Harmpumep, MOKHO i 13 25 BO3MOKHBIX PE3YJIBTATOB BEPHYThH
TOJIBKO 5 CAMBIX BasKHBIX?

O MOJKHO JI¥ BCTaBJISATD Y3JIbI WK peOpa PA3HBIX TUIIOB JIJIsl CO3/IAaHUsT PA3HOPO/I-
HBIX CTPYKTYp? Hampumep, MOXHO i1 OPraHN30BaTh TPEICTABICHNE CHHOHM-
MOB 1 aHTOHUMOB B OJTHOM Tpace?

BusyanbHbi aHanus rpados

Ipadwr Takske MOKHO TTOABEPTHYTH BU3YAJIBHOMY aHAJIN3Y, OTHAKO C HACTPOIKaMU
M0 YMOJYAHUIO MOTYT TIOJYUYUThCS «KOMKW»>, KOTOPbIE TPYAHO paciyTaTh (HIKe
MbI TI0IpOOHEE TIOroBOPUM 06 9T0M ). OIHUM 13 TIOTTYJISIPHBIX MEXaHU3MOB aHAIN32a
CTPYKTYPBI rpacdhoB SBJISIETCST IPYKUHHAS MOJIeb OJI0K0B. [IpykKuHHAs MOIesh
6JI0KOB 0TOOpasKaeT Kaskblil y3es Kak Maccy (i 6J10K), a pebpa — Kak MpysKUHbI
C CUJION TIPUTATUBAHUS U OTTAIKUBAHUS, TTPOIIOPITNOHATBHON X BeCy. ITO TPE0T-
BpaIaeT HaJOXKEeHUeE PYT Ha JAPYyTa y3JI0B, KOTOPbIE OHU COEJIMHSATOT, M YaCTO T10-
MOTaeT MoJIyYuTh GoJiee yIipaBJisieMble H300pakeHus rpados.

C 110MOIIIbI0 BCTPOEHHOIT (DYHKIMHM nX. spring_layout 13 6ubmortekn NetworkX Mosk-
HO HaprcoBaTh rpacd CHHCeTa HaIero cioBa «trinkets. /[Jist 5Toro cHavasia morydmm
TIO3UITUH Y3JI0B C TPYKUHHONW KOMITOHOBKO#1. 3aT€M HAPUCYEM Y3JIbI B BUJIE GOJTBITIX
GeJIbIX OKPYKHOCTEHT C 04€Hb TOHKMMIE JIMHUSIMHE, YTOOBI TEKCT GbLT unTaeMbiM. [lasee
HapUCYeM TEKCTOBBIE METKH U pebpa (OTIPEIesI|B I0CTATOUHO OOJIBIIION pazmep miprd-
Ta ¥ CBETJIO-CEPBIN I[BET J1s1 pebep, 4ToOBI TEKCT JIerko unrtasicst ). Hakowerr, yaanum
JleJIeHUsT W TIOATTCH U3 IMarpaMMbl, TaK KaKk OHM B KOHTeKcTe Tpacda Tesaypyca He
HECYT T0JIe3HOI mHMOPMAIIK, U 0TOOPa3UM HOTYYUBITYIOCS Ararpammy (puc. 9.2):

import matplotlib.pyplot as plt

def draw_text_graph(G):
pos = nx.spring_layout(G, scale = 18)
nx.draw_networkx_nodes(
G, pos, node_color = "white", linewidths = @, node_size = 500
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)

nx.draw_networkx_labels(G, pos, font_size
nx.draw_networkx_edges(G, pos, edge_color

plt.tick_params(

10)
"lightgrey")

axis = 'both', # u3meHAwTCsA obe ocn, X n Y
which = 'both', # 3aTparvBawTCca 6osblMe U Manble AeneHus
bottom = 'off', # CKpbITb AeneHua BAONb HUXHEro Kpas
left = 'off', # CKpbITb AefeHua BAONb JIeBOro Kpas
labelbottom = 'off', # ckpblTb NOANUCKM BAOJIb HUXHEro Kpas
labelleft = 'off') # CKpbITb NOAMWCK BAONb JIEBOrO Kpas
plt.show()
cheekiness Impertinence
impudence
glow insalence
freshness gall
orust
wristband
watchstrap OGN faljal neaity
bracelet Dangle— yinket  pauble
watch_bracelet gaud
watchband
knickknack bric-a-brac
Knickknackery
nicknack  yhatnot

Puc. 9.2. Mpy>xxuHHasa Moaenb noMoraeT nony4nTb 6onee ynpaensemble

n3obpaxxeHuns rpacos

B caemytomem pasmesie Mbl uccyienyeM MeTObl U3BJIEUeHNS U aHaIu3a rpados,
KOTOPBIE UCIIOJIb3YIOTCST TIPH PabOTEe KOHKPETHO € TEKCTOM.

N3BneuveHne rpacdoB U3 TEKCTa

M3sBiieuenvie rpaca u3 Tekcta — CJI0KHas 3a1ada. Ee perieHue oObIYHO 3aBUCUT OT
IpeIMETHON 06JIaCTH, 1, BOOOIIIE TOBOPSI, TOUCK CTPYKTYPUPOBAHHBIX 2JIEMEHTOB
B HECTPYKTYPUPOBAHHBIX WJIN MOJIYCTPYKTYPUPOBAHHBIX JAHHBIX OIPEEIACTCA
KOHTEKCTHO-32aBUCUMbBIMY aHATUTHIECKUMU BOITPOCAMH.

Mpbr mpeiraraeM pazbuTh ATy 3a1a4y Ha GoJiee MeKIe Tari, OPraHu30BaB MPOCTOM
mpotiecc aHanan3a rpadoB, Kak Moka3aHo Ha puc. 9.3.
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Onvncanne  [MopennpoBanme | W3Bneuenne o Ananu3
L L L
3apaun rpaga rpaga rpaga
Hactpoiika n
dunbTpauma

Puc. 9.3. Mpouecc aHanusa rpada, U3BNEYEHHOrO M3 TeKCTa

B aTom npoiecce Mbl CHavasa ONnpeiesisieM CyIHOCTU U CBSI3U MeXK/1y HUMMU, HC-
XO/Is1 M3 OnucaHust 3agadn. /lajsee, Ha OCHOBE 9TO CXEMbI OIPEIETISieM METOAUKY
BbIJesieHust Tpada U3 KOPITyca, UCHOJIb3Ysl MeTaJlaHHble, JOKYMEHTBI B KOPITyce
U CJIOBOCOYETAHUST MJIN JIEKCEMbBI B IOKYMEHTAX JIJIsI U3BJIeYeHUs JaHHbIX U CBsI3eil
Mesky Humi. MeTtoanka Bbijenenns rpada — 9To IUKINYECKHUIA IPOLIECC, KOTOPbIA
MO’KHO TIPUMEHUTD K KOPIIYCY, CTeHeprpoBaTh rpad 1 COXpAaHUTH HTOT rpad Ha AUCK
WM B IIAMATh /IS AajbHeleil aHaIuTHIecKoil 06paboTKu.

Ha sTarme ananmsa mpousBoisTCS BRIYNCTIEHNS HA U3BJIeYeHHOM Tpade, HapumMep,
KJIaCTePU3aIns, CTPYKTYPHBIN aHATN3, (UJIbTPAINS WK OTIEHKA, U CO3/IaeTCs HO-
BBIII rpad), KOTOPBIN UCTIOIB3YeTCs B TpUIokeHusX. [1o pesynsraTam atama ananusa
MBI MOJKEM BEPHYTHCS K HAUATy UK, YTOUHUTh METOANKY U CXeMY, U3BJIeYb TN
CBEPHYTh IPYIIIIBI Y3JI0B WK pedep, YToObI TTOIpoOoBaTh 100U ThCs GoJlee TOUHBIX
pe3yIBTaTOB.

CozpaHue couynanbHoro rpacga

PaccmoTpum HaIl KOpIyc HOBOCTHBIX CTaTell U 3alauy MOJEeJTMPOBAHUS CBsI3el
MEXKIY Pa3HbIMHU CYNIHOCTSIMU B TeKcTe. Ecm paccMaTpuBaTh BOMPOC Pas3imumit
B OXBaTe MEXIY Pa3HbIMU WHGOOPMAITTMOHHBIMU aT€HTCTBAMU, MOXXHO TTOCTPOUTH
rpad U3 2JIeMEHTOB, TIPEICTABISIONINX Ha3BaHUs MyOJIUKAIUil, UMEeHA aBTOPOB
U MCTOYHUKHU WHMDOPMAIIUK. A eCJIH 1EeJbI0 SBJIsieTcsl O0beIMHEHNE YIIOMUHAHUIT
OJTHOM CYIIIHOCTH BO MHOKECTBE CTATEH, B IOMOJIHEHUE K IEMOTPAPUIECKUM JIETAJISIM
HAII ceTH MOTYT 3auKcrpoBaTh (hopmy obpariieHust (YBaKUTETbHYIO U IPYTHE).
WuTepecyrornue HAC CYIMHOCTA MOTYT HAXOIUTHCS B CTPYKTYPE CAMUX TOKYMEHTOB
WJTU CO/IEPKaThCA HETTOCPEICTBEHHO B TEKCTE.

IIOHYCTI/IM, Hallla I1€JIb — BbIFACHUTD ]IIO,Z[efI, M€CTa 1 BC€ 4YTO YI'O/IHO, CBA3aHHbIE
APpYyT C ApYIroM B HalllUX NJOKYMEHTax. MapiMu CJIOBaMU, HaM HY’KHO ITIOCTPOUTH
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COIMAJIBHYIO CETh, BBITIOJIHUB CEPHUI0 MPeodPasoBaHU, KaK MOKa3aHO Ha puc. 9.4.
Haunewm konctpyupoBanue rpada ¢ mpuMeHeHus Kiacca EntityExtractor, co3maH-
HOTO B TJiaBe 7. 3aTeM 100aBUM TIpeoOPa3oBaTesn, OJUH U3 KOTOPHIX OTBICKUBAET
mapbl CBSIBAHHBIX CYIHOCTEH, a BTOPOI TpeobpasyeT aTH maphl B Tpad.

Bbibopka /13Bneuenne BbisgneHue na 13Bneyenme
pra L — ap
Kopnyca CyWHocTeil CywHocrel rpaga

Puc. 9.4. KoHBeiiep n3BnedyeHus rpaca CylHocTeln

Mouck nap cywHocTen

Har ceyronuii mar — co3manue kiaacca EntityPairs, KOTOPBIH MOTyYaeT JOKYMEeH-
TBI B BU/IE CIIUCKOB CYIIHOCTEH (CO3/IaHHBIX KJIACCOM EntityExtractor U3 IJ1aBbl 7).
ITOT KJIacc J0JKEH AeiicTBOBaTh Kak IpeoOpa3oBaTesib B KOHBelepe Pipeline 13
Scikit-Learn, a 3HaunT, Hac/IeLOBATh KJIACCHI BaseEstimator 1 TransformerMixin, Kak
pacckasbiBasIoch B Iiiase 4. [Ipemonaraercs, 4To CyIHOCTH B OZHOM JOKyMeHTe Oe-
3YCJIOBHO CBSI3aHBI IPYT C JIPYTOM, TIOITOMY JI00ABUM METO/L pairs, UCIIOJIb3Y IOl
(pyHK1IMIO itertools.permutations A1 CO3/JaHUS BCEX BOSMOKHBIX ITap CYIIHOCTEH
B OJ{HOM JIoKyMeHTe. Hatr Metos; transform OyieT BbI3bIBATh pairs JJIsT KasKIOTO
JIOKyMEHTA B KOPITYCE:

import itertools
from sklearn.base import BaseEstimator, TransformerMixin

class EntityPairs(BaseEstimator, TransformerMixin):
def __init_ (self):
super(EntityPairs, self)._ init_ ()

def pairs(self, document):
return list(itertools.permutations(set(document), 2))

def fit(self, documents, labels = None):
return self

def transform(self, documents):
return [self.pairs(document) for document in documents]

Temepb MOKHO TIOCTETOBATETHHO N3BJIEYD CYIITHOCTU U3 IOKYMEHTOB U COCTaBUTh
nmapbl. Ho MBI TOKa He MOKeM OTJIMYUTH Mapbl CYITHOCTEH, BCTPEYaIomnXCs JacTo,
OT TIap, BCTPEYAIONIUXCs TOIbKO OMUH pas. MbI JOJIKHBI KaK-TO 3aKOJINPOBATD BEC
CBSI3W MEK/Iy CYIIHOCTSIMU B Ka)KJIOM I1ape, 4yeM MbI U 3aiiMeMcCs B CJIeYIONIEM
pasjee.
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Fpacbil cBOMCTB

MaremaTiueckast MoJieJIb Tpada OIpeiesisieT TOJIbKO Habopbl y3JI0B U pebep U Mo-
sKeT OBITh IIPeICTaBIeHa B BIE MaTPUIlbl cMeskHocTH (adjacency matrix ), KoTopoii
MO’KHO T0JTb30BaThCSI B CAMBIX Pa3HbIX BbluncjeHusix. Ho oHa He mojiep:xuBaeT
MEXaHU3M MOJIEJIUPOBAHUS CUJIBI UJIM TUIIOB cBsi3eil. [losiBaisiioTest jim /iBe Cyil-
HOCTHU TOJTBKO B OTHOM JJOKYMEHTE WJIU BO MHOTUX? BeTpedaioTes i OHU BMeCTe
B CTaThsIX OTPEeIEHHOTO KaHpa? JIJist moiepsKKu moJOOHBIX PACCYsKACHIIT HaM
HYKEH HEKHil CIIoco0, MO3BOJSIONINIT COXPAHUTh 3HAYNMBIE CBOWCTBA B y3J1ax
u pebpax rpada.

Modenv zpaga ceoiicme mo3BOJIsIET BCTPOUTH B rpad Gosibine HHGOPMAIIH, TEM
caMbIM PaCIIUPsIs HALIK BO3MOKHOCTH. B rpade cBOiiCTB y31aMu ABIAIOTCS 00b-
eKThI C BXOJAAIIMMU Y UCXOASIMMU pedpaMu 1, KaK IIPaBKJIO, COAepKalline moJe
type, HATIOMKWHAsT TaOJUILY B PEJSIITUOHHON 6Gase MaHHBIX. Pebpa — 9TO 0OBEKTHI,
OIPEIEIAIONINE HAYAIbHYIO U KOHEYHYIO TOYKHU; 9TH 0OBEKThI OOBIYHO COMEPIKAT
mosie label, ueHTUMUIUPYIOIIEE TUT CBSI3U, U TI0JIE weight, OMpeiesigioniee CUIy
csizu. [Ipumensis rpadbl U1t aHAIM3a TEKCTa, B POJIU Y3JI0B MbI 4ACTO UCIIOJIb3yeM
CYILECTBUTEIbHBIE, 8 B PoJin pebep — riarosibl. [Tocste mmepexo/a K atairy MOAEeJUpo-
BaHUs 9TO MTO3BOJIUT HAM OIMCATD MUNbL Y3JI0B, MEMKU CBA3E U MPeIoaraeMyio

CTPYKTYpY Tpada.

Peanusauua nssneueHus rpacga

Terepb MOKHO OTIPEIESTUTD KJace GraphExtractor, KOTOPBIil TpeobpasyeT CyIiHo-
CTHU B y3JIbl U TIPHCBOUT BeC peGpam, UCXO/IS U3 YaCTOThl COBMECTHOTO TIOSIBJICHHMSI
cymHocTel B kKopiyce. Harr kinace nautmanusupyer rpad NetworkX, a ero metoz
transform epedrpaeT JOKYMEHTBI B KOPITyce (CITUCKY Map CYIHOCTEN ) U TIPOBEPSIET
Hasmuue B rpade pebpa Mesky Humu. Eciii peOpo cylecTByerT, ero cBoiicTBO weight
yBesmanBaetcst Ha 1. Ecim pebpo oTcyTeTBYeT, BBI30BOM MeTO/[a add_edge cO3/1aeTcst
HoBoe pebpo ¢ BecoM 1. [To anasmoruu ¢ KoHCTpyrpoBaHueM rpada resaypyca, METO]T
add_edge TaksKe 7100aBJIsIeT HOBBIN Y3€JT, €CJIN KAaKOU-TO 3JIEMEHT [apbl OTCYTCTBYET

B rpade:
import networkx as nx
class GraphExtractor(BaseEstimator,TransformerMixin):
def __init_ (self):
self.G = nx.Graph()

def fit(self, documents, labels = None):
return self

def transform(self, documents):
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for document in documents:
for first, second in document:
if (first, second) in self.G.edges():
self.G.edges[(first, second)]['weight'] + = 1
else:
self.G.add_edge(first, second, weight = 1)
return self.G

Temnepb MOKHO OIpeAeUTh KOHBelep B Buje 00beKTa Pipeline, M3BJIEKAIOIINIA
CYIIIHOCTH, OTBICKMBAIOIIMI MX TIapbl 1 KOHCTPYUPYIOMINIT Tpad:

if __name__ == '__main__":
from reader import PickledCorpusReader
from sklearn.pipeline import Pipeline

corpus = PickledCorpusReader('../corpus"')
docs = corpus.docs()

graph = Pipeline([
('entities', EntityExtractor()),
('pairs', EntityPairs()),
('graph', GraphExtractor())

D

G = graph.fit_transform(docs)
print(nx.info(G))

I'pad, mocTpoeHHbIi Ha OCHOBE Kopityca Baleen, nmeeT cireryonie Xapak TeprUCTHKI:

Name: Entity Graph

Type: Graph

Number of nodes: 29176
Number of edges: 1232644
Average degree: 84.4971

UccnepoBaHue coumanbHoro rpacda

Temnepp, Korza y HAC MogBUIACh TpadoBas MOJETb OTHOMIEHUN MEXK/Y Pa3HbIMU
CYIIHOCTSIMK B KOPITYCe, MOKHO HAYMHATH 3a/laBaTh MHTEPECHBIE BOTIPOCHI 00 9THUX
oTHOMeHNgGX. Hampumep, aBserca au Ham rpad coruanbHol ceTbio? Kak mpen-
noJiaraetcs, B rpade connasbHON CeTH MOKHO YBUJIETh HEKOTOPBIE OYEHD CTICTIH-
(buyeckue CTPYKTYPBI, TaKHe KaK 00JACTH KOHUCHMPAuuy TOYEK WIN HEKOTOPbIe
y3J1bl, UMetolne 6oibIie pebep, 4eM B cpeHeM 110 Tpady.

B aTom paszesie MBI TOCMOTPUM, KaK /IJIs TIOAJIEPAKKH aHATN32 MOSKHO MCTIOTTh30BATh
TaK¥e METPUKU 13 Teopur rpadoB, Kak Mepa IeHTPATbHOCTH, paciipe/ie/IeHIe Y3JI0B
TI0 YMCJTy CBSI3€i U KO3 DUITMEHT KIacTePU3aIUN.
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LleHTpasnbHOCTb

B konTekcre ob6cyskaeHUs ceTell Harnboree BasKHbIE Y3JIbl 3AHUMAIOT UECHMPALLHOE
Mmecmo B rpade, TOTOMY YTO OHU MPSIMO MJIM KOCBEHHO CBSI3aHbI C OOJIBITHHCTBOM
y3J10B. Mepa [eHTPaJIbHOCTH MOMOTAET MOHSIThH CBSI3b KOHKPETHOTO y3Jia ¢ 6JIu-
JKQUIIMMU COCEJIIMU B CETH U BBISIBUTH CYIITHOCTH ¢ HAUOOJIbIIEN TPECTUKHOCTHIO
U BiUsHEEM. B 3TOM pasjiesie Mbl CPaBHUM HECKOJIBHKO CIIOCOOGOB BBHIUMCTEHUS
MepbI TIEHTPATIbHOCTH, BKJIIOUast yenmpanvrocms no cmenenu (degree centrality),
yenmpanrvnocmv no nocpednuvecmsy (betweenness centrality), yenmparornocmo
no 6ausocmu (closeness centrality), yenmpanvrnocms no cobcmeennomy sexkmopy
(eigenvector centrality) u mepy asmopumemmocmu, vin BaskHocTh (pagerank).

Cnavasia HarmumieM QYHKITAIO, KOTOpast IPUHUMAET ITPOU3BOIBHYIO Mepy IeHTPaIb-
HOCTH B BUJIe MMEHOBAHHOTO apTyMEHTa 1 UCTIOJIB3YET €€ JIJIsl PAaHKMPOBAHUST HAanbO-
Jiee 3HAYMMBIX N Y3JI0B U TPUCBAMBAHUS KaKJIOMY CBOWCTBA C OleHKOI. Bubmorexka
NetworkX peaqusyer aJropuTMbl BEIYHCIEHUST IIEHTPATBHOCTH B Buie (DyHKIINI
BEPXHETO YPOBHS, TPUHUMAONINX Tpad G B IEPBOM apryMeHTe W BO3BPAIIAIOIINX
CJIOBApH OIIEHOK I/ BCeX y3710B B Tpade. /I mprcBanBaHus BEIYUCIEHHBIX 3HA-
YeHU OTIeHOK Halla QYHKITAS 6yzLeT UCIT0JIb30BaTh nx.set_node_attributes():

import heapq
from operator import itemgetter

def nbest_centrality(G, metrics, n = 10):
# BblYMCNAET OUEHKY LEeHTpaNbHOCTU AJiA KaXAOoW BepumHbl
nbest = {}
for name, metric in metrics.items():
scores = metric(G)

# 3anucaTb OuUeHKY B CBOWCTBO y3na
nx.set_node_attributes(G, name = name, values = scores)

# HailTu n y3n0B C HauBbiCWeN OLEHKOW U BepHyTb WX BMecTe C MHAEKCamu
topn = heapq.nlargest(n, scores.items(), key = itemgetter(1))
nbest[name] = topn

return nbest

3TOTHHT€p¢eﬁCNRDKHOHCHOHBSOBaTbHHHaBTOMaTquCKOFOHpHCBaHBaHHHOHEHOK
y3i1am, YTOOBI TOTOM COXPaHUTDb UX Ha /IMCK NJIN UCIIOJIb30BATh JIJIF BU3YyaJan3alluu.

[Tpocreiiniast oleHKa MEHTPATBLHOCTH, yenmpaivnocms no cmenenu (degree
centrality), siBJisieTcst MepOii MOMYJISIPHOCTH, KOTOPast ONMPEAESACTCs KaK KoJude-
CTBO coceIel IaHHOTO y3J1a, HOPMaJIM30BaHHOE OOIINM KOJIMYECTBOM Y3JI0B B Tpade.
[leHTpasbHOCTD MO CTENEHN OTPAYKAET CTENIEHb CBI3aHHOCTH y3Jia U MOXKET WHTEP-
MPETUPOBATHCS KaK YPOBEHb BIAUSHUS WJIN 3HAUUMOCTU. B oT/inuue oT 1eHTpasb-
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HOCTH TI0 CTEIIeHU, OTPAXKAIOIIEH CTeleHb CBI3aHHOCTH Y3714, UeHMPAaIvHOCMb 1o
nocpednuuecmey (betweenness centrality) mokasbiBaeT, HACKOJIBKO BaXKHYIO POJIb
WTpaeT JAaHHBIA y3es B cBA3aHHOCTH Tpada. IlenTpasbHOCTh 10 TOCpeTHTIECTBY
BBIUMCJIIETCS KaK OTHOIIEHNE KPaTYalImuX MmyTeH, MPoseraioinux yepe3 JaHHbIi
y3eJ, K 00IeMy YHCITY BCEX Kpamuauuux nymetl.

Bot xax M0OKHO MCIOMB30BATh KOHBEHEP M3BJICUEHUA CYNIHOCTEH W (PYHKIUIO
nbest_centrality /st cpaBaenust 10 HanboJiee IeHTPATBHBIX Y3JI0B, OTTPEIEISIeMbIX
110 BeJIMYMHE CTEIeHN IIEeHTPAIbHOCTU U HEHTPAJIbHOCTH 110 IIOCPEIHUYECTBY:

from tabulate import tabulate

corpus = PickledCorpusReader("'../corpus')
docs = corpus.docs()

graph = Pipeline([
('entities', EntityExtractor()),
('pairs', EntityPairs()),
('graph', GraphExtractor())
D

G = graph.fit_transform(docs)

centralities = {"Degree Centrality" : nx.degree_centrality,
"Betweenness Centrality" : nx.betweenness_centrality}

centrality = nbest_centrality(G, centralities, 10)

for measure, scores in centrality.items():
print("Rankings for {}:".format(measure))
print((tabulate(scores, headers = ["Top Terms", "Score"])))
print("")

Cyns mo pesysbraTaM, HaGOPBI y3JI0B, TIOJYYEHHBIE METOAMU OTIEHKU CTEMeHM
MEHTPATBHOCTH U IEHTPATBHOCTH TI0 MOCPEAHUIECTBY, BKIIOYAIOT OJHU U Te Ke
HauboJjiee IeHTpajbHble Y3Jbl (HalpuMep, «american», «<new yorks, «trump»,
«twitters ). ITH BIUSATEIbHbBIE U TECHO CBSI3AHHBIE Y3JIbI COOTBETCTBYIOT CYITHOCTSIM,
MOSIBJISIONUMCST BO MHOTHX JIOKYMEHTaX, U PACIIOJATAIOTCS HA TJIABHBIX «Iepe-
KpecTKax» B rpade:

Rankings for Degree Centrality:

Top Terms Score
american 0.054093
new york 0.0500643
washington 0.16096
america 0.156744

united states ©.153076
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los angeles 0.139537

republican 0.130077
california 0.120617
trump 0.116778
twitter 0.114447

Rankings for Betweenness Centrality:

Top Terms Score
american 0.224302
new york 0.214499
america 0.0258287
united states ©0.0245601
washington 0.0244075
los angeles 0.0228752
twitter 0.0191998
follow 0.0181923
california 0.0181462
new 0.0180939

XO0Ts HEeHTPaJIbHOCTH 110 CTEHEHU U HEHTPAIbHOCTD 110 MOCPEAHUYECTBY MOKHO
HCIIOJIb30BaTh KaK M€PY M3BECTHOCTU, Mbl 4aCTO O6Hapy>KI/IBaeM, qTo HaI/I60]Iee
CBSI3AHHBII y3eJ uMeeT OOMUPHOe OKPYKEeHHe, HO OT/EIE€H OT TIO/ABJISIONIETO
GOJIBIIMHCTBA Y3JI0B B Tpade.

PaccMoTprM KOHTEKCT KOHKPETHOTO 920-2pagha, To ecThb ioArpada, 3 Haliero moJ-
HOTro rpada, 00pasyoIero ceTh ¢ TOYKU 3PEHHSI OTHOI0 KOHKPETHOTO y3J1a. VI3Bieub
TaKOH aro-Tpad MOKHO C TOMOIIBIO METO/Ia nx . ego_graph 13 Oubnnorekn NetworkX:

H = nx.ego_graph(G, "hollywood")

Teneps y Hac ecThb rpad, BKIOYATONTUN TOTHKO CBA3U C OHON KOHKPETHOMN CYIIHO-
crpio («Hollywood»). Takoe npeoOpasoBaHiie He TOJTBKO MOMOTAeT 3HAYUTETTHHO
YMEHBIIUTD Pazmep rpada (1 TeM camMbIM YBeJTMIUTH ADHEKTUBHOCTD TOCJIEIYIOIIEr0
MIOMCKA), HO TAK/KE MMO3BOJISIET CTPOUTH PACCYIKACHIS 00 3TOI CYIIHOCTH.

JlomrycTM, HaM HYKHO BBISIBUTH CYIIHOCTH, KOTOPbIE B CPEIHEM HaXOJSITCSI
6smske Kk apyrum cymuoctsMm B rpade «Hollywoods. Ilenmpanrvrnocms no 6au-
socmu (closeness centrality) — B 6ubsmmoreke NetworkX peasnusyercst MeTomom
nx.closeness_centrality — ocHOBaHa Ha CTATUCTUYECKON Mepe UCXOAAIInX
IyTeil 1 ONpeIessieTcsl Kak CPeIHsis [UTMHA MyTH KO BCEM APYTHM y3JaM, HOP-
MaJIM30BaHHas pasmMepoMm rpacda. B obiiem ciaydae MeHTPaIbHOCTD O GJIU30CTH
oTpe/iesisieT, Kak OBICTPO PACIPOCTPAHUTCS IO CETH MH(MOPMATIHST, HCXOISIIAsT U3
OTPe/IEIEHHOTO y3JIa.

Ilenmpanvrnocmv no coocmeennomy eexkmopy (eigenvector centrality), HanpoTus,
TOBOPHT O TOM, YTO Ba)KHOCTb y3Jia TEM BBIIIIE, 4eM OOJIbIIEe KOJTMIECTBO BaKHbIX
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y3JI0B, C KOTOPBIMU OH CBSI3aH, TO €CTb BBIPAYKAET «MU3BECTHOCTD 110 CBA3SIM». JTO
03HAYAET, UTO Y3JIbI ¢ HEGOJIBIIIM KOJIMIECTBOM OUEHDb BAKHBIX COCE/El MO CBOEi
BJIMATELHOCTH MOTYT MPEBOCXOANTD Y3JIbI ¢ GOJIBIITMM KOJUYECTBOM CBSI3€i, CO-
eIMHSIONTIX MX C MAJIOBaKHBIMU y3aMi. [[eHTpaabHOCTh 10 COOCTBEHHOMY BEKTODY
JIEKUT B OCHOBE HECKOJIBKIX JIPYTUX MEP IIEHTPATHLHOCTH, BKITIOUAS YEHMPALLHOCTD
Kaua (Katz centrality) u usBectHbIll aroputm aBroputetnocty PageRank.

MbI MOKEM BOCIIOJIb30BaThCs Hallell (hyHKIIMEN nbest_centrality, 4TOObI TTOCMO-
TPeThb, KaKHe y3JIbl KaK/ast U3 9TUX Mep curTaeT Harnbosee BaJKHBIMU B aro-rpade
«Hollywood»:

hollywood_centralities = {"closeness" : nx.closeness_centrality,
"eigenvector" : nx.eigenvector_centrality numpy,
"katz" : nx.katz_centrality_numpy,
"pagerank" : nx.pagerank_numpy, }

hollywood_centrality = nbest_centrality(H, hollywood_centralities, 10)
for measure, scores in hollywood_centrality.items():
print("Rankings for {}:".format(measure))
print((tabulate(scores, headers = ["Top Terms", "Score"])))
print("")

Kak mokaspIBalOT MOJIyYeHHbIE PE3YJIbTAThl, CYITHOCTU C HAUBBICIIEN TIEHTPAIb-
HOCTBIO TI0 Gau3ocTu (Hampumep, «video», «british», «Brooklyn») we ocobernro
[OKa3aTeIbHbI U, CKOPEE BCETO, OTIPEIEISIIOT CKPHIThIE CHJIBI, CBsA3bIBAOIINE OOJIee
3aMeTHbIe CTPYKTYPbI ¢ HanboJIbIIell H3BECTHOCTHIO. [[eHTpaIbHOCTD 10 COOCTBEH-
HbIM BekTOpaM, PageRank u rierrpaibiocTs Kara yMeHbIIAIOT BIAMSIHIE KOJTMIECTBA
cBsizeit (HarpumMep, HarboJIee 4acTo MOSBJISIIOIIMXCS CYITHOCTEN ) U JIEMOHCTPUPYIOT
BJIMSTHIE «CKPBITBIX CHJI», BBIIEJISISI TECHO CBsi3aHHble cymHocTu («republicans,
«Obamay) 1 UX CTOPOHHUKOB:

Rankings for Closeness Centrality:

Top Terms Score
hollywood 1

new york 0.687801
los angeles 0.651051
british 0.6356
america 0.629222
american 0.625243
video 0.621315
london 0.612872
china 0.612434
brooklyn 0.607227

Rankings for Eigenvector Centrality:
Top Terms Score
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hollywood 0.0510389
new york 0.0493439
los angeles 0.0485406
british 0.0480387
video 0.0480122
china 0.0478956
london 0.0477556
twitter 0.0477143
new york city ©.0476534
new 0.0475649

Rankings for PageRank Centrality:

Top Terms Score

hollywood 0.0070501
american 0.00581407
new york 0.00561847
trump 0.00521602
republican 0.00513387
america 0.00476237
donald trump 0.00453808
washington 0.00417929
united states ©.00398346
obama 0.00380977

Rankings for Katz Centrality:

Top Terms Score
video 0.107601
washington 0.104191
chinese 0.1035
hillary 0.0893112
cleveland 0.087653
state 0.0876141
muslims 0.0840494
editor 0.0818608
paramount pictures ©.0801545
republican party 0.0787887

[ins onpeneneHvst LeHTpanbHOCTM MO NOCpeAHNYECTBY 1 No 6m3ocTy TpebyeT-
CSl HaWTW BCe KpaTyanwme nyTn B rpace, Ha YTO MOXKET NOoTPeboBaTbCs OYeHb
MHOrO BpeMeHW, 0cobeHHO AN 6onblumnx rpados. MosTomy ans 6onbluei npo-
N3BOAWTENBLHOCTU NpeanoYTUTENIbHEE MCMOJb30BaTh HU3KOYPOBHEBbIE peann3a-
unmK, cnocobHble pacnapannienveaTtb BbluncneHns. B 6ubnuoteke Graph-tool ectb
TaKMe MexXaHU3Mbl A5 BbIYMCIEHUSI LeHTPasibHOCTU MO MOCPEAHMYECTBY M MO
61130CTN, NO3TOMY OHa SBNSETCSH XOpOLWMM BbI6opoM Ans 06paboTku 60nbLumnx

rpacos.
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CTpPYKTYpPHbIA aHanu3

Kak 6b110 1IOKa3aHO BBIIE B 9TOII IJIaBe, BU3YaJIbHBIN aHaI3 TpadoB MO3BOJISET
BBISIBJISITH MHTEPECHBIE 3AKOHOMEPHOCTH B UX CTPYKType. Mbl MOKeM HApUCOBAThH
Hai aro-rpad «Hollywood», 4To6sl uccienoBarh €ro CTpyKTypy, 10 aHAJIOTUN
¢ Tpacom Tezaypyca, UCTIOIB30BAB METO/L nX. spring_layout U TlepesiaB eMy 3Haue-
Hite k, OTIpeIeisTioniee MUHUMATBHOE PACCTOSTHIE MEK/LY Y3IaMi, 1 MMEHOBAHHBIIT
apryMeHT iterations, 4TOOBI TapAaHTUPOBATH JOCTATOYHO 3aMETHOE PasjleieHue
y3J10B (puc. 9.5).

H = nx.ego_graph(G, "hollywood")
edges, weights = zip(*nx.get_edge_attributes(H, "weight").items())
pos = nx.spring_layout(H, k = 0.3, iterations = 40)

nx.draw(
H, pos, node_color = "skyblue", node_size = 20, edgelist = edges,
edge_color = weights, width = ©.25, edge_cmap = plt.cm.Pastel2,
with_labels = True, font_size = 6, alpha = 0.8)

plt.show()

MHuorue rpadbi 6OJIBIIOTO pa3Mepa CTPAIAIOT MPOOIEMOIT «KOMKA MIEPCTH», KOT/Ia
y3JIbI 11 peOpa OKa3bIBAIOTCST CKOHIIEHTPUPOBAHHBIMI HACTOJIBKO TIOTHO, YTO B HIX
CJIOKHO 3aMETHUTh 3HAYMMBble CTPYKTYPbL. B TakuX CIydasix Mbl 4acTO IBITAeMCsI
BBISIBUTH CTPYKTYPBbI, TIPHOErasi K NCCIeI0BAHMIO PACIIPE/IeJIEHUsT Y3JI0B TI0 YHCITY
CBSI3€H.

Puc. 9.5. Cssi3n y3na «Hollywood» B kopnyce Baleen

ITO pacrpesiesieHIe MOKHO HCCIEIOBATH C MOMOTIBIO MeTo/ia distplot u3 Gubimore-
ku Seaborn, nepesas B mapameTpe norm_hist 3HaYeHue True, YTOOBI BbICOTA TpaduKa
oTpakajia CTereHb III0THOCTH, a He TIPOCTOE KOJNYEeCTBO:

import seaborn as sns

sns.distplot([G.degree(v) for v in G.nodes()], norm_hist = True)
plt.show()
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Bo mHorux rpacdax GoJIBIIUHCTBO Y3J0B UMEIOT OTHOCUTENIBHO HEOOIIBIIIOE KOJIH-
4YeCTBO CBHSefI, II09TOMY O6I)I‘-IHO Mbl OKUJa€M YBU/IETHb 3HAYUTEJIbHOE CMEIIEHNE
BIIPABO B paciipe/ie/IeHK KOJIMYecTBa CBsi3eil, kak Ha rpaduke Baleen Entity Graph,
Ha puc. 9.6 BBepxy ciieBa. HeGoJbIroe 4ucsio y30B ¢ HAaMOOIBITUM KOJTHYECTBOM
CBSI3EH SIBJISIIOTCS TOYKAMU KOHI[EHTPAIMHU M3-32 X YaCTOTO TIOSIBJICHUS 1 GOJIBIIIOTO
KOJIMYECTBA CBSI3eil B KOPITyCe.

HeKOTOpre coumnanbHble CETU, KOTOPbIE Ha3blBaloT b6e3amacwmabHbIMU cemsiMu
(scale-free networks), NOAYMHSIOTCS 3aKOHY CTEMEHHOr0 pacrnpeaeneHns u nme-
0T OCOBEHHO BLICOKYHO HadexHocmb. Takue CTPYKTYpbl YKa3blBAOT Ha YCTONUK-
BYIO CETb, CBSI3aHHOCTb KOTOPOWM HE 3aBUCUT OT KaKOro-TO OAHOr0 KOHKPETHOrO
y3na (B HalleM csly4ae 3TO MOXKET ObITb YETOBEK WM OpraHu3aums).

VHTEepEeCHO OTMETHUTD, UTO paclpejesieHrne KOJNIecTBa CBsI3eil B HEKOTOPBIX
aro-rpacax UMeeT COBEPIIEHHO pasHoe T0BeeHne, KaK, HapuMep, B aro-rpade
«Hollywood», nmeroriiem mouti ciMMeTprYHOE paciipeieieHne BeposiTHoCTel (Ha
puc. 9.6, BBepxy cmpasa).

Baleen Entity Graph "Hollywood” Ego Graph

“Twitter” Ego Graph “Earth” Ego Graph

L e - - — L=t - — - - —_—

Puc. 9.6. [1MCTOrpaMMbl pacrpeaesieHns KonmM4yecTsa cesasel
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B uucne apyrux MeTpuk ceTeil, 3ac/Iy;KUBAOIIMX BHUMAHUS, MOKHO HAa3BaTbh KO-
agPuyuenm xracmepusauuu (nx.average_clustering) u mpanzumusnocms (nx.
transitivity). O6e MOKHO MCIIOJIb30BATh JJIsE OIEHKU OPTaHU3aI[UU COI[HATbHO
cetu. Koadduinent kiracrepusaiiny — 3To BellleCTBEHHOE YK CJI0, KOTOPOe IIPUHHU-
MaeT 3HauYeHue @, KOrjia BooOIe OTCYTCTBYIOT KJIacTephl, U 1, Koraa rpad HeJukoM
COCTOUT U3 He CBA3AHHBIX MeXAY co0o0ii rpymnm (nx.graph_number_of_cliques).
TpaH3UTUBHOCTD ONPEIETISIET BEPOSITHOCTD HAJTMYHSI OOIIMX COCEIEH Y ABYX Y3JI0B:

print("Baleen Entity Graph")

print("Average clustering coefficient: {}".format(nx.average_ clustering(G)))
print("Transitivity: {}".format(nx.transitivity(G)))

print("Number of cliques: {}".format(nx.graph_number_of_cliques(G)))

print("Hollywood Ego Graph")

print("Average clustering coefficient: {}".format(nx.average_clustering(H)))
print("Transitivity: {}".format(nx.transitivity(H)))

print("Number of cliques: {}".format(nx.graph_number_of_cliques(H)))

Baleen Entity Graph

Average clustering coefficient: 0.7771459590548481
Transitivity: 0.29504798606584176

Number of cliques: 51376

Hollywood Ego Graph

Average clustering coefficient: 0.9214236425410913
Transitivity: 0.6502420989124886

Number of cliques: 348

B konTekcre Harero rpacda cymHocTeil BbicOKne KoahhUINEHTD KIacTepU3aIinn
Y TPAH3UTUBHOCTHU TOBOPSIT, UTO JIAHHASI COI[MATIbHASI CETh SIBJISIETCSI OYEHb OPTaHu-
3oBanHoit. Hanmpumep, rpansutuBHocTb aro-rpaca «Hollywood» rosopurt, uto 65 %
ap CyIHOCTEH, NMEIOIUX OOIIIe CBSI3U, CAMU SIBJISTIOTCS cocesmu!

®eHomMeH mecHo20 Mupa MOXHO HabntogaTb B rpadax, rae 60bWMHCTBO Y3/10B,
[aXe eC/iv OHU He SIBNSATCS COCeasiMM, AOCTUXMMO M3 I0O0ro KOHKPETHOrO y3/1a
3a HebosbLLOe KONMYecTBo nepexoaoB. CeTb TECHOrO MMpa MOXHO MAEHTUhULN-
poBaTb MO CTPYKTYPHbIM MPU3HaKaM: OHWM 4acTO COAEpPXXaT MHOXECTBO rpymn,
UMEIOT BbICOKUI KO3(MULIMEHT KNIaCcTEPM3aLIMKN U BbICOKOE 3HAYeHUE TPaH3UTYB-
HOCTM. B KOHTEKCTe Halero rpacda CyLHOCTEN 3TO 03HAYAET, YTO BOMBLUNHCTBO
HE3HaKOMLIEB B TaKOM CETU CBA3aHO APYT C APYrOM O4YeHb KOPOTKUMI LIEMoUKaMy
06LLMX 3HAKOMbIX.

PaspelueHne CyuHOCTEeN

OpHoi#t U3 po6JIEM, KOTOPbIE HaM MPEJACTOUT OOCYINTD, SIBJISIETCS MHOT0OOpasue
c1toco6oB mostByIeHUsT CyTHOCTEl. [[0CKOIbKY MBI TOYTH He MOBEPTajii HOPMaJI-
3al[K U3BJICYCHHbBIE CYIHOCTH, MOKHO OKUATh YBUIETh MHOKECTBO BAPUAHTOB
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Harucans, hopM 0Opalienust U COorJaleHnii UMEHOBAHNUS, TAKMX KaK MICEBIOHNU-
MBI 1 COKpaIlleHust. B pe3ysbraTe MOKET MOSIBUTHCST HOJIBIIOE KOJTUYECTBO Y3JI0B,
COOTBETCTBYIOIIHMX OIHOI CyImHOCTH (HAapuMep, y3aoB «Americar, «US» u «the
United States»).

Ha puc. 9.7 MoKHO BUzeTh MHOKECTBO YaCTO HEOLHO3HAYHBIX CChLIOK Ha «Hilton»,
KOTOpbIe 0003HAYAIOT HE TOJBKO BCIO CEMbIO B 11E€JI0OM, HO TaK/Ke OT/AEIbHBIX €€ uJie-
HOB, KOPIOPAIMIO 1 KOHKPETHBIE TOCTUHUIIBI B Pa3HbIX ropoax. B uaease 6b110 Gbl
JKesTaTeIbHO MAEHTUMUIMPOBATh TAKHE MHOTO3HAYHBIE Y3JIbI U IIPpeoOpa3oBaTh UX
B YHUKAJIbHBIE Y3JIbI CYITHOCTEI.

Hilton Hotels\fmd Resorts Rick Hilton
Parisian:Hiltons N Kathy-Hilton
- \ _—
Paris, France S ~Hiton Richard Hilton
_— Hilton Hotels
Hilton Paris Opera /
s
Charles de Gaulle
Pari/suilt_qp
4 Paris Whitney Hiltor
ElliotKintz
Conrad Nicholson Hilton
—_Conrad
Conrad-Hilton

Puc. 9.7. MHOro3HauHble CCbIIKM Ha CYLLHOCTM B rpade

[on paspewenuem cyusrocmeri TOHNMATOTCA BBIYUCIUTETHHBIE TIPUEMBI, MIEHTU(DN-
IUPYIOITHE, TPYIIUPYIONIE TN CBA3bIBAIOININE TIN(MPOBBIE Ynomuranusi (3ammcu)
HEKOTOPOTO 00bEKTA B peasibHOM Mupe (CyIHocTr). PaspelieHue cymHocTe siB-
JIIETCST YaCThIO TIPOIECcca M3BJIeYeHUsT JaHHBIX M TapaHTHPYeT 00beAnHEHNE BCEX
YHOMUHAHWUH O/THON YHUKAJIBLHOHN CYTITHOCTH TIOJ] OTHOH CCBIIKO.

Takue 3amaun, kak gepaynaukanus (ynajaeHue OBTOPSIONIMXCS 9JIEMEHTOB), CB-
3bIBaHMe 3anceil (0ObeMHEH e IBYX 3aluceil) 1 KaHOHU3aIws (Co3/anue enH-
CTBEHHOU MPEICTABUTEIbHON 3aMIUCH JIJIST CYIITHOCTH ), OMMUPAIOTCS HA BBITUCTIEHIE
cmenenu cxoocmea (paccmosus) IBYX 3aruceil 1 onpeaeeHne nX COOTBETCTBHSL.

PaspelueHue cylHocTe B rpade

Kak o6msacustior bxarraxapu (Bhattacharya) u Teryp (Getoor) (20051.)!, rpad, rie
OT/IEJILHBIM CYIITHOCTSIM MOKET COOTBETCTBOBATH HECKOJIBKO Y3JI0B, B IEHCTBUTEH-

! Indrajit Bhattacharya and Lise Getoor, Entity Resolution in Graph Data (2005), http://bit.
ly/2GQKXDe
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HOCTU SIBJIsieTcsl He rpad)oM CylrHocTed, a rpadom cebliok. Ipadsl cebiok npes-
CTABJISIIOT GOJIBIITYIO TTPOOJIEMY /IS 3aj1a4 CEMAHTUYECKOTO aHAJIN3a, TOTOMY YTO
MOTYT UCKaKaTh OTHOTIEHUS MEK/TY CYIITHOCTSMM.

Paspernienue cyuHocTeil npubKaeT HaC K aHAJIN3y W U3BJIEYEHUIO MOJEe3HON
nHdopMaIuu 06 KICTUHHON CTPYKTYPE PeabHOI CETH, YCTPaHsIsT HESICHOCTb, BbI-
3BaHHYIO0 MHOTOOOPa3ueM BO3MOKHOCTEN 0003HAYEHST OJTHOM U TO¥ JKe CYITHOCTH.
B atom paszesie MBI nccaieyeM MEeTO0JIOTHTO, BRIIIOYAIONIYIO JIOTIOMHATEIbHBIN
HIar paspelieHus CylHoCTell B KOHBeliep usBiedeHus rpada, Kak IoKa3aHo Ha
puc. 9.8.

/3Bneuenne
rpaga

Bbibopka /13Bneyenne
p N o N BbiagneHue )
Kopnyca CyLLHoCTel nap CyLHocTeil

Paspewexne
CyLHoCTei

Puc. 9.8. KoHBellep n3BneyeHus rpada cywHoctemn

[Tpexe yeM MPUCTYIHUTH K pa3pelieHnio cylHocTeil B HameMm rpade «Hiltons,
orpezieinM (HYHKITHIO pairwise_comparisons, koTopas npuauMaet rpad NetworkX
1 UCIIOJIb3YET METOJ, itertools.combinations /JId cO3/laHUS reHepaTOpa BCEX BO3-
MOKHBIX TIAP y3JIOB:

import networkx as nx
from itertools import combinations

def pairwise_comparisons(G):

Co3paeT reHepaTop nmap y3JoB.

return combinations(G.nodes(), 2)

K cosxanenuio, gae Takoil MajJeHbKUI HabOp AaHHBIX, Kak Hail rpad «Hiltons,
cocrosmuii Becero u3 18 y3108, mopoaut 153 momapHbIx CpaBHEHUsI. YIUTHIBAS, 4TO
cpaBHeHUE HOZ00Us OOBIYHO SIBJISIETCS JOPOrOCTOSIIIElH Olepaleil, BOBIEKAIOel
IMHAMITYeCKOoe POTPaMMUPOBAHNE U IPYTHE PECYPCOEMKNE METOBI BEIYUCIEHUH,
COBEPIIEHHO OYEBH/IHO, YTO OHO IIJIOXO Maciitabupyercs. Mbl MOKeM BbINIOJHUTD
HECKOJIBKO MTPOCTBIX OTePaInii, TAKMX KaK yAaJeHue map, KOTopble HUKOTa He CO-
BIIA/IYT, U TEM CAMBIM YMEHBIITUTD YNCJI0 CpaBHeHU . UTOObI TaKKe pereHust MOKHO
OBLJIO TIPUHUMATH ABTOMATHYECKHU UJIU C TOMOIIBIO TI0JIb30BATE IS, HYKEH MEXaHU3M,
BBIIBJISIONINI MOTEHITNATBHO MTOX0KUE U OTCENBAIOINTII OU€BUIHO PA3HbIE CCHLIK.
OHUM U3 TaKMX MEXaHU3MOB SIBJISIETCS GJIOKMPOBAHHUE.
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bnokupoBaHue No CTPyKType

Broxuposaiue — 310 cTpaTerusi yMeHbIIIeHUsT KOJIMYeCTBAa HEOOXOIUMbIX TTOTIAPHBIX
CPaBHEHUI C MCIOJIb30BAHNEM CTPYKTYPBI ecTecTBeHHOro rpada. biokuposanue
obecrieynBaeT paspelieHue CyIHOCTel W TpeiaraeT ABa OCHOBHBIX ITPEHMYIIe-
CTBa: yBeJMUYEHUE TIPOU3BOIUTEIBHOCTH 32 CYET YMEHbIIEHUsT 00beMa BbIYMCIEHU I
U Cy’KeHWe MPOCTPAHCTBA TOUCKA, YTOOBI MPEJIOKUTH BEPOSTHBIE IyOIMKATHI
M0JIb30BATEJTIO.

OnHO U3 pasyMHBIX MPEITIOJIOKEHUI, KOTOPOE Mbl MOTJIM ObI CIeJaTh: €CJIU [Ba
y3J1a UMeroT pedpo, CBA3bIBAOIIeEe X C OJHOI ¥ TOil JKe CYIIHOCThIO (HarpuMmep,
«Hilton Hotels» u «Hilton Hotels and Resorts» nmeror pebpa, cBA3bIBaOIINE UX
¢ «Hilton»), ckopee Bcero, OHU SIBJISIIOTCSI CCBIIKAME HA OJIHY M TY K€ CYITHOCTb.
Ecuu y Hac octaHyTCst TOJIBKO HanboJiee BEPOSITHBIE COBITAIEHUS, 9TO 3HAUNTENHHO
YMEHBITUT 00beM HEOOXOIUMbIX BhaucaeHui. JIJist cpaBHeHMsI pebep M0OBIX IBYX
Y3JI0B U OIIpe/ieJIeHUs] o061 coceneil MOKHO MCIIOIb30BaTh METOZ neighbors 13
6ubamorexn Network X:

def edge blocked_comparisons(G):

FeHepaTop MoMapHbIX CPaBHEHUN, KOTOPbIA BbIABAAET BEpOATHO MOAOGHbIE
y37bl, CBfA3aHHble pebpamu C OAHOW M TON Xe CYWHOCTbH.

for nl, n2 in pairwise_comparisons(G):
hoodl = frozenset(G.neighbors(nl))
hood2 = frozenset(G.neighbors(n2))
if hoodl & hood2:
yield ni1,n2

HeueTkoe 6nokupoBaHue

Jlaxe mocJie BBITIOJHEHUS MPOIEAYPbl OJIOKMPOBAHUS BCE €Ille MOTYT OCTaBaThCsI
HeHY KHbBIE TIonapHble cpaBHeHus. Hanpumep, naske mputom, uto oba yaia, «Kathy
Hilton» u «Richard Hilton», cBsizasl ¢ oanM 1 TeM e yaaom «Hiltons», onu ssBHO
00603HAYAIOT PasHbIX JIfojel. X0Tesr0Cch Obl IMETh BO3MOKHOCTB eliie GOJIbIIe YIIPOo-
cTuth rpad, onpeaesns Hanbosiee BePOSITHbIE COBIIALEHUS € TIOMOIIbI0 HEKOTOPOI
Mepbl CXOJICTBA, onpeesionieil paccrosune Mexay «Kathy Hilton» u «Richard
Hilton».

CymecTByeT HECKOJIBKO METO0B BBIUMCICHUS PACCTOTHUS MEXIY CTPOKAMU,
GOMBIIIMHCTBO U3 KOTOPBIX MPEAHA3HAYEHO [IJIsT KOHKPETHBIX CJIydaeB. 3/1€Ch MbI
[POZIEMOHCTPUPYEM pPeasin3aliiio Ha OCHOBE MeTojia partial_ratio 13 GUOIMOTEKH
fuzzywuzzy, KOTOPBII ONpeiesisieT paccTosinue JleBeHmTeiiHa, To eCTh KOJMIeCTBO
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oTiepanuii yiajeHusi, BCTaBKU U MOJICTAHOBKH, HEeoOXOUMBIX LIS Hp606paSOBaHI/I§I
MEPBOI CTPOKU BO BTOPYIO.

Omnpenenum GyHKINIO similarity, mpuarMarontyio aBa y3iaa Network X, onpeess-
IOIIYI0 PACCTOSTHUST MEXKY CTPOKOBBIMU HA3BAHUSIMU Y3JI0B U UX TUTIAMU (XpaHsi-
IIUMECST B aTpUOyTax y3J10B) U BO3BPAIIAOIILYO X CPETHEE:

from fuzzywuzzy import fuzz

def similarity(nl, n2):

Bo3BpawaeT CpeAHW OUeHKY nogobus, CpaBHMBAsA MO ABYX CYWHOCTEN.
O6paTWTe BHUMAHUE, 4YTO, €C/IM CYWHOCTU He MMewT noJsieil AN COMoCTaB/ieHus,
GYHKLMA BepHeT HoMb.

scores = [
fuzz.partial_ratio(nl, n2),
fuzz.partial_ratio(G.node[n1]['type'], G.node[n2]['type'])
1

return float(sum(s for s in scores)) / float(len(scores))

Ecan aBe cyuHocTn nMeioT ouenb 6inskue umena (Hamnpumep, «Richard Hilton»
u «Rick Hilton») u ogun u ot ke Turn (Hanpumep, PERSON), onu mosyuat 6osiee
BBICOKYIO OIIEHKY, YeM CYIHOCTH C OJJMHAKOBBIMU MMEHAMH, HO PA3HBIMU THIIAMU

(mampumep, PERSON 1 ORG).

Tenepn, peann3oBaB BO3MOKHOCTh MIEHTH(UITNPOBATH BBICOKOBEPOSITHBIE COBIIA/IE-
HUS, MOKHO BHEIPUTB ee Kak (DUIBTP B HOBYIO (GDYHKIINIO fuzzy blocked_comparison.
Ita pyHkIiws Gyner nepedUpath Bce BO3MOKHBIE TTAPHI Y3JI0B U ONPEIETSITh Be-
JMYIHY CTPYKTYPHOTO MORX00MS Mexay HuMuU. [IJist TTap ¢ BBICOKO#T OIIEHKON OHa
BBIYMCJNT UX CXOJICTBO W BEPHET MaPhI C MOXOKUMHU COCE/SIMH, JIJIsI KOTOPBIX BbI-
COKa BEPOATHOCTD 1010011 (BbIIIIE HEKOTOPOTO TOPOTa, KOTOPBIN peajin30BaH Kak
UMEHOBAHHBIN APTYMEHT CO 3HAYEHUEM 0 YMOJTIaHuio 65 %):

def fuzzy_blocked_comparisons(G, threshold = 65):

leHepaTop MonapHbIX CpaBHEHWit, BbIABAAKWWMA MOAOOHBIE Y3/bl,
CBA3aHHble C OAHON M TOW Xe CYWHOCTbKW, HO OTCeKawwwi napsbl,
cTeneHb Mofobusa KOTOpbIX HUXe 3agaHHoro nopora threshold.
for n1l, n2 in pairwise_comparisons(G):

hoodl = frozenset(G.neighbors(nl))

hood2 = frozenset(G.neighbors(n2))

if hoodl & hood2:

if similarity(nl, n2) > threshold:
yield ni1,n2
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IT10 oueHb 3 HEKTUBHBIN CIIOCOO YMEHBITEHMSI YK CJIa TIOMaPHBIX CPaBHEHUII, 110-
TOMY YTO CHayYaJia OH BBITIOJTHSIET MEHEe PECyPCOEMKOe CpaBHEHUE TI0 COCESIM,
U TOJIBKO TIOTOM TIPOUBBOMT OOJIEE JOPOTOCTOSIIIEE BEIYMCIEHIE OIIEHKH MOT00MST
CTPOK. YMeHbIIEHMeE OOIIEro Yncjia CPaBHEH I MTOJTyYaeTCsl BECbMA CYIIEeCTBEHHbBIM:
def info(G):

ObepTka AnA nx.info c HeCKONbKUMKM BCMOMOraTeNbHbIMU QYHKLUAMM .

pairwise = len(list(pairwise_comparisons(G)))
edge_blocked = len(list(edge_blocked_comparisons(G)))
fuzz_blocked = len(list(fuzzy_blocked_comparisons(G)))

output = [""]
output.append("Number of Pairwise Comparisons: {}".format(pairwise))
output.append("Number of Edge Blocked Comparisons: {}".format
(edge_blocked))
output.append("Number of Fuzzy Blocked Comparisons: {}".format(fuzz_
blocked))

return nx.info(G) + "\n".join(output)

Name: Hilton Family

Type: Graph

Number of nodes: 18

Number of edges: 17

Average degree: 1.8889

Number of Pairwise Comparisons: 153
Number of Edge Blocked Comparisons: 32
Number of Fuzzy Blocked Comparisons: 20

Teneps Mol ontpeziesinm 20 map y3J0B, KOTOpPbIE, BEPOSITHEE BCETO, CChLIAIOTCS Ha
OJIHY ¥ Ty K€ CYIIHOCTH, 6osiee ueM Ha 85 % yMEHbBIINB KOJUYECTBO TTOTTAPHBIX
CpaBHEHUH.

Terepb MOKHO pean30BaTh CBOIT TPe0Opa3oBaTeib, YTOObI BETPOUTH €r0 B KOHBEHep
U C €ro TIOMOIIIBIO TPeo6pa3oBaTh rpad CCHIJIOK B CIIMCOK CPABHEHUI METOIOM He-
vyeTkoro GjokupoBanusi. Hanpumep, peamsaruio FuzzyBlocker MOKHO Ha4aTh CO
CJIEMIYIOTIIX METO/IOB ¥ PACIIUPSITD €€ TI0 MePE MOSIBJIEHNST KOHKPETHBIX TPEOOBAHMIA
K paspereHunio CyHOCTei:

from sklearn.base import BaseEstimator, TransformerMixin
class FuzzyBlocker(BaseEstimator, TransformerMixin):

def __init_ (self, threshold = 65):
self.threshold = threshold
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def fit(self, G, y = None):
return self

def transform(self, G):
return fuzzy_blocked_comparisons(G, self.threshold)

B 3aBHCHMOCTH OT KOHTEKCTa M [IOPOTa HEYETKOTO COTIOCTABJIEHUS 00be[MHsIEMbIE
Y3JIbl MOSKHO CBEPHYTb B OJIMH y3eJ1 (I[P HeoOXO0MMOCTH OOHOBHB CBOIICTBa pebpa)
WJIH TIEPEIaTh 9KCIEPTY B TIPEAMETHON 00/1acTH I/t IPOBEPKHU BPYyUHYI0. B 1o60M
cyJae, pa3pelieHne CyIHOCTeN YacTO OKa3bIBAETCS BAXKHBIM ITEPBBIM IIarOM B TI0-
CTPOEHUNH KAaUeCTBEHHBIX MMPUIOKEHNN JAHHBIX, 1, KAK MBI BUJIETTH B 9TOM pasfiee,
rpadbl CIIOCOGHBI CieIaTh HTOT Tpoiece Oosee ahdOEKTUBHBIM U eHCTBEHHBIM.

B 3aknroueHue

I'padsr 9acTO UCTIONB3YIOTCS JIST TIPECTABIEHUST U MOJETMPOBAHIS CITOKHBIX
CHCTEM PEaTbHOTO MHPA, TAKMX KaK KOMMYHUKAIIMOHHbIE CETH U OHOIOTHYeCKUe
skocucreMbl. OJIHAKO UX TaKKe MOKHO UCIIOJIb30BATD JIJIsI CTPYKTYPUPOBaHust 60-
Jsiee 061X 3az1a4. [IposiBUB TBOPYECKUIT IOIX0]1, MOSKHO IIPEICTABUTD B BU/Ie Tpada
OYTH JIIOOYIO 3a/1a4y.

I[TepBoe Bpemst TipoOieMa usBJedeHust rpaca KaKeTcst CJI0KHOI, HO 9TO BCETO JIUIIh
elie OJIMH MTEPATUBHBII TIpolece, TPeOYIONHii pa3yMHOTO Moax0Aa K 00paboTke
sI3bIKQ U TBOPUYECKOI CMEKAJIKK TIPH MOJICIUPOBAHUH TIEJIEBBIX JaHHbBIX. [10100HO
JIPYTUM ceMeiicTBaM MoJiesiell, TTPe/ICTaBJIeHHBIM B 9TON KHUTE, UTEPATUBHOE YTOU-
HeHVe 1 aHAJIN3 SIBJISTIOTCST YaCTBIO MPOUKU 8bl00pa MOOeaU, Vi JUIST YBETUUEHUST X
MPOM3BOINTEIHLHOCTH C YCTIEXOM MOKHO NCIIOJIb30BATh TAKKeE MTPUEMBI, KaK HOpMa-
Jn3atyst, QUIALTPAIs U arpernpoBaHue.

OxHako, B OTJIMYME OT APYTUX CEMEICTB, MPeICTaBICHHbIX B IIPEIbIAYIINX IJIaBax,
ceMeicTBO rpadOBBIX MOJEIEN COAEPKUT ATTOPUTMBI, pab0Ta KOTOPBIX OCHOBAaHA
Ha 06xo/e y37108B rpada. ObpabaTbiBast JOKAJIbHbBII y3€J1, MOKHO UCIIOJIb30BAThH
MHMOPMAIIUIO U3 COCEAHMX Y3JI0B, BBIIOJIHSIS IEPEXO/IBI 110 pedpaM, CBA3bIBAIOIIIM
Jo6bie 1Ba yaua. Takie aropuT™bl IIOMOTAIOT ONPEAEUTh CBA3aHHBIE Y3JIbI, TO, KaK
00pa3oBaHbl CBSA3M MEXK/y HUMMU, ¥ BBIIBUTH Hanboiee BaxkHble y3ibl cetn. O6Xo
y3710B Tpacda MO3BOJSET U3BJIeKaTh 3HAYMMYIO NH(POPMAIINIO U3 TOKYMEHTOB, He
Tpebyst 6OJBIIOro obbeMa MpeABapUTENbHBIX 3HAHUI U MIpeacTaBIeHnii 06 06b-
€KTHOI MOJIEJIN.

I'padbl criocoOHBI XPaHUTH CJIOKHBIE CEMAHTUYECKHE MPEACTABICHUSI B KOM-
makTHOU dopme. [loaToMy MozennpoBanre TaHHBIX B popMe ceTell CBI3aHHBIX
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CYIIHOCTEH ABJAETCS MOIHBIM MEXaHU3MOM KakK JIJIs1 BU3yaJbHOTO aHaIN3a, Tak
U JIJTsI MAITHHHOTO 00yuenust. OTyacTu aTa MOIIb 00y CJI0BIeHA BBICOKOU TPOU3BO-
JUTENHLHOCTHIO AJITOPUTMOB 00pabOTKU rPadOBBIX CTPYKTYP AAHHBIX, 2 OTYACTH —
BPOJKIEHHON YeJI0BEYeCKON CIIOCOOHOCTHIO MHTYUTUBHO B3aMMO/IEHCTBOBATD
¢ HeGOJIBIIMMY CETSIMI.

Ananms rpadoB 3aHIMAET BaXKHOE MECTO; TPUJIOKEHUS aHAIN3a TEKCTOBBIX TAHHBIX
JIeJIATCA 110 CTENEeHU IPOCTOThI UHTEPIIPETAIIMU UX PE3YJIbTaTOB — €CJIN 10JIb30Ba-
TeJIb He TIOHUMAeT WX, IIyOWHA U IIeHHOCTb Pe3yJIbTaTOB TEPSIOT CBOE 3HAYECHMUE.
[lainee, B rmase 10, MBI TIPOJOJIZKUM CJIETOBATh 32 TIOTOKOM B3aUMO/IECTBUSI «4e-
JIOBEK — MalIMHAa», HAYaTBIM B [JIaBe 8, U IOCMOTPUM, KaK IIPUIOKEHIS 4aT-O0TOB,
OCHOBaHHbIE Ha PSIZIOBBIX 3a/[a4aX aHaJIM3a €CTECTBEHHOTO sI3bIKa, CIIOCOOHDI YJIyd-
IIATH KAYeCTBO B3aUMOZECHCTBUS C I10/Ib30BATEIEM.



YaT-60T1bI

B 2710ii ri1aBe MbI TO3HAKOMKMCSI C OZIHUM M3 CaMbIX OBICTPO Pa3BUBAIOIIUXCS KJIAC-
COB TIPUJIOKEHUIT 0OpabOTKU €CTECTBEHHOIO S3bIKa — JUAJOrOBbIMU areHTaMMu.
Iuanorosbie aredtsl, ot Slackbot 10 Asnekcsr u Dragon Drive komnanuu BMW,
OBICTPO CTAHOBATCS HEOTHEMJIEMOIT YACTHIO HAIIEH TOBCEAHEBHOM JKU3HH, BHEAPSI-
SCh B cCaMble Pa3Hble ee acmeKThl. OHM yAyUIIaioT HAIY KIU3Hb, PACTIITUPSS TaMITh
(HamrpuMep, BBITIOJHASA MOUCK B MHTEPHETE), YCKOPSS BBIYMCICHUS (HApuMep,
OCYIEeCTBJIAsE IpeobpasoBaHust WM MIPOKJIAAbIBas MapIIPyThi) U obecrednBast
60siee THOKYIO CBSA3h U yIIpaBjeHne (HalpuMep, MOChLIas COOOIIEHNUS U YITPaBJIss
CUCTEMaMU YMHOTO JIOMa).

[maBHBIM OTTIYTEM TAKUX aT€HTOB SIBJSIETCS He MH(MOPMAIIN U He TIOMOIITb, TPEI0-
craByisteMast UMK (KaK B JIaBHO CYIIECTBYIONMX BeO- U MOOMIIbHBIX TPHUIOKEHMSIX
c nHTEPGENCOM «yKaKU U TIEJKHU» ), a UHTepderic, AeIaomuii X TaKUMU TTPU-
BJIEKaTeIbHBIMU. B3anMojielicTBe Ha eCTeCTBEHHOM sI3biKe obecriednBaeT GoJiee
[JIAJIKUI, €CTECTBEHHBII M TPOCTOM CII0CO0 I0CTYIA K BBIYUCIUTETBHBIM PECYPCAM.
ITo sT0ii IpHUYKHe YaT-GOTHI ABJSIOTCS BasKHBIM IIATOM B Pa3BUTHUH TTOJIb30BATE b=
cKoro mHTepdetica, TO3BOIAS BCTPANBaTh B TEKCTOBBIC TIPUJIOKEHNS KOMaH/IBI Ha
€CTECTBEHHOM SI3bIKE U TEM CaMbIM YMEHbIIIast Hey100CTBO MHTEp(ECcoB Ha OCHOBE
MeHI0. Ba)kHO OTMETUTBH, UTO OHU TAKKE OTKPBIBAIOT BO3MOKHOCTh B3aUMO/I€1i-
CTBUSI YEJIOBEKA C MANIMHOM B HOBBIX BBIYUCIUTEIbHBIX KOHTEKCTAX, HATIPUMED,
C 9KPaHHBIMU YCTPOUCTBAMH, IIJIOXO MTPUCIOCOOJEHHBIMU JIJIST BBOJIA, TAKMMHU KaK
aBTOMOOUJIbHBIE HABUTATOPBI.

Ho nouemy OypHoe pa3BuTHe MPOTEKAET UMEHHO Ceifuac, ¢ y4eTOM JI0JIT0i HCTOPUN
JIMAJIOTOBBIX areHTOB B peajibHOCTH (HaunHast ¢ paHHux Bepcuii Eliza m PARRY)
u B (panTactuueckux npoussenenusx («Kommbioreps us npoussenenust Star Trek
(«3Be3aublii myTh») wan «Hal» uz 2001: A Space Odyssey («2001 r.: Kocmuyeckast
onuccesi»))? OTyacTu MOTOMY, 4TO /IS PAGOTHI «CHOTCHINOATEIBHBIX TPUTIOKEHNUI»>
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¢ TakuM uHTEp(eiicoM TpedyeTcst TOBCEMECTHOE IIPOHUKHOBEHIE BEIYUCTUTETbHBIX
YCTPOHCTB, KOTOPOE CTaJI0 BO3MOKHO € COBpeMeHHBIM nHTepHeToM. Ho camoe ritaBHoe,
[IOTOMY, 4TO COBPEMEHHbIE IUATOTOBbIE aAT€HThI OIIMPAIOTCS Ha OOIIUPHBIE MACCHUBBI
MOJIb30BATENBCKUX JAHHBIX, PACIIUPSIONINAE TX 603MONCHOCTU, YTO, B CBOIO OYCPE/Ib,
YBEJIMYMBAET UX IEHHOCTD JIJIsT Hac. MOOUJIbHBIE YCTPOICTBA UCTIONB3YIOT TaHHbBIE
GPS, uT00bI y3HATD Hallle MECTOTIOJIOKEHE U TIPEJIOKUTH YMECTHbIE PEKOMEH/IAIINH;
UTPOBBIE KOHCOJIU A/IAlITUPYIOT TEUECHUE UTPHI, OMUPASICh HA KOJMUECTBO UTPOKOB,
KOTOPBIX OHU MOTYT BUIETH ¥ CJBIIATh. YTOOBI 9(DHEKTUBHO CIPABIISATHCS CO CTOSI-
UMM [Iepel HUMU 3a/ladyaMi, TaKie IPUIIOKEHUS 0JIKHBI He TOJIbKO 0OpabaThiBaTh
€CTEeCTBEHHBIN SI3bIK, HO W TIOJ/IEP;KIBATh BHYTPEHHEE COCMOsHUE, 3aTIOMUHATD UH-
(hopmarnio, moTydaemMyio oT OJIb30BATENS, U CUTYAITMOHHBII KOHTEKCT.

B aT0i1 T/1aBe MBI TPEATOKUM BallleMy BHUMAHUIO (PPEHMBOPK I CO3IaHUS YaT-
60TOB, 0OeCIIEYNBAIOIINI XPaHEHE COCTOSTHUST ¥ MCIIOJIB3YIONIUN 9TO COCTOSIHIE
IS TIOJJIEPsKAHUS OCMBICTICHHOTO /IMaJioTa B ONpe/ieJIeHHOM KOHTeKcTe. MBI Tpo-
JIEMOHCTPUPYEM 3TOT (PPEMBOPK Ha TIPUMEPE CO3/IaHNS KyJIMHAPHOTO TIOMOTITHUKA,
KOTOPBIN TIOMPUBETCTBYET HOBOTO I0JIb30BATEJISI, BBITIOJHSIET TPeoOpasoBaHme
MEXIY eINHUIIAMU U3MEPEeHU U COBETYEeT XOPOIINH PellerT. Paborag naj atum
MPOTOTHUIIOM, MBI pealn3dyeM Tpu (DYHKIIUU: CUCTEMY TTPABUJ, aHATUIUPYIONIYIO
KOMaH/Ibl C IIOMOIIbIO PETYJIAPHDBIX Bpra}KeHHﬁ; CHUCTEMY «BOIIPOC-OTBET», UCIIOJIb-
3YIOIILY IO TIPEIBAPUTENHHO 00YUEHHbIE CHHTAKCUUYECKUE TApCepbl st (QHIIBTPAIii
BXOJISIIITMX BOITPOCOB ¥ BRIOOPA MPABUJIBHBIX OTBETOB; U PEKOMEH/IATEIHHYIO CHCTEMY,
HCIIOJIBb3YIOILYI0 METO/L MAIITUHHOTO 06y‘{eH1/19[ 6e3 YUUTEJA [ OLIPEeJIEH NS 10/1-
XOJSIUX PEKOMEH/IAITHI.

OCHOBbI AMANIOroBOro B3aMMOAEeUCTBUA

B 1940-x rogax Kiox HIennon (Claude Shannon) u Yoppen Yusep (Warren Weaver),
[IOHEPBI B 00J1aCTH TeOprK HH(MOPMAITUU ¥ MAITMHHOTO TIEPEBO/Ia, Pa3paboTain MO-
JIeJTb B3AaNMOJIECTBUS HACTOJIBKO MOIIHYIO, YTO OHA W TIOHBIHE UCTIOJIB3YETCST JIJIsT
anasm3sa qraioro!. COryacHo UX MOJIENH, CBsI3b CBOIUTCS K MOCJIEI0BATETbHOCTH
ornepanuii KoAUpOBaHUs 1 TPeoOPasoBaHusl IO Mepe TPOXOKACHUS COOOIIEHMIT
yepes KaHallbl CBSI3Y C PA3HBIMU YPOBHSIMU IIYMOB U SHTPOTINU.

CoBpemennoe nousiTue duaioza, Kak mokazano na puc. 10.1, pacupsier Mojiesb
[lennona — Yusepa, rje aBe (Ui GOJIbIIE) CTOPOHBI OTBEYAIOT HA COOOIIEHUST
APYT apyra. J[namor mpoTekaer B TedeHne HEKOTOPOTO BPEMEHU 1 OOBIYHO MMEET

! Claude Shannon, A Mathematical Theory of Communication (1948), http://bit.ly/21InVid (IlepeBox
Ha PYCCKUH A3bIK MOKHO HallTH B cOOpHUKE cTaTeil «PaboTbl 110 Teopun nHbopMaiu 1 Kubep-
netukes, 1963, VagareabcTBO MHOCTPAHHON JINTePaTyphl, . 243—332. — IIpumeu. nep.).
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(bUKCHPOBAHHYTO MTPOAOJIKUTENLHOCTD. BO BpeMs iraiora yyacTHUK MOKET JIO0
caymark, 6o ropoputh. [1iist ahheKTHBHOTO ranora Heo6X0AUMO, YTOOBI B Kak-
JIBIH KOHKPETHBIN MOMEHT BPEMEHN TOBOPHUJI TOTBKO OJINH YYACTHHK, & OCTAJIBHBIE
caymasnu. HakoHell, ylopsiioueHHbIii BO BpEMEHU JAUAJIOT J0JKEH OBITh COTJia-
COBaHHbBIM, YTOOBI KayKI0€ YTBEPIKACHIE UMEIO CMBICH C YUYE€TOM HPEAbILYIIHX
YTBEPIKIEHUN.

Jluist Bac, Kak JIJIst 9eJI0BEKa, TaKoe OIMMCAHKE [[HAIoTa, BEPOSITHO, MOKAKETCsT oUe-
BU/IHBIM U €CTECTBEHHBIM, HO OHO UMEET BaKHBIE CJICACTBUSI [IJIs BBIYMCIUTETbHBIX
yCTPOHCTB (IpeicTaBbTe, HACKOJAbKO MCKAKEHHBIM U 3aIly TAHHBIM MOJYYUTCS
JIMAJIOT, €CJIM UTHOPUPOBATH Jiroboe us tpebosanuii). OnuH U3 IPOCThIX cr10cob0B
YIOBJIETBOPUTH TPEOOBAHMS K ANANOTaM — MEPEKIIOYaTh PEKUM BEIaHKs U ITPOCITY -
ITUBAHIST KAKIOTO YYaCTHUKA 10 ouepesint. Ha Kask1oM aTarie uHuyuamuea Beranmst
[epPeIaeTCs CIEAYIONEMY YYACTHHUKY, KOTOPBIN pellaet, Ky/a IIOBEePHY T AUAJIOT,
OIMPasiCh Ha CKa3aHHOE B pebILyIeM aTtare. [looyepeHas nepeaya MHUIIHATHBBI
[IOMOTAeT MOJIEPKATh JAUAJIOT, TIOKA KTO-TO U3 YYaCTHUKOB HE PEIIUT 3aBEPUIUTH
ero. B pesysibrate Gecea oy qnTes COrJIacoBaHHOI 1 OyeT COOTBETCTBOBATH BCEM
TpeGOBAHUSIM, OIIMCAHHBIM BBIIIIE,

Xopn cropoHbl A
losopuT: A
(Cnywaet: b

Nunuymatua: A

[Tlnanor
MeXay
Aub

(CropoHa A CropoHab

Xop cropoHbi b
looput: b
(nywaet: A

MHuumatuea: b

Puc. 10.1. CrpykTypa ananora

Yam-60m — 5To NpOrpaMma, y4acTBYIONIAs B MAJIOTe C TI0OYEPEHON Mepeaadeii
MHUIMATHUBBL, 1[EJIbI0 KOTOPOH SABJISIETCS MHTEPIIPETAIUS BXOAHOTO TEKCTA UM PeYn
1 BBIBOJI COOTBETCTBYIOIIETO MOJIE3HOT0 OTBeTa. B oT/mune ot mmozeii, ¢ KoTopbIMu
OHU BSaI/IMOI[eI‘/JICTByIOT, AJIA TOCTUIKEHUA 9TUX peSyJIbTaTOB I-IaT‘6OTbI JLOJIZKHbBI
I10J1IaraTbCsd Ha 3BpI/ICTI/IKI/I " METO/Ibl MAallIMHHOTO O6y‘{€HI/IH. HO 3TOI71 HpI/I‘-II/IHe UM
HEOOXOMMBI CpeICTBa GOPHOBI C HEOIHO3HAYHOCTHIO €CTECTBEHHOTO 3bIKA ¥ OTIPe-
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JIeJTIEHVSI CUTYAIlMOHHOTO KOHTEKCTa, YT00bI 3(h(heKTHBHO aHATU3UPOBATH BXO/ISIIINE
COOOIIEHUS U BbIJIaBaTh OCMBICJICHHBIE OTBETHI.

Apxutektypa uar-60ta, nzobpaskennas va puc. 10.2, COCTOUT U3 IBYX OCHOBHBIX
KOMITOHEeHTOB. [1epBbiit — uHTEpdeEiic ¢ mosb3oBaTeseM, OCYIECTBISIONIII TPUEM
BBOJIA 110JIb30BaTe st (Hapumep, yepe3 MUKpPo(OHbI /IJisi BBOJIA PEUYU UK Yepes
BebO-uHTEpdENc I BBOA TEKCTA) ¥ TIepeady MHTEPIPETUPYEMOro BbiBoja (4ye-
pes IMHAMUKH JIJIs BBIBOJIA CHHTE3MPOBAHHON peur WK Yepes 9KpaH MOOUIbHOIO
YCTPOICTBA JIJIs1 BBIBOJIA TEKCTA). DTOT BHEITHUN KOMIIOHEHT 0GEPThIBaeT BTOPOH —
BHYTPEHHIOI 0UAL0208Y10 CUCMEMY, KOTOPasi MHTEPIIPETUPYET BXOAHOI TEKCT,
YIPABJISIET BHYTPEHHUM COCTOSIHUEM W F€HEPUPYET OTBETHI.

1
Bxo/HOW TEKCT Ha 1

/ ecrecTBeHHoM A3blke | \
1
1
' Nnanorosas
: v icTema
' Monyuuts
1
l v
1
1 [peobpasoBarb|
ul Noruka npunoxenus !
. v
1
. VHTepnpeTupoBaTH
1
' v
1
' OtBeTuTb
1
1
1
1

\ (Co3naHue oTBeTa Ha 1 J

€(TeCTBEHHOM A3blKe 1
1

Puc. 10.2. ApxuTekTypa 4YaT-60Ta

Bremnuii KOMIOHEHT MTOTB30BaTEIBCKOTO MHTEPdeiica, 0IeBUIHO, MOXKET CyIIe-
CTBEHHO OTJINYAThCS B 3aBUCUMOCTH OT 0COOEHHOCTEH 1 TPeOOBAHUI TIPUITOKEHMSL.
B aT011 r1aBe MBI cocperoTOUNMCS Ha BHYTPEHHEM JMAIOTOBOM KOMITOHEHTE U T10-
Ka)keM, KaK JIETKO 0000IIHUTD €ro Jist JTIOObIX TIPUIOKEHUI U CKOHCTPYHPOBATh 13
MHOsKecTBa ToInaioros. C aToil 11eJ1bi0 MbI CHavas1a Ope/ie M 6a30BbIil aOCTPaKT-
HBI KJIacc, KOTOPBIH (hopMabHO OTIpejiesisieT MoBeieHue, Ui nHTepdeiic auajora.
3aTeM ucciaeyeM TPU peaju3aluy 3TOTO KJacca s YIPaBIeHUS COCTOSHUEM,
MOMCKA OTBETOB Ha BOIIPOCHI ¥ BBIOOPA PEKOMEH/IAIIMIA 1 TIOKaKeM, KaK 00beINHUTD
VX B OJIH TUAJIOTOBBII areHT.
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Ananor: HeNnpoAo/HKUTENbHbINA 06MeH

Y106bI co31aTh 0O0OIIEHHYIO U HACTPAaUBAEMYyIO AMAJOrOBYI0 CUCTEMY, CHayaja
HY’KHO OIPeAeJUTh MUHUMAJbHYIO eJUHUIY pabOoThl, BHIIIOJHIEMOH BO BPEMs
B3aMMOJIENCTBUST YaT-60Ta ¢ ToJIb30oBaTeieM. VICXojist U3 apXUTEKTYPbI, OITUCAHHON
B IPE/IBILYIIEM pas/iesie, Mbl 3HAaeM, 4TO MUHUMAJIbHAs eIMHUIIA PAaGOThI BKIHOYAET
MIpHeM BXOHOTO U CO3/TaHNE BEIXOTHOTO TEKCTA Ha eCTECTBEHHOM SI3bIKe. B mportiecce
JINAJIOTa TOJKHO YIaCTBOBATh MHOKECTBO PA3HBIX MEXaHN3MOB aHAJIN3a U CO3AHIIS
OTBETA, TI03TOMY OYIEM PacCMaTPUBATh AMAJIOTOBBIN areHT KaK COCTOSIIII U3 MHOKE-
CTBa BHYTPEHHUX JMAJIOTOB, Y KasKIOTO 13 KOTOPBIX CBOSI 00JIaCTh OTBETCTBEHHOCTH.

Yro0bI TapaHTHPOBATh COTJIACOBAHHYTO PaOOTY BHYTPEHHUX JAUATOTOB, MbI IOJIKHBI
OIMCaTh eIMHbINA HHTEepdElic, OnpeaeaIonuii mopsamaokK AeiictBuil. B sasbike Python
oTcyTcTBYeT (hopMasIbHBIN THIT HHTEP(DEIica, 3aTO MOKHO OIPEAETUTD AOCMpPaKm-
Holil 6a306vlil Kiacc, NCTIOIb30BaB MOJYJIb abc U3 CTAHAAPTHOW OMOJIUOTEKHU st
HepeYrCIeHNsT METOIOB ¥ X CHTHATYP, KOTOPbIE JHOJIKHBI ObITh Pean30BaHbl BO
BCEX TOJKITAcCax (eCJI TTO/IKIACC HE Pean3yeT KaKoi-T0 13 aGCTPAKTHBIX METOJIOB,
obpariieHre K HeMy BO BPEMsT BBITIOJTHEHUS TTPUBEJIET K UCKII0UYEHMIO ). Biarogapst
HTOMY MOKHO TapaHTHPOBATh, UTO BCE MOJKJIACCHI Halllero nHTepgeiica Dialog OymyT
NefiCTBOBATH B TOYHOCTH TaK, KaK OJKHU/IA€TCS.

B o61iem coryuae Dialog OTBeyaeT 3a IIPHeM BhICKa3bIBAHUiA, TAPCUHT TEKCTa, HHTEP-
MIPETAITNIO Pe3YIBTaTOB MAPCUHTa, U3MEHEHNE BHYTPEHHETO COCTOSTHUS 1 (hOPMYJIN-
poBalue OCMBICTIEHHOTO OTBeTa. [10CKOIBbKY TTpeoaraeTcs, YTo MHOTAA CUCTEMA
OyzeT HellpaBUIbHO MHTEPIIPETHPOBATH BXOAHON TEKCT, 00BEKTHI Dialog JOJKHBI
TaK’Ke OMPEIESATh OIEHKY PeJEBAHTHOCTH B MECTe OTBETa, YTOOBI MOKHO OBLIO
KOJIMUECTBEHHO OI€HUTbh, HACKOJIHKO IMPABUJIBHO MHTEPIPETUPOBAHO BXOJISIIIECE
BBICKa3bIBaHUe. Pa3nennm onpenesnenne moBefeHns nurepdeiica Ha HECKOJIBKO
METO/IOB, KOTOPBIE JIOJKHBI OBITH pean30BaHbl B MoKIaccax. Ho st Havasa cos-
IaauM HeabCTPaKTHBIN MeTo/ 1isten, OCHOBHYIO TOUKY BXO/a B 0ObEKThHI Dialog,
peanusyionuii 06001eHHOe TOBEIeHNEe AUAJIOTa ¢ UCIOIb30BaHueM aOCTPaKTHBIX
MeTO10B (TTOoJJIeKaNNX Peanu3alini B TO/IKJIaccax):

import abc

class Dialog(abc.ABC):
06beKT Auanora MNpUHUMaEeT BbICKA3blBaHWUA, BbINONAHAET WX MApCUHT
W MHTeprnpeTauuw, a 3aTeM U3MeHseT BHYTpeHHee cocTosHue. [locne 3Toro
OH MOXeT cpopMy/nMpoBaTb OTBET.

def listen(self, text, response = True, **kwargs):
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MpuHumaeT TekcT text BbICKa3biBaHMA W BbLINOJIHAET ero napcuHr. lMepepaeTt
pe3ynbTaT mMeToady interpret ans onpepnenenus otBeTa. Ecnu oTBeT
Heobxoaum, Bbi3biBaeTCA MeToh respond, reHepupykwuii TeKCT oTBeTa

Ha OCHOBe noc/sefHero NOCTYMMBIWEro TeKCTa M TeKylero CoCTOAHUA
obbekTa Dialog.

# MapcuHr BXOOHOroO TeKkcTa

sents = self.parse(text)

# WHTepnpeTauuAa
sents, confidence, kwargs = self.interpret(sents, **kwargs)

# OnpepeneHve oTBeTa
if response:
reply = self.respond(sents, confidence, **kwargs)
else:
reply

None

# lMepepayva MHUUMATUBSI
return reply, confidence

Merton listen ompenensier I‘JIO6aJII)HyIO peanu3aIuio, yHuPUInPyoyo abCcTpaKT-
HyI0 (pyHKIIMOHATBHOCTh. COTJIACHO CUTHATYPE, METO 1isten TPUHUMAET CTPOKY
C TEKCTOM, a TaK/Ke JIOTHUECKUH (hJ1ar response, YKa3bIBAIOIINI, Obliia JI mepeana
MHUIHATHBA 3TOMY 00BEKTY U TPEOYETCs JIM BEPHYTH OTBET (€CJIN TlepeiaTh B apry-
MEHTE response 3HaueHHe False, 00bEKT Dialog MPOCTO BOCIIPUMET BbICKa3bIBaHHE
u 0OHOBUT CBOE BHyTpeHHee cocTosiiue). Kpome toro, MeTos listen nmpuHUMaeT
MIPOU3BOJIBHOE KOJIMYECTBO UMEHOBAHHBIX apPTyMEHTOB (kwargs), B KOTOPBIX MOXKET
nepeaBaThCs AOTOJTHUTENbHAS KOHTEKCTHAS NHPOpMAInd, Takasd Kak UMS TT0JTh-
30BareJisd, NIeHTUMUKATOP ceanca UJIN OlleHKa TPAHCKPUTIITUH.

Pe3yibraToM 9TOr0 MeToJ1a SIBJISIETCSI OTBET, €CJIM OH HeoOxo M (None, €CJIU HET),
a TaksKe OIleHKa JoCmosepHocmiL, BENeCTBEHHOE YUC/Io B Ananasone mexay 0,0
u 1,0. [TockosbKy HET MOJTHON YBEPEHHOCTU B yCIeXe MapCUHTa M MHTEPIIPETAIIT
BXO/IHOTO TE€KCTa WJIU B TPAaBUILHON (POPMYJINPOBKE OTBETA, 9TA OIlEHKA BBIPAKAET
JIOCTOBEPHOCTD MHTEPIIPETALNH, BBIIIOJIHEHHON 06beKTOM Dialog, rjie 1 o3HayaeT
abCOJTIOTHYIO IOCTOBEPHOCTD, @ © — MOJIHYIO HEYBEPEHHOCTD B I0CTOBEPHOCTH. J[0-
CTOBEPHOCTb MOKHO BLIYMC/IUTD UM U3MEHUTD B 10001 MOMEHT B MeTO/Ie Dialog.
listen, KOTOPBIiA, KaK MbI OIIPEEJNIIH, BHITIOJIHsIET TP aOCTPAKTHBIX IIIara: parse,
interpret 1 respond, XO0Ta B006HIe JTOCTOBEPHOCTD OITPeIeJIsIETCS Ha 9Talle interpret:

@abc.abstractmethod

def parse(self, text):
Kaxzaplii Ananor MoxeT peasM30BaTb CBOW CTpaTeru MapcuHra, HekoTopble
C UCMNONb30BaHMEM BHEWHUX MEXaHW3MOB, ApYyrue - C MNpUMEeHeHUeMm
perynsapHbIX BbIpaXeHUid MAM CTAHAAPTHBIX MapcepoB.
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return []

Mertoz parse 03BOJIIET MOAKIACCaM Dialog peaansoBaTh CBOM aJIrOPUTMBI 06pa-
GOTKM CTPOK UCXOAHBIX AaHHBIX. HarprumMep, HEKOTOPbIE TOAKIACCHI Dialog MOTYT
HCII0JIb30BAaTh BHEIIHNE MEXaHU3MBI, a [pyTrue — IIPUMEHATb PEryJsIpHble BbIpa-
JKeHWS WM CTaHAapTHBIE Mapcepbl. AGCTPaKTHBIN METO/ OTPeIe/seT CUTHATYPY
KOHKPETHON peasin3aliiu: MoJIKJIacc J0JKeH Peajn30BaTh METOJI parse, IPUHU-
MAIOIUN CTPOKY ¥ BO3BPAIIAIONININ CITUCOK CTPYKTYP JAaHHBIX, COOTBETCTBYIOIINUX
KOHKPETHOMY IOBEIEHUIO TOIKIacca Dialog. B waeane Mbl BKIIOUNIN Obl TaKKe
ONTUMUBAINIO, YTOOBI JJOPOTOCTOSIIUI MAPCUHT BHITIOJIHAJICSA TOJBKO OJAWH Pa3
1 OfiHA U Ta JKe paboTa He BHITOMHIACH ABAKIBI:

@abc.abstractmethod
def interpret(self, sents, **kwargs):

MHTepnpeTupyeT BbiCKasbiBaHMe, nepejaBaeMoe KakK CrUCoK npe,u,nox(eHMﬁ,
npowenuwnx napcuHr, obHoBNAET BHYTpeHHee COCTOAHUe Auanora, BblHUCAAET
OUEeHKY [OOCTOBEpPHOCTM WHTeprnpeTauunm. Takxke MOXeT BO3BpalWaTb aprymeHThl,
HeobxoauMbie KOHKPEeTHOMY MeXaHWU3My CO3[4aHWA OTBeTa.

return sents, 0.0, kwargs

Merop interpret oTBeYaeT 32 MHTEPIIPETAIINIO TOJYYEHHOTO CITHCKA TIPEJIOKEHU,
06HOBJIeHe BHYTPEHHETO COCTOSIHUST 00beKTa Dialog 1 BbIUKC/IEHHE OIEHKH [10-
CTOBEPHOCTU MHTEpIIpeTaiuu. Bo3Bpaniaer HHTePIpeTHPOBAHHBIE TTPEIJIOKEHN,
KOTOPBIE (DUITBTPYIOTCS B 3aBUCUMOCTH OT HEOOXOIMMOCTH OTBETA, & TAKIKE OI[EHKY
noctoBepHOCTH B muamnaszone Mexxay 0 u 1. /[asmee B 9701 riraBe Mbl pacCMOTPHUM He-
CKOJIBKO JITOPUTMOB OTIPEZIEIEHIS I0CTOBepHOCTH. MeTosT interpret MOXKeET TakKe
IPUHUMATH [TPOM3BOJIBHOE KOJIMYECTBO MIMEHOBAHHBIX APT'YMEHTOB 1 BO3BPAIIATH 00-
HOBJIEHHbIE MIMEHOBAHHBIE APTYMEHTBI JIJIsI BIUSIHUS Ha TIOBeJIeHUe MeTo/1a respond:

@abc.abstractmethod
def respond(self, sents, confidence, **kwargs):

Co3paeT OTBeT, ONUPascCb Ha BXOAslWMEe BbICKA3bIBAHUS U TeKylee COCTOAHWE
Ananora, a Takke Ha Jiobble UMEHOBaHHbe apryMeHTbl, NnepefaHHble MeToAaMu
listen u interpret.

return None

Hakonerr, meTos respond IpUHUMAaeET MHTEPIIPETUPOBAHHbBIE TPEIJIOKEHUS, OTIEHKY
JIOCTOBEPHOCTHU M MPOU3BOJIbHOE KOJMYECTBO MMEHOBAHHBIX apIYMEHTOB U T'eHe-
PHUPYET TEKCT OTBETA, ONMUPAsICh HA TEKyIlee COCTOsiHUE 0ObeKkTa Dialog. OleHKa
JIOCTOBEPHOCTU MO’KET BIUATh Ha Pe3yJbTaT, BO3BPAIIaeMbIil METOIIOM respond;
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HaIpUMep, eCJIU OlleHKa I0CTOBEPHOCTH paBHa 0.0, MeTO/I MOKeT BepHYTb None WJIH
3a1poc Ha TogcHeHusA. Ecaum 10CTOBEPHOCTD OIIeHUBAETC He 0YeHb BBICOKO, OTBET
MOJKET BKJIIOYATh TIPETOMOKEHIST UK TIPUOIU3UTETbHDBIE (POPMYIUPOBKH, & TIPH
BBICOKOIT JIOCTOBEPHOCTH — COZIEP:KATh CTPOTHE W TOUHBIE (hOPMYINPOBKH.

Tenepb B hopme abcTpakTHOrO 6Ha30BOTO Kjlacca Dialog Y HAC €CTh OCHOBA, TI03BO-
JIAIONIAS YTIPABJAATH COCTOSTHUEM JIUAJIOTa B KOPOTKUX B3aUMOJIEHCTBUAX C TIOJIb-
3oBaresieM. O6beKT Dialog OYET CAYKUTH OCHOBHBIM CTPOUTETLHBIM OJIOKOM JIJIsT
BCEX OCTATTbHBIX KOMITOHEHTOB, KOTOPBIE MBI PEAJIN3Y€EM B OCTABIIIEICS YACTH TJIaBBI.

YnpaBseHue Ananorom

Kiacc bialog onpesessieT Opsiiok 00paboTKK TIPOCTHIX U HETPOIOJKUTETbHBIX
BSB.I/IMO[[efICTBHﬁ " ABJIAETCA OCHOBHBIM CTPOUTEIbHBIM 6JIOKOM JJI ANaJIOTOBBIX
areHToB. Ho Kak ympaBJigaTh COCTOSHUEM B XOJle AJTUTEIbHBIX B3aUMOEHCTBUH,
KOT/[a THATIMATIBA MOYKeT HEOAHOKPATHO TIEPEaBaThCs OT MTOTH30BATEN CHCTEME
1 06patHo, U TpebyeTcst TeHEPUPOBATh Pa3HbIE TUITI OTBETOB?

OTBeTOM Ha 3TOT BOIIPOC SIBJISIETCS KJIace Conversation, CIIEIMATM3UPOBAHHBIN TUATIOT,
COJIepIKaIil MHOKECTBO BHYTPEHHUX JIMAIOTOB. B KOHTEKCTE 4aT-00Ta 9K3eMILISIP
Conversation, TIO CyTH, SIBJISIETCsT 00EPTKO#T BOKPYT BHYTPEHHUX AUAJIOTOBBIX KOMITO-
HEHTOB, OITMCBIBAEMBIX Halleit apxuTekTypoil. O6GbeKT Conversation COAEPIKUT OAUH
MJIA HECKOJIbKO OT/EJIbHBIX MTOIKJIACCOB Dialog, KaXK/bIN U3 KOTOPLIX UMEET CBOE
BHYTPEHHEe COCTOSIHUE W MOJIEPKUBAET Pa3Hble BUbI MHTEPIIPETAITNI U OTBETOB.
Korma Conversation HAXOIUTCS B COCTOSIHUH TIpHEMa, OH MepeaeT BXOTHOU TEKCT
BHYTPEHHUM J[AJIOTaM 1 BO3BPAIIIAET OTBET ¢ HAMOOJIBIIEH OIIEHKON IOCTOBEPHOCTH.

B aTom paszzesne Mbl peanmnsyeM Kiaacc SimpleConversation, HacJaeyIOMIUHN Tpeibl-
nymuil kinace Dialog. OcHOBHAS 3a/aya Kiaacca SimpleConversation — yIpaBJsITh
COCTOSIHMEM II0CJI€I0BATEAbHOCTH JUAJIOTOB, XPAHAIINXCS BO BHYTPEHHEM anI/I6yT€.
ITOT KJIacC TakKe HacJeayeT Kjacc collections.abc.Sequence U3 CTaHAAPTHOU
OMOINOTEKH, KOTOPBIN I03BOJIUT KJlaccy SimpleConversation leiiCTBOBATH o/100HO
HUHIEKCUPYEMOMY CIIMCKY Araaoros (6arogapst abCTpaKTHOMY METOY _ getitem_ )
1 TIOJIyYaTh KOJIMYECTBO IUATIOTOB B KOJJIEKIIUU (METOZOM __len_ ):

from collections.abc import Sequence

class SimpleConversation(Dialog, Sequence):

MpocTeiiwaa Bepcua peanusauunm beceppl.

def __init_ (self, dialogs):
self. dialogs = dialogs
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def _ getitem_ (self, idx):
return self._dialogs[idx]

def __len_ (self):
return len(self._dialogs)

B Metone Conversation.listen MBI ceaeM eIre OAMH IIar BIIEpe/ U Ilepeajum
BXO/THON TEKCT METO/IaM listen BceX BHYTPEHHUX 9K3eMILIIPOB Dialog, KOTOpPHIE,
B CBOIO OuY€pe/ib, BHI3OBYT BHYTPEHHUE METO/IbI parse, interpret 1 respond. B pe-
3yJibTaTe NOJYYUTCS CITUCOK KOpTexkKeil (reply, confidence), n SimpleConversation
IIPOCTO BEPHET OTBET € HAKOOJIbINEH OIEHKOI I0CTOBEPHOCTH, BRIOPAB KOPTEK C HAM-
GOJIBIINM 3HAYEHIEM BO BTOPOM 3JIEMEHTE € IIOMOIILIO oIieparopa itemgetter. Boee
CJIOJKHBIE pean3aliy 6ece] MOTYT BKJIIOYATD JOMOJHUTEIbHBIE TPaBIJIa, IOMOTa-
TOTIHE CIe/IaTh BHIOOD, €CJIN BA BHYTPEHHIX IHAJTIOTA BEPHYT OTBETHI C OANHAKOBOM
OIEHKON JIOCTOBEPHOCTH, HO BOOOIIE ONTUMAIBLHON peasm3arnueiil Conversation
CUMTACTCS Ta, B KOTOPOU TaKKe CXOACTBA CAYIAIOTCS PEIKO:

from operator import itemgetter

def listen(self, text, response = True, **kwargs):

MpocTo BO3BpawaeT OTBET C Aydyweid OUEHKON AOCTOBEPHOCTU

responses = [
dialog.listen(text, response, **kwargs)
for dialog in self._dialogs

]

# responses -- 3To cnucok kopTexei (reply, confidence)
return max(responses, key = itemgetter(1))

Tak Kak Kjacc SimpleConversation HacieayeT Dialog, OH JOJIKEH PEaJn30BaTh Me-
TOJIbI parse, interpret 1 respond. B Kask/10M 13 HIX MbI BBI30BEM COOTBETCTBYOIINE
BHYTPEHHHUE METO/bI 1 BEPHEM pe3yJibTarhl. Takke 106aBUM MOJIEPKKY OIEHKH
JIOCTOBEPHOCTH, YTOOBI MOKHO OBLIIO BeCTH Oeceily COTJIAaCHO YBEPEHHOCTH B JI0-
CTOBEPHOCTU MHTEPIIPETAIMI BXOJHOIO TEKCTA:

def parse(self, text):

Bo3BpawaeT Bce pe3yfnbTaTbl MApCUHra, MNOAYYEHHble BHYTPEHHUMU
AWanoramu, AnA OTNafKu

return [dialog.parse(text) for dialog in self._dialogs]

def interpret(self, sents, **kwargs):
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Bo3BpawaeT Bce pe3ynbTaTbl UHTeprnpeTauuu, MONyYeHHble BHYTPEHHUMM
AWanoramu, ANnA OTNaAKu

return [dialog.interpret(sents, **kwargs) for dialog in self._dialogs]

def respond(self, sents, confidence, **kwargs):

Bo3BpalaeT BCe OTBeThH, CO3[aHHble BHYTPEHHUMWU Auanoramu, ANA OT/aAKK

return [
dialog.respond(sents, confidence, **kwargs)
for dialog in self._dialogs

]

ITesb ppeiiMBopka Dialog — 06€CIEUNTH MOYILHOCTD, YTOOBI MOKHO GBIJIO UCITOb-
30BaTh JIMAJIOrOBble KOMIIOHEHTHI B TpyIIie (KaK B HallleM KJacce SimpleConversation)
WJIY 110 OT/Ie/IbHOCTH. Halna peasninsaiusi UHTeprpeTupyeT Iuajoru Kak IMOJHOCTHIO
HEe3aBUCHUMbIE, HO €CTh MHOXKECTBO APYTUX Mojiesiell, HallpuMep:

Iapannenvnvie/acunxponmvie becedvl
Bossparaercs mepBbiif OTBET ¢ TOTOKUTENBHON OTIEHKON TOCTOBEPHOCTH.
Konuenmyanvno opuenmuposannvie ecedvi
JIMaJiory TIOMeYaTCst Kak «OTKPBITBIE» 1 «3aKPBITHIC>.
Jlunamuueckue 6ecedvt
JlMajiory MOTYT IMHAMIYECKHU T00ABASATHCS U YAATISATHC.
Jlpesosudnwvie becedot
Jlvajiorn UMeroT pojuTeseil i MOTOMKOB.

B CJIeIYIOIIEM pa3/ieJie Mbl IOCMOTPUM, KaK UCII0JIb30BaTh KJ1acc Dialog C HEKOTOPbI-
MU IIPOCTBIMU 3BPUCTUKAMU, 4TOOBI CO3aTh INAJIOTOBYIO CUCTEMY, YIIPABJIAIONLY O
B32[I/IMOI[€I?ICTBI/I$IMI/I C ITOJIb30BaTEC/IAMMU.

NMpaBsuna BexxnuBou 6ecenbl

B 1950 r. usBectnbiii nadopmaruk u marematuk Asan Teiopunr (Alan Turing)
BIIEPBBIE TIPEJJIOKUII TO, YTO BIIOCIIEICTBIH CTAJIO U3BECTHO Kak TecT ThiopuHra’, —

U Alan Turing, Computing Machinery and Intelligence (1950), http://bit.ly/2GLop6D (IlepeBox Ha
pycckuii A3bIK: «MOKeT JIM MalllnHa MBICJIUTB ?», [Oocy1apcTBEHHOE N3ATE/ILCTBO (hI3NKO-MaTe-
MaTudeckoii iureparypel, Mocksa, 1960: http://www.etheroneph.com/files/can_the_machine_think.
pdf. — IIpumeu. nep.).
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CIIOCOOHOCTD MAIIUHBI 3aCTABUTH COOECETHIKA JIyMaTh, YTO OH OECeyeT C YeIoBe-
koM. Tect ThiopuHTa aji TOJYOK K PA3BUTHIO B TEUEHUE CJEAYIONMX HECKOJbKUX
JeCATUIETHI MHOKECTBA JUAJIOTOBBIX CUCTEM, OCHOBAHHBIX Ha OIpPeIeJeHHbIX
[paBUJIAX, MHOTUE U3 KOTOPBIX He TOJILKO MPOILIM TECT, HO TakkKe chOPMUPOBAIIN
HepBoe MOKOJIEHNE JAUAJIOTOBBIX ar€HTOB U CTAJU MPAPOANTENSIMUA COBPEMEHHBIX
4aT-60TOB.

CaMbIM U3BECTHBIM, TTOKATYH, TpUMepoM siBysgeTcs mporpamma ELIZA, cozmanmas
Il:xosedom Beiirernbaymom (Joseph Weizenbaum) B 1966 roay B MaccauyceTckom
texnosornyeckom nuerutyrte (MIT). Ona ncnosb3oBasia JOTMKY BbIZieIeHNS 3HA-
YUMBIX CJIOB 1 (hpa3 U3 TEKCTa, BBEJIEHHOTO YeJTOBEKOM, M BO3BpAIlaJia 3arporpam-
MUPOBaHHbBIE OTBETHI I ojaepskanus 6ecenpl. IIporpamma PARRY, cospannas
Kenmnerom Konbu (Kenneth Colby) neckomnbko set ciycrst B Ctandopackom yHu-
BepcHUTeTe, KOHCTPYHUPOBAJIA OTBETBI, HCIIOJIB3YsT MEHTATIbHYTO MOJIE/Tb B KOMOMHAIIUH
C QJITOPUTMOM COIOCTABJIEHHS ¢ 00PA3IOM. JTa MEHTATIbHAS MOJIEJb 3aCTABIISIIA
PARRY cranoButhcst Bee 00JIee B3BOJTHOBAHHO 1 HEYCTOWYUBOM, YTOOBI CBIMUTH-
POBaTh MAIMEHTa, CTPAIAIOIIEr0 MAPAHOUIATBHON T30 PEHNeil, 1 yerenrHo obma-
HbBIBAJIA BPayeil, 3aCTaBJIsIsA X [yMaTh, YTO OHU OECEYIOT C HACTOSIIINM MAIlUEHTOM.

B aTom pasmesnie Mbl peasudyem (yHKIIMIO TPUBETCTBUSI, OCHOBAHHYIO Ha HaboOpe
MPABWJI U B JIyXe YIIOMSHYTHIX DAHHUX MOJIeJIEl, KOTOPAs UCIOJIb3YET PETYISIpHbIe
BBIPAJKEHUSI [IJIsT COTIOCTABJIEHNS BhICKasbiBanuii. Hariia Bepcuist Oy/ieT ucmosib30BaTh
BHyTpPEHHEe COCTOSTHVE B OCHOBHOM JIJISI PACIiO3HABaHUsST COOECEHNUKOB, BCTYTIA-
IOTUX B IUAJIOT U TIOKU/IAIONIUX €T0, M OTBEYATh UM COOTBETCTBYIONIMMU TTPUBET-
CTBUSIMU U BOIIPOCAMMU. JTa peau3aliusd Dialog MPU3BaHA MOTYEPKHYTh BAXKHOCTh
BHYTPEHHETO COCTOSTHUS JIJIST OTCJIESKUBAHUS TEUEHUs TUATIOTA, 2 TAKXKe TT0Ka3aTh
abdekTUBHOCTH YaT-60TOB HAa OCHOBE PETYJISIPHBIX BhIPaKeHUIT. B 3aKt0ueHne Mbl
HOKaKeM, Kak ¢ TIOMOIIbI0 (hpeiiMBOPKa TECTUPOBAHKS MOKHO TIPOBEPUTH PaboTy
KOMITIOHEHTa Dialog B PAa3HbBIX CUTYallUAX, I{TO6I)I cZesaTtb ero 60.7166 YCTOﬁQHBbIM
K pa3zHo00Pa3uio MoJb30BaTEIbCKOTO BBO/IA.

NMpuBeTcTBMe U NpoljaHue

Jlmasnor Greeting cory’KMT OCHOBOI peasn3aiiiy HAIIETo ANAJT0T0BOTO (hpeiiMBOpKa
u HacJsiesyer 6a30BbIi Kiacc Dialog. OH 3allOMMHAET YYACTHUKOB, BCTYTIAIOIINX
B Oece/ly ¥ IOKUAAIOIINX €€, a TAaKKe BO3BpalaeT COOTBETCTBYIOIINE IPUBETCTBUS
U MPOIIAJbHBIE CJI0BA, KOT/Ia KTO-TO BCTYTIAeT B Oece/ly MM MOKUIAET ee. ITO [0~
CTUTAETCS COMOCTABJIEHNEM aKTUBHBIX TI0JIb30BATEIEH U X UMEH.

B ocnoBe nuasora Greeting J€KUT cI0Bapb PATTERNS, XpaHUMBIN KakK ITepeMeHHast
KJ1acca. ITOT CI0Baph 0TOOPasKaeT BUIbI B3AUMOIEHCTBHIT (OTMCHIBAIOTCS KITIOUYAMMU )
B PETyJISIpHBIE BBIPAKEHUS, OMPEIeIIoNne OXKUIaeMbIi BBO A1 9TUX B3aUMO-
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JelicTBUi. B yacTHOCTH, HaIll TTIPOCTOM IMAJIOT Greeting TTOIEPKUBAET HavaIbHOE
MIPUBETCTBUE, 3HAKOMCTBO, TIPOIIAHNE U TEPEKINYKY. ITU PETyJIIPHBIE BBIPAKEHUS
MBI IICTIOJIb3yeM TT03/IHee B METOJIE parse:

class Greeting(Dialog):

3anoMuMHaeT y4acTHWKOB, BCTynawwux B 6ecefy ¥ MoKuAalwux ee, U oTBedvaeT
COOTBETCTBYHWWMA NPUBETCTBMEM U MpOWaHWeM. 3TO MpUMep CUCTEMbl,
OCHOBaHHO Ha MnpaBunax, KoTopas ynpasnseT CBOWM BHYTPEHHWUM COCTOSHUEM
W UCMoNb3yeT peryssipHble BbpaXeHWs W NOTUKY ANA NOAAepXaHus Auanora.

PATTERNS = {
‘greeting': r'hello|hi|hey|good morning|good evening',
"introduction': r'my name is ([a-z\-\s]+)',
'goodbye': r'goodbye|bye|ttyl',
'rollcall': r'roll call|who\'s here?',

}

def __init_ (self, participants = None):
# Participants - 3To csnoBapb, oTobpaxawwuit MMA nosnb3oBaTend
# B ero HacTosAuwee uMA
self.participants = {}

if participants is not None:
for participant in participants:
self.participants[participant] = None

# CKOMMUANMPOBATb perynspHble BbIpaXeHus
self. patterns = {
key: re.compile(pattern, re.I)
for key, pattern in self.PATTERNS.items()

[Ipu cozmannu aK3eMITISIp Greeting MOKHO WHUITHAIU3UPOBATD MPEABAPUTEIBHO
MO/ITOTOBJIEHHBIM CIUCKOM YYaCTHUKOB. BHyTpeHnHee cocTosgHue qrajsora — 3To
CJIOBaph, OTOOPAKAIONIMIT UMEHA MoJIb30BaTesieil B UX HacTosue nMena. Ero 3a-
IIOJTHEHUE Mbl PACCMOTPUM HUKe, KOT/Ia IIPUCTYIIUM K UHTepIIpeTalii 3HAaKOMCTBA.
Yro6bl yCKOPUTD TTAPCUHT TEKCTa B Ipoliecce 00NIeHNs, Mbl JOOABUIN B MHUIIHA-
JIU3ANUI0 KOMITUJISAINIO PETYJISIPHBIX BBIPAKEHUN U UX COXpaHEeHHe BO BHYTPEH-
HEM CJIoBape 9K3eMILIIpa. B pe3ynbraTe KOMIUIAIUN PETYIIPHBIX BhIPAKEHUH
HOJTY4alOTCs1 OOBEKTHI PErYJISIPHBIX BbIPAsKEHUH, TIOMOTAOIINE COKOHOMUTH BPEMST
Ha 9TOM MIare Ipu MOCJeyIONeM MHOTOKPATHOM MCII0JIb30BAaHUH, KOTOPOE UMeeT
MECTO B JJAHHOM JIaJjiore.

Ty BECbMa YMPOLLEHHYIO peann3aumio kacca Greeting MOXHO paclUMpuTb [0-
MONHUTENbHLIMU NPaBUIaMK A1 NOAAEPXKKM APYrUX peyeBbix 060pOTOB U APYrmX
S13bIKOB.
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[lanee peanmayeM MeTOJ parse, 11eJib KOTOPOTO — COTIOCTABUTD TEKCT, BBEICHHBIN
MI0JIb30BaTesIeM, C KayKbIM CKOMITUIMPOBAHHBIM PETYJISPHBIM BhIPAKEHUEM U Olpe-
JIeJTATh MIa0JIOH JIJIS IPUBETCTBHUSI, 3HAKOMCTBA, TPOIIAHUS WK TTIePEKINYKI

def parse(self, text):

MpumMeHseT BCe perynspHbie BbpaXeHUs K TeKCTY B MoMCKax COBMaLeHUs.

matches = {}
for key, pattern in self._ patterns.items():
match = pattern.match(text)
if match is not None:
matches[key] = match
return matches

Ecnu coBnanenue HaiineHo, parse BO3BpalllaeT ero. ITOT Pe3yJIbTaT 3aTeM MOKHO
HCITOTb30BaTh /I Iepeladil METOMY interpret, KOTOPBIH IO HAMIEHHOMY COBIIajIe-
HUIO OTIPeIesigeT, KaKoe JIeiCTBIE BBITTOTHUTD. Ecin interpret OMyunT pesyasraT
[IapCUHTa, He COOTBETCTBYIONIMIT HU OHOMY 11a0JI0HY, OH Cpa3y BO3BPAIaeT OIIeHKY
JIOCTOBEPHOCTHU 0.0. Eciiu coBmazenune HalizieHo, interpret IpoCcTO BO3BpaIaeT
OIIEHKY 1.0, IOTOMY YTO PeryJisipHble BbIPAKEHUST He TOIEPKUBAIOT HEYETKUX
COBITQJIEHU.

Merox interpret oTBeyaeT 3a OOHOBJICHIE BHYTPEHHETO COCTOSIHUS JMaora
Greeting. Hanpumep, ecii BXOJHOH apTyMeHT COOTBETCTBYET 3HAKOMCTBY (TO €CTb,
€ecJIM TI0JIb30BaTe b BB hpasy «my name is something> (MeHsI 30ByT max-mo)),
interpret U3BJIEYET UM U J0OABUT HOBOTO [TOJIb30BATEJISI M €0 HACTOsIIee MMst (HO-
BOE MJIW CYTIECTBYIOIIee) B self.participants. Ecim B3anmoseiicTBre onpenessgercs
KaK [IPUBETCTBUE, interpret IPOBEPUT IPUCYTCTBUE I10Jb30BATEJS B CI0Bape self.
participants. Eciin Takoro mosib3oBatesisi HeT, 100aBUT 3HAYE€HHE NMEHOBAHHOTO
apryMeHTa B OKOHYATeJIbHbII Pe3yJIbTarT, II0Ka3aB, 4TO B METO/IE respond HEOOXOMMO
3aIIPOCUTH 3HAKOMCTBO. IHaue, ecii B3anMoielicTBIE OTIpeiesigeTcs Kak IpolllaHue,
OH yIQJINT MTOJTb30BaTe s (€CIU TOT U3BECTEH ) U3 CJI0Baps self.participants u u3
MMEHOBAHHBIX aPTYMEHTOB:

def interpret(self, sents, **kwargs):
MpuUHUMaeT HailfeHHble COBMNAjEeHUs U onpegenseT AeNCTBUE A/A BbIMOJHEHUS :
npuBeTCTBMUE, MNpOWaHNE WU U3MEHEHUE UMEHM.
win
# B OTCyTCTBME COBMAfEHUA HUYEro He AenaTb
if len(sents) ==
return sents, 0.0, kwargs

# Mony4nTb uMA nonb3oBaTensa u3 participants
user = kwargs.get('user', None)
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# Ecnu BbINOJIHAETCA 3HAaKOMCTBO

if 'introduction' in sents:
# WU3B/NeYb UMA N3 BbICKa3blBaHMA
name = sents['introduction'].groups()[0]
user = user or name.lower()

# OnpepennTb HEOBXOAUMOCTb W3MEHEHUA WUMEHU

if user not in self.participants or self.participants[user]
! = name:
kwargs[ 'name_changed'] = True

# M3MeHUTb cnoBapb participants
self.participants[user] = name
kwargs['user'] = user

# Ec/nn BbINOMHAETCA NpUBETCTBUE

if 'greeting' in sents:
# EcAnM uMa nonb3oBaTens HeUM3BECTHO

if not self.participants.get(user, None):
kwargs[ 'request_introduction'] = True

# Ecnu BbiMosIHAETCA MnpolaHue

if 'goodbye' in sents and user is not None:
# YpanuTb y4YacTHUKa U3 cnosapA
self.participants.pop(user)
kwargs.pop('user', None)

# Ecnv HaWfeHo TO, YTO WUCKaNOCb, BEpHYTb MaKCUMasibHYH OLEHKY
# [OCTOBEpHOCTH
return sents, 1.0, kwargs

Hakowerr, MeToz respond Oy/IeT ONPENEsATh, YTO AOJGKEH OTBETUTH HAlll 4aT-00T
mosk3oBarestio. Ecim orieHka 10CTOBEPHOCTH paBHA 0.0, B OTBET HIYETO He BBIBO-
nutes. Eciii mosib3oBaTestb ocyat TPUBETCTBUE WA ITPEJICTABUIICS, respond BEPHET
TEKCT € TIPOCHOOIT TIPECTABUTHCS MJIH C TIPUBETCTBUEM U3BECTHOTO €MY MOJIb30Ba-
tesist. B corydae mporanust respond BepHET 00€3/IMYeHHOE TI0KETaHNE BCTPETUTHCST
nosske. Ecimm 1moJib3oBaTe b CIPOCHT, KTO ellle y4acTByeT B Gecesie, respond Oy YT
CIIUCOK YYACTHUKOB W BEPHET UX MMeHa (ec/id APYyTrue YIaCTHUKUA UMEIOTCS ) UITN
TOJIBKO UM JAHHOTO TTOJIb30BaTe s (eC/IM KpOMe HeTo HUKOTO HeT). Ecan B TanHbIi
MOMEHT B self.participants He 3a)MKCHMPOBAHO HKM OAHOIO YYaCTHUKA, 4aT-00T
BBIDA3NUT HeTEpIEeHNE:!
def respond(self, sents, confidence, **kwargs):

BoiBOAUT npunBeTcTBuMe uUnn npouaHuve, B 3aBUCUMOCTU OT CUTyauuu.

if confidence ==
return None

name = self.participants.get(kwargs.get('user', None), None)
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name_changed = kwargs.get('name_changed', False)
request_introduction = kwargs.get('request_introduction', False)

if 'greeting' in sents or 'introduction' in sents:
if request_introduction:
return "Hello, what is your name?"
else:
return "Hello, {}!".format(name)

if 'goodbye' in sents:
return "Talk to you later!"

if 'rollcall' in sents:
people = list(self.participants.values())

if len(people) > 1:
roster = ", ".join(people[:-1])
roster + = " and {}.".format(people[-1])

return "Currently in the conversation are " + roster

elif len(people) == 1:

return "It's just you and me right now, {}.".format(name)
else:

return "So lonely in here by myself ... wait who is that?"

raise Exception(
"expected response to be returned, but could not find rule"

)

O6paTI/ITe BHHUMaHMe, 4TO B 000MX METO/AX, interpret M respond, MBI HCIIOJIb3Y-
eM IIPOCTYIO JIOTUKY BEeTBJIEHUS /il 0OpabOTKU pasHbIX TUIOB BBoga. ITo Mepe
YBeJIUUEHHs KJIacca MOKET ObITh I10JIE3HO Pa3OUTh 9T METO/Ibl Ha DoJiee MeIKue
COCTaBJIAIONINE, TAKME KaK interpret_goodbye 1 respond_goodbye, 4TOOBI IIPOBECTH
JIOTMYECKUE MPAHULIbl ¥ IIPEAOTBPATUTD IOsIBIeHNe omunboK. JaBaiite moskciepu-
MEHTUPYEM C KJIACCOM Greeting, liepe/laB eMy Pa3HbIi BXOIHOU TEKCT:

if _name__ == '__main__":
dialog = Greeting()
# ~listen” Bo3BpawaeT kopTexu (reply, confidence) u Mbl MpocTO BbLIBOAUM
oTBETHI
print(dialog.listen("Hello!", user = "jakevp321")[0Q])
print(dialog.listen("my name is Jake", user = "jakevp321")[0@])
print(dialog.listen("Roll call!", user = "jakevp321")[0])
print(dialog.listen("Have to go, goodbye!", user = "jakevp321")[0])

Bot kakue pe3ysbTaThl y HAC MOJTYYUINUCD:

Hello, what is your name?
Hello, Jake!
It's just you and me right now, Jake.
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BaxkHo oTMeTHTD, UTO Hallla cCUCTeMA MOJTYYUIIACh YePecuyp KeCTKON 1 6bICTp0 J10-
Maetcs. /s mpuMepa MOCMOTPUM, YTO TIOJIYIUTCS, €CJIN OITyCTUTh aPTyMEHT user
B O/THOM 13 BbI3OBOB M€TO/Ia Greeting.listen:

if __name__ == '__main__":
dialog = Greeting()
print(dialog.listen("hey", user = "jillmonger")[0])
print(dialog.listen("my name is Jill.", user = "jillmonger")[0])
print(dialog.listen("who's here?")[0])

Ha artor pa3 yar-60T pacriosHas npuBeTcTBHE Toab30BaTe s Jill, mompocur mpes-
CTaBUTHCS U TIOTTPUBETCTBOBAJ HOBOTO yuacTHHKAa. Ho B TpeTheM BbI30Be listen
4aT-00T He MOJIyYHJl apryMeHTa user ¢ IMEHEM I10JIb30BaTelisl ¥ He CMOT Ha3BaTh
€ro 10 UMEHU B OTBET HA IEPEKINIKY:

Hello, what is your name?
Hello, Jill!
It's just you and me right now, None.

CucreMbl Ha OCHOBE TIPABUJI IEMCTBUTEILHO CKIIOHHBI JIETKO JToMaThes. [Ipuem pas-
paboOTKH Yepes TeCTUPOBaHKe, 0 KOTOPOM PacCKas3bIBAETCS B CJIEAYIONIEM pasjielie,
MOJKET [IOMOYb HaM IIPEABUIETH U YIIPEAUTh IIPOOIEMBI, KOTOPbIE MOTYT BOSHUKHY Th
Ha TTPaKTUKE.

O6paboTka owmnboK Npm obweHnn

Crporoe TecTHPOBAHUE TIOMOTAET MIPELYCMOTPETh CIIOCOOBI YCTPAHEHUST ONTHOOK,
KOTOPbIE MOI'YyT BOSHUKHYTh Ha 3Tallax IapCuHra 1 Co3/laHus oTBeTa. B aToM paszesie
MbI UCTIONb3yeM Oubmoreky Py Test U ¢ ee OMOIIBIO TIPOTECTUPYEM OTPaHUYEHUST
KJlacca Greeting, MO9KCIEPUMEHTUPOBAB C KPAEBBIMU CIAy4YasgMU, U TOCMOTPUM,
KaKKe CUTyalluy MPUBOAST K HAPYIIEHUsSIM B OOTIECHU U,

Peaszanuio yat-60Ta Mbl MOTJIH OBl HAYATh C OTIPE/IeJIEHUsI KOMILIIEKTA TECTOB JJIsT
6a30BoTO KJ1acca Dialog. Huske mokasama o01iast CTpyKTypa Kiiacca TestBaseClasses,
TEeCTUPYIOLIEro MOKIACCHL, KOTOPbIE HACJAEAYIOT KIacc Dialog 1 €ro MeTo/ listen.

Harmi niepBbiii TecT test_dialog_abc UCIIOIB3YET IEKOPATOP pytest.mark.parametrize,
MO3BOJISIONIU MTOCTATh B TECT MHOTO Pa3HBIX MPUMEPOB ¢ MUHUMAJIbHBIMU YCHU-
JISIMU:

import pytest

class TestBaseClasses(object):
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TecTupyeTt knacc Dialog

@pytest.mark.parametrize("text", [
"Gobbledeguk", "Gibberish", "Wingdings"

i)

def test_dialog_abc(self, text):

TecTupyeT abcTpakTHbii 6a3oBbii knacc Dialog u meTop listen
class SampleDialog(Dialog):
def parse(self, text):
return []

def interpret(self, sents):
return sents, 0.0, {}

def respond(self, sents, confidence):
return None

sample = SampleDialog()

reply, confidence = sample.listen(text)
assert confidence ==

assert reply is None

Terepb MOKHO peann30BaTh HECKOJBKO TECTOB JIJId HAIIETO KJjacca Greeting. Ilep-
BBIIi TECT, test_greeting_intro, UCIIOJIb3YeT JIEKOPATOP parametrize JJIs1 IPOBEPKU
pasHbIX KOMOMHALMI BXOAHBIX CTPOK ¥ UMEH [10JIb30BaTEIeH, YTOOBI y66[[I/ITI)C§I, qTO
KﬂaCC6ﬂaFOHOHyHHOBO3Bpan€T1IBKaquTBeOHeHKHZKXHOBepHOCTHIHﬂBpHpe-
TaHHH;qTorespondreHeppreT(»KHﬂaeMbﬁiOTBeTI{an-6OTJIpOCMIWIOHBBOBaTeﬂﬂ
MIpeCTaBUTHC:

class TestGreetingDialog(object):
MpoBepaeT nNpaBWIbHOCTb WHTepnpeTauun BXOAHOrO TeKCTa M COo3[aHuA
oXmMaaemoro oTeBeTa kjlaccom Greeting

@pytest.mark.parametrize("text", ["Hello!", "hello", 'hey', 'hi'])
@pytest.mark.parametrize("user", [None, "jay"], ids = ["w/ user",
"w/o user"])
def test_greeting_intro(self, user, text):
MpoBepseT BbIBOA C NPOCbbON MPeACcTaBUTLCA B OTBET Ha HadvasbHoe
npuBeTCTBMUE
g = Greeting()
reply, confidence = g.listen(text, user = user)
assert confidence == 1.0
assert reply is not None
assert reply == "Hello, what is your name?"
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Ecan JIIO63.9[ 13 IPOBEPOK IMOTEPIUT HEYAUy, 9TO HOCHYKUT CUTHAJIOM, YTO MbI
JIOJKHBI TIepe/iesiaTh KJaacce Greeting, 4ToObI OH MOT 00pabaThiBaTh H0JIee IMUPOKHIT
Aaa3oH BO3MOKHBIX BAPUAHTOB BBO/IA.

Takske MbI JOJIKHBI OIIPEAEIUTD KIace test_initial_intro, 4TOOBI IPOBEPUTD, UTO
CITYYMTCS, €CJI TI0JIb30BaTeb IIPEICTaBUTCS /10 TOTO, Kak BBeIeT puBeTcTBHe. [1o-
CKOJIbKY MBI 3apaHee 3HaeM, 4TO 9TO MPUBEET K ONTHOKE, CIIOIb3YEM JIEKOPaTOp
pytest.mark.xfail 1 MPOBEPKU CIy4YaeB, KOTOPbIE BEPOATHEE BCETO IMIPUBEAYT
K OmMOKe; 9TO TIOMOKET HAM 3AIIOMHUTD KPAeBble CIIydau st uX 00paboTku B Oy-
NYIINX BEPCUIX:

@pytest.mark.xfail(reason = "a case that must be handled")
@pytest.mark.parametrize("text", ["My name is Jake", "Hello, I'm Jake."])
@pytest.mark.parametrize("user"”, [None, "jkm"], ids = ["w/ user",

"w/o user"])
def test_initial intro(self, user, text):

MpoBepseT 0b6paboTky npeacTaBieHUa 6e3 npeABapUTENbHOrO MPUBETCTBUA

g = Greeting()
reply, confidence = g.listen(text, user = user)

assert confidence == 1.0
assert reply is not None
assert reply == "Hello, Jake!"

if user is None:
user = 'jake'

assert user in g.participants
assert g.participants[user] == 'Jake’

CucreMbl, OCHOBaHHbIE HA TIPABUJIAX, BCE €Ile OCTAIOTCS BechMa 3(PHEeKTUBHBIM
METO/IOM YIIPaBJIEHUsI COCTOSTHUEM B PaMKaX J[HAJIOra, 0COOEHHO KOT/Ia CO3/[ai0T-
Cs1 ¢ IPUMEHEHUEM METOIUKU Pa3pabOTKU Yepe3 TeCTUPOBAHUE U CHAOKAIOTCS
TeCTaMH, TPOBEPSIONIMMHU HAJEKHOCTh 06pabOTKM KpaeBhiX ciaydaeB. [[pumere-
HUe IPOCTON KOMOMHAIMN JIOTUKU W PETYJISPHbIX BbIPAKEHUI JJIsT yIIPaBIeHUs
nuanoroMm (kak B ELIZA, PARRY u B Hatrem KJiacce Greeting) MOYKET OKa3aTbCs
Ha yauBJiieHne 3 heKTuBHbIM mpuemMoM. O/HAKO COBPEMEHHbIE IUATOTOBBIE
AreHThI PEJIKO TOJATalOTCs TOJMBKO HAa 9BPUCTUKU. [IpUumHbI 3TOTO BBHI ITOIIMETE
B CJIeAyIOIIel 9YacTy 9TOU TJIaBhl, T7Ie MbI HAUHEM WHTETPUPOBATh JIMHTBUCTHAYE-
CKUe TTPU3HAKH.
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3aHMMaTesIbHble BONPOChI

Yar-60ThI 4ACTO TIPUMEHSTIOTCS J1JIs1 OBICTPOTO MOIYYEHHUS OTBETOB Ha IIPAKTHYECKUEe
BOIPOCHI, Takue Kak: «Kakosa nporsskennocts pekn Hun?»> B unrtepnere cyime-
CTBYeT MHOKeCTBO 0Oa3 3HaHwMii, Taknx kak DBPedia, Yago2 u Google Knowledge
Graph; Takske ecTb 60JIbIIOE KOJTUYECTBO MEKUX 023 3HAHUHN /1715 KOHKPETHBIX [PH-
JIOJKEHHH, TAKUX KaK OTBETHI HA 4aCTO 3a/[aBaeMble BOIIPOCHL. Bee a1 MHCTpyMeHThI
TIO3BOJIAIOT NOJTYYUTb OTBET HAa HOCTaB.HeHHbIﬁ BOIIPOC, M Hallla 3a/ila4a COCTOUT B TOM,
4TOGBI IPE0OpPa3oBaTh BOIMPOC HA ECTECTBEHHOM SI3bIKE B 3aIIPOC K Oaze TaHHBIX.
Camblii IpocTOii croco6 peansaluu COCTOUT B CTATHUCTUYECKOM COIOCTABIEHUN
BOIIPOCOB C OTBETAMU, OJIHAKO B (OJIeE HAJIEKHBIX PEIIEHUsIX 0OBIYHO UCTIOIb3YeTCsT
1 CTaTUCTUYECKad, 1 CeEMaHTHUYEeCKaAd I/IH(l)OpMaHI/IH; Halrpumep, ¢ IpuMeHeHneM
(bpeiiMoBOro 1MoAX0/1a K CO3AaHMIO MabJ0HOB A1 nepefadn B 3anmpocax SPARQL
WM METOZIOB KJIaccuduKau A1s naeHTrudukanuy Tuna TpedyeMoro orsera (Ha-
[pUMEp, MECTOIONOKEHNE, OOBEM 1 T. I1.).

OiHAKO B IMAJIOTOBBIX CHCTEMaX BO3HUKAET €llle O[Ha IpobieMa — UaeHTHHOUKAIS
BOITPOCOB U OTIPe/iesieH e UX THTIOB. IIepBbIM /1eJI0M cJleyeT MOHSTh, KaK BBITJIAIUT
BOITPOC; MbI MOTJIH ObI HCIIOJIb30BATh PETYJISIPHOE BIPAKEHHE [IJIsI TIOMCKA TTPE/II0-
JKEHU, HAUMHATIOIUXCS C BOITPOCUTENBHBIX cJI0B («KT0», «UTO», «[1E>, «[louemy»,
«Kormas, «Kak») 1 3aBepIiaiommxcs BOMPOCUTETBHBIM 3HAKOM.

OzHaKo 9TOT MOJXOJ HABEPHSIKA MPUBEAET K OMMMOKaM, TaK KaK He PAaCIO3HAET
BOITPOCHI, HAYMHAIOIUECS C IPYTUX cJIOB (Hanmpumep, «Bbl ymeere roToBUTH?»,
«¥Y Bac ecTh YeCHOK?» ), U TPEJJIOKEHMs], «00epPThIBAOIINE> BOIPOCHI (HAIIpUMep,
«IIpncoemmanTecs k Ham?» ). Kpome TOT0, 3TOT 1OIX0/T MOKET TPUBOIUTD K JIOKHON
UIeHTU(UKAITNY TTPEIOKEHN A, HAUMHAIONTUXCS C BOIMPOCUTEJBHBIX CJIOB (Ha-
npumep, «Korza B Pume...»), Wiin puTOPUYECKUX BOIIPOCOB, He TPEOYIONIX OTBETA
(mampumep, <A Cyapu KTO?» ).

HecMoTpst Ha TO 9TO BOTIPOCHI YACTO 33AI0TCST HEOOBIUHBIM, HETIPEICKA3YEMbIM
¢c110co60M, BCe JKe MOKHO BBIIETTNTD HEKOTOPbIE NX 3aKOHOMepHOCTH. [Ipesioskerust
KOJMPYIOT TJyOOKO BIIOKEHHBIE CTPYKTYPBI M CBSI3U, KOTOPbIE BHIXOST JIAJIEKO 32
pPaMKHM IIPOCTOTO COTTOCTaBIeHN. /{1 BBIABIEHNS 3TUX 3aKOHOMEpPHOCTEN HaM HY-
JKEeH CMHTaKCUYECKUI aHATIN3 HEKOTOPOTO BU/IA WJIN, UHBIMU CJIOBAMU, MEXaHU3M,
UCITIOJIB3YIONIHMI KOHTEKCTHO-CBOOO/IHbIE TPAMMATUKHY [IJIsI OTIPe/IeJIeHUs] CHHTAK-
CUYECKON CTPYKTYPBI TEKCTA.

B pasneine «V3Bieuenne KitoueBbIX (hpas3» ryiaBbl 7 Mbl BUJIEIH, 9YTO B OHMOIMOTEKE
NLTK ectb 60J1bI110€ KOJUYECTBO APCEPOB, UCIIOJIB3YOMINX TPAMMATHKN B CBOEI
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pabore, HO Bce OHU TPEOYIOT, 4TOOBI MbI TIPEIOCTABUIIM TPAMMATHKY, OTIPE/IEIsi-
IOTIYIO TIPaBUJia KOHCTPYUpoBaHust hpas3 Wiin CIOBOCOYETAHUN U3 YacTell peun,
YTO MUBJIMIIHE OTPAHIYUT IMOKOCTH Hatlero 4yar-60ta. B cieaytomumx pasaenax Mbl
HO/ION/IEM C JIPYTON CTOPOHBI M PACCMOTPUM OoJiee THOKWE abTePHATUBBI: AHAIU3
3a6UCUMOCTIEL NI COCTNABISIOUIUX.

AHanus 3aBUCMMOCTEN

[Tapcepst 3aBUCUMOCTEN — 9TO JIETKOBECHBI MEXaHU3M U3BJICUeHUST CHHTaKCHUYe-
CKOI CTPYKTYPbI TIPEJIOKEHUSI ITyTeM CBSI3bIBaHUS (hpa3 KOHKPETHBIMU OTHOIIIE-
HusgMu. C 9ToH 1eThI0 OHU CHAYasIa ONPEIeIIIOT TIaBHOE CIOBO B (hpase, a 3aTeM
BBISIBJISIOT CBSI3U C 3aBUCUMBIMU CIOBaMU. Pe3yIbTaToM IBJISETCS CTPYKTYpa 1epe-
KPBIBAIOIINXCS /IYT, ONIPE/EISAIONINX CMBICTIOBbIE TIOJICTPYKTYPBI B ITPE/IJIOKEHNN.

B otnuune ot 6mbnmotekn NLTK, mcronb3yolleir Habop TeroB Penn Treebank,
C KOTOPbIM Mbl BMEpBble NO3HAaKOMUWCh B pa3aene «MapKMpoBKa YacTsMK peymn»
rnaebl 3, SpaCy ucnonb3yet Habop Teros Universal PoS (Hanpumep, «ADJ» — ans
0603HaueHust npunaratenbHbix (adjective), «<ADV» — ansa Hapeuuii (adverb),
«PROPN>» — anst UMeH cobcTBeHHbIX (proper noun), «<PRON» — ans MECTOMMEHWI
(pronoun), n T. 4.). Teru Universal PoS onpeaeneHbl IMHrBUCTaMu (He NporpaMmMu-
CTaMu, Kak B cJlydae ¢ HabopoM Penn Treebank), a 3T0 3HaUUT, YTO AaHHbLIN HABOP
6orave, XOTsl B HEM He I0MyCKaEeTCsl, HanpyMep, UCMOJb30BaHME TaKUX KOHCTPYKLWIA,
KaK tag.startswith("N") ans onpegeneHns cyLecTBuTebHbIX (noun).

Pacemorpum ipeioskene «How many teaspoons are in a tablespoon?s» (Ckouibko
YaiTHBIX JIOKEK COAEPIKUTCS B CTOJI0BOM Joskke?). Ha puc. 10.3 usobpaken pesysisrat
aHaJIM3a 3aBUCUMOCTe ¢ uctosb3oBanneM MoayJist DisplaCy us 6ubamorexu SpaCy
(mosiBuBterocs B Bepcun 2.0). [lepes aTum mapcepomM CTOUT 11eJ1b TOKA3aTh, KAK CJI0BA
B IIPEJITOKEHIH CBSI3aHbI MKy COOOI U KaK OHU BJIHSIIOT YT Ha apyra. Harmpumep,
SICHO BUTHO, YTO OCHOBO 3TO (bpasbl aBisgercd riaron (VERB) «are» (COIepPKUTCS),
KOTOPBIN 00beiMHsAeT HapedyHyio rpyiiny (ADV,ADI,NOUN) «How many teaspoons»
(CxoJIbKO YaitHbBIX JIOJKEK ) C MPEII0KHOI (ADP,DET,NOUN) «in a tablespoon» (B cTos0-
BOI1 JIOJKKE ) Yepe3 3aBUCUMOCTD FOJIOBHOTO CYTIECTBUTETIBHOTO «teaspoonsy (YailHbIX
JIOJKEK) ¥ 3aBUCUMOCTb TIPEJIora «in» (ADP 0003HAYaEeT TPEIJIOTH ).

How many leaspoons are lablespoon?

ADV ADJ NOUN VERB ADP DET NOUN

Puc. 10.3. [lepeBo 3aBUCUMOCTEN, MOCTPOEHHOE C NMOMOLLbI0 6ubnnotekn SpaCy
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Yto6bl BOCCO3/IaTh pe3yJibTaThl, n3o0pakeHHble Ha puc. 10.3, cHavama 3arpy3um
[peBapUTESbHO OOYUEHHYIO MOJIENb TTAPCHHTA JIJIST aHTJIMHCKOTO sI3bIKa. 3aTeM
ompenenuM (GyHKITNIO plot_displacy_tree JJI MapCUHTA BXOASANIUX TTPEITOKEHITH
¢ prMeHeHreM 00yYeHHON MOJIE/IN 1 BHIBEIEM PE3YJIbTaThl aHAJIM3a 3aBUCUMOCTE
¢ MOMOIIIBIO MeTo/a displacy. serve. Ecim BbinoiHuTh 9T0T Kot B Jupyter Notebook,
ararpaMma TOsSIBUTCS Ha CTPaHuIle OJOKHOTA; €CJIM BBIIIOJHUTH €ro B KOMaHIHOI
CTPOKE, IMArPaMMy MOKHO Oy/IET YBHUIETH C TOMOIIBIO Opay3epa, OTKPBIB CTPAHUILY
http://localhost:5000/:

import spacy
from spacy import displacy

# lMpepBapuTenbHO HeObOXOAMMO BHIMOJIHUTBL KOMaHAay: python -m spacy download en
spacy_nlp = spacy.load("en"

def plot_displacy tree(sent):
doc = spacy_nlp(sent)
displacy.serve(doc, style = 'dep')

AHayin3 3aBUCUMOCTEN 4aCcTO UCTIOJIB3YETCs /LISl Peain3alini ObICTPOTO U ITPABUJIb-
HOTO TPAaMMaTHYECKOTO pa3dopa, a B COYETaHUN ¢ MAPKMUPOBKOW YaCTSIMU PEUYH JI€JTaeT
GOJIBIITYIO YaCTh 13 HEOOXOIMMOTO JIJIst aHa 1M3a Ha ypoBHe (hpas. OTHOIIECHUST MEK /LY
CJIOBaMU, OTIpe/iefisieMble B XOJIe aHATI3a 3aBUCUMOCTEHN, TAKKe MOTYT IIPUTOTUTHCST
B cuHTakcuueckoM ananmse. OqHako aHaau3 3aBUCUMOCTEN He aeT TOCTATOUHO
MOJTHOTO TIPEJICTABJIEHUS O CTPYKTYPE MPE/ITTOKEHUIA, ¥ TIO9TOMY He BCer/la OKa3bIBa-
€TCs1 I0CTATOUHBIM. Jlajiee MbI OKasKeM, Kak TTOJIyduTh O0JIee MOJHOE IPEBOBUIHOE
MpeJICTaBJICHIE C UCIIOIb30BAHUEM aHAIN3A COCTABJISIONIUX.

AHanNun3 cCoCcTaBNAOLWMNX

AHanu3 cocTaBJSIONMUX — 3TO 0/lHA U3 (hOPM CUHTAKCUYECKOTO aHAJIN3a, 11eJTh
KOTOPOTO COCTOUT B TOM, YTOObI Pa3OUTh TPeIoKeHIe Ha (hpasoBbie CTPYKTYPBI,
o100HbBIE TE€M, YTO MBI PHCOBAJIH, KOT/Ia YUUINCH B MIKOJIE. Pe3yibraToM 9TOro
aHaJTM3a ABJSETCS APEBOBU/HAS CTPYKTYPA, OTPAKAIONIAs CIOKHBIE B3AMMOCBA3H
Mesky iofibpazamut. AHAIN3 COCTABJISIONINX JA€T BO3MOXKHOCTD IIPUMEHUTD aJITO-
PUTMBI 06X0/1a IEPEBHEB U OOCUUTATH TEKCT, HO N3-32 MHOTOOOPA3HSsT €CTECTBEHHOTO
SI3bIKA JIEPEBO TIPEJIIOKEHMSI OOBIYHO MOKHO TOCTPOUTH HECKOJIBKMMU CIIOCOOaMU.

B pesynbrate ananusa namero nmpumepa Bornpoca «How many teaspoons in a
tablespoon?» noJstygaercst ctpykTypa, n3obpaskentas Ha puc. 10.4. 31ech Mbl BUIUM
ropasio 6oJiee CJIOKHYIO CTPYKTYPY Toadpa3 u 6oJiee HEMOCPEICTBEHHbBIE, HEMap-
KUPOBAHHBIE CBSI3U MEXKY Y3JaMU B IePEBe.
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ROOT
|
SBARQ
T
WHNP sSQ .
/\ \
WHADJP NNS VBP PP ?
N | \ N
WRB W teaspoons are IN NP
\ \ N
How many n DT NN

a tablespoon

Puc. 10.4. [lepeBo COCTaBNSIOWMX, NOyYEHHOE C NOMOLLbIO naketa Stanford CoreNLP

JlepeBbst aHAJII3a COCTABJISIIONINX 00Pa30BaHbl N3 KOHEYHBIX JINCTOBBIX Y3JI0B, TETOB
JacTeil pedn U caMux cJioB. HeTepMUHAIbHbBIE Y3JIbI TIPENCTABISAIOT (hpasbl, 00b-
eIMHSIONINE Ter'W YacTell peun B CBsI3aHHbIE TPYIIILL. B Halem Bompoce KOpHEBOM
siBJisteTcst (ppaza SBARQ, TO €CTh MPEJIJIOKEHUE UIEHTUMUITUPYETCS KaK MPSIMOI BO-
MIPOC M3-32 BBOJHOTO BOIPOCUTEIBHOTO CJI0BA. DTO MPEIJIOKEHNE COCTOUT U3 WHNP
(MMEHHOTO CJIOBOCOYETAHUS C BOTIPOCUTEIBHBIM CJIOBOM) 1 SQ, OCHOBHOTO TTPEJIJIO-
JKeHUS SBARQ, KOTOPOE CaMo ABJISETCA TIaT0JbHBIM cJI0BOcOUeTanneM. Kak BugnTe,
B 9TOM pa300pe MPUCYTCTBYET MHOKECTBO MEJIKUX JIETa/el, KOTOPBIE OTHMCHIBAIOT
CUHTAKCUYECKUE COCTABIISIONIIE BOTIpocal

Teru WRB, WP 11 WDT CITOCOGHBI TIOMOYb CHCTEME «BOTIPOC-OTBET» UACHTU(DHUIINPOBATH
CJIOBA, MIPEJICTABJISTIONINE OCOOBII MHTEPEC B HAIIEM KOHKPETHOM KOHTEKCTE, ¥ BbI-
JIEJTUTH BOIIPOCHI OTHOCUTEJIBHO TIEPEBO/IA MEK/LY eIMHUIIAMU U3MEPEHNUsT; WRB — 9TO
BOIIPOCHUTENIbHOE Hapeune (HarmpuMmep, BOIIPOCUTEIBHOE CI0BO, HCTIONb3YeMOe KAk
mMomubukrarop cioBa, kak B Boripoce « When are you leaving?» (Korza BoI yesskae-
Te?)); WP — 9TO BOIPOCUTEIbHOE MecTonMeHne (Kak B Borrpoce « Who won the bet?»
(Kro Beiurpan?)); u WDT — BOIPOCUTENBHBIIT ontpeesiTesib (kak B Borpoce « Which
Springfield?» (Kakoii Cupunrduin?)).

[Taker Stanford CoreNLP — 5To 1mOJHBII KOMILUIEKT HHCTPYMEHTOB 06paboTKH
€CTECTBEHHOTO SA3bIKA, HaMCaHHbIN Ha Java. OH BKJIIOYAaeT CPEACTBA A1 MapKu-
pOBKI/I qacTaMU pqu/I, CUHTAaKCUY€CKOTIO aHaJ/In3a, paCllO3HaBaHWA MMEHOBAaHHBIX
CYIIHOCTEN, aHa/In3a SMOIMOHAIBHON OKPACKM M MHOTOTO JIPYTOTO.
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YCTAHOBKA 3ABUCUMOCTEW A/151 NAKETA STANFORD CORENLP

Jliist paboThI TEKyIIIast Bepcust aketa TpebyeT Halnuust Ha KoMITbIoTepe Java 8
(JDK1.8) s 6oJiee TO3/1Hel BEPCHUTL

3arpysure u usByiexnte uHcTpymerTsl Stanford NLP:

wget http://nlp.stanford.edu/software/stanford-ner-2015-04-20.zip
wget http://nlp.stanford.edu/software/stanford-parser-full-2015-04-20.zip
wget http://nlp.stanford.edu/software/stanford-postagger-full-2015-04-20.zip

unzip stanford-ner-2015-04-20.zip
unzip stanford-parser-full-2015-04-20.zip
unzip stanford-postagger-full-2015-04-20.zip

3arteM g06aBbTE TyTH K paclakoBaHHBIM (haiijiaM .jar B mepeMeHHbIe OKPY-
skenust. s 9Toro oTkpoiite B pegakTope daiisn .bash_profile u pobaBbre
B HETO CJIe/IyTOINE CTPOKH:

export STANFORDTOOLSDIR = $HOME

export CLASSPATH = $STANFORDTOOLSDIR/stanford-postagger-full-2015-04-20/
stanford-postagger.jar:$STANFORDTOOLSDIR/stanford-ner-2015-04-20/
stanford-ner.jar:$STANFORDTOOLSDIR/stanford-parser-full-2015-04-20/
stanford-parser.jar:$STANFORDTOOLSDIR/stanford-parser-full-2015-04-20/
stanford-parser-3.5.2-models.jar

export STANFORD_MODELS = $STANFORDTOOLSDIR/stanford-postagger-full-2015-04-20/
models:$STANFORDTOOLSDIR/stanford-ner-2015-04-20/classifiers

B nemasrem o6HoBeHnn Oubanorek NLTK mosiBuicst HoBbIii MOLyJIb nltk. parse.
stanford, KOTOPBIN MO3BOJISIET UCITOJIH30BATH Mapcepbl 13 makera Stanford BayTpu
NLTK (1ipu ycI0BUH, YTO BBl YCTaHOBIIN Bce HeoOXoAuMBbIe (haiiibl Jjar 1 ompee-
JILJIA ITYTU K HUM B IIePEMEHHBIX OKPY>KEeHMUS ), HallpuMep:

from nltk.parse.stanford import StanfordParser

stanford_parser = StanfordParser(
model_path = "edu/stanford/nlp/models/lexparser/englishPCFG.ser.gz"

)
def print_stanford_tree(sent):

Wcnonb3yeT npefBapuTenbHo obyyeHHyw Mogenb u3 nakeTa Stanford ans
W3BNeYeHus LepeBa 3aBUCUMOCTEN C LUesbl AajibHeWlero ero UCrnosib30BaHUA
APYTMMU METOAAMM .

Bo3BpawaeT CNucok fepeBbeB

parse = stanford_parser.raw_parse(sent)
return list(parse)

HapucoBaTh IepeBO COCTABISIONINX, OJTyYeHHOe ¢ puMeHenneM Stanford u uso-
Opaskentoe Ha puc. 10.4, MOKHO ¢ TOMOIIBIO nltk.tree. ITO MO3BOJIUT HAM BU3Y-
AJIbHO UCCJIEIOBATh CTPYKTYPY BOIIPOCA:
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def plot_stanford_tree(sent):

MpeacTaBndeT fepeBo 3aBucumocTel Stanford B Buae un306paxeHus

parse = stanford_parser.raw_parse(sent)
tree = list(parse)
tree[0@].draw()

Vcenenyst BusyanbHOe 0TOOpaKeHKEe Pe3yJIbTaTOB CHHTAaKCHYECKOTO aHaJIu3a, 10~
JIy4eHHbIX ¢ TToMOIIbI0 StanfordNLP, MokHO 3aMeTHTb, 4TO GoJiee IInHHbIE hpasbl
uMeroT GoJiee CJI0KHYI0 CTPYKTYPY. AHAJIM3 COCTABJISIONIUX JIaeT MHOTO WHMOpPMa-
II1H, KOTOPasi MOJKET OKa3aThCsl U3OBITOYHOI TSI HEKOTOPBIX Mpuitoskeruit. O6a
BHUJ/Ia aHAJIN3a — 3aBUCHMOCTEH U COCTABJSIONIMX — CTPAJAIOT OT CTPYKTYPHOI
HEOAHO3HAYHOCTH, B TOM CMbICJIE, YTO OHH TaK/Ke MOTYT OIIPE/Ie/IsATh BEPOSTHOCTD
[PaBUJIBLHOCTH (hpasbl, KOTOPYIO MOKHO MCIOJIb30BATh /IS BHIYMCICHUS OIEHKU
noctoBeprocTH. OHAKO YPOBEHbD JeTaIM3AIMN CHHTAKCUCA JleJIaeT aHaJIu3 CO-
CTABJISIOIUX OTJIMYHBIM KaHAMAATOM JJIl IIPOCTON MACHTU(DUKALUN BOIIPOCOB
U iprMeHeH s (hPeMOB J1JIst U3BJICYEH NS 3alipalliBaeMoil nH(MOPMaIH, Kak OyaeT
[IOKa3aHO B CJIELYIOIIEM Pas/elie.

BbisiBsieHue Bonpoca

[Tpexsapurenbho o0yueHubie Moeau B SpaCy u CoreNLP siBJsiroTcst MOIITHBIMU
Cpe/icTBaMU aBTOMaTUYECKOTO aHaTM3a M aHHOTUPOBAHUS BXOSIITUX TIPEJIOKEHUT.
[TosrydeHHbIe aHHOTAIIMK 3aT€M MOKHO HCIIOJIb30BATD J1JIst 00X0/1a MPOaHATM3UPO-
BAHHBIX MPEJIOKEHUH 1 TIOMCKA TETOB YaCTEN PeUl, COOTBETCTBYIONTNX BOITPOCAM.

Cnayvasa mpoBepuM Ter, IPUCBOEHHBIN caMOMy BepXHeMY y3Jiy ROOT (HyJeBOM
9JIEMEHT B JiepeBe pa3dopa, Kya CXOSTCS BCe €T0 BETBI). 3aTeM IIPOBEPUM TeTH,
IIPUCBOEHHBIE BETBSIM U JINCTHSIM, YTO MOJKHO CJIeJIaTh C IIOMOIIbIO METO/Ia tree. pos
U3 MOJyJisA nltk.tree.Tree:

tree = print_stanford_tree("How many teaspoons are in a tablespoon?")
root = tree[@] # KopeHb -- nepBbliii 3nemMeHT B AepeBe pa3bopa npensokeHua
print(root)

print(root.pos())

[Tocure pazbopa MOKHO TOCMOTPETD, YEM PA3JIITIAIOTCS PA3HbIE BOIPOCHI, HCIIOJIb3YST
teru Penn Treebank, ¢ koTopbiM MbI BIiepBbIe TTO3HAKOMUJINCH B pasjese «Mapku-
POBKa YacTsIMU peun» T7aBbl 3. B Halem ciryyae Mbl BUIMM, YTO KOPHEM B HaIlleM
MPEITIOKEHNUN SBJIsIeTCsT SBARQ (IIPSIMOIA BOITPOC € BBOJIHBIM BOITPOCUTEJBHBIM CJIO-
BOM, B [dHHOM CJIy4a€ BOIIPOCUTEJIbHBIM HapeuneM WRB). Hpe[[JIO)KeHI/Ie HauynHaETCA
¢ WHNP (BOTIPOCHUTEIBHOTO MMEHHOTO CJIOBOCOYETAHN ), coziepKaiiero WHADIP (Bo-
IPOCUTEIbHOE TIPUJIaraTeJbHOe CJI0BOCOYETAHIE):
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(ROOT
(SBARQ
(WHNP (WHADJP (WRB How) (33 many)) (NNS teaspoons))
(SQ (vBP are) (PP (IN in) (NP (DT a) (NN tablespoon))))
. "))
[('"How', '"WRB'), ('many', '33"'), ('teaspoons', 'NNS'), ('are', 'VBP'),
(*in', "IN"), ('a', 'DT'), ('tablespoon', 'NN'), ('?', '.")]

OCHOBHBIM MTPEUMYTIIECTBOM TaKOTO CIIOCO6a MAEHTU(MDUKAIII BOTPOCOB SIBJISIETCS
ero ru6koctb. Harpumep, eciin u3MeHHUTH Halll BOIpoc Tak: «Sorry to trouble you,
but how many teaspoons are in a tablespoon?» (IIpoctute 3a 6eCIIOKONCTBO, HO
CKOJIBKO YaHBIX JIOKEK COJIEPKUTCS B CTOJIOBOM JIOXKKE?), Pe3yIbTaT TOJYyUNTCS
WHBIM, HO TIPH3HAKK BOTIPOCA, WHADIP 1 WRB, OCTAHYTCS HA MECTE:

(ROOT
(FRAG
(FRAG
(ADJP (33 Sorry))
(S (VP (TO to) (VP (VB trouble) (NP (PRP you))))))
G o)
(CC but)
(SBAR
(WHADIP (WRB how) (33 many))
(s
(NP (NNS teaspoons))
(VP (VBP are) (PP (IN in) (NP (DT a) (NN tablespoon))))))
(CEED)!
[('Sorry', '33"), ('to", 'TO"), ('trouble', 'VB'), ('you', 'PRP'), (',', ','),
('but', 'cC'), ('how', '"WRB'), ('many', 'JJ'), ('teaspoons', 'NNS'),
('are', 'VBP'), ('in', '"IN'), ('a', 'DT'), ('tablespoon', 'NN"'), ('?', '.")]

B ta6. 10.1 nepeyncieHbl HEKOTOPbIE TETH, KOTOPbIE MbI CYMTaeM HauboJiee 1mo-
JIE3HBIMU /I UAeHTUMDUKAITIN BOITPOCOB. [[0HBIN CTUCOK MOKHO HANTHU B KHUTE
Iun buc (Ann Bies) u ipyrux. «Bracketing Guidelines for Treebank IT Style»'.

Ta6nmua 10.1. Tern 3 Penn Treebank II ansa naeHtTudmkaumm Bonpocos

Ter 3HaueHue Mpumep
SBARQ MpsiMolt Bonpoc ¢ BBOAHbLIM Bonpo- | «How hot is the oven?» (Hackonbko ropsya
CUTENbHBLIM C/TOBOM WM CNIOBOCO- neyb?)
yeTaHuem
SBAR MpeanoxeHune ¢ nogumHuTenbHelM | «If you're in town, try the beignets». (Ecnn
COt030M (HanpuMep, KOCBEHHbIN Bbl B ropoze, nonpobyite 6eHbe.)
BOMpPOC)

!t Ann Bies, Mark Ferguson, Karen Katz, and Robert Maclntyre, Bracketing Guidelines for Treebank
1I Style: Penn Treebank Project (1995), http://bit.ly/2GQKZLm
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Ta6nuua 10.1 (okoHyaHue)

Ter 3HaueHue Mpumep
SINV MNepeBepHyTOE NOBECTBOBATENb- «Rarely have I eaten better». (Peako roe
Hoe (AeknapaTMBHOE) Npeasioxe- a2 obepan nyuywe.)
Hue

SQ MepeBepHyTHIN Bonpoc Aa/HeT unu | «Is the gumbo spicy?» (3T0T rambo

rnaBHas BonpocuTenbHas dpasa OCTpbINA?)

S MpocToe noBecTBoBaTeNnbHOE (Ae- «I like jalapenos». (MHe HpaBuTCS xanane-

KfiapaTUBHOE) NpeanoXeHue HbO.)
WHADJP | BonpocutenbHoe npunaratensHoe | CnosocouveTaHue «How hot» (Hackonbko
CnoBOCOYETaHne ropsiya) B Boripoce «How hot is the oven?»
(Hackonbko ropsiya neuyb?)
WHADVP | BonpocutenbHoe HapeyHoe cnoBo- | CnosocoveTaHue «Where do» (Mae) B Bo-
coyeTaHue npoce «Where do you keep the chicory?»
(TCae Bbl XpaHWUTE LIMKOPUIA?)
WHNP BonpocutenbHoe MMeHHOE C/I0BO- CnoocoyeTtaHne «Which bakery» (Kakas
coyeTaHue nekapHs) B sonpoce «Which bakery is
best?» (Kakasi nekapHs ny4wasa?)

WHPP BonpocutensHoe npeanoxHoe CnoBocoueTaHne «on which» (Ha koTopoit)

CNoBOCOYETaHMe B NpeasioxeHun «The roux, on which this
recipe depends, should not be skipped».
(3anpaBKy, Ha KOTOPOW OCHOBaH 3TOT pe-
LenT, HeMb3s MTHOPUPOBaTb.)

WRB BornpocutenbHoe Hapeuve CnoBo «How» (Hackonbko) B Borpoce
«How hot is the oven?» (Hackonbko ropsiya
neyb?)

WDT BonpocuTenbHblii onpeaenuTenb Cnoso «What» (Kakas) B Bonpoce «What
temperature is it?» (Kakas ceityac Temne-
patypa?)

WP$ MpuTsxaTtensHoe BonpocuTenbHoe | Cnoo «Whose» (Ybsi) B Bonpoce «Whose

MeCTOMMeHUne bowl is this?» (Ybs 310 yalLka?)
WP BornipocutenbHoe MecTonMeHne Cnoso «Who» (Kt0) B Bonpoce «Who's

hungry?» (Kto ronogeH?)

B CJIEAYIOIIEM pa3/iejie Mbl ITIOCMOTPUM, KaK C IIOMOMIbIO 9TUX TETOB MOKHO NAEH-
TI/Iq)I/IHI/IpOBaTI) BOIIPOCHI, HanboJee noaxoAdauiue 1Jisd BUPTYaJIbHOT'O KyJIMHapa.

OT CTONOBbLIX JIOXKEK K rpaMMaM

Jlasiee Mbl J0GABUM B HAIll 4aT-00T CUCTEMY «BOITPOC-OTBET, HCTIOJIB3YOILY IO TIPE/I-
BapUTEJIbHO 00YYEHHBIE MOJEIH, C KOTOPBIMU MbI TIO3HAKOMUJIMCH B TIPEBILYIIEM
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pasjiesie, 171 IOJI/IEPKAHUS IUAJIOTOB HA KyJTHHAPHYTO TEMY, KaCaIoIUXCs TIepeBo/ia
eIMHUIL U3MepeHus. B moBcemHeBHON KU3HU JIOAN 9acTO (hOPMYTUPYIOT BOIIPO-
CBI 7T TIepeBO/Ia MEXIY eTUHUIIAMI U3MePeHusd, HaunHas uxX co cioBa «How»
(Cxoabko) — Hanpumep «How many teaspoons are in a tablespoon?» (Ckosbko
JATHBIX JIOKEK COMEPIKUTCS B CTOJIOBOH Joxkke?) uin «How many cups make
aliter?» (Cxonbko crakanoB B uTpe?). st Hatei 3aauu uaeHTUOUKALI THITA
BOITPOCa MbI OY/IeM CTPEMUTHCSI HHTEPIIPETUPOBATH BOIIPOckl Bua «How many X
arein a Y?» (Cxospko X B Y7?).

Haunewm c onipeziesiennst kracca Converter, HacJIeyIOIIEro Hatl Kiacc Dialog. [1pes-
OJTAraeTCsl, YTO HK3EMILISIPBI Converter OyyT HHUITHATN3UPOBATHCS 6a301 3HAHUI
0 peoOpPa30BaHUAX eANHUIL U3MepeHuil. 1o mpoctoil daita JSON, xpaHsiuiics
B Iy T CONVERSION_PATH ¥ OTIHCBIBAIONIIIT TPe0OPa30BaHIs MEK/Y BCEMU eAMHUIA-
MU M3MepeHust. B MOMeHT MHUIMAIM3al[|iK 9TH TIpeodpasoBaHus OyIyT 3arpysKaThCst
C TIOMOTITBIO json. load. Kpome Toro, MBI MHUIIMATI3UPYEM TTapcep (B IaHHOM Cyvae
6yzer ucnoabzoBarbest CoreNLP), a takske stemmer 13 NLTK u inflect.engine us
6ubmoTekn inflect, ¢ IOMOIIBIO KOTOPBIX OyieM 00pabaThiBaTh MHOKECTBEHHOE
YHCJIO B METOJIAX parse 1 respond COOTBETCTBEHHO. MeToj1 parse Gy/IeT UCIIOIb30BaTh
meto raw_parse U3 CoreNLP, 4To0bI MOJy4YnTh A€PEBO aHAIM3a COCTABJISIONINX,
Kak ObLJIO TOKA3aHO B IIPE/IbIAYIIEM pasielie:

import os
import json
import inflect

from nltk.stem.snowball import SnowballStemmer
from nltk.parse.stanford import StanfordParser

class Converter(Dialog):

CncTema BOMPOC-OTBET AJiA Npeobpa3oBaHUA eAuHUL W3MepeHus

def __init_ (self, conversion_path = CONVERSION_PATH):
with open(conversion_path, 'r') as f:
self.metrics = json.load(f)

self.inflect = inflect.engine()
self.stemmer = SnowballStemmer('english')
self.parser = StanfordParser(model_path = STANFORD_PATH)

def parse(self, text):
parse = self.parser.raw_parse(text)
return list(parse)

[asee, B MeTo/Ie interpret MHUIIMAIU3UPYEM CIIMCOK €IUHULl U3MEPEeHUSI, 1715 KOTO-
PbIX OYLYT HOAEPKUBATHCS TIPE0OPa3OBaHMsl, HAYaIbHYIO OI[EHKY J0CTOBEPHOCTH
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YKCJIOM @ U CJIOBaph /it cOOpa pe3yJibTaToB WHTepIpeTainu. V3BiedeM KOpeHb
JlepeBa aHa/n3a IPeIJ0KeHUI U UCII0JAb3yeM MeTO/L nltk.tree.Tree.pos, 4TOODBI
OTBICKATh TETH YACTEH PEUr, COOTBETCTBYIOIINE BOMIPOCUTETHHOMY Hapeduio (WRB).
Ecimi takue Teru mpucyTCTBYIOT, YBEJIMYUM OIIEHKY 0CTOBEPHOCTH M HauHEM 00X0/1
ZiepeBa ¢ MCIT0JIb30BaHUEM METO/[a IOocKa nltk.util.breadth_first, BBIOpaB MaK-
cuMasIbHY0 T1yOnHy 8 (4TOOBI OTPaHUYNTH TIIyOUHY peKypcun). B o0bix mosyie-
PEBBSIX, COOTBETCTBYOIINX CHHTAKCHUYECKOMY MTabJIOHY BOITPOCOB THIIA «CKOJIBKO>,
OIIpeZieJINM U COXPAaHUM CYIIECTBUTE/IbHbIE €IUHCTBEHHOI'O NI MHOKECTBEHHOTO
YUCJTA, TTPEICTABIIIONINE HAYATBHYTO U KOHETHYIO eTMHUTIBI U3MepeHust. Ecom B moa-
nepeBe oOGHapysKaTcs Kakue-J1u60 Yncia, COXpaHuM UX B CJIOBape results ¢ KJIIOYOM
quantity /751 11eJIeBOU eIMHUIIBI U3MEPEHUS.

[l IpOCTOTHI UCTTONB3yeM TIPOCTOH, HO 3(PDEKTUBHBIN MEeXaHU3M BBIYUCICHUS
JIOCTOBEPHOCTH; BO3MOKHO, C YYETOM Balllero KOHTEKCTa 1iesiecoodpastee Oyaer uc-
I0JIb30BaTh GoJiee U3oIIpPeHHoe perterre. Ecim yamoch yenento uieH T uimpoBaTh
MCXOJTHYIO M KOHEUHYIO e[IMHUILY U3MEPEHUsI, CHOBA YBEJIMYMM OIIEHKY JI0CTOBEPHOCTH
confidence 1 ILO63.BI/IM 9TU €JUHUIIBL B CJIOBAphb results. Ecau equnuibl n3MepeHus
IPHUCYTCTBYIOT B Oase 3HaHwmii (To ecTh B (haiiie JSON), CHOBa yBeJMUYINM OIEHKY /10~
cToBepHOCTH confidence. Hakomerr, BepHeM KOpTesk (results, confidence, kwargs), KO-
TOPBIN METOJL respond GYIET UCIIOJIB30BATh /11t (DOPMUPOBAHKS OTBETA MOJIb30BATEIIO:

from nltk.tree import Tree
from nltk.util import breadth_first

def interpret(self, sents, **kwargs):
measures = []
confidence = 0
results = dict()

# KopeHb -- nepBblii 3neMeHT B fepeBe pa3bopa NpeanoxeHus
root = sents[0]

# lMpoBepuTb Hanu4yMe BOMPOCUTENIbHbIX Hape4uii

if "WRB" in [tag for word, tag in root.pos()]:
# Ecnm ecTb, yBenu4uTb confidence u BbIMONHMTBH 06x0A AepeBa
confidence + = .2

# OrpaHM4MTb pekypcuw nepepaver aprymeHTa maxdepth
for clause in breadth_first(root, maxdepth = 8):
# HailTu npocTble nMoBecTBOBaTesbHble npeasioxeHus (+S+)
if isinstance(clause, Tree):
if clause.label() in ["S", "SQ", "WHNP"]:
for token,tag in clause.pos():
# COXpaHUTb CylWeCTBUTE/IbHble Kak LesieBble eAuHWLbI
# un3MepeHua
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if tag in ["NN", "NNS"]:
measures.append(token)

# COXpaHUTb YMCNa KaK LeneBble BeNUYUHbI

elif tag in ["CD"]:
results["quantity"] = token

# ObpaboTaTb MOBTOpEHUA AN BCEX BJOXEHHbIX [LepeBbeB
measures = list(set([self.stemmer.stem(mnt) for mnt in measures]))

# Ecnm obe eauMHULpl M3MEpPEHUS 3afaHbl. . .
if len(measures) ==
confidence + = .4
results["src"] = measures[9]
results["dst"] = measures[1]

# MMpoBepuTb MUX MPUCYTCTBUE B Haweil Tabnuue noucka
if results["src"] in self.metrics.keys():

confidence + = .2
if results["dst"] in self.metrics[results["src"]]):
confidence + = .2

return results, confidence, kwargs

Ho, npesk/ie ueM mepei T K peasnsaliiy MeTo/ia respond, 106aBUM HECKOJIBKO BCIIO-
MoraTeJIbHbIX yTU/IHT. [TepBast u3 HUX, convert, BBITIOJIHSIET Pe0OPa30BaHUE MEKLY
MCXOJIHON U 11eJIEBO eIMHUTIAMU U3MepeHus. MeTos convert MPUHIMAET CTPOKHU
C Ha3BaHWSIMU UCXOIHON (src) W 1eJieBol (dst) eIuHUI] U3MePEHN, KOJTMUECTBO
MCXOJIHBIX €JIMHUI] U3MEPEHMUsI, KOTOPOE MOKET OBbITH BENECTBEHHBIM WJIH 1EJTBIM
YHCJIOM, ¥ BO3BpAIaeT KOPTEX C eANHUITAMU U3MepPeHUs (converted, source, target):

def convert(self, src, dst, quantity = 1.0):

I'Ipeo6pa3yeT 3afaHHOe KO/NMNYeCTBO UCXOAHbIX eAuHUL, U3MepeHUA B LeneBble.

# BbINONHUTb CTEMMUHI WCXOAHOW eAWHULBl U MPUBECTU K eAUHCTBEHHOMY 4UC/Yy
src, dst = tuple(map(self.stemmer.stem, (src,dst)))

# lpoBepuTb BO3MOXHOCTb Mpeobpa3oBaHusa
if dst not in self.metrics:
raise KeyError("cannot convert to '{}' units".format(src))
if src not in self.metrics[dst]:
raise KeyError("cannot convert from {} to '{}'".format(src, dst))

return self.metrics[dst][src] * float(quantity), src, dst
Jlo6aBuM Takke METOABI round, pluralize 1 numericalize, NCIIOJIb3YIOIINE YTUIUTHI

u3 6GubIMOTEKN humanize JUis IpeoOpazoBaHust ynces B (opMy, Oosiee TIOHSATHYIO
YeJI0BEKY:
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import humanize

def round(self, num):
num = round(float(num), 4)
if num.is_integer():
return int(num)
return num

def pluralize(self, noun, num):
return self.inflect.plural_noun(noun, num)

def numericalize(self, amt):

if amt > 100.0 and amt < le6:
return humanize.intcomma(int(amt))

if amt > = le6:
return humanize.intword(int(amt))

elif isinstance(amt, int) or amt.is_integer():
return humanize.apnumber(int(amt))

else:
return humanize.fractional(amt)

Haxkomner, B MeToie respond MpOBepUM YPOBEHb JTOCTOBEPHOCTHU U, €CJIU OH JI0-
CTATOYHO BBICOK, BBIMIOJHUM (haKTHUECKOe TTPeodpasoBaHiie MEKIY eINHUIIaMI
N3MepeHus ¢ IIOMOIIBIO convert, a 3aT€M BbI30BeM round, pluralize 11 numericalize
I{TO6I:>I IIPpUBECTU OTBET B YZ[O60‘H/ITaeMbII7I BU/I:

def respond(self, sents, confidence, **kwargs):
Wcnonb3yeT 6ubnnotekn humanize u inflect, 4To06b NMpuaaTb oTBETY
6onee ynobovmMTaembii BUA.
if confidence < .5:
return "I'm sorry, I don't know that one."

try:
quantity = sents.get('quantity', 1)
amount, source, target = self.convert(**sents)

# OKpyrivTb 4ucno
amount = self.round(amount)
quantity = self.round(quantity)

# OPOpMUTbL MHOXECTBEHHOE YUCIIO

source = self.pluralize(source, quantity)
target = self.pluralize(target, amount)

verb = self.inflect.plural_verb("is", amount)

# OTdopmaTupoBaTb 4ucna
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quantity = self.numericalize(quantity)
amount = self.numericalize(amount)

return "There {} {} {} in {} {}.".format(
verb, amount, target, quantity, source

)

except KeyError as e:
return "I'm sorry I {}".format(str(e))

Tenepb MOJKHO ITO9KCIIEPUMEHTUPOBATH C METO/IOM listenu HOHpO6OBaTb rnepeaaTb
€MY HECKOJIbKO BO3MOJKHDBIX BOHpOCOB,qTO6bIHOCMOTp€Tb,HaCKOHbKO Xopomuio
HaIlll KJjiacc Converter CIIPaBUTCA C Pa3HbIMHU KOM6I/IHaHI/IHMI/I CAVMHUIL U3MEPCHUA
1 KOJIMYEeCTBEHHbIMU BeJIMYMHaAMM!

if __name__ == "__main__":
dialog = Converter()
print(dialog.listen("How many cups are in a gallon?"))
print(dialog.listen("How many gallons are in 2 cups?"))
print(dialog.listen("How many tablespoons are in a cup?"))
print(dialog.listen("How many tablespoons are in 10 cups?"))
print(dialog.listen("How many tablespoons are in a teaspoon?"))

Pesynvrater, nMmeronmue opmy KopTexkeii (reply, confidence), TTOKa3bIBAIOT, YTO
Converter CIOCOGEH YCIIEIIHO BBITIOIHSTE TIPe0OPa30BAHMUST C BBICOKOI CTETEHBIO
ZOCTOBEPHOCTH:

('There are 16 cups in one gallon.', 1.0)

('There are 32 cups in two gallons.', 1.0)

('There are 16 tablespoons in one cup.', 1.9)
('There are 160 tablespoons in 10 cups.', 1.0)
('There are 1/3 tablespoons in one teaspoon.', 1.0)

O6byueHue ansa pekoMeHaauMn

[Moaepskka MpeoOpasoBaHIil MEKILY €IMHUIIAMI H3MepeHst, 6e3yCJIOBHO, yI00HasT
(byHKIWSI, HO JlaBaiiTe peajr3yeM HedTo Oojiee YHUKATIbHOE — CHCTEMY PEKOMEH-
JIalliy perenToB. B aToM pasjiesie Mbl paccMOTPHUM Tiporiece (M306paskeHHbII Ha
puc. 10.5), mosydaroniit KOPIyc PerenToB, BHITTOTHSIONTII HOPMATU3AINIO TEKCTA,
BEKTOPH3AINIO U CBEPTKY PAa3MEPHOCTH ITPOCTPAHCTBA TPU3HAKOB, M 3aTEM MCTIOITh-
3YIOIIUI aqrOpuT™ GJIVIKANIIMX coceieil Uit BBIOopa PEKOMEH/IYEMBIX PEIIEITOB.
B nanHOM cirydae XpaHMMBIM COCTOSTHUEM HAIllero BapuaHnTa Dialog Oy/eT akTHBHAS
MOJI€JTb MAITMHHOTO 00y4YeHust, CIocoOHas BbIJIaBaTh PEKOMEHIAIINH 1 J00aBIISITh
HOBbBIE OT3BIBbI [TOJIb30BATEJIEH, TOSIBJISIONIUECS C TEUEHHEM BPEMEHH.
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Kopnyc
petienTos

Jtan c6opku

Anroputm BallTree
noucka cpeam
OnuKailLLux coceeit

TruncatedSVD

TextNormalizer »| TfidVectorizer

A 4

A 4

Bxogawme CoxpaHsioLLyuii XpaHumoe Mpennaraemie
‘ coobLLieHna npeo6pasoBatefb, [iepeBo peventbl

JTan pa3BepTbiBaHuA
Puc. 10.5. CTpyKTypHasi CxeMa pekoMeHAaTeNbHON CUCTEMbI

3Bneyenne
cnucka
VIHIpefineHToB

NPEAMETHO-OPMEHTUPOBAHHbIV KOPMYC

Jliist 00yuenHust peKOMeHATeIbHON CUCTEMbI MbI Oy /IEM KCIIOJIb30BaTh KOPILYC
C TEKCTaMU Ha KyJIMHAPHYIO TEMY, COCTOSIININ U3 cOOOIIeHuI 1 cTareii B 6J10-
rax, CoJepKaliix PerenTbl KOHKPETHBIX OJII0J, 8 TAK/KE PACCKA3DI U OIUCAHUS
aTux 61101, Takoii KopIyc MOKHO CO3/1aTh, U3BJIeKas agpeca URL us crincka
KYJIMHAPHBIX 6JI0TOB, epebdrpast Be6-caiiThl 1 MHAEKCUPYst UX cTpaHuIlbl. Hat
kopiyc cogepxut 60 000 gokymentoB HTML o6umm 06beMOM TPUMEPHO
8 T'6aiiT, XpaHsIIUXCS B IEPEBE KaTAJIOTOB C IIIOCKOH CTPYKTYPOIA:

food_corpus

'—: 2010-12-sweet-potato-chili.html
2013-09-oysters-rockefeller.html

|— 2013-07-nc-style-barbeque.html

': 2013-11-cornbread-stuffing.html
2015-04-next-level-grilled-cheese.html

MpbI Hancasm Kiacc HTMLCorpusReader, HAITOMUHAIONTU I OTHOMMEHHBIH KJ1ace
u3 pasjziesia «O6beKThI YTEHHsI KOPITYCOB» B IUIaBe 2, 100aBUJIM MeTO/ titles(),
KOTOPBIi n3Bjekaer 3aronosku HTML-crpanuil, 4T06bI UMETH BO3SMOKHOCTD
JaTh y000YNTAEMYIO CChIIKY Ha KaK/[bIil PelerT:

def titles(self, fileids = None, categories = None):

AHanusupyeT HTML u BbI6GMpaeT 3aronoBku u3 Tera head.
for doc in self.docs(fileids, categories):

soup = bs4.BeautifulSoup(doc, '1lxml")

try:
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yield soup.title.text
soup.decompose()

except AttributeError as e:
continue

YuureiBasi pasmep KOpILyca, Mbl PeaJM30Bajii BEPCUIO KJIacca Preprocessor,
[peJCTaBIEHHOTO B ryase 3, KoTopas ucrosb3yer Python-6ubanorexy
multiprocessing st mapajuieibHON 06pabOTKU KOPITyca B METO/E transform.
B riase 11 Mbl mogpoOHee 06Cy 1M IIpUMeEHEHe 9TON OUOINOTEKH U IPYTUX
c110c000B MapasuIeIbHONi 06PabOTKY.

Coceancrso

[1aBHBIIT HEZOCTATOK a/IrOpUTMa OJIMKAIIINX coceiell — CI0KHOCTD TIOUCKA C YBEJIH-
YeHreM Pa3MePHOCTH TIPOCTPAHCTBA TPU3HAKOB; YTOOBI HAITH R OJIMZKANTIINX cOCeieit
HEKOTOPOTO BEKTOPU30BAHHOTO JIOKYMEHTa d, HEOOXO[IMO BBIYMCJIMTH PACCTOSTHIE OT
d /10 KasKI0TO IPYTOTO OKYMEHTA B KOpITyce. Tak Kak B HATIIEM KOPITyCe COEPKUTCST
nopsizika 60 000 ToxkyMeHTOB, 3TO 03HAUYaeT, yTo Ham mpuzetcs BeraucanTb 60 000 pac-
CTOSTHUU 1 YY€CTh KaXK/[0e U3MePeHe B BEKTOPE JIOKyMeHTa. To eCTh JJIst IPOCTPaHCTBA
npusHakos ¢ 100 000 usMepeHuii, 4To He TaK YK HeOOBIUHO /IS TEKCTa, 9TO O3HAYAET
HeOOXOIMMOCTD BBITIOJTHEHUST 6 MUJLTHAPIOB OTEPAIii [IsT KasKI0T0 perternral

OueBuHO, HAM HYKHO HAlTH C110c00 YCKOPUTD MOUCK, YTOOBI 4aT-60T MOT OBICTPO
BO3BpamiaTh pekoMenmau. C aToil 1eIbi0 MBI, BO-TIEPBBIX, /IOJIKHBI YMEHBITUTH
PasMepPHOCTH MPOCTPAHCTBA MTPU3HAKOB. MBI yiKe Jlesialii MoK00HYI0 CBEPTKY pas-
MEPHOCTHU B KJacce TextNormalizer, KOTOPBIH MCITONBL30BAIN B TJIaBax 4 1 5, BbI-
MOJTHSS JIEMMATHU3AINIO U IPYTHE «YTIPOIeHHbIe» TTPUEeMbl OUUCTKH, 9P PeKTUBHO
CHUZKAIOIINE PA3MEPHOCTh JaHHBIX. MBI MOTJIM OBl €Ille YMEHBIINUTh PAa3MEPHOCTb
C MMOMOIIIIO KJacca FreqDist M3 TJIaBbl 7 B POJIN TIpeoOpasoBaTelist, 4T06bI 0TOOPATH
TOJIBKO JieKceMbl, coctaBJstionue 10—-50 % pacrpezenenus.

Taxske MOKHO CBsI3aTh Halll TfidfVectorizer ¢ TruncatedSvD us 6ubanorexu Scikit-
Learn, KOTOpBIiT YMEHBIIUT Pa3MEPHOCTD HAITUX BEKTOPOB /10 HECKOJTHKUX KOM-
MOHEHTOB (JIJI TEKCTOBBIX JOKYMEHTOB JKeJaTeJbHO Mepe/iaBaTh B apTyMEHTe
n_components uncyio He MeHbIe 200). MimeliTe B BUay, 94TO TruncatedSVD He TieH-
TPUPYET JIaHHbBIE TIepe/l BBIYUCTIEHNEM CHHTYJISIPHOTO passioskenust (Singular Value
Decomposition, SVD), n3-3a yero pe3ysbTaTbl MOTYT T10JY4aTbCS HETOYHBIMH,
B 3aBHCUMOCTH OT 0COOEHHOCTH paciipeieIeHUsT JaHHbIX.

Takske MOKHO UCIIOJIb30BATh MEHEe I0POTOCTOAIILYIO AIBTEPHATUBY TPaMIIHOHHOMY
MOMCKY OJMKANIIIX coceieil, HapuMep, aJlTOPUTMbI apoBbIX AepeBbeB (Ball-
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Tree), k-mepubix gepesbes (K-D trees) u xermmposanusi ¢ yaerom 6ausoctu (Local
Sensitivity Hashing, LSH). Anroputm K-D tree (sklearn.neighbors.KDTree) — 3T0
aNMpoOKCUMAIUsT OJIMIKANIIIX cocelei, BBIUNCISIONast PACCTOSHUS OT 3alaHHOTO
9K3eMILIsIPa d 10 OTPaHUUYEHHOTO TIOAMHOKECTBA 9K3eMILIAPOB B Habope. Ho MeToz
K-MepHbIX ePEeBbEB ILIOXO CIIPABJISAETCS € Pa3PeKEHHBIMU JAHHBIMU ¢ GOJIBIINM
KOJIMYECTBOM M3MEPEHUT, TOTOMY UTO UCTIOJIb3YeT 3HAYEHUS CIYYaHBIX TPU3HAKOB
LIS pas/iesieHrs JaHHbIX (KaK Bbl HABEPHSKA IOMHUTE, B BEKTOPHOM IIPEICTABIECHNN
JIOKyMeHTa OOJIBITMHCTBO MPU3HAKOB OyAyT MMETh HyJIeBble 3HaueHus1). MeToj
XEMIUPOBAHUS € ydeToM Osn30cTi ahPEeKTUBHEE CIPABIISETCS ¢ MHOTOMEPHBIMHE
JAHHBIMU, OJTHAKO TEKYIIas ero peajansalus B Scikit-Learn, sklearn.neighbors.
NearestNeighbors, Tpu3HaHa Hea(h(heKTUBHON 1 3allJlaHUPOBaHA IS yAATeHs U3
O6MOIMOTEKU.

CyLLeCTBYIOT Takxke peanvsaummn annpoKCUMUPYIOLWMX airOpUTMOB Mnowvcka 65im-
XaWlmnx coceaen B Apyrux bubnunoTtekax, Hanpumep Annoy (6ubnunoteka Ha C++,
[1s1 KOTOPOM eCcTb MoAy/b Ha Python), KOTopasi B HacTosiLiee BpeMs UCMOSb3yeT-
cs B Spotify ans AnHamMuuyeckoro Bbl6opa peKoOMeHAALMN OTHOCUTESIBHO My3bl-
KaJIbHbIX MPOV3BEAEHUIA.

B nammem yaT-60Te MbI Oy1eM Hctosib3oBaTh anroput™ Ball-Tree. [Togo6HO anropuTt-
My k-MepHbIX fepeBbeB, Ball-Tree pazbuBaet aK3eMILISIPbI JAHHBIX TAK, YTO MTOUCK
GIVKANIINX cocelell MOKHO BBIMTOJHUTH JIMIIb B OFPAHMYEHHOM MTOIMHOKECTBE
JaHHbIX (B JaHHOM CJIydyae BO BJIOKeHHbIX ruiepcdepax ). Asroputm Ball-Tree ripo-
nosskaet 9 dEKTUBHO pabOTATh € YBEIMUEHUEM Pa3sMEePHOCTH IIPOCTPAHCTBA IIOMCKA
6amkaiiux cocegeit'. Peanusamnus anropurMa B Scikit-Learn, sklearn.neighbors.
BallTree, HOJAEPKUBACT HECKOJIHKO PA3HBIX METPUK PACCTOSHUSL, KOTOPBIE MOAKHO
HCIIO0JIb30BATh U CPABHUBATH JIJIST ONTUMHU3AII KaueCTBa Pe3yJ/IETaToB.

HaxkoHel, yCKOPUTB MOMCK PEKOMEH/IYEMBIX PEIENTOB MOJKHO 3a CUET cepuasnsa-
1K 06ydeHHOTo TipeobpazoBaTesisi (4TOObI K BXOAHBIM JaHHBIM, TOJTYYaeMbIM OT
0JIb30BaTeE e, MOKHO OBLIO IPUMEHSITD Te JKe CaMble MTPeoOPa3oBaHus) U 1ePeBa,
4TOOBI YaT-60T MOT BBIIIOJIHATH 3aIlIPOCHI, He TIepecTparBasi 1ePeBO Kaxk /bl pas.

CHauaJia orpe/ieJiuM KJiace BallTreeRecommender, MHUIIMAIU3UPYEMBbIIT YUCJIOM k
JKeJIaeMOTo KOJIMYecTBa PEKOMeHAH (110 YMOIYaHUIO PaBHO 3), MyTAMU K Xpa-
HIMOMY 00y4eHHOMY mpeoOpa3oBatesio svd.pkl n 00y4eHHOMY JE€peBY tree.pkl.
Ecom Mmoziens yike oGydeHa, 3T KOMIIOHEHTBI OY/IyT CYIIeCTBOBAaTh, U METO/ load
3arpysut ux ¢ aucka. Muade onn GyayT o6ydeHbl 1 COXPAHEHBI CEPHATN3ATOPOM
joblib u3 Scikit-Learn B HameM metoje fit_transform:

! Ting Liu, Andrew W. Moore, and Alexander Gray, New Algorithms for Efficient High-Dimensional
Nonparametric Classification (2006), http://bit.ly/2GQLOio
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import pickle

from
from
from
from
from

sklearn
sklearn
sklearn
sklearn
sklearn

.externals import joblib

.pipeline import Pipeline

.neighbors import BallTree

.decomposition import TruncatedSVD
.feature_extraction.text import TfidfVectorizer

class BallTreeRecommender(BaseEstimator, TransformerMixin):

Ana 3apaHHoro Ha6opa BXOAHbIX TepMUHOB BO3BpallaeT k peKOoMeHAOBaHHbIX

peuenToB

def __in

it_ (self, k = 3, **kwargs):

self.k = k

self.trans_path = "svd.pkl"
self.tree_path = "tree.pkl"
self.transformer = False
self.tree = None
self.load()

def load

(self):

3arpyxaeT XpaHumblii npeobpasoBaTesb M AepeBO C AUCKA,

ecnun

OHU CylWecCcTBYHT.

if os.path.exists(self.trans_path):

self.transformer = joblib.load(open(self.trans_path, 'rb'))

self.tree = joblib.load(open(self.tree_path, 'rb'))

else:

self.transformer = False
self.tree = None

def save(self):

TpebyeT MHOro BpeMeHW Ha obyyeHue, MOSTOMY [AO/IKEH BbI3bIBATbCHA TOJbKO

oauH pas!
joblib.dump(self.transformer, open(self.trans_path, 'wb'))
joblib.dump(self.tree, open(self.tree_path, 'wb'))
def fit_transform(self, documents):
if self.transformer == False:

self.transformer = Pipeline([

("norm', TextNormalizer(minimum = 50, maximum = 200)),

("transform', Pipeline([
('"tfidf', TfidfVectorizer()),
('svd', TruncatedSVD(n_components = 200))
1
D

self.lexicon = self.transformer.fit_transform(documents)
self.tree = BallTree(self.lexicon)
self.save()
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ITocue O6y'-IeHI/IH Mojiesn sklearn.neighbors.BallTree MOKHO BbI3BAaTh METO/I tree.
query, YTOOBI TIOJTYYUTH PACCTOSTHUS 10 k OIMKANIIMX TOKYMEHTOB U UX WHIEKCHI.
JlobaBuM B Halll KJ1acc BallTreeRecommender METOA-00€PTKY query, HCITOJIb3Y IO
00y4eHHbIIT TpeobpasoBaTe/b Jsi BEKTOPU3AIMU U PeoOpasoBaHust BXOAHOTO
TEKCTa U BO3BPAIIAIOIINN TOJIbKO MHAEKCHI OIMKANIIIX PELIEITOB:

def query(self, terms):

JnAa BXOAHOrO CNUCKa WHrpeauMeHTOB BO3BpauaeT k 6nmxanwumx peuenToB.

vect_doc = self.transformer.named_steps['transform'].fit_
transform(terms)

dists, inds = self.tree.query(vect_doc, k = self.k)

return inds[Q]

Mpeano)xxeHne pekoMeHAaUMN 7]

[omycTuMm, 9TO MBI o6qu/IJII/I BallTreeRecommender Ha HaIlleM KOPIIyCe PEILENTOB
U coxpaHuyn apredarkTbl Moze i, Termepb Mbl MOJKEM Pean30BaTh BHIGOPKY PEKO-
MeH/IaInil B KOHTeKCTe abCTPakTHOTO 6a30BOTO Kiracca Dialog.

SKseMHJIHp HaIllero HOBOTO KJiacca RecipeRecommender 6yz[eT MHUIMATINU3UPO-
BaThCsl OOBEKTOM UTEHUST KOPITyca ¥ MOJIETIHIO C METO/IOM query, TaKOI KaK Halll
KJacc BallTreeRecommender. [[JIsI ITOJIy4eHUSI CCBIJIOK HA XpaHUMble PEIelThl 110
3aroJIoBKaM coOOIIeHUI OyieM UCII0Ib30BaTh METOJI corpus.titles(), yIIOMUHaB-
mmiics Buile Bo Bpe3ke «IIpeiMeTHO-OpreHTHPOBAHHBIN KOPITYC». Ecin ak3eMIsp
RecipeRecommender eiiie He OOy4eH, €r0 METOJ[ __init__ BBIMOJHUT HEOOXOAMMbIE
oOyuenue u mpeodbpasoBaHUeE:

class RecipeRecommender(Dialog):

[lnanor, Bo3BpalWawwWUin peKkoMeHAaLnn

def __init_ (self, recipes, recommender = BallTreeRecommender(k = 3)):
self.recipes = list(corpus.titles())
self.recommender = recommender

# 06yunTb MoAenb BblbOpa pekomMeHAauuil Ha Kopnyce
self.recommender.fit_transform(list(corpus.docs()))

Cuieyomuii MeToI, parse, pasdUBaeT BXOAHYIO CTPOKY Ha CITMCOK CJIOB ¥ BBITTOJTHSIET
MapKUPOBKY YaCTAMU PeUu:
def parse(self, text):

M3BneKaeT WHrpeaMeHTbl U3 TeKCTa

return pos_tag(wordpunct_tokenize(text))
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Hamm metoz interpret mIpuHUMAaET pe3yJIbTaT TAPCUHTA TEKCTA U OTIPEIeIsieT, SBJIs-
€TCs JI OH CITMCKOM MHTPeIMeHTOB. ECin 9T0 /1eficTBUTEIbHO CTUCOK MHTPE/TUEHTOB,
BBICKa3bIBaHNE TPAHCHPOPMUPYETCS B KOJIEKITUIO CYTECTBUTEIBHBIX 1 OTIPE/IesIsieT
OIEHKY JIOCTOBEPHOCTH KaK TIPOIEHT YKMCJIA CYIIECTBUTEIBHBIX OT 00IIEro ymcsia
CJIOB B HCXOTHOM cO00ITIeH 1. 11 CHOBa MBI KICITOJIB3Y€EM 3/1€CD YITPOTIEHHBII CITOCO0
OIIEHKU JIOCTOBEPHOCTH B IIEPBYIO OUepelb Payl MPOCTOTHI TpuMepa. Ha npakrtuke
6b110 OBI TIOJIE3HO TPOBEPUTH MEXAHU3M OIIEHKU JOCTOBEPHOCTH; HAIIPUMEP, MPE/I-
JIO’KUB 9KCIIEPTaM OI[EHUTh KA9eCTBO aHHOTHPOBAHHOTO TECTOBOTO HAOOPA, 4TOOBI
yOenThCST, 4TO HU3KUE OTIEHKHU JI0CTOBEPHOCTH JIEHCTBUTETHHO COOTHOCSITCST C OT-
BeTamu ¢ HoJiee HU3KMM KaueCTBOM:

def interpret(self, sents, **kwargs):
# Ecnm 3To obpaTHas cBA3b, O6GHOBUTb MoAesb
if 'feedback' in kwargs:
self.recommender.update(kwargs['feedback'])

n_nouns = sum(1l for pos, tag in sents if pos.startswith("N"))
confidence = n_nouns/len(sents)

terms = [tag for pos, tag in sents if pos.startswith("N")]
return terms, confidence, kwargs

Haxownerr, MmeTos respond TpUHUMAET CIUCOK CYTIECTBUTEIHHBIX, U3BJIEYECHHBIX
METOJIOM interpret, U OIIEHKY OCTOBEPHOCTH. Ecin interpret U3BJIEK OTHOCUTEb-
HO OOJIBIIIOE KOJIMYECTBO CYNIECTBUTENbHBIX, OIIEHKA TOCTOBEPHOCTH TOJIYIUTCS
JIOCTaTOYHO BBICOKOM JIJIst BBIOOPA peKOMeH IaIiil. PekoMeHIaIuy n3BIeKalTC st
BBI30BOM BHYTPEHHETO METO/Ia recommender.query, KOTOPOMY TIEPEAaeTCs CITUCOK
CYTIIEeCTBUTETHHBIX:

def respond(self, terms, confidence, **kwargs):
Bo3BpalwaeT pekomMeHaLUWW, eC/aU OLeHKa AOCTOBEpPHOCTH
confidence > ©0.15, uHayve Bo3Bpawaetca None.
if confidence < 0.15:
return None

output = [
"Here are some recipes related to {}".format(", ".join(terms))

1
output + = [
"- {}".format(self.recipes[idx])
for idx in self.recommender.query(terms)

]

return "\n".join(output)

Ternepb MOKHO IPOBEPUTD, KaK paboTaeT Halll HOBBII KJacc RecipeRecommender:
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if __name__ == '_ _main__"':
corpus = HTMLPickledCorpusReader('../food_corpus_proc')
recommender = RecipeRecommender(corpus)
question = "What can I make with brie, tomatoes, capers, and pancetta?"
print(recommender.listen(question))

Bot kakue PE3YJIbTAaThI IIOJYYUJINCH Y HaC:

('Here are some recipes related to brie, tomatoes, capers, pancetta
- My Trip to Jamaica - Cookies and Cups

- Turkey Bolognese | Well Plated by Erin

- Cranberry Brie Bites', ©.2857142857142857)

Kax pacckasbiBasioch B iiaBe 1, MoJie/i MaliMHHOTO 00y YeHUs BBIUTPBIBAIOT OT Ha-
JU4ust 00paTHOI CBsI3H, KOTOPYIO MOKHO MCIIOJIb30BATh JIJIs TOBBINIIEHUST KAueCTBa
pe3yJibratoB. B KOHTEKCTE KyJIMHAPHOTO YaT-00Ta, BO3BPAIIAIOIIETO PEKOMEH/LyeMbIe
PEIIENTHI, Y HAC €CTh MPeKpacHast BO3MOKHOCTD 100aBUTh MOAIEPKKY 0OPaTHON
CBSI3W Ha €CTECTBEHHOM sA3bIKe. Hampumep: MBI 3HaeM, 94TO TTOJIB30BATENb SBHO
3anHTEpecoBaH, ecau orsedaer coobmenreM «OK, show me the Cranberry Brie
Bites recipe» (Xopoiio, HoKaxu MHe PerenT Opu ¢ KIIOKBOI ), U, OIUPasCh Ha 9Ty
nHOOPMAINIO, MOKHO YBEJTMUUTD PAHT CBIPHOTO JIEJTUKATECA B PE3YJIBTaTaX, U3MEHUB
HOBBIIf KOMIIOHEHT BEKTOPA, CBI3aHHBIN ¢ TIPEITOUTEHUSIMU TT0JIb30BATEI.

Kaxk BapuaHT, MOKHO MHUIIUUPOBATH AMAJIOT C [I0JIb30BATEJIEM U IBHO CIIPOCUTD €T0,
4TO OH ZyMaeT O IpeAIoKeHHbIX perentax! Yar-60Thbl JaI0T YHUKAIBHYIO BO3MOK-
HOCTb HOJIyYHUTh OoJiee TToAPOOHBIE OT3bIBbI, KOTOPast OTCYTCTBYET B COBPEMEHHBIX
Mexanusmax clickstream.

B 3akroueHue

BJIaI‘OI[apH I'I/I6KI/IM A3BIKOBBIM MO/EJIAM, O6y‘-IeHHI)IM Ha IpeIMETHBIX KOPITyCax,
B COYETAHUU C Y3KOII Clielnan3anueii 4aT-00Thl O3BOJISIIOT JIFOASM HAXOAUTh WH-
(pOpMaHI/HO W TI0JIy4aTb OTBETbBI HE TOJIBKO 6I)ICTPE‘6y YEM IIPU UCITOJIb30BaAHUU IPYTUX
CPEJICTB, HO ¥ HAMHOTO TIpoiiie. [1o Mepe coBepIleHCTBOBAHNS MEXAHU3MOB aHAJIN32
U CO3/IaHMsI TEKCTOB Ha €CTECTBEHHOM sI3bIKe 001IeHIEe ¢ GOTOM MOKET B KOHEYHOM
UTOTE 0Ka3aThes O0JIee MPOLYKTUBHBIM, 4eM OOIIEHIE C YeTOBEKOM!

B aT0i1 ritaBe MBI TPeCTaBUIIN OCHOBY IS CO3IaHMUST TMATOTOBBIX aT€HTOB, B TIEHTPE
KOTOPOI HaXOAUTCs aOCTpaKTHBIN Kjiacc Dialog. OOGbEKTHI Dialog IMOMYYAiOT BBOJ
[0JIb30BATEJ IS, AHAJIM3UPYIOT U MHTEPIIPETUPYIOT €r0, OOHOBJISAIOT BHYTPEHHEE CO-
CTOSIHIE U 3aTeM BO3BPAIIAIOT OTBET, €CJIM HE0OXO0IUMO, OIIMPasiCh Ha 0OHOBJIEHHOE
cocrosune. Kiace Conversation — 9TO KOLIEKIINA 00bEKTOB Dialog, I103BOJIAIOIAA
co3/1aBaTh KOMOMHUPOBAHHBIE YaT-00ThI, B KOTOPHIX KasK bl 0ObEKT Dialog OTBEYAET
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3a UHTEPIIPETAIi0 KOHKPETHOTO BBO/IA. B 3TOil Ty1aBe MBI IPEICTABUIIN ITPOCTYIO
BepCHIo KJacca Conversation, KOTOPBIN ITepPeIacT BXOIHBIE JAHHBIE BCEM BHYTPEHHIM
JIMAJIOTaM U BO3BPAIAET OTBET C HAUBBICIIIEH OIIEHKOMN JIOCTOBEPHOCTH.

DpeitMBOPK Dialog JIa€T BOBMOKHOCTD JIEFKO CO3/[aBATh AMAIOTOBbIe KOMITOHEHTHI
1 100aBJIATD UX B IIPUIOKEHHUSL, a TAKKE PACIIUPSATH 9T KOMIIOHEHTBI €3 0COObIX
YCUJIAIA U TECTUPOBATh MX 10 OTAEJIBHOCTH. MBI HEe 3aTPOHYJIM 9Ty TEMY B IAHHOI
rjase, HO B HarieM pernosutopun GitHub ects npumepb peanusaiuu obieHust
BHYTPU MIPUJIOKEHUST KOMAHHOW CTPOKK WU BeO-mipuiioxkennst Ha octoBe Flask:
https://github.com/foxbook/atap/.

Hamn kyimHapHbIil TOMOIIHUK TETeph CIOCO0EH aHATM3UPOBATH BXOHOI TEKCT,
OIPE/IEJIATH TUITBI BOTPOCOB U TIPOU3BOMUTH MTPE0OPA3ZOBAHUST MEXK/LY €MHUIIAMI
U3MepEeHUii UM PEKOMEH/I0BATh PEIENThI B 3aBUCUMOCTH OT BOIIPOCA, 3a/laHHOTO
nosib3oBaresieM. Ha cireytonux atanax passuTis yar-60Ta MOKHO ObL10 ObI 106a-
BUTb BOBMOKHOCTD BeJleHUs1 Gece/Ibl, 00y4nB Ha KopItyce ¢ GecelaMu Ha KyJIMHAPHYTO
TEMY SI3BIKOBYIO MOJIEJIb HA OCHOBE 7-TPaMM, KaK PaCcCKa3blBAIOCh B TJIABE 7, WIN
ACCOMMATUBHYIO MOJIEeNIb, C KOTOPOI MBI TTO3HAKOMUMCS B T71aBe 12. B caenyiorett
rJIaBe Mbl UCCJIELyeM TIPHEMbl MAacIITaGUPOBAHMUSL, C TOMOIIBI0 KOTOPBIX MOKHO
cosziaBarh OoJiee IIPOU3BOUTENbHbIE TPUIOKEHNsT HA OCHOBE aHA/IN3a €CTECTBEH-
HOTO $I3bIKA, U IOCMOTPUM, KaK UX IPUMEHSTH sl yBEJUUEHUsT CKOPOCTH OT cOopa
KOpITyCa ¥ €ro TPeBaprTeIbHOI 00pabOTKH /10 TIpe0Opa3oBaHMst 1 MOIETUPOBAHMSI.



MacwTtabupoBaHue
aHaNnM3a TeKcTa

TekcTOBbBIE KOPITYCHI, KCIIOJIb3YEMbIE B TIPUIIOKEHMSIX JAHHBIX C MOIIEPIKKON aHa-
JIN3a eCTECTBEHHOTO SI3bIKa — 9TO HeCTaTHYeCKIe HaGOPhI JaHHBIX, OHK IIOCTOSTHHO
pacTyT u uaMeHsI0TCH. BosbMeM, K IPUMepY, CUCTEMY <BOIIPOC-OTBET»; ¢ Hallleil
TOYKU 3PEHMUs], 9TO IPUJIOKEHNE HE TOJbKO BO3BPAIAeT OTBEThI, HO TaKkKe coOu-
paet Borpochl. To ecThb Jake OTHOCUTENBHO CKPOMHBIN KOPITYC BOIPOCOB MOXKET
OBICTPO TPEBPATUTHCS B OOIIUPHBII pecypc uist 0OydeHUs TPUIOKEHUST TIOUCKY
6oJiee TOUHBIX OTBETOB.

K coskamenuio, MeTozibl 06pabOTKN TEKCTa OY€Hb IOPOTH, C TOUKU 3PEHHST KaK MPO-
crpaHcTBa (B TAMSATH WJIN Ha IMCKE), TaK U BpeMeHH! (ToTpebJIeH s BBIYMCTUTETbHOM
MottHOCTH). [T09TOMY € yBeJImueHneM pa3MepoB KOpITyca JIJIst €0 aHasi3a Tpedy-
ercst Bce GOJIbIIe BBIYUCIUTETBHBIX PECYPCOB. BO3MOXKHO, BBI yIKe 3aMETHJIH, KaK
MHOTO BPEMEHU TPpaTUTCs Ha 00pabOTKY KOPITYCOB B 9KCIIEPHUMEHTAX B 9TON KHUTE!
OcHoBHOe pererne mpo6JIeMbl I0POTOBU3HBI 00pabOTKH GOJIBIINX HAGOPOB JaHHBIX
3aKJI0YAETCS B YBEJIUYEHUU BBIYUCTUTEIBHBIX PecypcoB (IIPOIeCCOPOB, TUCKOB,
HaMsITH ) JIUIsT pactipeesierns paboveil Harpysku. Kora HeCKOJIBKO PecypcoB OJ[HO-
BPEMEHHO 06pabaThiBalOT pasHbie (hparMeHThl HaGopa JAHHBIX, MbI TOBOPUM, 4TO
OHW JEHCTBYIOT NAPALLENLHO.

[Tapannennsm (mapaJiesibHble WIN paclpeieleHHbIe BBIUMCIEHNUS ) UMEET JIBe
ocroBubie opmbl. [lox napairerusmom na yposre sadau moapasyMeBaeTcst OHO-
BpeMeHHOE BBITTOTHEHNE PA3HBIX U HE3aBUCUMBIX OTIEPAITNil ¢ OMHUMU U TEMU K€
nanubiMu. [lapanieausm na yposre 0anHbLx TIPETIONATAET OIHOBPEMEHHOE TTPIMe-
HEHWe OHON U TOii JKe omeparuu cpasy K HeCKOJIbKUM (hparMeHTaM Hanubix. O6a
9TUX BUJIA TIAPAJJIEIN3MA YaCTO UCIIOJIB3YIOT /IJIST YCKOPEHUS MOCJIe/I0BATETbHBIX
BBIYHMCJICHUN (KOTIa ONePaIliy BBITTOTHSIOTCS IPYT 32 APYTOM ).
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Baxxno IIOMHUTD, 4TO AJIAd AOCTUKEHUA BBICOKOIT CKOPOCTH B IapaJlJIEJIbHOM OKPY-
JKEHUU YacTO IPUXOAUTCH UATU Ha KOMIIPOMUCCHL. BoJibliee KoJmuecTBo MeHee
eMKUX JINCKOB [IO3BOJISIET YUTATh JaHHbIE OBICTPEE, YeM MeHbIIIee KOJIUIECTBO GoJiee
E€MKHX, HO ITPH1 3TOM Ka}KZ[bIﬁ JANCK 6yZIeT XPpaHUTb MEHbIIE TaHHbIX 1 Ka}KI[bIﬁ N3 HUX
[PUIETCS YUTaTh OTAETbHO. [TapajiiesibHble BBIYUCIEHNS O3BOJISIOT BBITOJIHATD
3aaHus ObICTPEe, HO TOJIBKO €CJIM UM He MIPUXOAUTCS 5KAATh 3aBEPUICHUS IPYT OT
apyra. Ha moAroToBKy pecypcoB K apaJiieJbHbIM BEIYHCIEHUSIM TPEOYeTCst BpeMs,
1 €CJIM 9TO BPEMS IIPEBBIIIAET IIPUPOCT IIPOM3BOANTETBHOCTH, TOT/IA TTapaJLIeIu3M
TepsieT CBOIO IIeHHOCTh (cM. 3akoH Amzasia (Amdahl)"). Emie oxto caenctsie 6opbOb
32 BBICOKYIO CKOPOCTb — HEOOXOMMOCTb MCIIOJIb30BAHUS allIIPOKCUMAI[H BMECTO
IOJTHOIEHHBIX BBIYMCIIEHHH, TIOTOMY YTO KasKABIH OTAEIbHBII pecype He UMeeT
IIOJIHOTO TIPEICTABIEHUS BXOAHBIX JAHHBIX.

B 910ii ri1aBe Mbl pACCMOTPHM J(BA TI0/IX0/Ia K OPTAHU3AIMH MaPAJLIETbHbIX BbIYUC-
JIEHUIA,  TaKIKe MX JIOCTOMHCTBA U HelocTaTKu. [[epBblii, Ha OCHOBE UCTIOJIb30BAHMS
MOJLyJist multiprocessing, MO3BOJISIET MIPOrPAMMAM UCIOJIb30BaTh MHOTOSIICPHBIE
IIPOIECCOPBI U OTOKH BBINOJTHEHUST ONEPAIIMOHHOI CUCTEMBI, HO OTPAHUYMBAETCS
BO3MOKHOCTSIMU KOMITHIOTEPA, HA KOTOPOM 9THU IIPOTrPAMMBbI BBIIIOJHSIIOTCS. BTOpoi,
Ha ocHOBe (peiiMBopKa Spark, 1aeT BO3MOKHOCTD UCIIOJIb30BATh KJIACTEPHI, CIIO-
cOOHbBIe MacIITabupPOBaTHCS 10 JIOGOTO pa3Mepa, HO TpedyeT OpraHu3aIui HOBBIX
pabounX MPOIECCOB U MOIEPAKKNU. [1esIb JaHHOH IJTaBbl — MO3HAKOMUTb BAC € ATUMHE
MeXaHU3MaMU, YTOObI BbI MOTJIM OBICTPO BOBJIEUD UX B MIPOIECC AHAIM3A TEKCTA,
a TaK’Ke JIaTh BaM JIOCTATOYHbII 00beM MHBOPMAIUU JJIs TIPUHSTHS 000CHOBAHHBIX
peliieHnii B BBIOOPE TEXHOJIOTHU B KaXK/I0M KOHKPETHOM CJIydae.

Mopaynb multiprocessing

CoBpeMeHHbIE OIIePAIIMOHHbIE CUCTEMbI CIIOCOOHBI OJHOBPEMEHHO BBIIOIHATH COTHI
MIPOITECCOB HAa MHOTOSI/IEPHBIX TTpolieccopax. [Ipoiiecce mianupyeTcs i BBITOTHEHUS
Ha 1enTpaibaoM tporeccope (CPU) 1 pacnosiaraercst B CBOEii, U30JIMPOBAHHOM 00-
nactu mamsatu. Korga samyckaercs nporpamma Ha Python, oneparonnas cucrema
BBITIOJTHSIET €€ KOJI B OT/IEJILHOM npoyecce. IIpotiecchl 1eficTBYIOT HE3ABUCUMO, U JIJISI
obmeHa nHbopMalreil M HeoOX0IMM HEKOTOPBII BHEITHUN MeXaHU3M (Halpumep,
aiinpl Ha AKCKe, TabauIbl B 6a3e JaHHBIX UM CETEBbIE COCUHEHMS ).

Kpome Toro, emmHCTBEHHBIH ITPOIIecC MOKET MTOPOAUTE HECKOJIBKO 10MOKO08 BbINOJL-
nenust. TIOTOK BBITIOJTHEHNUS — 9TO MUHUMAaJIbHAS eMHNUIA PAOOTHI IS IJIAHUPOB-
IIMKa, MPeCTaBsieT co60il MOCIe0BaATEIBHOCTD MHCTPYKIIHIA, KOTOPBIE IOJIKHBI

' Gene M. Amdahl, Validity of the single processor approach to achieving large scale computing
capabilities (1967), http://bit.ly/2GQKWza
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OBITh BBITIOJIHEHBI TIpoiteccopoM. TIporieccamMu yrpasiisieT orepaloHHast CHCTeMa,
HO yIIpaBJIeHHE MOTOKaMHU BBITIOJTHEHHUST OCYIIECTBIISIET caMa IIporpaMMa, U 0OMeH
JTAHHBIMU MEXK/IY TOTOKAMHU B PAMKaX OJIHOTO MPOTIEcca MOKET MPOU3BOUTHCS He3
MPUBJICYCHNUS JTIOOBIX BHEITHUX MEXaHU3MOB.

CoBpeMeHHbIE ITPOIIECCOPBI UMEIOT HECKOJIBKO SIZIEP, MOIEPKUBAIOT KOHBEHEPHY 1O
006paboTKy U Apyrue crocoObl ONTUMU3AIMK BBIIIOJTHEHUS TOTOKOB. SI3BIKH MTPO-
rpammMupoBanus, Takue kak C, Java u Go, MOTYT HCITOJIb30BATH CHCTEMHBIE TIOTOKH
BBITIOJTHEHUST [JIsI TIOJ/IEPIKKIM KOHKYPEHTHOTO, a TIPH HAJIMYMU HECKOJBKUX sIIep
B IIPOIIECCOPE — U TTapaJlJIeJIbHOTO BBINOJHEHMsI B paMKax 0HOH nporpammbl. K co-
sKaseHuto, Python He MoeT MCIIOIb30BATD TIPEUMYIIECTBO HAJIMYUST HECKOJIBKIX
sep u3-3a ro6anbHoil 6iokuposku nHTeprnperaropa (Global Interpreter Lock,
GIL), kotopast obecrieunBaet Ge30MacHble WHTEPIIPETAINIO W BBITTIOTHEHNE OaiiT-
koxa Python. To ectb, eciiu nporpamma Ha Go mMoskeT 106uThest 200-1POIEHTHOTO
ucrnosb3oBannst CPU Ha KoMIIbIOTEpE € JABYXbsIEPHBIM MpoiteccopoM, To Python
He MOJKET UCI0Jb30BaTh Oosibiire 100 % eqnHCTBEHHOTO sijipa.

B Python ecTb AOMOAHUTENbHbIE MEXAaHU3Mbl MOAAEPXKKU KOHKYPEHMHO20 8bl-
MonHeHus!, Takve kak bubnunorteka asyncio. KOHKypeHTHOe M napannenbHoe
BbIMO/IHEHME UMEIOT MHOIO 06LLEero, HO BCE Xe Pas/MyatoTCs: NoA napaniesbHbIM
NMOHUMAETCS OJHOBPEMEHHOE BbIMNOIHEHNE BbIYUCIIEHWIA, @ MO/, KOHKYPEHTHbIM —
KOMBMHaLMS HE3aBUCUMBbIX BbIUMCIIEHUI, BbINOSTHEHWE KOTOPbIX NIaHUpyeTCs Tak,
4yTO6bl MaKcMManbHO 3P hEKTUBHO MCMONb30BaTb pecypcbl. O6Cy>xaeHne acuH-
XPOHHOMO MPOrPAMMMPOBAHUS 1 COMPOTPaMM BbIXOAWT AANEKO 3a paMKku 3ToW
KHWIMM, HO OHW SIBNISKOTCS MOLLUHBbIMW MeXaHuU3MaMy MaclwTabupoBaHus aHanusa
TeKCTa, 0COBEHHO AN 3afady, MHTEHCMBHO UCMOSb3YHOLWKMX onepaumny BBOAA-Bbl-
BOAA, TaKMx Kak cbop AaHHbIX Unm onepaumu ¢ 6a3amm AaHHbIX.

OcHoBHas nmojiepskka mapasieansma B Python peannsosana B aByx Momysisix:
threading u multiprocessing. O6a UMEOT TOXOKUIT TIPOrPAMMHBIN HHTEpdEiic
(B TOM CMBICJIE, UTO TIPU HEOOXOMMOCTH BbI JIETKO CMOKETE [IEPEKITIOIATHCS MEFKTY
HUMN), HO B KOPHE Pa3J/InvyaloTcs BHyTPpeHHell apXUTeKTYPOil.

Mopuyusib threading cosmaer otoku Python. [luist Takux 3agad, Kak c60p JaHHbIX,
KOTOPbIE UCIIONB3YIOT ApyTrHe cucTeMuble pecypcebl momumo CPU (Takue Kak AucK
U ceTeBble COeJMHEHNs ), MOAY/Ib threading MOKET 0Ka3aThCs XOPOIIUM BbIOO-
POM /LIS TIOIEPAKKN KOHKYPEHTHOTO BBINOJIHEHK. Ho Ipu ero ncronb3oBanum
B Ka)KﬂbIﬁ KOHerTHbIﬁ MOMEHT BpEMEHI 6y[[eT BbIITOJIHATBHCA TOJIBKO OZANH IIOTOK,
ITapaJjijieJibHbI€ BbIYMCJIECHUA B 9TOM CJIyLIae IIPOCTO HEBO3MOJKHDI.

Jl1st moCTIKeHUst NCTUHHOTO TapajuiesinaMa B Python Heo6XoaMo HCoIb30BaTh
MOJlyJIb multiprocessing. DTOT MOYJb 3aMyCKAET JAOMOJHUTEIbHBIE J0UePHIE
IIPOIIECCHI, BBIMOIHSIONINE TOT e KO, YTO U POAUTETHCKUN TIPOIECC, TUOO0 MyTeM
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semenenus (forking) B cucremax Unix (ormepainoHHasi CHCTEMA CO3/1ae€T MTHOBEH-
HBII CHUMOK TTaMsITH JICHCTBYIOIIETO TIPOIecca U KOMUPYET ero B HOBBII Mpoliecc),
6o myrem nopoxcoenus (spawning) B Windows (3amyckaercst HOBbIii 9K3eMILISAP
unrepnperaropa Python, koropomy nepenaercs Koz Toii sxe nmporpammbi ). Kaskabiii
IIPOIIECC BBIMTOIHSAET CBOM 9K3eMILIsIp MHTepIpeTaropa Python co cBoeii rimobanbHoi
6moxuposkoit GIL, u ka bl MOKeT 3ajieiicTBoBarh rpoieccop Ha 100 %. To ecTb,
€CJIN 3ATYCTUTh YETHIPE MPOIECCA B CHCTEME C YETHIPEXDSIEPHBIM TIPOTIECCOPOM,
MOKHO 106uThest 400-miporienTHO# 3arpysku CPU.

Ha puc. 11.1 nokasamna TUnmyHas OpraHu3aliis MapajieIbHOTO BBITOJIHEHHS TIPO-
rpammbl Ha Python. 3ech ecTb pouTesibeKuii (MK IJIABHBIN ) IPOIECC U HECKOJIBKO
JIOYEPHUX MTPOIIECCOB (OOBIYHO MO OHOMY Ha SIIPO, XOTSI X MOKET OBITh 1 OOJIbIIIE).
Poaurenbekuii mporece moAroTaBianBaeT 3aanust (MCXOAHbIE TaHHbIE, WA BBOJ)
JUISE IOYEPHUX TIPOIIECCOB M COOMPAET MOJyYeHHbIe UMU Pe3yJIbTaThl (I BBIBOL).
IMTepemaya JaHHBIX MEKIY TOTOMKAME U POANUTEIEM OCYIIECTBISETCS C UCTIOIh30-
BaHHeM MOAYJIs pickle. Korga poanTeibCKimii IIpoliece 3aBepIiaeTcs, BMECTE ¢ HUM
0OBIYHO 3aBEPIIAIOTCS U JI0YEPHIE TPOIIECCHI, BIIPOYEM, OHU MOTYT OCTaThCST «OCH-
POTEBIIMMU» ¥ TIPOJAOJLKUTH PABGOTy HE3aBUCUMO.

gemarieHue npucoeduxerue
[naBHblil
npowecc
gemesieHue npucoeduxeHue ; \
T naBHbli / 3anava N\
/ \
npovjecc s | obyyenus TA \
7 S~ /I )

TnasHblil .7 .| 3apava | rnaewe |7 | 3apava A [nasHbiii
npoliecc " |Bexropu3auym A npouiecc 06yueHns 2A TR
3afaua 3ajava
BeKTOpy3aLmn b 00yuenus 1b
3ajava
06yyeHus 2b

Puc. 11.1. OpraHu3aums napannenbHOro BbiMOMHEHMS 3a4a4

Ha puc. 11.1 uso6pazkeHsl ABe 3a1a4ii BEKTOPU3AIIUH, BBITOJIHSIOIUECST apaljie/ib-
HO, U TJIABHBIN TIPOIECC, OKUAAIONINN X 3aBEPIIEHUS [0 MEePeXo/ia yIIpaBIeHuUsI
K 3a/1auaM 0Oy4deHust (HalpuMep, JIBYX MOJeJIeil [IJisl KasKI0r0 U3 IBYX CII0COOOB
BEKTOPHU3AIINH ), KOTOPbIE TAK:Ke BBITIOJHSIOTCS MapaieabHo. Orepaiius 6emeaierus
HOPOJKIAET HECKOJIBKO JOYEPHUX MTPOIIECCOB, a olepaliust npucoedunenus (joining)
3aCTaBJISIET JOUEPHUE MTPOIIECCHI 3aBEPITUTHCSI U BEPHYTH YIIPABJIEHIE TJIABHOMY
nporeccy. Hampumep, Ha 1iepBoM ataiie BEKTOPU3AI[UU Y HAC €CTh TPHU IIPOIleCca:
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IJTaBHBIM 1 /1Ba fouepHuX, A 1 B. 3aBepinB BeKTOPU3AINIO, J0UEPHUE TTPOIECCH
PUCOEANHSIOTCS 00paTHO K rylaBHOMY Tiporieccy. [TapasuresbHast mporpaMma Ha
puc. 11.1 3amyckaeT mecTh MapaieJbHBIX 33/1a4, MTOJTHOCTHIO HE3ABUCUMBIX, 32
UCKJII0YEHIEM TOT0, YTO 3a/1a4i 0OyUYEHUsT JOJKHbI 3aIlyCKAThCSI TOJIBKO MOCJIE 3a-
BepIIEHNsT BEKTOPU3AITUH.

B caenyiouiem pasgesie Mbl IOCMOTPUM, KaK OPralu30BaTh TaKoe IlapasllesbHoe
BBITIOJTHEHNE C TPUMEHEHNEM MO multiprocessing.

3anyck napasiesibHbiX 3apayd

Yro6bl yBUIETH, KAK MOJLYJIb multiprocessing MOXKET IOMOYb YCKOPUTD IIPOLELYPY
MAIIMHHOTO 00YY€eH I, PACCMOTPUM ITPUMeEP, 00y YOI HECKOILKO MOJIEJIEN, BbI-
MOJTHSIOMNUHN X TIePeKPECTHYIO TTPOBEPKY U COXPAHSIONIUMN Moeau Ha auck. [as
Havasa onpeeuM Tpr (HYHKIINH, PeaTr3yIoliie HAMBHYI0 6aileCOBCKYIO MOJIETD,
JIOTHCTUYECKYTO PETPECCUI0 M MHOTOCJIOMHBIN TreprienTpon. Kakmas dhyukiwst Oyaer
CO3/1aBaTh CBOIO MOJIEJIb, ONPEAEIIeMyI0 OOBEKTOM Pipeline, M3BJIE€Kast TEKCT U3
Kopiyca B 3ajantoM aiisre. Kaxmas 3ajava Takke Oy/eT morydaTb MyTh s CO-
XPaHEHUsT MOJIEJIH U BBIBOAUTH PE3YJIBTAThI € TIOMOIIBIO MO/YJIsI logging (TIopobHee
006 9TOM UyTh HITKE):

from transformers import TextNormalizer, identity

from sklearn.pipeline import Pipeline

from sklearn.naive_bayes import MultinomialNB

from sklearn.linear_model import LogisticRegression

from sklearn.feature_extraction.text import TfidfVectorizer
from sklearn.neural_network import MLPClassifier

def fit_naive_bayes(path, saveto = None, cv = 12):

model = Pipeline([
("norm', TextNormalizer()),
("tfidf', TfidfVectorizer(tokenizer = identity, lowercase = False)),
("clf', MultinomialNB())

D

if saveto is None:
saveto = "naive_bayes {}.pkl".format(time.time())

scores, delta = train_model(path, model, saveto, cv)
logger.info((
"naive bayes training took {:0.2f} seconds
"with an average score of {:0.3f}"
).format(delta, scores.mean()))

def fit_logistic_regression(path, saveto = None, cv = 12):
model = Pipeline([
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def

("norm', TextNormalizer()),
("tfidf', TfidfVectorizer(tokenizer = identity, lowercase = False)),
('clf', LogisticRegression())

D)

if saveto is None:
saveto = "logistic_regression_{}.pkl".format(time.time())

scores, delta = train_model(path, model, saveto, cv)
logger.info((
"logistic regression training took {:0.2f} seconds
"with an average score of {:0.3f}"
). format(delta, scores.mean()))

fit_multilayer_perceptron(path, saveto = None, cv = 12):
model = Pipeline([
("norm', TextNormalizer()),
("tfidf', TfidfVectorizer(tokenizer = identity, lowercase = False)),
('clf', MLPClassifier(hidden_layer_sizes = (10,10),
early_stopping = True))
D

if saveto is None:
saveto = "multilayer_perceptron_{}.pkl".format(time.time())

scores, delta = train_model(path, model, saveto, cv)
logger.info((
"multilayer perceptron training took {:0.2f} seconds
"with an average score of {:0.3f}"
).format(delta, scores.mean()))

[ns NpocToThl KOHBeMepbl B dyHKUMsX fit_naive_bayes, fit logistic_
regression M fit_multilayer_perceptron BbINONHAIT ABa OANHAKOBbLIX
nepBbIX LWara, UCnonb3ys o6bekTbl HOpManU3aLunmM U BEKTopusaumn, obcyxaas-
lMecss B rnaee 4; OAHAKO MOXHO MPeanosioXWTb, YTO ANS pasHbIX Moaenen
nydwe nogownu 6bl pasHble METOALI U3BNEYEHMS NMPU3HAKOB.

[laxxe mpu TOM, 9TO KQXKIyI0 PYHKITHIO MOKHO U3MEHATH U HACTPAUBATh OTIEBHO,
BCE OHU MCITOJIb3YIOT OJUH U TOT JKe OO KOx — QYHKINIO train_model(), KOTO-
pas co3naet PickledCorpusReader [JId 3a/laHHOIO HyTH.(IBH{KHHH'tPain_model()
HCIIOJIb3YET ATOT OOBEKT JIJIST CO3IaHUS IKIEMILISIPOB U METOK, BBIYUCJISIET OIIEHKU
C TIOMOIIBIO YTUJIMTBI cross_val_score u3 Gubanoreku Scikit-Learn, obyyaer Mo-
7leJTb, 3aMMCBIBAET ee Ha JIMCK € TIOMOTILIO joblib (Cennasn3npoBaHHbBIN MOYJIb
ucnosb3yeMbliii Oubsmorekoii Scikit-Learn) u Bospaiiaer oleHKu:

from reader import PickledCorpusReader

from sklearn.externals import joblib
from sklearn.model_selection import cross_val_score
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@timeit
def train_model(path, model, saveto = None, cv = 12):
# 3arpysuTb AaHHble M3 Kopryca M MeTKU ANnA Kaaccupuxkauuu
corpus = PickledCorpusReader(path)
X = documents(corpus)
y = labels(corpus)

# BbIYMCNUTL OLEHKM METOLOM MepeKpecTHO npoBepku
scores = cross_val_score(model, X, y, cv = cv)

# 06y4uTb MOAENb Ha BCEM MacCUBE AAHHbIX
model.fit(X, y)

# 3anucaTb Ha AuCK, ecnan TpebyeTcsa
if saveto:
joblib.dump(model, saveto)

# BepHyTb OLEHKM, a Takxe Bpema 0bOy4YeHuUs 4Yepe3 gekopaTop
return scores

O6paTtute BHMMaHME Ha TO, YTO (yHKUMS train_model cama co3paer O0b6bekT
yTeHns kopnyca (a He nony4yaeT ero usBHe). [pu MCNoNb30BaHUM MOAYNS
multiprocessing Bce apryMeHTbl (DYHKLMI, a TakKe BO3BpaLlaeMble 06bEKTHI
JOJSDKHbI AONYCKaTb BO3MOXXHOCTb cepuanu3auum mogynem pickle. Ecnv ob6bekt
yTeHus1 kopriyca byfeT co3aaBaTbCsl B JOYEPHMX MpOLieccax, ero He npuaeTcs
cepuanusoBaTb M NepeaaBaTh Mexay npoueccamu. CnoxHble 06beKThI HE Bceraa
noaAalTCa cepyanusaunmn, 1 gaxe rnpu ToMm, 4to CorpusReader MOXHO cepua-
NM30BaTb M nepepaBaTb B YHKUWWM, MHOTAA Mpolle 1 bbicTpee nepeaaBaTb
TOJIbKO MPOCTbIE AaHHbIE, TAKME KaK CTPOKMU.

documents() u labels() — 3TO BCcIioMoOTaTeJbHblEe (DYHKIIUH, KOTOPbIE N3BJIEKAIOT
JIAHHbIEe 13 0ObEKTA YTEHUS KOPITyca B CIIUCOK, KaK MOKA3aHO HIKE:

def documents(corpus):
return [
list(corpus.docs(fileids = fileid))
for fileid in corpus.fileids()

]

def labels(corpus):
return [
corpus.categories(fileids = fileid)[Q]
for fileid in corpus.fileids()

Bpewms BoinonHeHNs GUKCUPYETCS C TOMOIITBIO 06epTKY @timeit, IPOCTOTO OTJIAL0Y-
HOTO JIEKOPaTOPa, KOTOPBII MBI UCTIOJIBb3yeM JIJII CPAaBHEHUS TTPOU3BOAUTETbHOCTH
Pa3HbIX BEPCUIL:
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import time
from functools import wraps

def timeit(func):
@wraps(func)
def wrapper(*args, **kwargs):
start = time.time()
result = func(*args, **kwargs)
return result, time.time() - start
return wrapper

Moy logging B Python yacto ncrosbsyercst 17ist KOOPAMHAIMK ONIePaIuii Ky p-
HAJMPOBAHUS B HECKOJIBKUX TTOTOKAX BBITIOJHEHUSI W MOAyJIaX. HacTpoitku xyp-
HAJIMPOBAHMS OTIPEACTIAIOTCS Ha BEPXHEM YPOBHE MOIYJIs, 3a TIPeAeIaMu JTI0OBIX
(byHKIIMH, TO9TOMY OHU BCTYIAIOT B CHJTY Ha ATalle UMIIOPTUPOBaHUs Moy 11, B Ha-
CTPOIMKaX MOKHO yKa3aTh JIUPEKTUBY %(processName)s, YTOOBI OIPEAENNUTD, KAKOW
npoiiecc OyeT BBIBOAUTD cooOteHnst. Takke B HACTPONKAX 3a[a€TCsT UMST MOJLYJISI,
4TOOBI TOTOM MOKHO OBIJIO PA3JINYUTh COOOIIEHNS, BHIBOIMMBbIE PA3HBIMI MO/LYJISIMU:

import logging

# HacTpoikun xypHanupoBaHua configuration
logging.basicConfig(
level = logging.INFO,
format = "%(processName)-10s %(asctime)s %(message)s",
datefmt = "%Y-%m-%d %H:%M:%S"

)
logger = logging.getlLogger(__name__)
logger.setLevel(logging.INFO)

Moaynb logging He noaaepXuBaeT 6e30MacHoe XypHarMpoBaHWe B 0AUH daiin
U3 HECKOJIbKMX MPOLeCccoB (HO rapaHTMpyeT 6e30MacHOCTb Mpu 3amnucu U3 He-
CKOJIbKMX MOTOKOB BbINOSIHEHUS). BoobLLe roBops, 3anuch B CTaHAAPTHbIV BbIBOA
WM CTaHAAPTHbIN BbIBOZ OLLMOOK 06bIYHO BbIMOHAETCA 6e3yNpeyHo, 0AHaKo Ans
YNPaBeHWs XYPHANMPOBAHWEM M3 HECKOJBbKMX MPOLIECCOB B KOHTEKCTE MpUo-
YKEHUS CYLLECTBYIOT 60M1ee HaZleXHble pelleHus. Mo3ToMy pekoMeHayeTcs cpasy
HauMHaTb C UCMOMb30BaHMS logging (BMECTO MHCTPYKUMIA print), UTo6bl 3apaHee
MPUroTOBUTLCS K Pa3BEPTbIBAHMIO MPUIOXKEHUS B 3KCMJTyaTaLMOHHON cpeae.

Terniepb Mbl TOTOBBI BBITTOJIHUTH HAII KOl TAPAJIJIETTHHO, C TOMOIIBIO (DYHKITUN run_
parallel. 9Ta OYHKIIUS MOJYyYAET IMIyTh K KOPILYCY U MepelaeT ero BCeM 3aauaM.
B navane dbynkmuu ompeznensieTcss CUCOK 3a/a4, 3aTeM /JIST KOKAOW 3a7auul U3
CIIHCKA CO3/IaeTCsT OOBEKT mp. Process ¢ UMEHEM, COOTBETCTBYIOIIMM UMEHH 3a/Ia4H,
CCHLIIKOI Ha BBI3bIBAEMBIIT OOBEKT B apryMeHTe target M MO3UIIMOHHBIMU U NMe-
HOBAHHBIMK apTyMEHTaMU B BUJIe KOPTEXKa M CI0Bapsi COOTBETCTBEHHO. UTOOBI He
HOTEPSITH MPOIECCHI, MbI I0OABJISIEM MX B CITUCOK procs TEPE]T 3aIlyCKOM.
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Ha nanHoM aTarne, eciim HUYETo He MPEANPUHATD, TIaBHBIN IIPOIECC 3aBEPIITUTCS
cpasy 1ocJe BbIxoza u3 hyHKIUN run_parallel, 4TO IPUBENET K MPEKAEBPEMEHHO-
MY 3aBEPIIEHUTO JOUEPHUX TIPOIECCOB WU UX OCUPOTEHUIO (TO eCTh OHU HUKOT/IA
He 3aBepiaTcs ). YToObl IPeA0TBPATUTh HTO, MbI TiepedrpaeM J0YepHUe TIPOLECCh
B IIUKJIE ¥ TPUCOEINHSIEM UX K TJIaBHOMY Tipotieccy. biaronaps aTomy dbyHKINS 3a-
6J10KupyeTcst (MPUOCTAHOBUTCS ), TIOKA He BBITIOJIHSITCSI BCE BBI3OBBI METOIA join ITPoO-
11eccoB. BoimostHsist 00X071 BceX MPOIECCOB B IIMKJIE, MbI TAPAHTUPYEM, YTO (DYHKITUS
He IIPOJIOJIKUT BBINIOJHEHNE, II0KA He 3aBEePIIAaTCs BCe J0YepPHUE IIPOIECChI, IIOC/Ie
4ero Mbl CMOJKEM BBIBECTH BPEMSI, 3aTpauyeHHOe Ha 00paboTKY:

def run_parallel(path):
tasks = [
fit_naive_bayes, fit_logistic_regression, fit_multilayer_perceptron,

]

logger.info("beginning parallel tasks")
start = time.time()

procs = []

for task in tasks:
proc = mp.Process(name = task.__name__, target = task, args = (path,))
procs.append(proc)
proc.start()

for proc in procs:
proc.join()

delta = time.time() - start
logger.info("total parallel fit time: {:0.2f} seconds".format(delta))

if __name__ == '_ _main__':
run_parallel("corpus/")

3anyck Tpex mnapajiiejbHbIX 3ajad TpeOyeT HEKOTOPBIX 3aTpaT U 4yTh OOJIbIIe
yCUIIUii, 4TOOBI 06ECTIeYnTh PaBUIbHYIO PaboTy. A YTO MBI TTOJYYUM B3aMeH?
B ra6ur. 11.1 mpuBoasiTCst Uisl cpaBHEHUsT 00I1iee U Cpe/lHee BPeMs BBITIOJTHEHUS 3a-
Jlay 110 Pe3yJIbTaTaM JIeCSITU TTPOTOHOB,

Ta6nuua 11.1. Bpems nocneaoBaTeNbHOroO M napaniensHoro obyyeHus
(no pesynbTaTtam 10 NporoHoB)

3 NMocnepoBaTtenbHoe MapannenbHoe
apaua

BbiMoJ/IHEHUe BblMOJIHEHUE
ObyyeHune HauBHOM 6alecoBCKoln Moaenm 86,93 cekyHAbI 94,18 cekyHabl
O6yyeHne Moaenu NorMcTUYECKOW perpeccum 91,84 cekyHabl 100,56 cekyHapb!
O6yyeHne MoAenn MHOrOC/IOMHOrO nepLUenTpoHa | 95,16 cekyHabl 103,40 cekyHAabl
ObLee BpeMsi 06yyeHns 273,94 cekyHabl 103,47 cekyHabl
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Kak Bujiure, B mapajiieibHOM PeKUME KasK/ast OT/IeIbHAs 33/1a4a BBITIOJIHSLIACH Yy Th
JIOJIbIIIE, UM B TIOCJIEI0BATEIbHOM. MOKHO CKa3aTh, YTO 3TO JOMOJHUTENBHOE BPEMSI
[IPE/ICTABJISIET HAKJIA/IHbIE PACXO/IbI HA TO/ITOTOBKY U 3aI1yCK HECKOJIBKUX IIPOTIECCOB
u ynpasjenne umi. HeGoubInoe yBenuenie BpeMeH! Ha BbINOJHEHNE OTAeIbHbIX
3a/a4 ¢ JUXBOI KOMIIEHCUPYETCST YMeHbIIIeHneM 00TIer0 BpeMeHU BBITTOJTHEHSI
MPUMEPHO /10 TTPOIOJIKUTEIbHOCTH CAMOH JIOJITOH 3a/1au, TouTH B 2,6 pasa B cpaB-
HEHWUHU C TI0C/Ie0BaTebHON Bepcueil. [Ipu BhITTOTHEHUH OOJIBIIOr0 KOJIMYECTBA
3aa4 MOJICJIUPOBAaHUsT 0O0pabOTKA B HECKOJIBKUX MPOIECCaX MO3BOJISIET TOJTYYUTh
Cepbe3HBIN BHIUTPHITI!

[Ipumep ucronp3oBaHUs multiprocessing.Process IEMOHCTPUPYET PsIl BAKHBIX
MOHATUH, OTHAKO Ha MPAKTUKE HAMHOTO Yallle UCIOJIb3YIOTCS MYJIbI POIECCOB,
0 KOTOPBIX MBI IIOTOBOPUM B CJIEAYIOIIEM pa3fieie.

Ba)xHO MMeTb B BMAY, Kakol 06beM AaHHbIX 3arpy><aeTcs B NaMsiTb, 0COBEHHO
B KOHTEKCTE MCMONb30BaHNS HECKOMbKUX MPOLIECCOB. Bce npouecchl, BbINONHSIO-
LMeCs Ha OAHOM KOMMbIOTEPE, NCMOMb3YHOT 06LLyt0 hm3nYecKyto namsaTe. Hanpu-
Mep, €C/iM Ha KOMMbloTepe ¢ 06beMOM MaMsTK 16 M6alT 3anycTuTb YeThIpe 3a-
Jaun-npouecca, 3arpyxatolme Kopryc pasmepoM 4 F6aiT, OHU MOJIHOCTbIO
ncyepnarT BCHO AOCTYMHYHO MaMsiTh, U3-3a Yero yBenmuutcs obliee BpeMsi Bbl-
nonHeHus. Ytobbl n3bexaTb Takmx Npobnem, 3anyck napannesbHbiX 3aaad 0bbIy-
HO pacnpeensieTcs No BpeMeHu: NnepBbiMY 3anycKaloTcs camble NPoAOHKUTENb-
Hble, a 3aTeM 6onee 6biCTpble 3agaun. Peanv3oBaTb 3TO MOXHO C MOMOLLbIO
3afepXXeK Wan MynoB MpoLeccoB, O KOTOPbIX paccKa3blBaeTCs B CleaytoLleM
pa3gene.

Mynbl NnpoueccoB u ouepeau

B HpebIIyIeM pa3jiesie Mbl YBUJIEIU, KaK C IIOMOIIIbIO oObeKTa multiprocessing.
Process BBITIOJTHUTH HECKOJIBKO 3a7a4 ITapasIeJbHO. OOBEKT Process TTO3BOJIACT
OTIPEIEIATHh (PYHKITUU, KOTOPBIE TOJKHBI BBITTOTHATHCS HE3ABUCUMO, 1 3aKPBIBATH X
1o 3aBepienuu. Ho ectb bosee COBEPIIEHHbBIN c1oco0, 0OCHOBAHHBII Ha IpUMEHEeHNN
MO/IKJIACCOB Process, KK/l 13 KOTOPBIX UCIIOJIb3YeT METO/I run( ), peaJnu3y o
BBIIIOJIHAEMYIO 3a/[a4y.

B 60X apXUTEKTypax Takoil MOAXO YIPOIIAET YIIPABICHUE OTACTbHBIMU
MpolleccaMu M X apryMeHTaMu (HallpuMep, ONpeesisiTh He3aBUCUMbIEe NMEHaA,
YIPaBJATH MOAKIOYEHUSIME K 0a3aM JaHHBIX WK APYTUMUA aTPUOyTaMK MPOIiec-
COB) M YaCTO MPUMEHSIETCS JIJIsl OPraHU3aIMU T1apaJiieIbHOTO BBIIIOJHEHUS 3a/1a4.
B napannenusme na yposne sadau xaxpast 3ajada IMeeT HE3aBUCUMBIE BXO/IHbIE
U BBIXO/IHBIE JTaHHbIe (MU BBIXOIHbBIE TAHHbIE OTHON 3a7[a4l MOTYT CIY>KUTh BXO/I-
HBIMU JIaHHBIMU IpyTOit ). Harpotus, napaiieusm na yposue danmnoix tpebyert, aTo0bl
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OJIHA ¥ Ta JKe 3a/a4a 0moopajscaiach Ha HeCKOJIbKO OJIOKOB BXOIHBIX JaHHBIX. Tak
KaK BXOJIHbIE JJaHHbIE HE3aBUCHUMBI, BCE 3a[[a4ll MOTYT JEHCTBOBATD MapaslieIbHO
U He3aBUCUMO. [IJIs1 peanusaiy napaiileiusma na yposie daniovix OUGINOTEKA
multiprocessing mpezocrasisieT 6oJiee IpocThie abcTpakiuy B hopMe KIaccoB Pool
1 Queue, O KOTOPBIX PACCKA3bIBAETCSI B 9TOM Pas/ieie.

TUNUYHBIV Wa6/IOH, KOMBMHMPYOLWMIA 06a BMAA Napanienn3Ma Ha YpoBHe 3aJad
M JaHHbIX, OCHOBaH Ha UCMoJib30BaHWUM ABYX 3a4a4 pacnapaniieNMBaHns AaHHbIX;
nepBasi omobpaxaem ONePALNI0 Ha HECKOJTbKO (PparMeHTOB BXOAHBIX AaHHbIX,
a BTOpasi ceodum pe3ynbTaThl ONeEpaLMii B €auHbIi MaccuB. ITOT CTU/b Napan-
NenbHbIX BbIYUCIEHUIA MOMb3YeTCst BOMbLION MOMNYNSPHOCTLIO B (hpeliMBOpKaXx
Hadoop u Spark, 0 KOTopbIX Mbl MOrOBOPUM B C/IEAYIOLIEM pa3aere.

CrroskHbIE TIPOTIEAYPbI 06pabOTKYU MOKHO OTHCATH B BUJ€ OPHEHTHPOBAHHOTO
anmkdeckoro rpada (Directed Acyclic Graph, DAG), e BbITio/THEHTE TTOCTE0-
BaTEJIbHOCTEN MAPAJIIENbHBIX TIATOB CHHXPOHU3UPYETCS B OIPe/IeIEHHBIX TOUKAX.
Toukr CHHXPOHU3AIINHY TAPAHTUPYIOT 3aBePIeH e MapaIeTbHOIT 00paboTKI BCex
(bparMeHTOB JAaHHBIX /10 HIepexo/ia K cieayionieMy atairy. OOMeH JaHHBIMU TaKKe
0OBIYHO OCYIIECTBJISIETCSI B TOUKAX CUHXPOHU3AINH, T/l TJIaBHAs 3a/1a4a IepeaeT
JAHHbIe TTAPAJIIETHHBIM 33/Ia4aM UJIH MOJYYaeT UX Pe3yJIbTaThl.

[Tapanmenusm Ha YPOBHE NAHHBIX TAKKe MOXKHO PEaJn30BaTh C IIOMOIIBIO MOYJIS
multiprocessing, HO IIPX 9TOM HYKHO YYMTbIBAaTh HEKOTOPbIE JOIMOJHUTEIbHbIE
obcrositesbeTBa. [lepBoe: CKOJIBKO UCIOJIb30BaTh MPOIECCOB U Kak. B ciydae mpo-
CTBIX oniepanuii HeapheKTUBHO 3aIyCKATh OT/IEIbHbBII TPOIIECC JIJIST KK I0TO (par-
MeHTa BXOJHBIX JJAHHDBIX, a 3aT€M OCTAHABJIUBATH €0 (3TO MOKET CO3/IaTh CAUITKOM
GOJIBIITYI0 HATPY3KY Ha ONeparoHHylo cucteMy). HaMHOTO mpeanodyTuTebHee
onpeIeTuTh (PUKCUPOBAHHOE YUCJIO TIPOIECCOB B multiprocessing.Pool, KaK bl
U3 KOTOPBIX Oy/IET 1mosydarh (hparMeHT BXOAHBIX MaHHBIX, IPUMEHSITH OTE€PAIUIO
Y BO3BpaIllaTh PE3YJIBTaThl, U TAK JI0 TEX MOP, MoKa He Oy1yT 00paboTaHbl BCE BXOJI-
HbIe JTaHHBbIE.

Takoii moaxox Bieyer 3a coOOM BTOpoe 06CTOATENBCTBO: KaK OPraHu30BaTh G€30-
HacHble Tepegady U MpreM JaHHbIX OT IPOIECCOB, He AOIycKas ayOJnpoBaHust
1T OBpexkaAeHusa? /g 9TOTO MOXKHO BOCTIOTB30BATHCS CTPYKTYPOH MaHHBIX
multiprocessing.Queue, obecriednBaomiell 6e30MacHOCTh B MHOTOITOTOYHON 1 MHOTO-
IIPOIIECCHON cpejie 3a CYeT CUHXPOHU3AIUN OIepPaIiii ¢ TOMOIIbI0 OJIOKMPOBOK
U [03BOJIIONIEl 0OpalaThCs K 04epeu TOJbKO OJHOMY TIOTOKY WU MPOIECCY
B KasK/Iblil KOHKPETHBII MOMeHT BpeMeru. IIporecchl MoryT 6e3onacHo 100aBsiTh
1 U3BJIEKATD 2JIEMEHTBI U3 OYepe/iu, IeHCTBYIONIEH 10 TPUHITUITY <II€PBbIN [IPUIIIEI,
nepsbiii ymens (First-In, First-Out, FIFO).
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Ha puc. 11.2 nokasana TUIIMYHAST apXUTEKTYpa TaKoro criocoba obpaborku [Ty
3aIyCKAEeT n TIPOIECCOB, KAJK/IbIN 3 KOTOPBIX HAYMHAET BBITIOJIHSTH 33/[aHIe, YUTast
JIaHHbIE 13 BXOAHOI U COXPaHsIst Pe3yJIbTaThl B BBIXOAHOI ouepenn. [J1aBHblIii iporece
B IIUKJIE 100ABJISIET MCXO/IHBIE IAHHbBIE BO BXOAHYIO 04epeib. OGBITHO TOCIE 3aTHiCH
BCEX BXO/IHBIX IAHHBIX IJIABHBIN TIPOTIece J06aBIIsieT B ouepeib n ceMadopoB — ¢ia-
OB, CUTHAJIM3UPYIOIIUX TIPOIECCaM 3 ITyJia, YTO JaHHBIX GOJIbIIE HET U OHU MOTYT
3aBEPIINTHCS. 3aTEM TJIABHBIN MTPOIIECC TPUCOEINHSET MYJI U IPUOCTAHABIMBAETCSI
B OKUIAHIY 3aBEPIITEHST BCEX TPOTIECCOB WU CPa3y JKe MPUCTYIIAET K U3BJIEIEHIIO
PE3yJIBTATOB M3 BBIXOHOW OUepeIn [IJIs 3aKTI0UNTETHHON 00PabOTKL.

Myn npoueccoB

Za\
Ty X b

oyepesb oyepeb

BETB/IEHE

npucoeanHeHne

useneyere [ naHbIin
npotiecc (Bxon)

[naBHbliA ouepesb
npouecc (Bxoa)

Puc. 11.2. Nyn npoueccos 1 oyepean

Eciiu BaM KasKeTcs, 4To /IS MOATOTOBKK BCEX CTPYKTYP JAHHBIX U yIIPABJIEHUS
KOJIOM, KOTOPBIN 06pabaThiBaeT aHHbIe U PabOTaeT € OUepPeIsIMU, TPUAETCST TPH-
JIOKUTH HEMAJIbIe YCUIIUS, CTIEIIUM BaC YCIIOKOUTh — JIJIst BCETO 3TOT0 0OBEKT Pool
13 GUOIMOTEKN multiprocessing MPEIOCTABISAET IIPOCThIE METO/bI. MeToibl apply,
map, imap U starmap IPUHUMAIOT GYHKIMIO C €€ apTyMEHTaMK U [ePeIaloT e B Iyl
JUTST BBITIOJTHEH ST, OJIOKUPYSICH /10 TIOTYYEHUST PE3YIBTaTa. ITH METO/bI UIMEIOT TaKIKe
ACUHXPOHHbIE BEPCUU C OKOHYaHUEM _async B umeHax. Harpumep, apply_async He
610KUpyeT paboTy IJIABHOTO TIPOIECCa, a BO3BpalaeT 00beKT AsynchronousResult,
KOTOPBIH 3aII0JHUTCS IO 3aBEPIICHUY 33/[a4H, OH MOYKET TAKIKE BbI3BATh YKA3aHHBIC
BamMK (DYHKIIUY B CJIyYae YCIEIHOro 3aBepiueHus uin onmmOku. Vicnoib3osanue
MeTo/1a apply_async Mbl IIOKQKEM B CJELYIONIEM Pasjieie.

MapannenbHas 06paboTka kopnyca

Ananramust 00beKTa YTEHUsT KOPIyca K TMapaieJbHOi 06pabOTKe BBITIOTHSIIETCS
IIPOCTO, ECJTU YYECTD, 4TO B GOJIBIITNHCTBE CTy4aeB TIOKYMEHTBI MOKHO 06pabaThiBaTh
HE3aBUCUMO, 0COOEHHO KOT/[a TPeOYETCsT BBITIOJHUTD YaCTOTHDIN aHAIN3, BEKTO-
pH3AINIO ¥ OIEHKY. B Takux cutyanusx paboymuM mporieccam 13 myJia J0CTaTOuHO
niepeiaTh GYHKIHIO, TyTh K KOPIYCY Ha JAUCKe ¥ WACHTH(MUKATOPHI (hailios.
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OnnHako camoii, moskaayH, TUIMYHON U IJINTEIbHON ornepalueii ABageTcs npe-
BapuTeJabHast 0O0paboTKa KopIyca U ero npeobpasoBatue B (hOpMYy, IPUTOLHYTO
auist Beiuncsennii. Tlporeaypa npeaBapuTesnbHoit 06paboTKH, Kak 00CyKAaT0Ch
B IJIaBe 3, IPUHUMAET JOKYMEHT ¥ IpeoOpasyeT ero B CTaHAapTHYIO CTPYKTYPY
JIaHHBIX: CIIUCOK ab3alleB cO CIIUCKaMU MPEIJIOKEHUH, KOTOPbIE B CBOIO OYepPe/lb
ABJISIIOTCS CHUCKAMU KOPTEXKel (token, part_of_speech). PesysbraT npeasapu-
TeJIbHOI 00paboTKM 0OBIYHO coXpaHsieTcst B popmare MOyJist pickle, KOTOPBIil
00BIYHO KOMIIAaKTHEE MCXOHOTO JOKYMEHTa U TIpolie st 3arpy3ku B Python
C TeJIbI0 JlasibHelitel 06paboTKH.

B riiaBe 3 Mbl ompeie/inin Kiace Preprocessor, 00epThIBaoNInil 00beKT CorpusReader,
METOJI process KOTOPOTO IPUMEHSIETCS K KAKIOMY JTOKYMEHTY B Kopiiyce. [iaBHoi
TOYKOW BXO/a /ISl 3allyCKa MpeaBapuTeJbHON 060pabOTKN HaM CJIY KU METO
transform, OCYIIECTBIISIONIMIA TpeoOpazoBaHue JOKYMEHTOB U3 KOPIyca 1 CoXpa-
HAOIIUHN UX B YKa3aHHbBIN KaTaJor.

3/1eCh Mbl PaCHIMPUM ITOT KJIACC, YTOOBI TOJYYUTh BO3SMOKHOCTH MCIIOJIb30BATh
apply_async ¢ (yHKI[HeiT 00paTHOrO BBI30BA /ISl COXPAHEHUsT COCTOSIHUsL. B mamH-
HOM IIPUMeEPE MBI CO3/IaeM CITUCOK self.results s XpaHeHUsT Pe3yJIbTaTOB,
BO3BPAIllaeMbIX METOJ[OM process(), HO MIPU HEOOXOAUMOCTH BbI JIEFKO CMOJKETE
alalITUPOBATh on_result() U 100aBUTH B HETO JAOTIOJTHUTEIBHYIO 06PadOTKY MK
JKypHAJIUPOBaHUE.

Takske u3MeHUM MeTO/I transform. B HeM MBI OIIpe/ie/IMM KOJNYECTBO JOCTYIIHBIX
s7iep 1poleccopa ¢ MOMOIIBIO mp. cpu_count(). 3aTeM CO3/1aIlM ILyJI IIPOIIECCOB,
7106aBUM 32712491 B OY€PE/ib, BBITTOTHNUB 00XO0/] BCEX IOKYMEHTOB U TIEPE/IAB MX B ITYJT
(B 9TOII TOUKE B UTPY BCTyMAeT (DYHKIIMsST 0OPATHOTO BBI30BA, H3MEHSIONIAsT COCTOSI-
Hue). B 3aksouenue 3akpoeM 1myJ1 (BBI30BOM pool. close() ), TOCJIE YeTO B ITyJT HEJTh3s
OyzieT epeaTh HUKAKIE IPYTHe 33/[a4H, U J0YePHUE TPOIECCHI TIPUCOEANHSITCS 110
3aBepiieHry 06pabOTKH, Terephb MOI0K/IEM UX 3aBepIiieHns (BbI30BOM pool.join()):

class ParallelPreprocessor(Preprocessor):

def on_result(self, result):
self.results.append(result)

def transform(self, tasks = None):

[...]

# O04nCTUTb CnUcok results
self.results = []

# Co3paTb nyn npoueccos
tasks = tasks or mp.cpu_count()
pool = mp.Pool(processes = tasks)
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# [lo6aBWTb 3aJayu B Myn
for fileid in self.fileids():
pool.apply async(
self.process, (fileid,), callback = self.on_result

)

# 3aKkpblTb M NPUCOEAMHUTbL Nyn
pool.close()
pool.join()

return self.results

Pe3ynbTaT NpuMeHeHNs napannesnbHon 06paboTky nopaxaeT. Ha noaMHoXecTBe
kopnyca Baleen, coaepxkaluem okono 1,5 MunnvoHa 4OKYMEHTOB, MOC/IeA0BaTEb-
Hast obpaboTka 3aHana npumepHo 30 YyacoB — MpUMepHO 13 AOKYMEHTOB B ce-
KYHAY. 3@ CYET UCMOMb30BaHWA MapanfienysmMa Ha ypoBHE 3afay M AaHHbIX
¢ 16 pabounmmn npoueccamm 06paboTka 6bina BbIMOIHEHA MeHee YeM 3a 2 vaca.

Harire 3HaKOMCTBO € MOTOKaMU M TIPOIIECCAME TIOJYYUIOCH JOBOJBHO KPATKUM
1 IMTOBEPXHOCTHBIM, HO Mbl HaZle€MCs, YTO Bbl CMOTJIN TIOJIYYUTDH IIpeACTaB/IeHne
0 Tipo6JIeMax U BO3MOKHOCTSIX TTapaJiJie/IbHON 06paboTKu. MHOTHE 3a/1auy aHAI3a
TEKCTa MOYKHO YCKOPUTD M MACIITaGUPOBATh IIPOCTO 3a CYET UCTIOIb30BAHKS MOLYJIS
multiprocessing 1 IIpUMeHEHUs yiKe UMEIOIIET0Cs Ko/Jia. Bommonngs HapaJIJIeJIbeIﬁ
KOJI Ha COBPEMEHHOM HOYTOYKe UJIH GOJIBIIIOM 00JIAa4HOM 9K3EMILISIPE, OTHOCUTEHHO
JIETKO TIOJTYYUTh TPEUMYIIECTBa MHOTOIIPOIIECCOPHOIT 00paboTKK 6e3 HeOOXOAUMO-
CTU HAaCTpauBaTb KJacTep. B CpaBHEHUNU C KJIaCTEPHBIMU BbIYUCIEHUAMN pa3pa6a-
TBIBATH, OTJIAKUBATH 1 COMPOBOK/ATH TTapaJijieJIbHbIE TIPOTPAMMBI HAMHOTO TIPOIILE.

KnacrepHbie BblYMCIE€HUA
C ucnosib3oBaHuem Spark

Moy multiprocessing saet npocToii u aheKTUBHBIN CIOCO6 UCITOIb30BAHMUS
[IPENMYIIECTB COBPEMEHHBIX MHOTOSI/IEPHBIX TIPOLIECCOPOB; OJJHAKO C POCTOM CJIOXK-
HOCTH PEIIaeMbIX 33/1a4 Mbl HEU30EKHO CTONKHEMCS ¢ (GU3UUECKUM 1 9KOHOMUYE-
CKUM TIPEIEJIOM, OTPAHUYMUBAIOIIMM KOJMYECTBO SI7IepP, IOCTYIHBIX Ha OJJHOM KOM-
mbioTepe. B Kakoii-To MOMEHT TTOKYTIKa KOMITBIOTEPA C BABOE GOJIBIIINM KOJMYECTBOM
A71ep OKKETCS MOPOsKe TTOKYIIKHU IBYX KOMITBIOTEPOB € TEM K€ KOJMYECTBOM TPO-
[[eCCOPOB. ATa MPOCTast MPUYMHA TIOPOJIMAJIA HOBYIO BOJIHY PA3BUTHS YITPOIIEHHBIX
METO/IOB KJIACTEPHBIX BBIYNCJICHUI.

OcHoBolt KJIaCTEPHBIX BBIYHCJIEHUHN SIBJISIETCS KOOpZinHal s HECKOJIBKUX KOMITIbIO-
TEPOB, CBA3aHHbIX CETbIO, JIA HOC]IeZIOBaTeJIBHOﬁ n HalIe)KHOfI pa6OTI)I — HaIllpuMep,
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€CJIN OJIUH KOMITBIOTED BBIH/IET U3 CTPOsI (UTO BIIOJIHE BEPOSITHO, KOT/Ia KOMITBIOTEPOB
MHOTO), KJIacTep, Kak enHOe 11eJI0e, IPOAOJIKUT padoTy. B Kiacrepax, B oT/mdme
OT MHOTOTIPOIIECCHOTO KOHTEKCTA, HET eIMHON OTTePAIlMOHHON CUCTEMBI, OPTaHU3Y -
IOTI[ell IOCTYI K pecypcaM u IaHHbIM. [109TOMY /17151 yIIpaBJIeHust pacnpeoeieHivim
Xpanuauujem, XpaHeHueM 1 KOTMPOBAHUEM JIAHHBIX MEXKIY Y3JTaMHU, a TAKXKe KOOP-
JIMHAIY PACNPEOCSIeHHBIX 6bIUUCIeHUT MEFKY KOMITBIOTEPAME B CETH HEOOXOIIMO
HCII0JIb30BATh HEKOTOPYIO0 UHMPACTPYKTYPY.

XoTs TeMa pacrnpefeneHHOro XpaHeHus AaHHbIX BbIXOAWUT AaNeKko 3a paMKu 3Toi
KHUIW, Bbl JO/KHbI C HEl 03HAKOMUTBLCS, NpeXae YeM NPUCTYnaThb K KNacTepHbIM
BbIYMCIIEHUSAM, ECIM XOTUTE 06ECIEUNTD BbICOKYH HAAEXHOCTb STUX BbIYMCTIEHWU.
Kak npaBuno, 4ns ynpasneHus AaHHbIMW Ha AWMCKaX B KlacTepax UCNonb3ylTcs
CreumanmsnpoBaHHble KactepHble dhalioBble CUCTEMbI, Takve kak HDFS u S3,
a Takke 6a3bl AaHHbIX, TakMe kak Cassandra n HBase.

B ocrasimeiicst yacTu riaBbl MBI PACCMOTPHUM TIPUEMbI UCTIOIb30Banust Apache
Spark — dpeiiMBopka pacipeie/IeHHBIX BBIYUCIECHUIN — JIJIsI 33/1a4 aHAJIN3a TEKCTa.
MbI faiiM BaM JINIIb KPATKOE BBe/leHNE, He MOrPYKasiCh TIIyOOKO B 9Ty 00IIHp-
Hyio Temy. YeranoBky Spark u PySpark mbr octaBiisiem Bam Kak caMOCTOSITETbHOE
yIpaxKHeHue, a MoApoOHbIe HHCTPYKIMK BbI HalifieTe B JoKyMeHTaImn Kk Spark’.
Kemarommm moyduTs 60siee NCUEPIBIBAIOIIEE BBEIECHITE MBI PEKOMEH/YEM KHUTY
Data Analytics with Hadoop (O’Reilly)>.

YcTpoMCcTBO 3apgaHui B Spark

Spark — 5T0 MexaHIU3M BBITTOTHEHUS PACIIPEAEICHHBIX TPOrPaMM, OCHOBHBIM ITpe-
MMYIIECTBOM KOTOPOTO SIBJISIETCS MOIEP;KKA BBIYUCIEHNIT B OTIEPATUBHOM TTAMSITH.
[TockoJIbKy TIPUIIOKEHMsT Ha OCHOBe Spark MoskHO GbicTpo mucarh Ha Java, Scala,
Python u R, ero HaszBanwue mpeBpaTuIOCh B CHHOHUM TEPMIHA «O0JIbIITIE TaHHBIE>
(big data). Ha ocroBe Spark namnicano Heckoibko 6ubinoTek, Takux kak Spark SQL
u DataFrames, MLlib u GraphX, kotopbie 03BOJISIOT HCCIIEA0BATEISAM JaHHBIX, UC-
OJIb3YIOLIMM JIOKa/IbHbIE BHIYMCIEHUS Ha HOYTOYKaX, ObICTPO OCBOUTD KJIACTEPHbBIE
BBIYHMCJIEHHS ¢ UX TOMOIIIBIO. Spark 1aeT BO3MOKHOCTD pa3pabaTbiBaTh IPUIOKEHUS
st 00pabOTKY JaHHBIX, paHee HeJOCTYITHBIX JIJIsI MAITUHHOTO 00YY€EHMS U3-3a MX
00beMa; K 9TOH KaTeropry OTHOCSITCS TaKsKe MHOTHE TeKCTOBbIe Kopirychl. DakTi-
YeCKH, IePBOHAYANBHO (PPERMBOPKY KJIACTEPHBIX BbIYMCACHUI pa3pabaThiBAIUCD
11 06PabOTKU TEKCTOBBIX JAHHBIX, U3BJIECKAEMbIX U3 MHTEPHETA.

! The Apache Software Foundation, Apache Spark: Lightning-fast cluster computing (2018), http://
bit.ly/2GKR6k1

2 Benjamin Bengfort and Jenny Kim, Data Analytics with Hadoop: An Introduction for Data
Scientists (2016), https://oreil.ly/2IHfi8V
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Spark mosker paboTtaTh B AByX pesKMMaXx: B pesKUMe KJIMEHTa U B PEKMME KJIacTepa.
B pexume kiacrepa saganue nepegaercs B KiacTep 1 00padaTbiBaeTcsl HE3aBUCUMO.
B pexxnme kimeHTa TOKAThHBIN KITUEHT YCTAHABINBAET UHTEPAKTUBHOE COEMTHEHTIE
C KJIaCTEPOM, TIOCHLTAeT 3aJaHusI B KJIacTeP U OKUIAET UX 3aBEPIIEHNS U TTOTyUeHUS
PEe3YJIBTaTOB. DTO MO3BOJISIET B3aMMO/IEHCTBOBATh € KJIACTEPOM ¢ TToMOIIbio PySpark,
HMHTEPAKTUBHOIO MHTEPIIPETATOPA, AaHAIOTMYHOTO KOMaHAHON 060s10uke Python wim
Jupyter Notebook. KinneHrckuii pe;kuM OTJIUYHO MOAXOMUT JIJIsI AMHAMUYECKOTO
aHaJu3a U ObICTPOTO MOJYYEHUST OTBETOB Ha BOIIPOCHI Ha OCHOBE HEOOJIBITNX Ha-
GOPOB JIAHHBIX U KOPITYCOB. [{Jist 60J1€e Py TUHHBIX HJIU TIPOAOJIKUTEIbHBIX 3aJaHUI
JIydIIie TIOAXOAUT KJIACTEPHBIA PEKIM.

B aTom pasziesie MbI KpaTKO paccMOTPUM co3anue mporpamm Ha Python ¢ ucrons-
3oBanueM Spark 2.x API. ITpesictaBieHHbII 1aIee KO MOKHO 3aITy CKaTh JIOKATHHO
B PySpark WJIN C TIOMOIIIbIO KOMaH/IbI spark-submit.

B PySpark:

$ pyspark

Python 3.6.3 (v3.6.3:2c5fed86e0, Oct 3 2017, 00:32:08)

[GCC 4.2.1 (Apple Inc. build 5666) (dot 3)] on darwin

Type "help", "copyright", "credits" or "license" for more information.
Welcome to

/ /7

/S ]
NN _\/ _ "/ _/ "'/
/__/ «_/\_,_/_/ /_/\_\ version 2.3.0

/_/

Using Python version 3.6.3 (v3.6.3:2c5fed86e@, Oct 3 2017 00:32:08)
SparkSession available as 'spark'.
>>> import hello

C ucnosbp3oBaHueM spark-submit:

$ spark-submit hello.py

Ha camom mese xomaHze spark-submit HYsKHO Tepenath psj GhJiaroB U apryMeH-
TOB, 4TOOBI cOOOMMTE (peitmBopky Spark, nHanpumep, URL kimactepa (aprymeHnt
--master), TOUKY BXOj/la B pUJIoKeHHEe (apryMeHT --class), MECTOIOJIOKEHNE
YIIPABJISAIONIEH TTPOTPAMMBI /1T BBITIOJIHEHUS B CPejle pa3BepThIBaHUS (apryMeHT
--deploy-mode) U T. [I.

Jlis OAKJIIoOueHUsT K KJaacTepy HeoOXoanM oObeKT SparkContext. OOBIYHO OH
XpaHUTCA B IJI00AIbHOI IepeMeHHol sc, 1, ecain PySpark samyckaercs B Jupyter
Notebook mu B TepMunae, ata mepeMeHHast CTaHOBUTCS JOCTYIIHOM aBTOMaTHyYe-
cku. Ecaim Spark 3amyckaercst iokaabHO, 00beKT SparkContext, IO CYTH, aeT BaM
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JOCTYII K cpefie BInoHeHust Spark, 6y/1b TO KJacTep Wi eIMHCTBEHHBIN KOMITbIO-
tep. YToObl MOJyYrTh aBTOHOMHOE 3a/aHre Ha Python, cHavasma HyKHO cO3/1aTh
9K3EMILISP SparkContext, Kak IIOKa3aHO HUIKE, TJle JEMOHCTPUPYETCS THUITHYHbII
mrabston 3amanmii 1st Spark:

from pyspark import SparkConf, SparkContext
APP_NAME = "My Spark Application”

def main(sc):
# Onpepenute Habopbl AaHHbIX RDD U nMpumeHWTe K HUM Tpebyemble onepauuu.

if __name__ == "__main__":
# HacTpoika Spark
conf = SparkConf().setAppName (APP_NAME)
sc = SparkContext(conf = conf)

# BbinosiHeHMe rnaBHOW QYHKLUWMW
main(sc)

Terneps, onpeesB OCHOBHOM MaGJIOH IS 3aITycKa 3aanuil B Spark, HyKHO 3arpy-
3WTH JIaHHbIE C [ICKA TaK, 9TOOBI Spark cMor HCIOIb30BaTh WX, @ KaK 9TO C/IeJIaTh,
MBI TIOKQXKEM B CJIEIYIOIIEM Pas/iesie.

PacnpepneneHue kopnyca

3amanus 1 Spark 4acTo ONMMCHIBAIOTCS KaK OPUECHMUPOBAHHDIE AUUKIULECKUE
epagpvr (Directed Acyclic Graph, DAG) win anukjimyeckne moToku AanHbix. ITox
9TUMM CJIOBAMU IOHUMAETCSI CTUJIb IPOrPAMMKIPOBAHUS, IIPeLyCMaTPUBAIONIIIA 32~
IPY3KY JaHHBIX B OJIFH WJIN HECKOJILKO PA3/IeJIOB 1 MOCTeAyIoNIee mpeobpa3oBamue,
CJIUSTHYIE WJIN Pas/leieHe 10 TOCTHKEHUST HEKOTOPOTO KOHEYHOTO cocTostHust. To
ecTb GopMUPOBaHUE 3aIaHs [t Spark HaUMHAETCsT ¢ CO3IAHUS YCMOUUUBHLX PAC-
npedenennvix nabopos dannvix (Resilient Distributed Dataset, RDD), kosurekiunii
JIaHHDBIX, PACHPEAETEHHBIX 110 HECKOJbKUM MalllMHaM, YTO TI03BOJIsAET Oe30I1acHO
[PUMEHSITD OTIEPAIIUHU PACIIPEIETEHHBIM CITOCOOOM.

Cawmblii 1ipocToii crocod cospath Habopbl RDD — oprannsosath gaHHbIE 110 aHAJIO-
TUH C OPraHu3alleil KopIyca Ha IUCKe: KaTaJloTh C MeTKaMK JIOKYMEHTOB 1 KayK/[bIit
JIOKYMEHT B OT/eJbHOM (haiiiie. Harpumep, uToObl 3arpy3uth Kopiyc «hobbiesy,
[Pe/ICTaBJIEHHBIN BO Bpe3ke «3arpyska Habopos gaHHbix Yellowbricks B riase 8,
MBI UCIIOJIb30BAJIU sc.wholeTextFiles, Bo3Bpaiaionuii RDD-kosieknuio nap (file
name, content). B kauecTBe aprymMenTa 9TOMy METO/LY MTEPEIAETCST Ty Th, COEPIKAIINI
mabJI0HHbIE CUMBOJIBI M CCBHLTAIOTIUIICS Ha KaTasIor ¢ (hailiaMu, OMMHOYHBIN (haiin
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nan cxkarble dailnbl. B namnoM ciaydyae myTh "hobbies/*/*.txt" COOTBETCTBYET
J00bIM haiizaM ¢ paciupenreM ixt B I0ObIX MogKaTaIo0rax B Katajaore hobbies:

corpus = sc.wholeTextFiles("hobbies/*/*.txt")
print(corpus.take(1))

Omnepanust take(1) BBIBOAUT TEPBBIN 2jieMeHT B Kopiryce RDD — 310 mosBouisieT
HATJISITHO YOEINTHCSI, 4TO KOPITYC SIBJISIETCST KOJIEKITEN KopTexkeil cTpok. IlepBbiit
aJIeMeHT B Kopiryce «<hobbies» umeer cieayronuit Bu:

[('file:/hobbies/books/56d62a53c1808113ffb87f1f.txt",
"\r\n\r\nFrom \n\n to \n\n, Oscar voters can't get enough of book
adaptations. Nowhere is this trend more obvious than in the Best
Actor and Best Actress categories.\n\n\r\n\r\nYes, movies have
been based on books and true stories since the silent film era,
but this year represents a notable spike...")]

XpaHWUTh Ha JMCKE U aHAJTU3UPOBATH MOKHO JIAHHBIE B PA3HBIX (hOpMaTax, BKJIIO-
yas apyrue TekctoBbie popmarsl, Takue kak JSON, CSV u XML, unu gBondnbie
dbopmarsr, Takue kak Avro, Parquet, Pickle, Protocol Buffers u T. 1., koTOpbIe MOTYT
okaszarbcst Oosiee KOMIAKTHBIMU. Kak ObI TO HU OBLITO, MOCTIE TIPeBaAPUTENHbHON
o6paborku (¢ momoripio Spark win kak omuceiBanoch B pazaene «IlapairenbHast
06paboTKa KOpItyca» BbIIIEe) JaHHble MOKHO COXPaHUTH B BUIe 00bekTOB Python
C UCTI0JIb30BAaHMEM MeTOJ1a RDD. saveAsPickleFile (110100HO TOMY, KaK MbI COXPAHSIJIN
(aiisbl B hopmare pickle JJIst HAIIETO MPEABAPUTENBHO 06PAOOTAHHOTO KOpITyca)
U 3aTEM 3arPY3UTD BBI30BOM sc.pickleFile.

SPDEKTUBHOE XPAHEHUE B ®OPMATE JSON

Coxpanenue B KJacTepe MHOKECTBA MAJEHBKUX (DANIOB MOXKET OKa3aThCs
CJTOKHOM 3a/1aueil n3-3a mpodJIeM ¢ Tepeaveil TaHHbIX U HeOOXOAMMOCTH
yIIpaBJIeHUsI IPOCTPAHCTBAMU MMEH, He TOBOPs yiKe 00 SKOHOMHH MPO-
CTPAHCTBA, KOTOPOE MOKET JaTh CyKaTre 6ObIINX (hailnos. [ToaToMy 1aHHbIe
JIydIiie XpaHUTh B HECKOJIBKUX OOJIBIIIX (haiiax, ueM B GOJIBIIOM KOJTMYECTBE
MaJIEHbKUX (hailIoB.

Jlist oObetnHeH s TAHHBIX B OOJTbInne (hailsibl 4acTO UCTIOMB3YETCS TPUeM
ux npeodpasoBanust B hopmat JSON Lines (nnu JSONL), tae cepuanuso-
Bantbie 00bekThI JSON mpe/cTaBieHbl CTpoKaMu B (haiisie, a He OTAebHBIMU
caitmamu. 3arpysutb u mpeobpasosarh Takue gaHubsie JSON Lines B Habop
RDD wmosHO Tak:
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import json

corpus = sc.wholeTextFiles("corpus/*.jsonl")
corpus = corpus.flatMap(
lambda d: [
json.loads(line)
for line in d[1].split("\n")
if line

)

B nannoMm ciyuae mMbl rcniosib3yeM (yHKIIMIO, KOTOPasi BO3BPAIAET MaCCHB
00bexToB JSON, U3BJI€UEHHBIX M3 KaKAOH CTPOKHU B JOKyMeHTe. MeTos
flatMap mpeBpaiiaer CIMCOK CIIMCKOB B OJIMH IJIOCKHIT CIIUCOK; TAKUM 0Opa-
30M, Habop RDD — 510 KoJuteKkims cioBapeit Python, nmosry4eHHbIX 13 CTPOK
BO Bcex (haiiiax B HaOOpe JaHHbIX.

I[Tocute 3arpysku kopiyca «<hobbies» B Habopst RDD K HUM MOKHO TPUMEHHTB TIpe-
0Opa3oBaHust U JPyTUe AeHCTBYS, KOTOPbIE MbI MOAPOOHO OOCYANM B CJEAYIOIEM
paserie.

Onepauuun RDD

B mporpammax Ha ocnoBe Spark ocTyIiHBI OTtepanun IByX OCHOBHBIX THUIIOB: npe-
obpasosanus n deiicmeusi. [1peobpazoBaHusi — 9TO ONEPAINH C TAHHBIMHU, CO3/IA10-
e HoBbIH Habop RDD u3 cymiectyioriero. IIpeobpasoBanHust He BBIOTHSIIOTCS
B KJlacTepe HeMeJJIeHHO, OHM IIPOCTO OIUCHIBAIOT IIOCJIEL0BATEJbHOCTD 1IAroB,
MPUMEHSIEMBIX K OHOMY WM HeCKOJIbKUM Habopam RDD. /leficTBusI, HATPOTHUB,
BBIIIOJIHAIOTCS HEME/IJIEHHO, BO3Bpalllasl pe3yJibTaT yIpaBJsIonleil nporpaMmme
(B pekuMe KJIMEHTA), 3alChiBast JAHHbIE HA JUCK UK TIPOU3BOIS JIFOObIE JIPYTHE
BBIUKCJIEHUS (B pe/KMMe KJacTepa).

Mpeobpa3oBaHNs BLINMOMHSIOTCA B OT/IOKEHHOM PEXUME, TO €CTb OHW Npu-
MEHSIIOTCS, TONbKO KOrAa AEMCTBMIO NOTpebyeTcs pe3y/bTaT NpeobpasoBaHus,
4TO No3BosISiET hperiMBOPKY Spark ONTUMUM3MpOBaTb CO3L4aHWE U XpaHeHWe
B MamsT HabopoB RDD. 3TO MOXET BbI3bIBaTb NMyTaHUL y Nosb3oBaTenen;
Npy NOSBIEHNN UCKITIOYEHNS MOXET 6bITb HEOUEBMAHO, KaKas onepaums Bbl-
3Basia ero; KpoMe TOro, MHOrAa AENCTBME MOXET 3aryCTUTb BeCbMa NpoAo-
XWUTENbHbIE BbIYMCNEHUS B knacTepe. MN03TOMy Mbl pekOMeHAyeM BeCcTU pas-
paboTKy B K/IMEHTCKOM pexuMe U MUCNonb30BaTb HebOMbLUYIO BbIGOPKY M3
obLiero Habopa AaHHbIX, @ 3aTeM co34aBaTb MPUIIOXKEHUS, AEUCTBYOLME
B peXuMe Kracrtepa.
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B npaxTuke Hanbosiee paciipocTpaHeHbl TPU IPeodpasoBaHust: map, filter u flatMap.
Kaxxnoe mpunumaet byHKIIUIO B TIEPBOM apryMenTe. JTa HYHKIIUA TPUMEHSIEeTCS
K Kak10My ajieMeHTy B Habope RDD, a ee Bo3BpaliiaeMbie 3HAY€HUST TIOMEIIAIOTCS
B HOBBII Habop RDD.

Hanpumep, Bocnosibayemest MoyJieM Python operator /iist mosry4eHust moaKaTero-
pUHM KaKI0T0 ToKyMeHTa. /[y aToro onpezpesnM HyHKITHIO parse_label, n3BJIeKa-
IONIYI0 UM KaTeTOprU U3 MyTH K (hailry moxkymenTa. Tak ke Kak B TIpUMepe BHIIIE,
cosmaanM Ha6op RDD map «kirou/3Hadenues (filename, content), 3arpysuB Bce
TeKCTOBbIEe (aiijibl M3 yKa3aHHOTO Kopiryca. 3ateM coszaauM Habop RDD labels,
IPUMEHUB K KaKJIOMY 3JIEMEHTY Olepalio itemgetter (@), KOTOpasi BEIOMpAeT U3
Habopa RDD data Tosibko nMeHa ¢aiinos, u 3areM (QYHKIHIO parse_label:

import os
from operator import itemgetter

def parse_label(path):
# Bo3BpawaeT umA KaTanora, coaepxawero ¢ainn
return os.path.basename(os.path.dirname(path))

data = sc.wholeTextFiles("hobbies/*/*.txt")
labels = data.map(itemgetter(@)).map(parse_label)

OG6paTuTe BHUMAHUE, 4TO B ATOU TOUKE KJIACTED MOKA HITIETO He BBITIOTHILI, TOTOMY
YTO MBI OITPEIEJTUIN TTPeobpasoBaHie, HO He feficTre. [lomycTnM, Ham TToHa100u-
JIOCH TIOJICUNTATD JIOKYMEHTBI B KQK/IOW TIOJIKATETOPHH.

B nacrosimuii MmomenT Ham Habop RDD labels siBisieTcst KOJIEKIIUEH CTPOK,
OIHaKO MHOTHe onepaiuu B Spark (Harnpumep, groupByKey 1 reduceByKey) pa6Go-
TAIOT TOJBKO C TTAPaMU «KJII0U /3HavenHnes. UTo6b MPeooIeTh 9TO OTpaHuYeHNe,
MO’KHO c03/1aTh HOBbIi Habop RDD ¢ mMeneM label_counts, KOTOPBIN TOJIy4aeTcst
oToOpakeHNeM KaskK[IOH METKU B Hapy «KJI04/3HAYeHUE», TIe KU — 9TO UMS
MeTKH, a 3HaueHne — uncyo 1. [Tocse aToro Mo;kHO BBI3BaTh reduceByKey ¢ oriepa-
TOPOM add, KOTOPBIT BEIYUCIUT CYMMY BCEX €IAMHUIL ¥ BEPHET 0011ee KOJIMYECTBO
IOKYMEHTOB B KaTeropuu. [locie aToro ncmonp3yeM neiicTBre collect, KOTOpoe
BBITIOJIHUT IIPeoOpasoBaHus B KJlacTepe, 3arpys3uB AatHble U co3aas Habopsl RDD
labels u label_count, 1 BEPHET CIIMCOK KOPTeXKel (label, count), a Mbl BbIBE/IEM
€ro B KJINEHTCKO MporpamMMe:

from operator import add
label_count = labels.map(lambda 1: (1, 1)).reduceByKey(add)

for label, count in label count.collect():
print("{}: {}".format(label, count))
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Bot kakne PE3YJAbTaTbhl Mbl ITIOJTYy4YWUJIN:

books: 72

cinema: 100
gaming: 128
sports: 118
cooking: 30

K pencremam Takxe OTHOCSTCS: reduce (06bEeAMHSIET 3MEMEHTbI KOMNEKLMM),
count (BO3BpaLLAET KOMIMYECTBO 3/IEMEHTOB B KOJIEKLMM), @ Takxke take n first
(BO3BpALLAIOT NEPBbIV MW N NEPBbIX 3/IEMEHTOB U3 KOIIEKLIMM COOTBETCTBEHHO).
3T AeNCTBUS MOMyT NPUroAUTLCS B MHTEPAKTUBHOM PEXMME U AN OTNAAKM, HO
6yabTe 0CTOpOXHbI, paboTtas ¢ 6onbwmmMmn Habopamm RDD — no owmbke nerko
MOXHO MOMbITaTbCS 3arpy3nTb OrPOMHbIN HAbOp AaHHbIX, HE yMELLALWMIACS
B NaMsTu komnbtoTepa! YTobbl M3bexaTb noaobHol npobnemsl, nNpu pabote
¢ 60/bLWMMU HAabopaMK AaHHbIX YaCcTO MCTOSb3YIOT AelcTBMe takeSample, Co-
3[atoLLee CyvaiHyio BbIGOpPKY C 3aMeHOM Unu 6e3 3aMeHbl MCXOAHOW KONneKLmm
WM NPOCTO COXPaHsoLLEE NOYUMBLLKIACS HABOP AaHHbIX Ha AUCK ANist nocneay-
IOLLIEro MCMOb30BaHMSI.

Kaxk pacckaspiBaioch B IIpeIbIyIINX pasjesax, IMPUIOKeHnsT Ha ocHoBe Spark
OIIpe/IEJISIIOT IIOTOKY ollepanuil ¢ gannpiMu. CHavyasa Mbl 3arpy:kaeM OJUH WU
HecKoJIbKo HabopoB RDD, nmpuMmeHsieM K HUM TpeoGpa3oBanust, 00beANHSIEM UX,
3aTeM IIPUMEHSIEM JIeCTBUSI M COXPaHsieM IIOJy4eHHbIe Pe3yJIbTaThl Ha JAMCK WK
o0beIMHsIEM JTAHHBIE U BO3BpAIlaeM WX 0OPATHO YIIPABJSIOINIEil mporpammMe. Jta
MOTITHAST aGCTPAKIINST TO3BOJISIET PACCYK/IATH B TEDMUHAX KOJIJIEKIINH IAHHBIX, & He
B TEPMUHAX PACIPEIEEHHBIX BHIUNCIEHNI, 1 00JeryaeT OCBOEHUE KITaCTEPHBIX
BIYUCIeHNI. Bosiee CI0KHbBIIT BApUAHT HCIIOIb30BaHUsT Spark BKio9aer cosnamie
kosutekimii DataFrame u Graph, ¢ KOTOPBIME MBI BCTPETHUMCSI B CJIE/IYIOIIEM Pas/ieie.

O6paboTka ecTeCTBEHHOro sisblka B Spark

O6paboTKa eCTECTBEHHOTO sI3bIKA TIPEICTABIISIET OCOOBIN MHTEPEC JIJIsT COOOIIeCTBa
H0JIb30BaTe Il paciipeieJIeHHbIX cucTeM. V1 He TOJIbKO TI0TOMY, 4TO TEKCTOBbIE Ha-
GOPBI SIBJISTIOTCST caMbIME OoJTbITMH (((akTiyecku, hpeiimBopk Hadoop npoektupo-
BaJICA CTIENATbHO s mapcwHTa fokyMeHnToB HTML B monckoBhIX MeXaHM3Max),
HO TaK’Ke TIOTOMY, 4TO JIJist 00J1bIeit ah(heKTUBHOCTH COBPEMEHHBIM MPUIOKEHUSIM
aHaJIM3a eCTECTBEHHOTO A3bIKA TPEOYIOTCS 0COGEHHO GOJIBIIIE KOPITYChl. B pe3yib-
tate 6ubamnoreka MamuuHoro obyuennss MLLib!' 8 Spark moxeT moxBacratbes
GOJIBITNM KOJIMYECTBOM MHCTPYMEHTOB [IJIsl HHTEJJIEKTYaIbHOTO U3BJIEYEHUST TTPH-

! The Apache Software Foundation, MLlib: Apache Spark’s scalable machine learning library
(2018), http://bit.ly/2GIQPOY



KnacTepHble BblUMCIEHNSI C UCMOMNb30BaHMeM Spark 309

3HAKOB M BEKTOPHU3AIINHU TEKCTA, aHAJIOTUIHBIX 00CY KIAaBIIUMCS B TJIaBE 4, BKIFOYast
YTUIATHE YacToTHOTO, psimoro, TF—IDF u word2vec koaupoBaHusi.

Manmtuoe obyuenne B Spark HaunHaeTcst ¢ OIyYeHUsT KOJIEKIN JIAHHBIX, T10-
xoskeil Ha Habop RDD, — SparkSQL DataFrame. Kosuteknun Spark DataFrame
KOHIIENTYAJIBHO MIOXOKU HA TAOJIUIIBI B PEJISIIIMOHHBIX GA3aX JIAHHBIX MJIM UX AHAJIOTH
Pandas u opranusyior gammbie B TabJIHILY, COCTOSIIYIO U3 CTPOK ¥ CTOJIOIOB. [1pu
9TOM OHU J06ABUJIM OOIIMPHBIN CIIEKTP ONTUMU3AIN, OCHOBAHHBIX HA UCIIOJIb30-
BaHUM MeXaHn3Ma BbIoaHeHnst SparkSQL, u GbICTPO MPEBPATUIINCH B CTAHIAPT
pacripe/iesieHHON 06pabOTKH IAHHBIX.

Ecau 661 Mbl moskenasnu 3aneiicrsoBarb Spark MLLib as o6paboTku xopiyca
«hobbies», MbI cHavasa mpeoGpaszosasu 6b1 kKopiyc RDD ¢ momoribio SparkSession
(mocrymna B PySpark kax riobasbHast iepeMeHHast spark), 4T00bI CO3/1aTh DataFrame
13 KOJIJIEKIINU KOPTEKEH, OITPe/IesTUB NMsI KaKI0TO CTOIOIA:

# 3arpy3uTb [aHHble C Aucka
corpus = sc.wholeTextFiles("hobbies/*/*.txt")

# Mony4nTb MeTKM U3 nyTei Kk dainam
corpus = corpus.map(lambda d: (parse_label(d[@]), d[1]))

# Co3paTtb DataFrame c aByms cTonbuamu
df = spark.createDataFrame(corpus, ["category", "text"])

SparkSession — 910 TouKka Bxozia B SparkSQL u Spark 2.x API. Uto6bI BOCIIOJIB30-
BaTbCs 9TUM MeXaHN3MOM B IIPUJIOKEHNN 1711 spark-submit, Hy’KHO CHa4aJIa CO3/1aTh
ero, MojIoGHO TOMY KaK MbI CO3/1aBajii SparkContext B MpeblayleM paszese. 13-
MeHuTe mabI0H IporpaMMbl st Spark, 106aBUB CJIEAYIONE CTPOKH:

from pyspark.sql import SparkSession
from pyspark import SparkConf, SparkContext

APP_NAME = "My Spark Text Analysis"

def main(sc, spark):
# OnpepenuTe Konnekuuu DataFrame u npumeHuTe K HUM
# anropuTMbl Npeobpa3oBaHUS U OLEHKMU

if __name__ == "__main__":
# HacTpowika Spark
conf = SparkConf().setAppName (APP_NAME)
sc SparkContext(conf = conf)

# Co3paHue ceaHca SparkSQL
spark = SparkSession(sc)

# BbinosiHEHME rNaBHOW (GYHKLUUM
main(sc, spark)
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[Tocsie mpeobpazoBaHust KOPITyca B KOJLIEKINIO Spark DataFrame MOJKHO TIPUCTYIATh
K 00y4eHuI0 Mojiesiell 1 ipeobpasoBaHiio HabOPOB AaHHbIX. K cyacThio, mporpaMm-
ubrit naTepdeiic Spark ouenn moxox Ha Scikit-Learn, moatomy nepexon ot Scikit-
Learn wim coBmectHoe ucnob3oBanue Scikit-Learn u Spark ne npemcrasisiior
HUKAKWUX CJIO’KHOCTEI.

Ot Scikit-Learn k MLLib

bubamoreka Spark MLLib 6bicTpo pasBuBaeTcst 1 BKIIOYAET Pean3alii alropuT-
MOB KJIacCU(PUKAIIIH, PETPECCUH, KIACTEPUBAIINH, COBMECTHON (DUJIBTPAIIUN 1 BbI-
SIBJIEHUST 3aKOHOMepPHOCTel. MHOTHE U3 HUX CO3/IaBajIiCh 10 00pa3y U Mog06HuIo
aHaIornYHeIx aaroput™oB B Scikit-Learn, mostomy mosb3oBatean Scikit-Learn
6bIcTPO ocBoAT O6uboTeky MLLib 1 ocTyiHble B HEll MozesIm.

BaskHO MOMHUTB, 4YTO OCHOBHOE IpeiHasHayeHue Spark — 06paboTka oueHb OOJIBITNX
Ha0OPOB JAHHBIX B KJaacTepe. [10 aToll npudrHe B pacipeieIeHHbIX BBIYUCTIEHUSAX
HCTIOJIB3YETCS MHOKECTBO OMTUMU3AINN. DTO O3HAYAET, UTO AJITOPUTMBI, JIETKO
HOIAIONINECs pacliapa/uleIMBaHuUIo, IOYTH HaBepHsaKa OyayT goctynibl B MLLib,
HO JIpyTHeE, JJIs KOTOPBIX CJIO0KHO Peayn30BaTh MapajjebHble BADUAHTDI, MOTYT
orcytcTBOBaTh. Harpumep, airoputm Random Forest (ciryuaiitbiii Jiec), CyTh KOTO-
POTO 3aKJIFOYAETCST B CIyYailHOM pa3brueHnn Habopa JaHHBIX 1 00YYeHIH KOMILIEKCa
JlepeBhEB PEIeHU Ha TTOIMHOKECTBAX TAHHBIX, JIETKO MOKHO PACTIPEIETUTD MEKIY
HECKOJIBKUMU KOMITBIOTEPaMU. AJITOPUTM CTOXACTUIECKOTO TPAINEHTHOTO CITyCKa,
HAIMTPOTHUB, 0U€Hb TPYAHO PaclapalJIeTuTh, TOTOMY YTO €eT0 BHYTPEHHEe COCTOSHIE
OOHOBJISIETCS TIOCJIE KasKI0U nTeparn. Spark BBIGUpaeT cTpateriu, OnTuMalIbHbIe
JIsL BBIYKMC/IEHU B KJIacTepe, a He 6asoBble Mozei. [ monb3osareseii Scikit-Learn
9TO MOJKET IPOSBJSITHCS B BHJIe MEHEe TOUHBIX Mojiesiel (M3-3a allpoOKCUMaIiii
B Spark) wiim MeHbIIero KosimuecTsa runeprapamerpos. JIpyrue Mozesu (Harpumep,
k-6sKaiinmix cocezieil) MoryT ObITh BOOOIIE HEAOCTYITHBI U3-32 HEBO3MOKHOCTH
opranmn3oBaTh 3(pHeKTUBHOE UX pacIpesiesieHue.

Spark ML API, raxk ke kak Scikit-Learn, ocnoBan Ha uzee Komseiiepa (Pipeline).
Konseiiepbl 103BOJISIIOT OLIPEAEJISATD I10CeA0BaTEIbHOCTH alITOPUTMOB, [1PE/ICTaB-
JISTIOTIME €ITHYI0 MOJIENTb, KOTOPYIO MOKHO OOYYUTh Ha JaHHBIX U HCIIOJTb30BATH
J1J1s1 IPOTHO3MPOBAHUSL.

B Spark, B otnmume ot Scikit-Learn, anroputmbl 06yyeHns 1 OLEHKM, @ Takxke
KOHBelepbl BMECTO M3MEHEHWS BHYTPEHHEro COCTOSIHUS BO3BPaLLaloT COBep-
LUEHHO HOBbIN O6BEKT MOAENU. ITO OOBLACHSAETCS HEU3MEHSEMOCTbLIO Habo-
pos RDD.
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OO6bekT Pipeline B Spark cocTouT U3 amanos, Kaxablii 13 KOTOPIX A0JIKEH ObITh
9K3EMILISIPOM Transformer Uin Estimator. JK3eMIIAPHI Transformer Hpeo6pa3y10T
OJIHY KOJIJIEKIIMIO DataFrame B APYTYIO, YATast CTOJIOIbI U3 UCXOAHOM KOJUIIEKIIUN
DataFrame, IipeoGpasyst UX B MeTojie transform() u 100aBJsiss HOBbIE cTOJIOBL. [To
9TOIi IIpUUMHe Bee IpeobpasoBaTe/in 0ObIYHO TPEOYIOT YKa3aTh MMeHa CTOJIOI0B BO
BXO/IHOH U BBIXOIHO# KOJIJIEKIINSIX, KOTOPbIE IOJKHBI ObITh YHUKATbHBIMU.

OG6bekThI Estimator peanusyior MeTo/ fit(), 00ydaroIuii i BO3BPAIIAIOITIIA HOBYIO
MoiesTb. Mojiesin caMu SIBJISTIOTCS TIPeoOpasoBaTeIsIMU, TI09TOMY OOBEKTHI Estimator
TaKsKe OMPE/IEIISTIOT BXO/IHBIE M BBIXO/IHbIE CTOJIOIBI KOJLTEKITHIT DataFrame. Koria BbI-
3BIBAETCST METOJL transform() npozHoCmuUeckoi MOOe U, TIPEIICKAa3aH s COXPAHSTIOTCST
B BBIXOJIHOM cTOJI011€e. Takoe pereHne HeCKOIbKO OTJINYAETCS OT Peaim30BaHHOTO
B Scikit-Learn, rje umeercst MeTo predict (), HO B pacipeieIecHHOM KOHTEKCTE Me-
TOZ transform() GoJiee yMeCTEH, TOTOMY YTO IPUMEHSIETCS K TTOTEHI[HATBHO OYEHb
60bIIOMY HAOOPY JaHHBIX.

STanbl KoHBeNepa A0MKHbI 6bITb YHUKAbHBIMM, YTOObI rapaHTUPOBaTh yCrneLl-
HOe NpeosoeHne NPOBEPKM Ha 3Tarne KOMMNUsLMKU 1 Npeobpa3oBaHue B auu-
Knuyeckuin rpacd — rpad npeobpasoBaHuii U AeCTBUIA B Cpesie BbIMOHEHMS
Spark. 3To 03HauaeT, YTo NapaMeTpbl inputCol v outputCol AOMKHbI BbITb
YHUKabHBIMW Ha KXXA0OM 3Tane, 1 OAWH U TOT Xe 3K3eMMNsiP Heb3s UCTOoSb-
30BaTb Ha pasHbIX 3Tanax.

[TockonbKy coxpaHeHue MOJIEJIA U ee TTOBTOPHOE 3HAaYeHUE YPE3BbIYaliHO BasKHbBI
JIJIA MAIITUHHOTO 06y‘{eHI/IH, Spark peaycMaTpuBaeT BO3MOKHOCTD 9KCIIOPTHUPOBA-
HUSI M1 UMIIOPTUPOBAHUS MOjIeJIel 110 Tpe60BaHI/IIO. Muorue o0beKTbI Transformer
U Pipeline UMEIOT METO/ save() IJIsI COXPaHEHUS MOZEJIN Ha JUCK U COOTBETCTBY-
IOIUI MeTOo 1oad () JI7Is1 3aTPY3KU COXPAHEHHON MOIEJH.

Haxkomer, 6ubanorexa Spark MLLib peanusyer eme oHO JOMOJTHUTEIbHOE
nousitue: Parameter. O6beKTHI Parameter — 9TO paciipesiejieHHbIe CTPYKTYPbI
JIAHHBIX ¢ COOCTBEHHBIM OIMCAHKMEM. DTa CTPYKTypa JaHHBIX COBEPIIEHHO HE0O-
XO/MMa B MaIllIMHHOM 00YYEHUH, TIOTOMY 4TO obecrednBaeT 6e30MacHy 0 PACChLIKY
HepeMeHHbIX BCeM UCIIOJTHUTEISAM B KJacTepe. Paccbliaemble epeMeHHble — 9TO
IaHHBIE, JOCTYITHBIE TOJIBKO JIJIs YTeHUs Kak TJ00aIbHbIe TIepeMeHHbIEe BCEM HC-
MOJIHATEJISIM B KJIaCTEPE.

HexoTtopble mapamMeTpsl MOTYT Jaske M3MEHSAThCS B mpoiecce obydenust. Taxie
napameTpbl (UX Ha3bIBAIOT AKKYMYAAMOPAMU) IIPEACTABIISIOT CTPYKTYPLI JaHHBIX,
HOJ/IEPKUBAIOIINE ACCOIIMATUBHbBIE M KOMMYTATHBHbIE I1apaJlylesIbHbIe Ollepaliiu.
[ToaTomy MHOTHE TapaMeTpbl OJIKHBI U3BJICKATHCS UM U3MEHSITBCS C TIOMOIIIBIO
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CIeLMaIbHBIX METOAOB Kjacca Transformer, 13 KOTOPHIX HanOoJIee 4aCTO UCIIOJIb-
3yIOTCs getParam(param), getOrDefault(param) u setParams(). C IOMOIIIBIO METO/IA
explainParam() MOKHO IIPOCMOTPETH IapaMeTp U CBA3aHHbIe C HUM 3HaYeHUd, U OH
vacTo ucnosbsyercs B PySpark u Jupyter Notebook.

Tenepsb, mosryuus ob1ee peacrasienue o Spark MLLib API, niepeiizem K ciemyio-
IeMy paszieny, re pacCMOTPUM HECKOJIBKO TPUMEPOB.

MU3BneyeHne npu3HaKkoB

[TepBsrit mmar B 06paboTKe €CTECTBEHHOTO sI3bIKA € MCIOIb30BanneM Spark — us-
BJIeUeHNe IPU3HAKOB U3 TEKCTa, JIEKCeMU3allis U BeKTOPU3alis BbICKa3bIBAHUI
u okymenToB. B Spark numeercs 6orareiii HaGOp HHCTPYMEHTOB U3BJIEUEHS TPHU-
3HAKOB M3 TEKCTa, BKJIIOYasd MHIEKCUPOBaHUE, YaJl€HUE CTOII-CJO0B U N3BJIEYEHUE
n-rpamM. Takske B Spark ecTh yTHINTBI BEKTOPHU3AIUHN JIJISI YaCTOTHOTO, IIPSIMOTO,
TF-IDF u word2vec kopupoBanusi. Bce 9TH yTHIUTDI TPUHIMAIOT CITHCOK JIEKCEM,
[I09TOMY Ha IIEPBOM II1are 0ObIYHO BBITOIHSIETCS JIEKCEMU3AIIHSL.

B caenytommem parmenTe Mbl HHUIIHATU3UPYEM TTpeodpasoBareib RegexTokenizer
HECKOJTBbKUMHM TlapaMeTpamiu. IlapameTpnr inputCol 1 outputCol OTpesessaoT, Kak
npeobpasoBaTesn OyayT paboraTh ¢ JaHHOI Kosekireil DataFrame; peryisiproe
BhIpakKeHUe "\\w+" OIpe/esisieT, KaK J0JKHA TPOU3BOAUTHCS Pa3OUBKa TEKCTA;
agaps = False rapaHTHPYET, YTO ITOMY BBIPAKEHUIO OY/IyT COOTBETCTBOBATH CJIOBA,
a He npobesibl Mexy Humu. Ilocse npeodpasoBanust Kopiyca DataFrame (31ech
IPE/IIOIATaeTCsl, YTO KOPIYC YiKe 3arpysKeH) B HEM TOSIBUTCSI HOBBIN cTOJIOEI
«tokens» ¢ THITOM TAHHBIX «MACCHB CTPOK», KOTOPBIN HEOOXOMM [171sT GOJIBITIHCTBA
WHCTPYMEHTOB M3BJICUEHUS TPU3HAKOB:

from pyspark.ml.feature import RegexTokenizer

# Co3paTb RegexTokenizer
tokens = RegexTokenizer(
inputCol = "text", outputCol = "tokens",
pattern = "\\w+", gaps = False, toLowercase = True)

# lMpeobpasoBaTb Kopnyc
corpus = tokens.transform(corpus)

ITOT JIEKCEMU3ATOP YAAJUT BCe 3HAKK MPEIMHAHUSA 1 Pa3oObeT COCTaBHbIE CJIOBA,
KOTOPBIe 3aMUChIBAIOTC Yepe3 neduc. boiee ciokHoe BeIpakeHHe, TaKOe Kak
"\\w+ | \$[\\d\. ]+| \\S+", BBIIOJTHUT PasOMBKY 10 3HAKAM ITPEMUHAHNS, HO HE YIaTUT
WX U JIa’Ke COXPAHUT JIEHEKHbIE CYMMbI, TAaKHe Kak "$8.31".
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HekoTopble Mogenu B Spark onpefensioT 3HayeHus MO yMOMYaHuo Ans
inputCol noutputCol, Takne Kak "features" unn "predictions”, koTopble
MOrYT NMPUBOAMTb K OLUMEKAM WM HEMPaBWUbHOM paboTe; KaK NpaBusio, Nyylle

| SIBHO YKa3blBaTb 3HAYEHMSI STUX MApaMeTPoB ANsl KaXkaoro npeobpasosaTensi
1 Mogenu.

[TockosbKy mpeobpa3oBaHyie TOKYMEHTOB B BEKTOPBI TPU3HAKOB BBIIOTHSIIETCST
B HECKOJIBKO 3TATIOB, KOTOPBIE OJKHBI OBITH COTTACOBAHDI, BEKTOPU3AIIHS PeaIi-
30BaHa Kak KoHBelep Pipeline. Co3manne JOKATbHBIX TIEPEMEHHBIX JIJIT KasKIOTO
npeobpasoBaTeis U UX Mepejiadya B KOHBEHep — pacipocTpaHeHHbI IIPHeM, HO 3TO
MOJKET ClIeJIaTh ClieHapuu /Uit Spark cuIKoM oAPOOHBIMU U TOABEP;KEHHBIMU
ormm6Okam. OIHO U3 pelieHuit TOH Po6IeMbl — OTIPeIeIUTh (PYHKIIUIO, BO3BpAlla-
IONTYI0 CTAaHAAPTHBIN KOHBeep Pipeline BEKTOPU3AINHU KOPITYCa, KOTOPYIO MOKHO
MMIIOPTUPOBATH B CIleHAPUIL.

q)yHKHI/IH make_vectorizer cO3/JlaeT 9K3eMILIAP Pipeline C JIeKCEMU3aTOPOM
Tokenizer U BEKTOPU3AaTOPOM HashingTF, 0TOOpaKAIOMIMM JIEKCEMbI B X 4aCTOTI
METO/IOM XeUUpo8anus NPU3HaKos, CyTb KOTOPOTO 3aKJII0YAETCA B BbIUMCIEHUN
xenr-cyMMbl Murmur3 JieKceMbl U ee UCTTOb30BaHU B POJIN YUCJIOBOTO MTPU3HAKA.
Ita HYHKIMS MOKET TaksKe T0OABJISITh B KOHBEIep yaaneHre CToI-CJI0B 1 TPeod-
pasosaresin TF—IDF. Yto6b! rapaHTHPOBATh IPaBUIbHOE IIPpeobpazoBaHue KOJLIeK-
i DataFrame ¢ yHUKaJIbHBIME CTOJIOIAMMU, KaK/IBIH TPeoOpa3oBaTesib MOJIydaeT
YHUKAJIbHOE UM BBIXOJHOTO cTonb1Ia n HUCIIOJIb3YeT stages[-1].getOutputCol(),
4TOOBI OTIPEIETUTH UMsI BXOIHOTO CTOJIOIA MO MPEbILYIIEMY 9Tally:

def make_vectorizer(stopwords = True, tfidf = True, n_features = 5000):
# Co3paeT KOHBeilep BeKTOpWU3aLMW, KOTOpbIi Ha4yuHaeTCA C JieKCeMU3auum
stages = [

Tokenizer(inputCol = "text", outputCol = "tokens"),

]

# [lo6aBUTb B KOHBeliep yfhaneHue CTOM-CNOB, eCAu 3aTpeboBaHO
if stopwords:
stages.append(
StopWordsRemover(
caseSensitive = False, outputCol = "filtered_tokens",
inputCol = stages[-1].getOutputCol(),
)
)

# Nlo6aBWTb 4YacTOTHbI BekTopuzaTop HashingTF
stages.append(
HashingTF(
numFeatures = n_features,
inputCol = stages[-1].getOutputCol(),
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outputCol = "frequency"

)

# NlobaBuTb BekTopusaTop IDF, ecnu 3aTpeboBaHoO
if tfidf:
stages.append(
IDF(inputCol = stages[-1].getOutputCol(), outputCol = "tfidf")
)

# BepHyTb MOJNy4YMBWHUWACA KOHBenep
return Pipeline(stages = stages)

[Tockonbky HashingTF 1 IDF SBJISIOTCS MOJEJISIMU, 3TOT BEKTOPU3ATOP HYKHO 06y-
YUTHb Ha BXOJHBIX JAaHHBIX; BbI3OB make_vectorizer().fit(corpus) rapantupyer
Takoe 00y4eHre MOJENN U ee CIIOCOGHOCTD TIPe06PasOBbIBATH AaHHbIE:

vectors = make_vectorizer().fit(corpus)
corpus = vectors.transform(corpus)
corpus[['label', 'tokens', 'tfidf']].show(5)

Bor kax BBITJIALAT ITEPBDBIE ITATH CTPOK PE3YJbTaTa:

+----- e e LT e e LT +
| 1abel] tokens | tfidf|
+----- e e LT e e LT +
|books|[, name, :, ian, ...|(5000,[15,24,40,4...|
|books|[, written, by, k...|(5000,[8,177,282,...]
|books|[, last, night,as...|(5000,[3,9,13,27,...]|
|books|[, a, sophisticat...|(5000,[26,119,154...
|books|[, pools, are, so...|(5000,[384,569,60...|
+------ B e B e +
only showing top 5 rows

ITo okoHyaHuu MpeobpasoBaHKs KOPIYC OYIeT CojepsKaTh IeCTh CTOJIOIOB: ABa
OPUTHHAJIBHBIX CTOJIOIA ¥ YeThIpe CTOJIOMA, IPEACTABIAIONIE OTAEJbHbIE OTAIIbI
nportecca npeobpasosanus. C nmomorpio DataFrame API Mbl BbIOpaiu TpH U3 HUX
JUISL UCCTIEI0OBAHIS Y OTJIQ/IKH.

IIocne n3Baeuenus TIPU3HAKOB MOJKHO HaUYMHATDh CO3/1aBaTb MOJeJn, IPUMEHNB
IIpuemM TpOf/iKI/I BbI60pa MO/IEJIN. Chauana CO3/1a/IUM MO/I€JIb KJlaCTeEpU3aliu, a 3a-
TeM KJIaCCI/I(bI/IKaHI/II/I.

Knactepu3sauus Tekcra ¢ nomouwbio MLLib

Ha momenT Hamucauust aTux cTpok B Spark G0 peaq3oBaHo YeThIpe aJrOpHT-
Ma KJIaCcTepPHU3allly, XOPOLIO ITOAXO/SIINX /IS TeMaTUUeCKOIO MOJIeJTMPOBAHNUS:
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k-cpemnux v nuBU3UMHBII k-cpenanx (bisecting k-means), TaTeHTHOE pa3MernieHne
Hupuxie (Latent Dirichlet Allocation, LDA) u rayccoBa cMech pacrpe/esieHuit
(Gaussian Mixture Models, GMM). B sTom pasjesie Mbl pacCMOTPUM KOHBeIep
KJIaCTePH3AITIH, CHaYaJIa UCTIOJIb3Y Ot anropuT™ word2vec [ist ipeoOpasoBaHuist
«MeIIKa CJIOB» B BEKTOP (DMKCUPOBAHHOIT ITTMHBI, a 3aTeM BisectingKMeans /IJIs BbI-
SIBJIEHVST KJTACTEPOB MOXOKUX JOKYMEHTOB.

JIMBU3UMHBII alITOPUTM k-CpeI[HI/IX — 9TO HUCXOJAIINN MTOJIX0/ K UepapXuyeckon
KJIaCTePU3AINH, UCIIOIb3YIOMINI METO k-CPEeJHUX A PEKYPCUBHOTO IEICHUS
KJ1acTepoB (HAIIpPUMep, alTOPUTM R-CPEeHUX IPUMEHSIETCS K KaKIOMY KJIacTepy
B uepapxuu ¢ k = 2). [locse paszienenuns kaactepa COXpaHsieTcsl Ta ero 4acTh, KO-
TOpas UMeeT HaWBBICITYIO OIEHKY CXO/CTBA, & OCTATbHbIE JAHHBIE TTPOMOJIKAIOT
JIEJTATHCS, TIOKa He OY/IET JOCTUTHYTO JKeJTaeMOE YUCJIO KIACTEPOB. ITOT aJITOPUTM
uMeeT GbICTPYIO CXOAUMOCTb, 1, TOCKOJIbKY BBITOIHSAET HECKOJIBKO UTepaiuii ¢ k = 2,
00bIYHO OH paboTaeT ObICTPEE, YeM AITOPUTM R-CPeJHUX ¢ OOJIbIIMM 3HaUeHneM &,
HO B pe3yJibTaTe TOoJIy4aeT COBEPIICHHO UHOE JleJIeHue Ha KJIacTepPhl.

B caenyromem gpparmente Koia MBI cO37IaeM Ha9aIbHBIN KOHBeHep Pipeline 1 ompe-
JteJisieM BXOJTHbIE U BBIXO/HBIE CTOJIOTIBI, a TAaKsKe TTapaMeTPhbl /st HallluX mpeobpa-
30BareJieil, Takie Kak (DUKCUPOBAHHBIN Pa3dMep BEKTOPOB CJIOB U BEJIMUUHY R /171
asnroputma k-cpenaux. Boi3oB MeTo/a fit KoHBeliepa ¢ HANTMMU JTAHHBIMU BEPHET
MO/IeJTb, KOTOPYIO 3aT€M MOKHO HCITIOIb30BATD JIJIst TPe0OPA30BAHUST KOPITYCa:

from tabulate import tabulate

from pyspark.ml import Pipeline

from pyspark.ml.clustering import BisectingKMeans
from pyspark.ml.feature import Word2Vec, Tokenizer

# Co3paTb KOHBelep BeKToOpu3auuu/kKnactepusauuu
pipeline = Pipeline(stages = [
Tokenizer(inputCol = "text", outputCol = "tokens"),

Word2Vec(vectorSize = 7, minCount = @, inputCol = "tokens",
outputCol = "vecs"),
BisectingKMeans(k = 10, featuresCol = "vecs", maxIter = 10),

D)

# 06yunTb MoAenb
model = pipeline.fit(corpus)
corpus = model.transform(corpus)

YroObl OIEHUTh Ka4eCTBO KJacTepU3alliu, n3BjaedeM 00beKThl BisectingKMeans
1 word2vec ¥ COXPaHUM UX B JIOKAJIbHBIX ITEPEMEHHDBIX: bkm — 0OPAaTUBIIUCH K 110-
cienHeMy atany modeau (He KOHBeliepa Pipeline), M wvec — K TIPEAIIOCTIETHEMY
aramy. [ly19 BRIUMCTIEHNS CYMMBI KBa[PATOB PACCTOSTHUN JOKYMEHTOB OT IIEHTPA
MCTIOJIb3YyeM MeTO]T computeCost (M CHOBA 3/1eCh MPE/IIIOJIATAETCS, YTO KOPIYC /10-
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KYMEHTOB y’Ke 3arpyske). Yem MenblIie 9ta cyMmMma, TeM 0oJiee IOTHBIMU 1 YeTKO
BBIPAJKEHHBIMU ITOTYYUINCH KJIacTephl. Takske MOXKHO BBIYMCJINUTD UX pa3Mephbl 110
KOJINYECTBY JOKYMEHTOB!

# Mony4nTb 3Tanbl
bkm = model.stages[-1]
wvec = model.stages[-2]

# OueHUTb pe3ynbTaT KaacTepusauuu
cost = bkm.computeCost(corpus)
sizes = bkm.summary.clusterSizes

Y106l MOJYYUTH TEKCTOBOE MPEACTABIEHIE Kaik/I0TO IIEHTPa, CHaYajia BbITTOJI-
HUM 00XOJI BceX MHIEKCOB (ci) U IeHTPOUIOB (c) KJIacTepoB, mepedbupasi IeHTPbI
KJacTepoB. /Iyt KaK/I0To 1eHTpa HalieM ceMb OJIMKalIiX CAHOHUMOB, BEKTOPbI
CJIOB, OJIMIKAMIIMX K EHTPY, 3aTeM IIOCTPOUM TaOJINILy, 0TOOPAKAIONIYIO HHIEKCHI
IEHTPOB, Pa3MePBI KIACTEPOB U COOTBETCTBYIOIINE UM CHHOHUMBL. 3aTeM BBIBEZIEM
9Ty TabsuIy B 0T(HOPMATHPOBAHHOM BH/IE C TIOMOIIBIO GUOIMOTEKY tabulate:

# Mony4nTb TeKCcToBOe npejcTaB/eHWe KaxAoro kKnacrtepa
table = [["Cluster", "Size", "Terms"]]
for ci, c in enumerate(bkm.clusterCenters()):
ct = wvec.findSynonyms(c, 7)
size = sizes[ci]
terms = " ".join([row.word for row in ct.take(7)])
table.append([ci, size, terms])

# BbiBeCTU pe3ynbTaThl
print(tabulate(table))
print("Sum of square distance to center: {:0.3f}".format(cost))

Bot kakue PE3YJIbTAThI IIOJYUUJINCH Y HaC:

Cluster Size Terms
81 the"soros caption,"bye markus henkes clarity. presentation,elon
3 novak hiatt veered monopolists,then,would clarity. cilantro.
2 publics. shipmatrix. shiri flickr groupon,meanwhile,has sleek!
2 barrymore 8,2016 tips? muck glorifies tags between,earning
265 getting sander countervailing officers,ohio,then voter. dykstra
550 back peyton's condescending embryos racist,any voter. nebraska
248 maxx,and davan think'i smile,i 2014,psychologists thriving.
431 ethnography akhtar problem,and studies,taken monica,california.
453 instilled wife! pnas,the ideology,with prowess,pride
9 503 products,whereas attacking grouper sets,facebook flushing,
Sum of square distance to center: 39.750

oONOOUVT A, WNEREO

Kak BuznTe, HEKOTOPbBIE KJIACTEPDI TIOJYYUIUCH OOJIBITMMU ¥ Pa3MbITHIMHU, TIO9TO-
MY CJIEAYIOIIMM HAIIKM [IIaroM MOTJIa ObI CTaTh UTEpATHBHAS TIPOIELypa BbIOOPaA
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U OIICHKHU 3HAYCHUS R, KaK OIMCBIBAJIOCH B TyIaBax 6 U 8, 710 I0CTUKEHUS TOIX0/14-
II[ero KauyecTBa MOJIEJIN.

Knaccudukauma Tekcra ¢ nomouwibio MLLib

3 unciia anropuT™MoB KiraccupuKaIiy B HacTosee BpeMst B Spark peasinsoBaHbl
MO/IEJIN JIOTUCTUYECKOH PErpeccru, IePeBbs PENeHN, CTyJaiiHble Jieca, TPaIueHT-
HBII 6YCTUHT, MHOTOCJIOIHBIE TIEPIENITPOHBI M METOJ OIOPHBIX BeKTOpoB (Support
Vector Machine, SVM). DTu Moze/u XOPOIUIO MOAXOAAT AJI aHAAN3a TeKCeTa
1 00OBIYHO MCITOJIb3YIOTCS ISt PellieHnst 3a1a4d kinaccuduranun. Kinaccudukarst
BBITIOJIHSETCST OZO0OHO KJIaCTepPU3alii, HO BKJIOYAET JOMOTHUTEIbHBIE [Iary WH-
JEKCUPOBAHUS METOK JIJIST KAsKIOTO TOKYMEHTA 1 OTIEHKU TOUHOCTH MOJesTH. Tak Kak
OTIeHKA I0JKHA BBITTOTHATHCST HA KOHTPOJIBHBIX JAHHBIX, HE UCTIOJIb30BABITNXCS TTPU
00y4YeHNN MOJIEJIN, MBI JJOJIZKHBI Pa3bUTh KOPITYC Ha 0OYYaIONyi0 U KOHTPOJbHYIO
BBIOOPKIL.

[Tocsre aTama BeKTOpU3aI 3aKOUPYEM METKH IOKYMEHTA C TOMOIIIBIO StringIndexer,
KOTOPBIii ipeobpasyeT crosbelr cTpok B Hamrell kosuiekiinn DataFrame B crosberr
WHJIEKCOB [0, len(column)], yrmopsiio4eHHbIH 10 YacToTe (Harmpumep, HanboJiee
4acTO BCTpevaromasicss MeTka nmoaydut nugekc 0). 3areM pazoObeM KOJIIEKITHIO
DataFrame Ha corydaiiabie BBIOOPKH — 0Oydarolyto, BKIoYaolyo 80 % maHHbIX
U3 MCXOAHOTO HabOPa, 1 KOHTPOJIbHYIO, BKJI0Yaonyio 20 %:

from pyspark.ml.feature import StringIndexer

# Co3paTb 06bEKT A/ BeKTopu3auuu Kopnyca
vector = make_vectorizer().fit(corpus)

# VMHpekcupoBaTb Knaccuouumpylowme mMeTKM
labelIndex = StringIndexer(inputCol = "label", outputCol = "indexedLabel")
labelIndex = labelIndex.fit(corpus)

# Pa3buTb AaHHble Ha ObyYawlyl M KOHTPOJSbHYH BbIGOpKHU
training, test = corpus.randomSplit([@.8, ©0.2])

B npeabigywem npumepe nepea pasbueHvem Ha ase Bbibopkn 0ba npeobpaszosa-
Tens, vector n labelIndex, 0byyatoTca Ha MOMHOM obbeMe AaHHbIX, YTOObI
rapaHTMpoBaTb KOAMPOBaHWE BCEX MHAEKCOB U CI0B. ITO MOXET OblTb NpaBusib-
HOW WNK HeNpaBWNIbHOW CTpaTerven, B 3aBMCUMOCTM OT BalUMX OXWAAHWUIA OTHO-
CUTESNIbHO peasibHbIX AAHHbIX.

Teneps co3nmaum KoHBeep Pipeline U OIpeeJ MM MIPOIECC KOAUPOBAHUS METOK
1 JJOKYMEHTOB IIepe/] IIOCTPOEeHEM MO/JleJiN LogisticRegression:
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from pyspark.ml.classification import LogisticRegression

model = Pipeline(stages = [
vector, labellIndex, clf
1) .fit(training)

# Mony4nTb npepckasaHuAa
predictions = model.transform(test)
predictions.select("prediction"”, "indexedLabel", "tfidf").show(5)

J1J1s1 OIIEHKHU MOJIEJTH MOKHO BOCIIOJIb30BAThCS YTUIIMTAMU OIIEHKH KJIacCU(UKAIUN
B Spark. Hanpumep:

from pyspark.ml.evaluation import MulticlassClassificationEvaluator

evaluator = MulticlassClassificationEvaluator(
labelCol = "indexedLabel",
predictionCol = "prediction",
metricName = "f1"

score = evaluator.evaluate(predictions)
print("F1 Score: {:0.3f}".format(score))

B Spark ectb u apyrue yTUanThI 1711 IEPEKPECTHOI TIPOBEPKHU U BHIOOPA MOJIEIEN,
YUUTBIBAIOIIHE TOT (hAKT, 4TO MOJIENN 00y IAtoTCs Ha 60IIbIIX 00beMax IaHHbIX. Bo-
o611te TOBOPSI, pasfiesietivie GOJIbIINX KOPITYCOB I MHOTOKPATHOE 00yUYeHne Mojieieit
JUUIST TIOJIYI€HUSI UX OTIEHOK TpeGyeT MHOTO BPEMEHH, TOITOMY KellTMPOBaHUE U aK-
TUBHOE 00yUeHNUE SBJSAIOTCS BAKHBIME 3IEMEHTAMH MTPOIIECCA MOJIETMPOBAHUS, M-
HUMU3UPYIONIMH CITy9ar MHOTOKPATHOTO TIOBTOPEHWS OJTHNX U TeX Ke OTIepaIuii.
[TorrMaHue KOMITPOMHUCCOB, HEN30EKHBIX TIPH UCTIOJIB30BAHUN PACIIPEIETEHHOTO
O/IX0/Ia K MAIITITHHOMY 00y4YeHHIO, TOJIBO/IUT HAC K CJIeIyIOIIel TeMe — UCII0JIb30-
BaHUIO JIOKAJIbHBIX BBIYUCJIEHUI € TTI00a/IbHBIM HAOOPOM [IAHHBIX.

JlokanbHoe obyueHue, rnobanbHoe NpUMeHeHune

3amyckast pparmenTs Koga Spark okaibHO ¢ momoribio PySpark v spark-submit,
BBI MOTJIN 3AMETHTb, UTO hpeiiMBopk Spark eficTByeT He Tak OBICTPO, KAK PEKIAMU-
pyeTcsi; Ha caMoM [ieJie oH paboTaeT [asxe MejlJieHHee, YeM 9KBUBAJIEHTHbIE IPHEMbI
MOZIEJIMPOBAHUS € CIoab3oBanueM Scikit-Learn Ha lokaabHOM KoMIIbioTepe. Spark
MMeeT 0UeHb OOJIbIINE HAKIAHBIE PACXOIbI, CO3/[ABAsT TPOIECCHI [JIsI MOHUTOPUHTA
3aJIaHWI, ¥ OPraHU3yeT MHOTOYNCJIEHHbBIE B3AMMO/IEHCTBUS MEKILY ITPOTIECCAMU JIJIST
WX CHHXPOHU3AIMH U MOJJIEPKKI 0TKA30yCTOWYNBOCTH; BBIUTPBIIIT B CKOPOCTH Ha-
YUHAET MPOSIBIISITHCST, TOJIBKO KOT/[a HAOOPBI TAHHBIX CTAHOBSITCSI HAMHOTO OOJTBIIIE,
4eM MOKeT 00paboTaTh OJIUH KOMITBIOTED.
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OpiHO U3 peleHn it aToi MpobIeMbl — TTapaJiIiebHbIe IPpeiBapuTe/bHas 00paboTKa
JIAaHHBIX U BEKTOPHU3aIlUsl B KJacTepe, MOJyYeHrne BHIOOPKH JAaHHBIX, JTOKATbHOE
obydeHre MOJIEJTN U 3aTeM TJI00aTbHOE ee TPUMEHEHNE KO BCeMy HabOpY JIaHHBIX.
HecmoTpst Ha TO 4TO MpH 9TOM HCUYE3aeT MPEUMYIIECTBO 00YUYeHUsT MOJIe/Ieii Ha
GoJIbIIMX HAbOPaX JAHHBIX, 3a4aCTYI0 9TO €IMHCTBEHHBII CII0C00 CO3MaHUs Y3KO-
CIIENUATN3UPOBAHHBIX MOJEJIEH B KjacTepe. ITOT PUEM MOKHO MCIOJIb30BaTh
JUISL CO3JIAHUS Pa3HbIX MOJEJIelt It PasHbIX ()parMeHTOB Habopa JaHHBIX HJIH JJIs
YCKOPEHUSI ITPOIECCa TECTUPOBAHNS.

Yto0bl pea30BaTh TAKOE PellieHre, CHaYaIa BEKTOPU3YeM KOPILYC,  3aTeM TI0JTy-
4iM BBIOOPKY. BeKTOpH3aIiust B KlacTepe rapaHTUPYET, YTO MCIIOJIb3yeMasi MOJIE b
u3 Scikit-Learn He Gy/er 3aBUCeTh OT TEPMUHOB MJIU APYTHX COCTOSTHUIL, KOTOPbIE
MOTYT OBITH HCKJIIOYEHBI B TIPOIECCE CO3MaHUs BHIOOPKH. BhIOOPKa TIPOM3BOANTCS
6e3 3ameHbl (3HaUeHIE False B TIepBOM aprymenTe) u otoupaet 10 % maHHbIX (apry-
MeHT 0.1). By/ibre 0CTOPOKHbI ¢ pa3MePOM BHIOOPKH; BBI JIETKO MOKETE UCUYEPIIATDH
aMsITh KOMIIBIOTEPA, laske 3arpocuB Beero 10 % ot obiero obbema kopiycal /leii-
cTBUe collect() BBIMOJHSIET KO/ U3BJI€YEHMS BBIOOPKH U ITOMeTaeT Habop aHHbIX
B IaMsTh JIOKAJTBHOTO KOMITbIOTEPa B Buje crucka. [locie atoro n3 mosyueHHbIX
JTAHHBIX MOKHO CKOHCTPYHPOBATD X Uy U 00YYUTH MOJIEIb:

# BekTopu3oBaTb KOpMnyc B KJjacTepe
vector = make_vectorizer().fit(corpus)
corpus = vector.transform(corpus)

# Mony4nTb BLIGOPKY M3 Habopa AaHHbIX
sample = corpus.sample(False, 0.1).collect()
X = [row['tfidf'] for row in sample]
y = [row['label'] for row in sample]

# 06yunTb Mopenb Scikit-Learn
clf = AdaBoostClassifier()
clf. fit(X, y)

II]IH OIlEHKM TOYHOCTHU MOJIeJIN OTIIPAaBUM €€ B KJlacTepP BbI3OBOM broadcast U HucC-
IMOJIb3YEM aKKYMYJIATOPDI JIJIA ITOJTYYE€HW A Y1 CJld BEPHBIX 1 HEBEPHBIX HpeI[CKaSaHI/II'/JE

# OTnpaBuTb Mojenb Scikit-Learn B knacTep
clf = sc.broadcast(clf)

# Co3p8aTb aKKyMynATOpbl ANS MONYYEHUs YUCNa MPaBUSIbHBIX U HENpaBUbHBIX
# npepckasaHui

correct = sc.accumulator(9)

incorrect = sc.accumulator(1l)

LITO6I::I SHHeﬁCTBOBaTb ITU IIEpEMEHHDbIC B ITapaJlji€JIbHbIX BbIYMCJJIECHUAX, MbI J1OJIK-
HBI KaK-TO COCJIAThCST Ha HUX B oniepanusx DataFrame. B Spark ato moskHo cienarhb



320 naBa 11. MacwTabupoBaHWe aHanmsa Tekcta

nyteM oTnpaBku samvikanus (closure). OObIYHO € TOIl 1EBIO OTPEAETSIETCS
(yHKIIIA, BO3BpaImamomas 3aMbikanre. Mbl MOKEM OIpeleINTh 3aMbIKaHUE [T
OTIEHKW TOYHOCTH, KOTOPOE TIPUMEHSIEeTCS K METOTy predict KimaccubukaTopa, n 3a-
TEeM YBEJUYMUBATh aKKyMYJISTOP correct WM incorrect, cpaBHUBAd IIpeJicKa3aHue
¢ (hakrnueckoit MeTkoil. UT0OBI CO3/aTh TaKOE 3aMbIKaHWe, ONPeAeuM (DYHKITUIO
make_accuracy_closure, Kak ITOKa3aHO HUKE:

def make_accuracy_closure(model, correct, incorrect):
# model ponxHa 6bITb WMPOKOBEWATENbHON NepeMeHHOM
# correct n incorrect ponxHbl 6bITE aKKymynAaTopamm
def inner(rows):

X =[]
y =[]

for row in rows:
X.append(row[ 'tfidf'])
y.append(row[ 'label'])

yp = model.value.predict(X)
for yi, ypi in zip(y, yp):
if yi == ypi:
correct.add(1)
else:
incorrect.add(1)
return inner

Tenepb MOKHO UCITOJIB30BATD JielicTBUE foreachPartition kKosuteknuu DataFrame,
yTO6BI KasK/IBIH UCIIOTHUTEb TI0CIa CBOIO Topinio u3 DataFrame B 3aMbIkaHe,
KOTOPOE 0OHOBUT COAEPIKUMOE aKKYMYIATOPOB. I10 3aBepIIeHr Mbl CMOKEM BbI-
YUCAUTH TOYHOCTD MOZE/IU Ha [J106aabHOM Habope JaHHbIX:

# Co3p4aTb 3aMblKkaHMe TOYHOCTU
accuracy = make_accuracy_closure(clf, incorrect, correct)

# BbIYUC/IUTb KOJNIMHECTBO BEPHBIX W HEBEpHbIX MpefcKka3aHuii
corpus.foreachPartition(accuracy)

accuracy = float(correct.value) / float(correct.value + incorrect.value)
print("Global accuracy of model was {}".format(accuracy))

Crparerust JIOKaIbHOTO 00yYeHUs U TI00ATbHOI OIEHKH TT03BOJISIET pa3padoT-
YKMKaM JIETKO CO3/1aBaTh M OIEHUBATh MOJEJN MapaJijieJIbHO U MOKET TTOBBICHTh
cKopocThb 06paboTKU faHHBIX B Spark, ocobeHHo Ha dTamnax UCCaef0BaHUN 1 DKC-
nepuMeHTOB. K MHOTOYPOBHEBBIM MOJIE/ISIM HAMHOTO TIPOIIE TPUMEHUTD Mepe-
KPECTHYIO IPOBEPKY Ha Habopax JIaHHBIX CPEHEr0 Pa3Mepa, a MOJEJH ¢ YaCTUUHO
pactpezieleHHON peasm3arueii (1 BooOtie 6e3 pean3alii ) MOKHO HCCIeI0BAT
6oJtee MoJHO.
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910 060011EHIE CTPATETHH «IIOCIEHENR MU, XapaKTEePHOU 115 cucTeM 06paboT-
K1 Goubinux gaHHbix. @peitMBopk Spark 1mo3BossieT MaHUITYIUPOBATH OOJIBITIMU
oObeMaMH JIaHHbIX, HO, YTOOBI UCIIOJIB30BaTh HTH JIaHHbIE B KJIaCTEPe, BBHITTOJHSAIOTCS
olepalum ¢ JaHHbIMU (MCHOJIb3YIOIINE BHIUMCIUTEIbHBIE PECYPChI 00J1aKa, KOTOPhIE
MOTYT COCTaBJISATh JIECATKU WJIK Jaske COTHU TUrabaiir), Takue Kak (puIbrpaius,
arperupoBaHue uiar 06001eHne, IPUBOISIINE UX B (DOPMY, YMEIIAIONLYIOCS B TIAMSITH
JIOKQJIBHOTO KOMITbIOTEpPA. DTO OJHA U3 PUYUH, T0YeMY WHTEPAKTUBHASI MOJETH
BBITIOJIHEHUsT B Spark 1osib3yercst 60JIbIION MOMYJISIPHOCTHIO Y CHEIHATIUCTOB 110
06paboTKe TAHHBIX; OHA MO3BOJISIET COYETATD JIOKATHHbIE U KJTACTEPHBIE BBIYUCIEHIS,
Kak OBLIIO TIOKA3aHO B 9TOM paseJie.

B 3aknroueHue

O/Ha 13 3aMeyvaTebHbIX CTOPOH ITPOBEIEHNS aHATN3a TEKCTA B MH(MOPMAIIMOHHY IO
3MOXY — TPOCTOTA CO3/IaHNS TPUIIOKEHUH, OCYTIECTBIAIONINX aHAJIN3 TEKCTa 1 3a-
TeM TeHEPUPYIONINX JOMOTHUTETbHBIE TEKCTOBBIE TAHHBIE 3 OTBETOB UYEJIOBEKA. ITO
o3HavaeT OBICTPBIN POCT KOPILYCOB /IS MAIIMHHOTO 00YY€EHMs U BBIXO/ 32 PAMKU
BBIYMCJIUTEIbHBIX BO3MOKHOCTEHN e/[MHCTBEHHOTO ITpollecca Wild Jaske eJIMHCTBEH-
HOTO KoMITbIoTepa. C yBesimueHneM BpeMEHH aHATN3a CHIYKAETCS TTPOU3BO/IUTEh-
HOCTb UTEPATUBHBIX WJIN SKCIIEPUMEHTATBHBIX IIPOIELYP U BCTAET HEOOXOAUMOCTD
HCIIOJIb30BAHUST HEKOTOPOTO METOJIa MACIITaGUPOBAHYS [IJisI TIPU/IAHUS IOTIOTHHU-
TEJIHLHOTO UMITYJIbCA.

Mopysib multiprocessing — HepBBIil ar K MacuTabMpoOBaHUIO aHaM3a. B atom
CJTydae TOTOBBIN KO, OCYTIECTBIAAIONNIA aHATN3, HYKHO JINIITH alallTUPOBATD WIN
BKJIIOUUTH B KOHTEKCT MHOTO3aa4Hoil 06paboTku. Bubsmoreka multiprocessing
HOJIb3YEeTCs TIPEUMYIIeCTBAMU MHOTOSIZIEPHBIX TIPOLECCOPOB U HAIMYUS OOJIHIIOTO
obbeMa OIepaTUBHOM MaMSITH B COBPEMEHHBIX KOMITBIOTEpaX JJIst TapajeIbHOTO
BBIIIOJIHEHUSI KOJ1a. [laHHBIE BCe elile XpaHsITCsI JIOKAIbHO, HO C JOCTATOYHO MOII[HOM
MAIIMHOM BpeMs BBIIOJHEHUS PAOOThI OFPOMHOIO 00beMa MOYKHO COKPATUTD JI0
Pa3yMHBIX MTPE/IENIOB.

Korza o6beM aHHBIX YBETMUUBAETCS 10 TAKO CTENEHH, YTO OHU He YMEIATCsT
B MAMSTU OJTHOTO KOMIIBIOTEPA, CJIelyeT UCIOJIb30BaTh TEXHOJIOTUU KIACTEPHBIX
BbIYKCIeHUH. Spark mpeiocTaBiisieT cpe/Ly BITIOJHEHMSI U IO3BOJISIET HHTEPAKTHB-
HO COYETaTh BEIYUCIIEHNSI Ha JIOKATLHOM KOMITbIOTEPE ¢ ncrosb3oBanem PySpark
B Jupyter Notebook u kacrepibie BbIUnCICHNS, TPOU3BOANMBIEC MHOKECTBOM FIC-
MOJTHUTEJIEN ¢ OTpAaHMYeHHBIMU (hparMeHTaMU JaHHbIX. Takasd MHTePaKTUBHOCTH
00beTMHSIET JIyUIllee U3 MUPOB TIOCJIE0BATENBHbBIX 1 MaPAJIENbHBIX aJTOPUTMOB.
OpeiimBopk Spark Tpebyer uaMeHeHuil B KOJIE 1 TIOXO0/I0B K TIPOrPaMMHUPOBAHUIO,



322 naBa 11. MacwTabupoBaHWe aHanmsa Tekcta

a MHOT/IA JIa’ke BEIOOPa APYTHX OUOIMOTEK MAIMHHOTO 00YY€eHMsI, HO TI03BOJISIET 00-
pabaTbiBaTh OTPOMHBIE HAOOPBI JaHHBIX, HHAYE HEJOCTYITHBIE /LISl METOIOB aHAJIN3a
TEKCTa, ¥ MOJKET CTaTh OOTaTOi OCHOBOM /1St HOBBIX TIPUJIOKEHHIA.

Kitouom K uCIiosib30BaHMIO paciipeieIeHHbIX BhIUUCJIEHUH SBJISIETCST XOpoliiee 1Mo-
HUMaHWe KOMITPOMHUCCOB. 3HAHWE, K KAKOW KaTerOpUH IPUHAIJIEKUT OTeparius —
BBIYKCIUTEIBbHBIX W BBOJA-BBIBO/IA, — MOJKET U30aBUTH OT MHOKECTBA ITPOOJIEM,
CBSI3aHHbBIX C TIOMCKOM ITPUYMH, TOYEMY 33/IaHUS BLITIOJHSAIOTCS 10JIbIIE, YeM MOTJIN
ObI, I UCTIOJIB3YIOT CAUIIKOM MHOTO pecypcoB (¥ MOMOKET cOaTaHCHPOBATh Ta-
pajieTu3M Ha yPOBHE 3a/1a4 U JaHHbIX ). KpoMe Toro, mapasienbHble BEIYMCIEHUS
HecyT ¢ co00il JIOTIOJTHUTEIbHbIE HaKJIa[Hble PACXO/Ibl, KOTOPbIE JOJKHBI ObITH
OTIpaB/IaHbl; TOHUMAaHWE 3TOTO MIOMOKET IPUHUMATH PENTeHUs O pacIIUPEHUN 9KC-
HepUMEHTAIBHOM pa3paboTku. HakoHelr, moHuMaHe TOTo, Kak IIPOUCXOMT arlpoK-
CYMAIIKs A/ITOPUTMOB B PaCIipeIeJIEeHHOM KOHTEKCTE, COBEPIIEHHO HEOOXOMMO JIJIst
MMOCTPOEHUS 3HAYMMBbIX MOJIeJIell 1 UHTEPIIPeTallui Pe3yJIbTaToB.

Spark — 1epBbIil (hpeitMBOPK Ha BOJIHE COBPEMEHHBIX TEXHOJIOTUIH, KOTOPbIi JaJ
HaM BO3MOKHOCTh 00pabaThiBaTh Bce GOJIbINe W OOJIbINE TaHHBIX s CO3/aHUs
3HAYMMBIX MoJeJieil. B ciieyionneii riiaBe Mbl pacCCMOTPUM pacipe/iesieHHble MEeTO-
bl 00yUYeHNsI TaK Ha3bIBAEMbBIX IIyOOKNUX MOJIe/ieil — HEHPOHHBIX ceTeil, MMEIOIIIX
HECKOJIBKO CKPBITBIX YPOBHEIA.



Fnybokoe obyueHune
M He TOJIbKO

B 970ii KHUIe MBI CTapaJUCh 320CTPUTh BHUMAaHUE HA METO/aX U WHCTPYMEHTaX,
JIOCTATOYHO HAJIEXKHBIX IS NPAKMUYECK020 TPUMEHEHMsI. DTO 3aCTaBJISIO HAC
00XOAUTH CTOPOHOIT MHOrOOOEIIAIONINE, HO MEHee 3peJible GUOINOTEKH, a TaKKe
OUOMMOTEKH, TIPeIHA3HAYCHHBIE B TIEPBYIO OYEPE/Ib /ISl MHANBULYATbHBIX UCCIIE-
jloBaHuil. BMeCcTo 3TOro Mbl OTQJIM IPEAIIOYTEHUE UHCTPYMEHTAM, KOTOPbIE JIETKO
MaCHITaGUPYIOTCs ¥ MOTYT IIPUMEHSITHCSI JIUIs CIIENMATN3MPOBAHHOTO aHAIM3a KaK Ha
O/[HOM KOMITBIOTEPE, TAK 1 Ha OOJIBIIIX KJIACTEPAX, B3ANMOACHCTBYIOIIIX € COTHSIMU
¥ THICSYAMU TI0Jb30BaTeeil. B npebiiyieil riaBe Mbl pacCMOTPENH HECKOIBKO
TAKUX HHCTPYMEHTOB, OT MOJLYJIsi multiprocessing 110 MolHOTO (hpeiimBopka Spark,
KOTOPBIE IAI0T BO3MOKHOCTb 3aITyCKaTh MHOKECTBO MOJIEJIEll O[HOBPEMEHHO U Jie-
JIAIOT 9TO JIOCTATOYHO OBICTPO, YTOOBI UCIIOIB30BAThH UX B KPYTHOMACIITAGHBIX [IPO-
MBIIIJIEHHBIX TIPUJIOKEHUSIX. B 9TOM ry1aBe Mbl PACCMOTPUM HE MEHEE 3HAYUTEbHOE
JOCTUKEHNE: HEIPOHHBIE CETH, KOTOPBIE GBICTPO TIPOHUKAIOT B MUP 06pabOTKI
€CTECTBEHHOTO SI3bIKA.

Kak vy cTpanto, HEHTPOHHBIE CETU SABJSIOTCS OTHON M3 CAMBIX «CTAapbIX» TEXHO-
JIOTUI U3 OIMCHIBAEMbIX B 9TON KHUTE, YXOJISIIE KOPHSIMHU B IIPOIILIOE TIOYTH Ha
70 ster. B TeueHue OYTU BCETO 3TOTO BpeMeHU HEUPOHHBIE CETH HE MOIJIM CUM-
TaThC MPAKTUYECKUM METOIOM MalluHHOro o0ydyenus. OmQHAKO CUTYaIUs PE3KO
M3MEHMJIACh OKOJIO JIBYX JIECSITKOB JIeT Ha3a/l OJarojapst TpeM OCHOBHBIM J[OCTH-
JKEHVSIM: TIEPBO€ — 3HAYNTENHLHOE YBETMUEHe BEIYUCTUTETHHON MOTITHOCTH U3-32
nosiBjieHusi TpaUIECKUX MPOIIECCOPOB U METO/IOB PACIIPE/IEJICHHBIX BIYUCIEHUI
B Hauyasie 2000-X TO10B; BTOPOe — ONTUMU3AIK CKOPOCTH 0OYUYEeHNUsT 3a OCTIe/IHee
JECSITUJIETHE, O KOTOPOI MbI [IOTOBOPUM JIaJI€€ B ATOM IJIaBE; U TPEThE — MOsIBJIEHNE
HECKOJIBKO JIET TOMY Hasaj OMOINOTEK ¢ OTKPBITBIM UCXOAHBIM KomoM st Python,
takux kak PyTorch, TensorFlow u Keras.
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[TostHOE OOCYKIEHNE OTUX JOCTUKEHUN BHIXOANT JaJIEKO 32 PAMKH 9TOW KHUTH, HO
MBI PEIINJIN aTh KPaTKKii 0630p HEHPOHHBIX CETEM, TIOTOMY YTO OHM UMEIOT OTHO-
IeHne K CEMENCTBY MOJIeTIeit MAIIMHHOTO 00YUYeHUsT, PACCMOTPEHHBIX B IJIaBax ¢ 5-if
1o 9-10. 3/1eCh MBI PACCMOTPUM 33/1a9y KITacCU(PUKAIIN 3MOITMOHAIBLHOM OKPACKH,
KOTOPasi XOPOIIIO TTOXO/IHT JIJIst MOJIeJieit HEIPOHHBIX CETEM, U B 3aKII0UeHIe 00Cy-
JIUM BO3MOJKHBIE ITYTH PA3BUTHsI 9TON 00J1aCTH B Oy Ly IIIEM.

MpuxknagHblie HEUPOHHbIE CeTU

Kax npukazanbpie mporpaMMUCTbBI, MbI CKJIOHHBI C OCTOPOKHBIM ONTUMU3MOM OT-
HOCHUTBHCSI K HOBEHIIIUM TEXHOJIOTUSIM, KOTOPbIE XOPOIIIO CMOTPSITCS Ha Oymare, HO
MOTYT IIPUBECTH K MHOKECTBY TIPOGJIEM, KOT/Ia JIEJI0 JIOW/IET /10 IPAKTHYECKOTO TIPH-
MeHeHwust. 110 3Toil mpuYrHe Mbl PENIMJIN HadaTh 3Ty IJIaBy ¢ 0O0CHOBAHUS HAIIETO
peleHnst 3aKOHYUTD Ty KHUTY TJIaBOU O HEMPOHHDBIX CETSIX.

C mpaxTUYecKol TOYKU 3peHUs Y HEHPOHHBIX ceTell iBa OCHOBHBIX OTJIUYUS OT
TPAIUIIMOHHBIX MOJIEJIEN: BBICOKAsI CIOKHOCTh U HU3Kast CKOpocTh. OOydyenue
HEHPOHHBIX ceTell 0OBIYHO TpebyeT OOJIbIe BpEMEHH, TT0ITOMY OHIM MOTYT 3aMe/l-
JISITh UTEPATUBHBII pabOYnii poIece, KOTOPbIil ObLT pacCMOTPEH B riase 5. Takke
HeWPOHHbIE CETH YacTO GOJIEE CIIOKHDI, YUeM TPAJUITHOHHbIE MOJIENN, & 9TO O3HAYAET,
4TO UX FHIEPIIapAMETPhI TPY/IHEE HACTPAUBATD U JIJIsT BHISIBJIEHUST OITMOOK MOJIEJTH-
POBaHMSI TPUXOAUTCS TPUKJIAABIBATH OOJIbBIIE YCUJTHIL.

TeM He MeHee HelipOHHbIE CeTH He TOJIBKO CTaHOBATCS Bee 6oJiee MPaKTUYHBIMU, HO
obemnaT 3HAYNTEAbHBINA TPUPOCT KaYeCTBa PEe3yJILTaTOB [0 CPABHEHUIO C TPaIM-
[UOHHBIMU MOZEIAMU. ITO OOBSICHIETCS TEM, UTO, B OTJIUYKME OT TPAAUIIMOHHBIX
MojieJielt, UMEIOITNX Ka4eCTBEHHBIN MTpejiest, HeITPEOo0JUMBIN TasKe ¢ yBeTuIeHueM
00'beMOB JIaHHBIX, HEHPOHHBIE CETH TPOIOJIKAIOT COBEPIIEHCTBOBATHCS.

HelpoHHbIe MOaenu a3blka

B ryiaBe 7 MBI TOBOPUJIH O TOM, YTO MOJIEJTD SI3bIKA MOKHO OOYUYHUTD HA OCTATOYHO
GOJIBIIOM ¥ CIIEIMATU3NPOBAHHOM KOPITYCE, UCIOIb3YsT BEPOSTHOCTHBIN TOIXO/.
Taxue MojiesI Ha3bIBAIOT CUMBOIUUECKUMU MOJIETIIMU A3bIKa. B 2T0ii T1aBe MblI pac-
CMOTPUM JIPYTO# TIOAX0/I: HEHPOHHYIO, NI ACCOUUAMUBHYIO MOJIEIb SA3bIKA.

AcconmaTuBHbII TOAX0/] OCHOBBIBAETCSI HA YOEKAEHUN, YTO A3BIKOBBIE €IAMHUIIBI,
B3aMMOJIEHCTBYIOIINE IPYT C APYTOM 3HAYMMBIMHU CITOCOOaMU, He00s13aTeNbHO 00-
pasyioT mocjenoBaresbHblil KoHTeKeT. HanpuMep, KOHTEKCTHO CBSI3aHHbBIE CJIOBA
MOTYT CJIeZIOBATh JIPYT 3a JAPYTOM, @ MOTYT OBbITh pasjieJieHbl APYruMu (hpasamu,
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Kak 1moka3zaHo Ha puc. 12.1. B mepBoM nmpumepe xopoiiasi CMMBOJIMYECKass MOJIETh
BbIOpasa 661 cioBa <heard», «listened to» u «purchased» xax nanbosee BeposiTHbIE
npozoskerust hpasor’. Ho Bo BTopoM mpuMepe oHa 3aTPyAHUIACH OBl BBIOPATH 3a-
KJIIOUUTEbHOE CJIOBO, KOTOPOE 3aBUCUT OT 3HaHus, 4yTo «Yankee Hotel Foxtrot»
B IEPBOM TIPE/JIOKEHUN — HTO Ha3BaHUe aibOoMa’.,

“That was one of the worst albums I’ve ever .

“Yankee Hotel Foxtrot is not cool enough for hipsters and

non mainstream enough for soccer moms. Do not buy this
1

Puc. 12.1. HenocneaoBaTebHbIN KOHTEKCT

[Tockosbky MHOTHE CBSI3H HE TIO/ZIAI0TCSI IPSIMOI MHTEPIIPETAIIUH, 1J1sI UX OIIMCAHMS
HEOOXO/IMMO HCII0JIb30BATh KAKOE-TO TPOMEKYTOUHOE rpesicTaBenue. [loaromy st
U3BJIEUEHNSI BHYTPEHHUX CBsI3€ii acCOIMAaTUBHbIE MOJIEJIN YAaCTO KOHCTPYHUPYIOTCS
Ha OCHOBE UCKYCCTBEHHBIX HEHPOHHBIX UK 0aiileCOBCKUX CETEIL.

TpaguIIMOHHBIE CUMBOUMECKUE MOJIET TPEOYIOT 3HAUYNTEIbHBIX YCUIIUI JJIs yIIpaB-
JIEHWSI BO3BPATaMU U CIJIAKUBAHUEM U MOTYT MPEAbSABIIATD JKeCTKUe TpeOOBaHUS
K 00beMy OIepaTUBHOI MaMsITH, HEOOXOAUMON JIJIsT XpaHEHUsT GOJIBIIOTO KOJIIYe-
cTBa n-rpaMM. ACCOMUATUBHBII OAXO0/, HAIIPOTUB, IIO3BOJISIET MACIITAOUPOBATD
CJIOKHOCTD Moes . DakTUYeCKH, OCHOBHOE IPEUMYIIECTBO HEHPOHHBIX MOJIeIei
COCTOMT B TOM, YTO OHU TIOMOTAIOT U30aBUTHCSI OT HPOAOJIKUTENBHOTO dTala KOH-
CTPYMPOBAHUS IPU3HAKOB 32 CYET CO3/IaHUsI OECKOHEUHO CIIaKeHHbIX (DYHKIIHIT 13
BXO/HBIX JJAHHBIX IIPOU3BOJIBHO GOJIBIIOr0 00beMa.

B ciepyromumx HECKOJbKUX pas/esiaX Mbl OOCYAMM HEKOTOPbIE THIIbI HEHPOHHBIX
ceTell, pacCCMOTPUM UX KOMITOHEHTHI M MMOKaXKeM, KaK MOKHO Peajn30BaTh acco-
IMUATUBHYIO MOJIE/Ib B IPUKJIAHOM KOHTEKCTE — B JJAaHHOM CJIydae JIJIs aHaanu3a
AMOIMOHAJIBHON OKPACKH.

NckyccTBeHHble HEUPOHHbIE ceTh

Heiipontbie ceTu BKIIOYAIOT B ceOs1 0Y4eHb IMUPOKOE M Pa3HOOOPasHOEe CeMEeRCTBO
MO[[eJIefI, HO BCe B TOU MJIM MHOWN CTelleH!U IBOJIIOIMOHUPOBAJIN M3 MEPIENTPOHA,

! Dpasa: «ITO OANH U3 Xy/IIINX aTbOOMOB, KOTOPBIE 51 KOTAA-TNG0...», i BEPOSTHBIE CTOBA, TIPO-
JIOJDKAIOIIINE ee: «BUJIE», «CIIyIlally U «IoKynanl». — [Ipumeu. nep.

2 TlepeBox BTOporo npemnoxkenus: «Yankee Hotel Foxtrot HegocTaTouno KpyT s XUIICTEPOB
1 HEZIOCTATOYHO HOITyJIsIpeH it MamModek. He nokymnaiite atot ...» — IIpumey. nep.
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MeXaHM3Ma JIMHEHHON Kiaccuduranuu, pazpaboTanHoro B kouiie 50-x rogos Opan-
koM Poszenbiartom (Frank Rosenblatt) B KopHeste 1 Mmogenupyiomiero o0ydeHe
YeJI0BEYeCKOTO MO3TA.

B ocHOBe HeMPOHHOI MOJIENIN JIEKUT CEMENCTBO N3 HECKOJBKUX KOMITOHEHTOB, KaK
noKaszaHo Ha puc. 12.2 — exo0noil caotl, IepBoe BEKTOPU30BAHHOE MPEICTaBICHIE
JaHHBIX, CKPbIMbLIL CAO0U, COCTOSIIINN U3 HEHPOHOB M CUHATICOB, U 6bIXOOHOU CJOU
C TIpe/ICKa3aHHBIMU 3HaUYeHWsAMHU. CUHATICHI BHYTPU CKPBITOTO CJIOST OTBEYAIOT 32
nepesayy CUTHAJIOB MeKTy HePOHAMU, KOTOPbIE UCITOIb3YIOT HETMHENHYIO (DYHK-
I[[UIO0 aKTUBAIMK 11 6y (hepusariy BXOAAMNX cCUrHamoB. CHHAIICH! TPUMEHSIIOT Be-
coBble KO PUITUEHTHI K BXOJIHBIM 3HAYEHUSIM, 2 PYHKIUS aKTUBAIUY OIIPE/IEIISIET,
JIOCTATOYHO JIM BHICOK YPOBEHb B3BENIEHHOTO BXOJHOIO CUTHAJA JIJIsl aKTUBAIMU
HelpoHa ¥ repeiauyn 3Ha4eHUs B CJEAYIONIIH CII0H CeTH.

D
D
D
BexTopi3auua
N
N
e~ —— ~————— ——
Kopnyc BxoaHoii CKpbITble Crion BbixogHoit
cnoit cnoit

Puc. 12.2. KOMMNOHEHTbI HEMPOHHOW Moaenu

CyLLeCcTBYET MHOIO CaMbIX pa3HbIX (OYHKLMI aKT1BALMKU, HO BOOBLLE NpeanoyTu-
TeSIbHEe UCMO/b30BaThb HEIMHENHblE CDYHKLI,VIVI, no3songdtowmne HeVIDOHHbIM CceTaM
MoZenMpoBaTh 6osee CroXHbIE MPOCTPAHCTBA peLleHmWii. Ha npakTuke yalle uc-
MoJIb3YOTCS CMrMonAanbHble GyHKLMKM, AaXe NPY TOM, YTO OHW MOTYT 3aMeaIfTb
rPaIMEHTHbIN CNYCK, KOrAa Yron Hak/IoHa NoYTy paBeH Hysto. Mo 3Tol npuynHe
BCe 60sbLUEeN MOMYNSAPHOCTBIO HAYMHAKOT MOMb30BATLCS YCEYEHHbIE NTUMHENHbIE
npeobpasoBanus (Rectified Linear Units, ReLU), koTopble BbIBOAST CYyMMy B3Be-
LUEHHbIX BXOAHbIX 3HAYEeHWUI (MU HOJb, €C/IM CYMMa MOJTy4MIach OTPULIATENBHOM).

B cemu npAmM0o2o pacnpocmparnenusd CUr'HaJibl IIEPEAI0OTCA B O[JTHOM HallpaBJI€HWH, OT
BXOZHOT'O CJIOA K BBIXO/ITHOMY. B 6oJ1ee CoKHBIX APXUTEKTYpaX, TAKNX KaK pexyp-
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permivle U pekypcushvie cetu, 6yhepruaoBaHHbIE CUTHAIBI MOTYT KOMOMHUPOBATHCST
1 iyOINPOBATHCST MESKLY Y3JIAMU CJTOS.

Obpamnoe pacnpocmpanenue (backpropagation) — ato mpoiiecc epeadn ommnoKH,
BBIYNCJIEHHON B KOHEYHOM CJIO€ CEeTH, IIPENbIAYIIUM CJIO0SIM JIJIsI KOPPEKTUPOBKHI
BECOB CHHAIICA U YBEJUYEHMsI TOYHOCTH B CJIeytolei ureparuu ooydenust. [Tocse
KayKION UTEPaIuy MOJIETb BBIUUCIIET TPAANEHT (DYHKITNU TTOTEPh W OMpeeisaeT
HallpaBJIeHUEe KOPPEKTUPOBKU BECOB.

O6yuyeHne MHOroc/1I0/HOro nepuenTpoHa

Mmnoezocaotinvie nepyenmponvl — 3TO OJHA U3 MPOCTEUNX (HOPM UCKYCCTBEHHBIX
HEHPOHHBIX ceTeil. B aToM pasesie Mbl 00y4nM MHOTOCJIOIHDIN TIEPIENTPOH C HC-
noJb3oBanreM Oubsmorekn Scikit-Learn.

B kadecTBe BXOJHBIX JIaHHBIX OyIeT UCIOJb30BaThest Habop ¢ 18 000 oT3bIBOB
06 ambOoMax ¢ BeO-calita Pitchfork.com!; Kakablil OT3BIB BKJIIOYAET TEKCT OT3bIBA,
B KOTOPOM PEIeH3eHT 0OCYKAAeT JOCTOMHCTBA aJibOOMa, a TaKKe OIEHKY B BUJIE
BeIllleCTBEHHOTO unca B auarnasone ot 0 1o 10. Beiaep:kky? U3 0HOTO TAKOTO OT-
3bIBa MOKHO BUIETH Ha puc. 12.3.

Haima niesib — onpeesiiTb OTHOCUTETbHYIO 9MOIIMOHAIBHYIO OKPACKY OT3bIBA 110 €10
tekcry. C oMoIpio MojyJist sklearn.neural_network 13 Oubamoreku Scikit-Learn
MbI MOKeM O0YUYHTh MHOTOCJIOHBI TIEPIIENTPOH IS KIACCU(DUKAIINN VI PETPECCHUH,
HCIIOJIB3YST IS HTOTO ysKe 3HAKOMble HaM MeTo/Ibl fit 1 predict. [TonpoOyem peasin-
30BaTh 002 MOAX0/A, PErPECCHIO I TPeicKasaHus (haKTHUECKON YMCTIOBOI OLEHKN
anpOoMa 1 KaaccuUKaILUIo A1 IIPeCKa3aHmsl SMOLMOHAILHON oLeHKu: «terrible»
(110x0), «okay» (HOpMaIbHO), «good» (XOpOIo) WK «amazing» (OTIUYHO).

“Ghost Stories is unmistakably Coldplay's "breakup album,"
a subdued work that finds Chris Martin and his band
crisply moping through mid-tempo soundscapes and fuzzy
electronic touches that have the visceral impact of a down
comforter tumbling down a flight of stairs... Rating: 4.4”

- Larry Fitzmaurice
May 20, 2014

Puc. 12.3. NMpumMep oT3bIBa ¢ caiita Pitchfork

! Cond Nast, Pitchfork: The Most Trusted Voice In Music (2018), http://bit.ly/2GNLO7F
2 Larry Fitzmaurice, Review of Coldplay’s Ghost Stories (2014), http://bit.ly/2GQL1ms
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Crauana omnpezeauM QyHKINIO documents, N3BJIEKAIONLYIO JOKYMEHTBI, MaPKHUPO-
BaHHbIE YACTSAMU Peud, U3 00bEKTa UTEHMs KOpIyca, (GYHKIIIO continuous st
MOJTyY€eHMsI HCXOAHOTO YHUCTOBOTO peiiTnHTa anbboma u (hyHKIHIO categorical,
UCTIOJIB3YTONLYT0 MeTO/ digitize 3 NumPy st mpeoOpa3oBanus pedTHHTA B OIHY
13 YeTbIPeX HMOIIMOHAIbHBIX KaTerOpuil:

import numpy as np

def documents(corpus):
return list(corpus.reviews())

def continuous(corpus):
return list(corpus.scores())

def make_categorical(corpus):

terrible : 0.0 < y <= 3.0
okay 1 3.0<y<=5.0
great 5.0 <y <=7.0
amazing 7.0 <y <=10.1

return np.digitize(continuous(corpus), [0.0, 3.0, 5.0, 7.0, 10.1])

3arem 0b6aBuM orpe/iesenie GyHKINU train_model, IPUHUMAIOIIEN TyTh K KOP-
mycy, 00beKT Estimator 13 Scikit-Learn u nMeHOBaHHBIE aPTYMEHTBI C TIPU3HAKOM
HEMPEPBIBHOCTU METOK, HEOOSI3aTeIbHBIM KATATIOTOM JIJIST COXPaHEHUsT 00yYeHHOT
MO/IEJTN 1 KOJIMYECTBOM OJIOKOB TSI TIEPEKPECTHON TIPOBEPKH.

Hamra ¢yHKIMS 10/KHA CO3/[aTh OOBEKT YTEHUST KOPITyca, BbI3BAaTh (hyHKIIUIO
documents, a Takke continuous WM make_categorical, 4TOOBI IIOJIyYUTh BXOIHbBIE
3HAUYEHUA X U TIeJIeBble 3HAUEHU y. 3aTeM BBIUUCIUTH OI[CHKH TTIePEKPECTHON TTPO-
BEPKU, 06y‘II/ITb 1 COXPaHUTh MOJIEJIb C TIOMOIIBIO YTUINUTHI joblib 13 6ubmoTeKn
Scikit-Learn 1 BepHYTb OlIEHKH:

from sklearn.externals import joblib
from sklearn.model_selection import cross_val_score

def train_model(path, model, continuous = True, saveto = None, cv = 12):
Oby4yaeT mMofesnb Ha Kopnyce, HaxoAfwemcs Mo yka3aHHoMmy nyTu path;
BbluMCNAET OUEHKW MepeKkpecTHOW MpOBEpKU, UCMONb3ys MNapameTp cCv,
3aTem oby4yaeT Mofesb Ha BceM obbeme [aHHbIX.

Bo3BpauwaeT oueHKku.
# 3arpysuTb AaHHble U3 Koprnyca M MeTKU Ans Kaaccupuxkauum
corpus = PickledReviewsReader(path)
X = documents(corpus)
if continuous:
y = continuous(corpus)
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scoring = 'r2_score'

else:
y = make_categorical(corpus)
scoring = 'fl_score'

# BbIYMCNUTL OLLEHKM NepekpecTHOW MpoBepKy
scores = cross_val_score(model, X, y, cv = cv, scoring = scoring)

# 3anucaTb Ha AOUCK, ecaM HeobXoAMMO
if saveto:
joblib.dump(model, saveto)

# 06y4uTb MOAEeNb Ha MOJIHOM ObbeMe AaHHbIX
model.fit(X, y)

# BepHyTb OLEHKHU
return scores

MopobHo aApyrMm obbekTaM Estimator u3 Scikit-Learn, MLPRegressor
MMLPClassifier npuHMMatoT MaccuBbl NumPy BelllecTBeHHbIX uncesn. HecMoTps
Ha TO YTO MACCMBbI MOTYT 6bITb MJIOTHBIMI UM Pa3PEXEHHBIMM, BXOAHbIE BEKTO-
pbl NyuLUe BCEro MaclTabupoBaTb C UCMOb30BaHWMEM MPSIMOr0 UM CTaHAAPTHO-
ro YacCTOTHOrO KOAVMPOBAHMS.

OHpeI[eJII/IM 06y‘{aeMLIe MO/€eJIn, CO3/1aB /IBa KOHBeﬁepa, BBITIOJIHAIOIINE HOPpMaJIN-
3allMI0 TEKCTaA, BEKTOPU3all1IO0 U MO/IE€JIMPOBAHHE:

if __name__ == '__main__"':
from transformer import TextNormalizer
from reader import PickledReviewsReader

from sklearn.pipeline import Pipeline
from sklearn.neural_network import MLPRegressor, MLPClassifier
from sklearn.feature_extraction.text import TfidfVectorizer

# NyTb Kk 06bpaboTaHHOMY KOpPMycCy OT3blBOB, MapKMPOBaHHOMY YHacTAMU peyu
cpath = '../review_corpus_proc'

regressor = Pipeline([
('norm', TextNormalizer()),
("tfidf', TfidfVectorizer()),
('ann', MLPRegressor(hidden_layer_sizes = [500,150], verbose = True))

D

regression_scores = train_model(cpath, regressor, continuous = True)

classifier = Pipeline([

("norm', TextNormalizer()),

('tfidf', TfidfVectorizer()),

('ann', MLPClassifier(hidden_layer_sizes = [500,150], verbose = True))
D)

classifer_scores = train_model(cpath, classifier, continuous = False)
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MonobHo BbIGOPY 3HayeHus k AN MeToAa KnacTepusauun k-cpefHux, BbiGop
OMTMMasIbHOrO KOJIMYECTBA M Pa3MePOB CKPbITbIX CII0EB AJ1s Ha4asibHOro NpoTo-
TUMNa HEMPOHHON CeTM — CKOpee MCKYCCTBO, YeM Hayka. Yem 6onblie croes
W Y30B B HWX, TEM CNIOXKHEE MOSyYUTCS MOZEsNb, @ YeM COXKHee Mofenb, TeM
6onblue aHHbIX TpebyeTcs Ans ee 06yyeHuUs. XopoLuee 3SMNMpUYECKoe NpaBuIIo:
HauMHaTb C NPOCTOM MoAenu (KONMYECTBO Y3/10B B HAYaNbHOM C/I0€ He A0SHKHO
npeBbILLaTb KOMMYECTBA 3K3EMMNISPOB, U B CETU HE [AO/MKHO ObiTb 60sblue ABYX
C/IOEB) U 3aTEM UTEPATVBHO YBEMYMBATb CJTIOXKHOCTb, MOKa NepekpecTHas npo-
BepKa Mo k-6nokam He 06HapyxuT akT nepeobyyeHus.

Bubnmoreka Scikit-Learn nipeayaraer 60Jibioe KOJUYECTBO [TAPAMETPOB JIist Ha-
CTPONKM HEWPOHHBIX ceTell. Hampumep, 1o ymordanuio oba Kjiacca, MLPRegressor
u MLPClassifier, ucnoJsinb3yior ¢pyHknuio aktusaun ReLU, koropyio MoskHO 13-
MEHUTD C TTOMOIIBIO TTapaMeTpa activation, M aJTOPUTM CTOXACTUYECKOTO T'PAJIH-
€HTHOTO CITyCKa /71T MUHUMU3AIUN (DYHKITUN TOTEPh, KOTOPBIH MOKHO U3MEHUTD
C TIOMOIIIBIO TTapaMeTpa solver:

Mean score for MLPRegressor: 0.27290534221341
Mean score for MLPClassifier: 0.7115215174722

Kax nokasbiBaeT orieHka R2, Mojiesib MLPRegressor TI0JIyurIach O4eHb CJIaboii 1 Ipojie-
MOHCTPHPOBaJIa 04€Hb HU3KOE KauecTBO 00ydeHusl. Perpeccist BBIMTPhIBAET OT COKpPa-
IEHNUsT YMC/Ia Pa3MePHOCTEN, 0COOEHHO B OTHOIIEHUU KOJIMYECTBA DK3EMILISPOB. Mbl
MOJKEM CYIUTH 06 9TOM Yepes IPU3MY «IIPOKJISTUS Pa3MEPHOCTI; OT3bIBbI Ha caiiTe
Pitchfork B cpeanem copepaxat oxosio 1000 c10B, 1 Kaskaoe cJI0BO 106aBJISET eIle OLHO
M3MepeHue B Hallle TIPOCTPAHCTBO pemienuii. [locKoIbKy HaIll KOPITYC BKJIIOUAET [TPU-
MepHOo 18 000 0T3BIBOB, Halllel MOJIE/IN MLPRegressor TIPOCTO HE XBATHUIIO 9K3EMILISIPOB
JUTST TIPEAICKA3AHIIST YU CIOBOM OIEHKY € IOCTATOYHO BBICOKON CTETIEHBIO TOUHOCTH.

Onmako, Kak MOKHO BUIETh, MOJIEJIb MLPClassifier moka3ajia HAMHOIO JIydIiue pe-
3YJIBTAThI U, BO3MOKHO, CTOUT TIOTIPOOOBATH MOBO3UTHCS € ee HacTpoiikamu. To0ObI
YAYy4IINTH Ka4eCTBO MLPClassifier, MOJKHO ITO9KCIIEPUMEHTHPOBATD C YBEJIMUYECHIEM
U YMEHbBIIIEHNEM CJIOKHOCTH MOJIEJTH. YBEJTMIHUTD CJIOKHOCTH MOJKHO I00ABIEHIEM
CJI0EB ¥ HEeHPOHOB B hidden_layer_sizes. Takke MOKHO yBeJIMUUTD ITapaMeTP max_
iter, OIIPeIEJISIONIII KOJIITYECTBO ATIOX 00YUeHNs, U IATh MOJIeJTH GOJIbIIe BpEMEH!
Ha o0yueHie ¢ IpUMeHeHHeM poiiecca 00PaTHOTO PACITPOCTPAHEHHSI.

VYMEHBITUTD CA0KHOCTD MOYKHO yAaJeHUEM CJI0EB, YMEHBITeHNEM JHcia Heipo-
HOB WJIN 100aBJIEeHUEM KPUTEPHsT PETYJISIPU3aui B GYHKIIUIO OTEPD € TIOMOTIHIO
napameTpa alpha, KOTOPBI, 1oo6HO sklearn.linear_model.RidgeRegression, uc-
KYCCTBEHHO COKPATUT YKCJIO TAPAMETPOB, YTOOBI TOMOYb U30€KaTh IIepeody eH s,

[Tpuxnannoii uurepdeiic 6ubnnorekn Scikit-Learn ouenb yao6eH A CO31aHMsS
IPOCTBIX HEMPOHHBIX Mozeseil. Ho, kak Oy/er oKasaHo B CJIEAYIOIIEM pasjielie,
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takue bubanorexu, kak TensorFlow, mpeaiaraior HaMHOTO 60JIbIE BO3MOKHOCTEH
Uit THOKOI HACTPOIKM apXUTEKTYPbI MOJIEJIH, a TaKKe OoJiee BBICOKYIO CKOPOCTh
BBIYMCJIEHNT 3a cueT ucnoab3oBanusg GPU.

ApxuTeKkTypbl rnybokoro obyueHums

[Toz TepMUHOM 2160K0€ 00YUeHUe JACTO TIOPA3YMEBAIOTCS TAKIE MOJIEJIH, KaK Pe-
KyppenTHble Helipornbie cetr (Recurrent Neural Networks, RNN), cetu ¢ gouroii
KkpatkocpouHoit namsaThio (Long Short-Term Memory, LSTM), pekypcuBHbie
tensopublie Heliponnbie cetn (Recursive Neural Tensor Networks, RNTN), csep-
tounbie Heliponmbie cetn (Convolutional Neural Networks, CNN maun ConvNets)
u rereparuBHo-cocTsasarenbubie cetn (Generative Adversarial Networks, GAN),
HOJTYYHBIIITE GOJIBIIYIO TIOTYJISIPHOCTD B TOCIEAHNE TO/IBI.

XoTst MHOTHE IO/ TIyOOKMMHU HEHPOHHBIME CETSIMU TIOPa3yMeBaOT HEWPOHHbIE
CeTH € HECKOJIbKUMU BHYTPEHHUMU CJIOSIME, TEPMUH «IJIyOOKOe 00ydyeHue» B 1eii-
CTBUTEJILHOCTH MAJIO Y€M OTJIMUYAETCSA OT UCKYCCTBEHHBIX HEHPOHHBIX ceTell. OiHako
pasHble APXUTEKTYPbI PEATU3YIOT YHUKATbHBIE BOBMOKHOCTHU B CJIOSIX, UTO JIAET UM
BO3MOKHOCTDH MOJIETTUPOBATH OYEHD CIOKHBIE TAHHBIC.

Caeprounbie neitpornnie cetu (Convolutional Neural Networks, CNN), narnpu-
Mep, 00bEINHSIIOT MHOTOCIOMHBIE TIEPIIEIITPOHBI CO CBEPTOYHBIM CJIOEM, KOTOPBIIT
UTEPATUBHO CTPOUT KAPTY JIJIsl M3BJI€YEHNs] BAJKHBIX [TPU3HAKOB, & TAK)KE MMEIOT
9TaIl CBEPTKHU, YMEHBIIAIONINN Pa3MePHOCTD MPU3HAKOB, HO COXPAHSIONIHET Hanbo-
Jiee nHGOPMATHBHbBIE MX KOMIOHEHTHI. CBEPTOYHBIE CeTH OYeHb A(D(HEKTUBHBI 1711
MO/IEJINPOBAHUST U300paKEeHNI 1 PelleHust 3a/1a4 Kiaaccuburaiu u 060061eHusI.

[0 MoTeTMpOBaHMS TAaHHBIX HA €CTECTBEHHOM SI3bIKE JIYYIIle BCETO TTOIXOST Pas3-
HOBUIHOCTHU PeKypPpeHTHBIX HelpoHHBIX cereil (Recurrent Neural Networks, RNN),
TaKWe KakK CeTH C JI0JTON KpaTkocpouHoil mamsateio (Long Short-Term Memory,
LSTM). Apxutexktypa RNN mo3BoJisieT MoIe/In TOA/IeP;KUBATH MTOPSIOK CJIOB
B IIPE/IJIOJKEHUN U BBISIBJISTD JIoJTocpouHble 3aBucumoctu. Cetu LSTM, naripumep,
peanu3yioT yIpaBsgeMble STUeKU, KOTOPBIE Tal0T BO3MOKHOCTD «3alTIOMUHAHUS
U «3a0bIBaHuUsT». Pa3HOBUHOCTH 9TON MOJEJN YaCTO UCIOAb3YIOTCI B MAITMHHOM
nepeBojie U B 33/1a4aX reHePUPOBAHUS TEKCTOB HA €CTECTBEHHOM SI3bIKE.

TensorFlow: ¢pperimBopk ansa rnybokoro obyueHus

TensorFlow — pactipe/iesieHHBIN BBIYUCTUTENBHDII IBUKOK, PEATU3YOIINN OCHOBY
st Tiry6okoro o0ydenusi. Pazpaboran B komnanuu Google ¢ 1esbio opranusaium
HapaaebHOro 00y4eHus Mojeell, He TOJbKO Ha rpaduuecKux mpoieccopax
(GPU), HO 1 Ha MHOKeCTBE KOMIIbIOTEPOB B ceTh. VICXOAHBII KO/ ABMKKA ObLI
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OTKPBIT B HOstOpe 2015 roa u ¢ TOro BpeMeHH CTaJl OJHON M3 CaMbIX TTOTTYJISIPHBIX
cpeint O0IIEeIOCTYITHBIX GUOIHOTEK TIIYOOKOTO 00y IEHMSI.

st pa6otsl ¢ TensorFlow mosb3aoBatesib M0JKEH XOPOIIO 3HATH aPXUTEKTYPBI
HEWPOHHBIX CETEH U OPUEHTUPOBATHCS HA TTOCTPOeHUE TPAdOB OTOKOB JAHHBIX
CO 3HAYKMTEJIBHOM cTereHbIo HacTpoiiku. VcnonpsoBanue TensorFlow naunnaercst
C OTIpeiesIeHUS KaK0TO CI0S ¥ BCEX TUTIEPIIAPAMETPOB, TIOCJIE YETO MTPON3BOINUTCS
KOMITUJISITIVST BCEX 9TANOB B CTaTHYECKUiA rpad U HAYMHAETCST ceanc 0Oydenust. ITo
YIIPOIIAaeT yIpaBJIeHre MOJIEAAMI U UX ONITUMHU3AINIO C POCTOM CJIOKHOCTH, HO
TaKKe 1 YCIOKHSET OBICTPOE MPOTOTUTTHPOBAHNE.

ITo cyTu, Mogeu rryGOKOro 00ydeHUsT — BCETO JIMIIb IEMOYKN (hYHKITHIL, 2 9TO O3Ha-
YaeT, 4YTo MHOTHe OUOINOTEKH [IyOOKOro 06YYeHUS TOAAEPKUBAIOT QYHKIIMOHAIb-
HBII 1 U30BITOYHO MHOTOCJIOBHBIH JIEKJTAPATUBHBII CTHJIb TPOrpaMMupoBanust. Kak
caie/icTBrE, GBICTPO 9BOIOIMOHMPOBAIA H9KOCUCTEMA IPYTUX OMOIMOTEK, BKIIOYAsT
Keras, TF-slim, TFLearn u SkFlow, ¢ 6osee abcTpakTHBIM, 0ObEKTHO-OPUEHTIPO-
BaHHBIM WHTepdeiicoM. B caemyiomem paszgesne Mbl TOKaKeM, KaK MOJTb30BATbCS
dpeiimopkom TensorFlow mocpeactsom Keras API.

Keras: npuknagHou nHtepdeic gna rny6okoro obyueHus

Hecmorpst Ha yactoe oObe e e ¢ hpeiiMBOpKaMu TryOOKOTO 00yUeHUs, TAKUMU
kak TensorFlow, Caffe, Theano u PyTorch, 6ubimnoreka Keras npemiaraer 6oee
006001IeHHBII TPOTpaMMHBII HHTEpdENC 11st ry6oKoro 00yuenust. [leppoHadaibHO
6ubanoreka Keras paspabarbiBanach st paborsl ¢ peiimopkom Theano, Ho mo-
cJie OTKPBITHST HCXOIHBIX TEKCTOB U B3PBIBHOTO pocTa nomyssiproctu TensorFlow
6ubmmorexa Keras GbICTPO cTasa 0JIHUM U3 OCHOBHBIX MHCTPYMEHTOB JIJIsI MHOTHX
nosb3osaresieil TensorFlow u 6bu1a Brmouena s sapo TensorFlow B Havasne 2017 roza.

B Keras Bce cyiee siBisieTcst 0GbEKTOM, 4TO JIeJIaeT ee 0COOEHHO YIOOHBIM HH-
CTPYMEHTOM JIJISI IPOTOTUITUPOBaHUSL. UTOOBI MOJYIUTH aHAJIOT MHOTOCJIOIHOTO
KJIaccu@UIMPYIONIEro MepIenTpoHa, IIPOAEMOHCTPUPOBAHHOIO B MIPE/bIIYIIEM
pasneie, onpeesuM Q)yHKHI/HO build_network, KOTOpast CO3/1a€T 9K3EeMILISAP MOJEN
Sequential u3 Keras, 100aBJisieT iBa CKPBITHIX CJI0sI Dense (10IHOCEA3AHHDIX), N3 KO-
TOPBIX 1epBbIit cogepskuT 500 y37108 1 BTOopoit — 150, 1 06a KCTONB3YIOT yceYeHHbIE
smaneiinble ipeobpazosanust (ReLU) B kauectBe dhynknuu akrusanuu. O6parure
BHUMaHUe Ha TO, YTO B IIEPBbII CKPBITHIN CJIO TepegaeTcst KOPTeXK input_shape,
OTIMCHIBAIONINE (POPMY BXOTHOTO CJIOSI.

JL7151 BBIXOZIHOTO CJIOST HYSKHO Olipe/iesINTh (QYHKIUIO YIJIOTHEHUS U3MEPEeHUiT 13
IPEbIIYIIEr0 CJI0s B IPOCTPAHCTBO KaTeropuii /st kjaaccuukanun. B nranHOM
cJydae uctosb3yercst yHKIs Softmax, oty IsipHblil BBIOOD B 3a1auaXx 00paboTKH
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€CTECTBEHHOTO $3bIKa, TOTOMY YTO TIPE/ICTABJISICT pacipe/ieieHUe 110 KaTerOPHsIM,
COOTBETCTBYIOIIUM JIEKCEMaM B HallleM Kopityce. 3aTeM build_network BbI3bIBaeT
MeTOJI compile, TepeiaB eMy (pyHKIMN TIoTeph (loss) n omTruMm3anun (optimizer)
IJIs1 QJITOPUTMa IPaJUeHTHOTO CIIyCKa, U BO3BpallaeT CKOMIUINPOBAHHYIO CETh!

from keras.layers import Dense
from keras.models import Sequential

N_FEATURES = 5000
N_CLASSES = 4

def build_network():

Bo3BpawaeT CKOMMUIMPOBAHHYW HEpOHHYl ceTb
nn = Sequential()
nn.add(Dense (500, activation 'relu', input_shape = (N_FEATURES,)))
nn.add(Dense (150, activation 'relu'))
nn.add(Dense(N_CLASSES, activation = 'softmax'))
nn.compile(
loss = 'categorical crossentropy',
optimizer = 'adam’',
metrics = ['accuracy']

)

return nn

Monyab keras.wrappers.scikit_learn 3KCIIOPTUPYET KJacchl KerasClassifier
U KerasRegressor — JiBe 00epTKH, peanusyiomue uarepdeiic Scikit-Learn. Biaro-
Jlapsi ATOMY MoJIeJin Sequential u3 Keras MOKHO BHeAPsITh B KoHBelepb Scikit-
Learn — Pipeline uu Gridsearch.

Yrobbl 3a/1€iicTBOBATH KerasClassifier, CKOHCTPYHPYeM KOHBeHED, aHAIOTHYHBINA
MPEICTABICHHOMY B IIPE/IBIYIIIEM Pa3/ieie, C HOPMATU3aTOPOM TextNormalizer (omnu-
caHHbIM B pasziesie « Co3amre cBOero mpeobpasoBatelist /i1 HOPMATU3AINN TEKCTa»
TJIaBBI 4) ¥ BeKTOpr3aTopoM TfidfVectorizer. Mcronb3yem mapameTp max_features
BEKTOPH3aTOpa /IS [epeadu IJ06aIbHOI mepeMeHHOI N_FEATURES, rapaHTHPOBAB
TEM CaMbIM COOTBETCTBUE PA3MEPHOCTH BEKTOPOB U (popMe input_shape ckommu-
JINPOBAHHOU HEUPOHHOU ceTu.

[na Tex, KTO NpYBbIK NOMb30BaTbCs 06beKTaMM Estimator u3 6ubnmnotekn
Scikit-Learn, koTopble MOAAEPXKMBAIOT Pa3yMHbIE 3HAUYEHMUSI MO YMONYaHUIO AN
rynepriapamMeTpoB, NOCTPOEHUE MOAENEN ryboKoro 0byyeHnst NepPBOe BpeMs
MOXET BbI3blBaTb CIIOXHOCTW. Keras n TensorFlow He genaroT noYTy HUKaKmx
NpeanonoXeHuii o popMe 1 pasMepe BXOAHBIX AaHHbIX U He ByayT NbiTaTbCst
onpefenvTb rmneprnapaMeTpbl NMPOCTPaHCTBa PeLIeHN. TeM He MeHee 3Ha-
KOMCTBO C 0COBEHHOCTSIMM KOHCTpYMpOBaHust Moaeneli TensorFlow yepes Keras
API gact HaM BO3MOXHOCTb He TOJIbKO CO3A4aBaTb CBOM MOAENM, HO 1 obyyaTb
MX HaMHoro bbicTpee, Yyem Mogdenu sklearn.neural_network.
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Haxkonert, 106aBuM B KOHBeiiep KerasClassifier, mepeiaB (hyHKIIMN CO3IaHUS CETH,
JKeJlaeMOoe HCJIO ATI0X U HeoOs13aTeJIbHbIIH pasMep mmakera. OOpaTiTe BHUMAaHNUE Ha
TO, YTO MBI IOJKHBI TIEPe/IaTh CCHIIKY Ha (DYHKIIUIO build_network, a He 9K3eMTIIISP
CKOMITUJIMPOBAHHOM ceTH, BO3BPAIllaeMbIil €10:

if __name__ == '_ _main__"':
from sklearn.pipeline import Pipeline
from transformer import TextNormalizer
from keras.wrappers.scikit_learn import KerasClassifier
from sklearn.feature_extraction.text import TfidfVectorizer

pipeline = Pipeline([
('norm', TextNormalizer()),
('vect', TfidfVectorizer(max_features = N_FEATURES)),
('nn', KerasClassifier(build_fn = build_network,
epochs = 200,
batch_size = 128))
D

Teniepb MOKHO 3aITyCTUTD TTOJYYEHHBIN KOHBeWED, UCII0JIb30BaB HEMHOTO U3Me-
HEHHYIO Bepcuio QYHKIMK train_model. Tak e, KaK B IPeIbIAYIIEM Pa3/iese, aTa
d)yHKuHH co3/1aeT 0OBEKT UTEHUS KOPpILyca, BbI3bIBA€eT documents 11 make_categorical,
4TOOBL IIOJIYYUTHh BXOJHBIE U IeJIeBble 3HAaUeHUs X U y, BBIUNCJISIET OIleHKU Iiepe-
KPECTHOI ITPOBEPKH, o6yqaeT ¥ COXpaHdgeT MO/IeJIb U BO3BpalllaeT OIeHKU.

K coskanenuio, Ha MOMEHT HAIMCAHUSI 9TUX CTPOK COXpaHeHue Kompeitepa Scikit-
Learn, obeptoiBaiotiiero Mmoziesib Keras, 6110 HECKOJIBKO 3aTPYHEHO, TOTOMY 4TO
KOMIIOHEHT HeIIPOHHOI CeTU JOJIKEH COXPAHITHCS BbI30BOM CIICLIMAIN3UPOBAHHOIO
MeToza save u3 6ubmnorexu Keras B hopmate repapxudeckux ganubix (45). [Toato-
My B Ka4ecTBe 0OXO/[HOTO PEIEHNS MbI CHAYAJIA COXPAHSIEM MOJIEJTb, 00PaTHBIINCH
K Heil 110 MH/IeKCY B Pipeline, a 3aTeM 3alMChIBAEM HA AUCK OCTATBHON 00yUeHHBIIT
KOHBeliep ¢ IIOMOIIIbIO joblib:

def train_model(path, model, saveto = None, cv = 12):
0by4aeT Moaenb Ha BCeM Koprnyce, HaxXxOAAWeMCA MO ykKa3aHHoMmy nyTu path.
Ecnn 3apgaH cnoBapb saveto, coxpaHAeT Ha AUCK mogenb Keras v KOMMOHEHTHI
KoHBeliepa Sklearn no oTAenbHOCTW. Bo3BpawaeT OLEHKM.
corpus = PickledReviewsReader(path)
X = documents(corpus)
y = make_categorical(corpus)

scores = cross_val_score(model, X, y, cv = cv, scoring = 'accuracy',
n_jobs = -1)
model.fit(X, y)
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if saveto:
model.steps[-1][1].model.save(saveto[ 'keras_model'])
model.steps.pop(-1)
joblib.dump(model, saveto['sklearn_pipe'])

return scores

Temepp BepHEMCS K UHCTPYKIWU if _ _name_ == '_ main__
K KOPIIYCY U CJIOBaphb C IIyTSAMU 711 COXPaHEHUS MOJEIN:

U nepesiaiuM Iy Th

cpath = '../review_corpus_proc'
mpath = {
'keras_model' : 'keras_nn.h5',
'sklearn_pipe' : 'pipeline.pkl’
}

scores = train_model(cpath, pipeline, saveto = mpath, cv = 12)

C 5000 BxoHbBIX IPU3HAKOB Hall Kaaccudukatop Keras Ha 0CHOBe HEIIPOHHOII ceTr
CITPaBUJICS BECHMA HETIJIOXO; B TIEJIOM MOJIEJIb CyMeJia OIIPeIeJINTh IMOTIMOHATIbHYTO
OKPAacKy OT3bIBa, BbIOUpast Mex Iy «terrible» (1mm0x0), «okay» (HopmaibHO), «good»
(xoportro) niam «amazing» (OTJIMYHO):

Mean score for KerasClassifier: 0.70533893018807

Jlaske ipu TOM, 4TO CpeiHsst OlleHKa Kiaccuduraropa Scikit-Learn okasamach He-
CKOJIBKO BbIIIIE, 00yueHne Moesn Keras 3ansiio y Hac Beero jiBa yaca Ha MacBook
Pro, uim npuMepHO OJIHY IIECTYIO YacTh BpeMeHu 00yuenusi MLPClassifier u3 Scikit-
Learn. brarogaps aToMy MBI CMOKEM BBITIOJTHUTH JOTOJHUTEIBHYIO HACTPOUKY
mozesu Keras (Harpumep, yBEeJUUUTh YUCJIO CKPBITBIX CJIOEB U Y3JI0B, OIIPoOOBaTh
npyrue GYHKITMU aKTUBAIMY U TIOTEPH, TTPOU3BECTH CIYYATHOE ITPOPEKMBAHUEY,
TO €CTh BBIOOPOYHO OOHYJIUTH HEKOTOPbIE BXO/IHBIE ITAaHHBIE, YTOOBI 30EKaTh TTepe-
00y4YeHwsl, U T. J.) U HAMHOTO OBICTPEE YCOBEPIIEHCTBOBATD €€.

OjtHaKo rJIaBHOM MPOOIEMOil Hallleit MOJIe/IH SIBJISIETCS] MaJIbIi 0O0beM Habopa JaH-
HbBIX; HEIPOHHbBIE ceTH 0OBIYHO TPEBOCXO/AT M0 KauecTBY BCe Jpyrue ceMeiicTBa
MOJIeJIell MAITMHHOTO 00YUYeHMsI, HO TOJIBKO KOTia 00beM 00ydaronX JaHHbIX TIpe-
BBICUT HEKOTOPBI opor (rozpobHee ata npobiieMa 00CyKIaeTCs B BUACOJIEKITNN
Auapio blua «Why Is Deep Learning Taking Off?»'). B ciexyioniem pasmesne Mo
uccsieyeM HaMHOTO GOJIBIIII 00BEeM JaHHbIX, a TAKIKE TOIKCIIEPUMEHTHPYEM C He-
KOTOPBIMU CHHTaKCHYECKUMU TIPU3HAKAMHU, KOTOPbIe BUiesn B riiaBax 7 1 10, 4ToObr
YJIYYUTH OTHOLIEHHE CUTHAJL/TITYM.

U Andrew Ng, Why is Deep Learning Taking Off? (2017), http://bit.ly/23393kU
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AHann3 3MOLIMOHAJIbHOM OKPaCKM

Jlo cux 1Mop MbI pacCMaTPUBAJIU OT3bIBbI KaK OOBIYHBIE «MEIIKH CJIOB», UTO HE
PEIKOCTH JIUIsi HEHPOHHBIX ceTeil. DYHKIMU aKTUBAIMK OOBIYHO TPEGYIOT, 4TOOBI
BXO/IHbIE aHHbIe OBLIN IIPEACTABIEHbI YHCIaAMU B AUara3oHe [@,1] uau [-1,1],4To
JIeJTaeT MPSIMOE KOAMPOBaHKE YIOOHBIM METOIOM BEKTOPH3AIIUH.

OHAKO MOJIEJTh «METITKa CJIOBY TIOXO MOAXO/HT JI7ist GoJIee CIOKHBIX 3a/[a4 aHAU-
3a TEKCTa, TIOTOMY YTO OHA BBIZIEJISIeT GoJiee MUPOKUE U BaKHBIE DJIEMEHTBI TEKCTa
BMECTO MUKPOCHUTHAJIOB, OMKCHIBAIONINX 3HAUUMbIE KOPPEKTUBbI UJINM U3MEHEHUS.
[Ipuembl reHepUPOBAHUS TEKCTA HA €CTECTBEHHOM sI3bIKe, KOTOPbIE Mbl KPATKO pac-
cMmoTpesin B r1aBax 7 u 10, OTHOCATCS K KaTerOpUH TPUJIOKEHUI, B KOTOPBIX MOJIe-
Jiell TUTIA «<MEMIOK CJIOB» 9YacTO HeIOCTATOYHO JIJIST BBISIBJIECHUS TOHKOCTEN pedeBbIX
mabI0HOB. J[pyrum Mo 06HBIM TPUMEPOM MOSKET CJIYKUTh aHAJII3 9MOIMOHATBHOI
OKPaCKH, IJle OTHOCUTEIbHAS ITOJIOKUTEIBHOCTD MU OTPUIIATEIbBHOCTD BBICKA3bIBa-
HUS ABJseTCS (DYHKIMEH CITOKHBIX B3AMMOCBS3€i MEK/Y TOJOKATETbHBIMI WJTH
OTPUIIATETHHBIMU MOAN(PUKATOPAMU U HEJIEKCUIECKUMU (DaKTOPAMU, TAKIMH KaK
capkasM, TUIep0oJIa 1 CUMBOJIU3M.

B rmaBe 1 MBI KpaTKO MpeACTaBUIIM aHAIU3 SMOLMOHAIBHOI OKPACKH, YTOObI MO/
YEPKHYTh BA)KHOCTh KOHTEKCTHBIX IIPU3HAKOB. Ec/ii Takue SI3bIKOBbIE TPU3HAKH, KAK
T0JI, YACTO HATIPSIMYTO 3aKOIUPOBAHBI B CTPYKTYPE SA3bIKA, TO AMOITMOHAIbHAS OKPacKa
CJIMIIKOM CJIOKHA JIJI1 KOAMPOBaHMA Ha ypOBHe JICKCEM. BOSBMBM JJIA IIpUMeEpa OAnH
13 OT3bIBOB, OCTABJIEHHBIN Ha caiiTe Amazon MOKymaTesieM CalOBOTO MHBEHTAPST:

I used to use a really primitive manual edger that I inherited from my father.
Blistered hands and time wasted, I decided there had to be a better way and this is
surely it. Edging is one of those necessary evils if you want a great looking house.
I don’t edge every time I mow. Usually I do it every other time. The first time out
after a long winter, edging usually takes a little longer. After that, edging is a
snap because you are basically in maintenance mode. I also use this around my
landscaping and flower beds with equally great results. The blade on the Edge
Hog s easily replaceable and the tell tale sign to replace it is when the edge starts
to look a little rough and the machine seems slower.

— Oma3wte ¢ cauma Amazon

! HepeBOﬂZ «PamnbIre s mosib3oBaicst HpOCTeHbKOfI py‘{HOfI MaITuHON JIJIs1 OKaHTOBKH I'a30HOB,

JIOCTABIIIEIiCsSl MHE B HACJE/CTBO OT 0TIa. HaGWB MO30JIM 1 TOTPATHB BITYCTYIO MACCy BPEMEHH,
sITIPUILIEJT K MBICJIU, UTO JI0JIKEH ObITh KAKOU-TO JPYTOii CII0c06, MEHee TPYI0eMKHii, U 51 HaIlleJl
ero. OKaHTOBKA ra30HOB — OJIHO 3 HEN3GEIKHBIX 301, C KOTOPBIM BaM [PHAETCSI MUPUTHCS, €CJIH
XO0THUTeE, ‘1T06b1 Balll IOM BbITJIALEJI KPAaCUBO. OK&HTOBKy s1 BBIIIOJIHSIIO HE BCSIKUIL pas, Korjga
kotry. O6BIYHO s [IeJIal0 9TO OTAeNbHO. [1epBblil pa3 — mocJjie 3MMbl — OKAHTOBKA 3aHIMAeT
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Ecii monpo6oBath OIEHUTH 3TOT OT3bIB, TIOACYUTHIBAS «OJIOKUTENbHBIE> M <OT-
puUllaTesbHBIE» CIOBA, KAK B CJIydae CO CJIOBAMHU, OIPENEITIONIME MOJIOBYIO TTPHU-
HaJJIE)KHOCTD B IJlaBe 1, KaKylo OIeHKY Bbl OKuAaau Obl monyunth? HecMoTpst
Ha OOJIBIIOE KOJUYECTBO CJIOB € KaKYIIMMCSI HETAaTHBHBIM OTTEHKOM (HaIrpumep,
«primitive» (mpumutuBHOit ), «blistered» (Mozosm), «wasted» (Biycryio), «rough»
(HepoBHOIT), «<slowers (MesieHHEe)) ITOT TEKCT COOTBETCTBYET OT3BIBY C OIEHKOMN
B 5 3Be3]] — HAUBBICIIMII BO3MOKHBII PeiTHHT!

Jlase eciim B3STh €IMHCTBEHHOE ITPeJIOKeHNe U3 0T3biBa (Hanpumep, «Edging is one
of those necessary evils if you want a great looking house»'), serko 3ameTutn, Kak
MOJIOKUTENbHBIE U OTPUTATENbHBIE KOHCTPYKITUU U3MEHSTIOT JPYT JAPYTa, CO3/1aBAS
ahdekT obpaieHust 9MOIMOHATIBHON OKPACKK HA TIPOTUBOIOJIOKHYTO VI YCHIIU-
Bast ee. Ha puc. 12.4 nmokasaHo, Kak CHHTaKCH4IecKue GJIOKM COBMECTHO BJIUSIIOT Ha
001y I0 O9MOIIMOHAIBHY IO OKPACKY HPEAIOKEHUS.

I vez | oo DT Em N | PrP | veP | DT m

Edging is one of those necessary evils if you want a great looking house.

Puc. 12.4. CUHTaKCUYECKUI aHanmus

00bIYHO 4yTh Ooublie BpeMenu. [locsie 5TOro oHa JaeTcs Ipolle, HOTOMY Y4TO OCTAETCS JIMIb
HOIEPKUBATh AKKYPATHBIA KaHT. S Tak:Ke Ae/al0 OKaHTOBKY JIysKallKu 1 KayM0 ¢ [BeTaMu
C TAKMM 7Ke TPeBocX0AHbIM pesysraTtoM. Hoxku B Edge Hog sierko sameHsoTes1, a BpeMsi 3aMeHbl
JIETKO OTIPEIEJISIETCS 110 TOMY, KaK KPOMKA HAUMHAET BBITJISA/IETh HEMHOTO HEPOBHOI, & MalllnHa
HauuHaeT paboTaTh MeieHHee». — [Ipumey. nep.

! TlepeBom: «OKaHTOBKA Ta30HOB — OIHO U3 HEUBOESKHBIX 301, C KOTOPBIM BaM IIPHIAETCS MUPUTHCH,
€CJI XOTUTE, YTOOBI Balll IOM BBITJISIE]T KpacuBoy». — [Ipumeu. nep.
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Fny6oxkni aHann3 CTPYKTYpbl

B 2013 roxy Puuapxa Couep (Richard Socher) ¢ xommeramu' mpeamoskma moaxos
CUHTAKCUYECKON CerMeHTaIluM K aHaJIu3y aMOIMOHAJIbHON okpacku. OHU 1pen-
JIOKUJIM METOJ KIacCU(UKALMKI MO, OCHOBAHHDIN Ha UCIIOIb30BAHUY OaHKa
CUHTAKCUYECKUX JiepeBbeB (hpa3 (To eCTh KOPIyca ¢ CHHTAKCUYEeCKUMU aHHOTAITN-
MM, TIO3BOJISTIONINI H0JIee TOUHO ONPEAETATh OOILYI0 SMOIMOHAIBHYIO OKPACKY
BbICKa3bIBanmsa. OHM TOKa3adM, Kak KJaccuuKamus Ipeaiokennii ¢ppasa 3a
(bpasoii BMeCTO BCETO BHICKA3BIBAHUS IIETUKOM B KOHEUHOM UTOTE IIPUBOIUT K 3HA-
YUTEJIBHOMY YBEJIMUEHUIO TOYHOCTH, B YACTHOCTH, TIOTOMY, UTO JIA€T BO3MOKHOCTh
KOMILJIEKCHOTO MOjieJinpoBanus a(erra OTpulianmsi Ha pa3HbIX YPOBHSIX JlepeBa
(dpas, kak OBLITO MOKa3aHO Ha puc. 12.4.

Couep npe/jcTaBui Takyke HOBBIN BUJl HEHPOHHBIX CETEl /IJIsl MOJIEIUPOBAHUS,
pexypcusnole mensopuvie netiponnvie cemu (Recursive Neural Tensor Networks,
RNTN). B orsinune ot 00BIYHBIX PEKYPPEHTHBIX MOJIE/IE U MOJIeJIEii ¢ TIPSAMBIM
pacmpocTpaHeHueM, PeKYPCUBHBIE CETH TTPEATIONIAraioT HaJndre Y JaHHBIX 1e-
PapXUUYeCcKOil CTPYKTYPBI, a MPoIlece 06yUeHUsT CBOIUTCS K 00X0Oy jepeBa. ITh
MOJIEJIA UCTIOJIB3YIOT BEKTOPHBIE 0TOOPaKeH U, TTOA00HbBIE TEM, YTO OBLIH ITOKa3a-
HBI B TJ1aBe 4, /17151 IPEICTABJIEHUS CJIOB, UJIN <JIUCTHEB» JIEPEBA, a TaKyKe (DYHKITHIO
KOMITO3UIIOHHOCTH, KOTOPasi ONPeIe/IsieT TIOPSIIOK PEKYPCUBHOTO 0ObeINHEHNUST
BEKTOPM30BAHHBIX JINCTHEB /LIS TTPe/ICTaBIeHUSA (Dpas.

Kak 1 00beKT KerasClassifier, CKOHCTPYHPOBAHHBIN HAMU BBIIIIE B 3TOH TJIaBe, pe-
KYPCUBHbIE HEHPOHHBIE CETH UCITOJIB3YIOT B CKPBITHIX CI0SIX (DYHKITUU aKTUBAIUK
JI7IT MOZIETUPOBAHNS HETMHEMHOCTH, a TakyKe (DYHKIIMIO C3KATUS 11 YMEHbIIEeH U
Pa3MepHOCTH KOHEYHOTO CJIOST JI0 3a[aHHOTO KOJIMYeCTBa KJIaccoB (0OBIYHO JBYX
B CJIy4Yae ¢ aHAJIHU30M dMOITHOHAIBHON OKPACKH ), TAKYIO KaK Softmax.

BaxkHO 0TMeTUTb, YTO apekTUBHOCTL Moaenu Covepa TOXE BO MHOrOM 3aBUCUT
oT obbeMa obyyarolmx AaHHbIX. YneHbl koMaHabl Covepa U3BAEKM BCE CUHTaK-
CUYECKN BO3MOXHbIE (Ppasbl U3 ThiCAY OT3bIBOB K dunabMaM Ha rottentomatoes.
com, KOTOpble 3aTeM BPYYHYIO OLIEHWIN C UCMOIb30BaHWEM MHTEPdENca Mapku-
poBku Ha Amazon Mechanical Turk, n TakuM cnocoboM CKOHCTpyMpoBanu obyya-
oM Habop AaHHbIX. MonyunBLIKIACA pe3ynbTaT B BUAE OPUMMHANBHOIO Koaa
Anst Matlab 1 MHOXeCTBa BU3yanbHbIX NMpeACTaBeHN AepeBbEB aHaNM3a 3Mo-
LIMOHaNbHOMN OKpacku AocTyrneH kak Stanford Sentiment Treebank?.

! Richard Socher, Alex Perelygin, Jean Y. Wu, Jason Chuang, Christopher D. Manning, Andrew
Y. Ng, and Christopher Potts, Recursive Deep Models for Semantic Compositionality Over
a Sentiment Treebank (2013), http://bit.ly/2GQL2Xy

2 Jean Wu, Richard Socher, Rukmani Ravisundaram, and Tayyab Tariq, Stanford Sentiment
Treebank (2013), https://stanford.io/2GQL3uA
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B caenyromem pasaese Mbl peannsyeM KiaaccuOUKATOP IMOIMOHATIBHON OKPACKH,
3aMMCTBYIOIIHIT HEKOTOPBIE Hjen u3 pabotel Couyepa v UCIOMb3YOMINN CTPYKTYPY
A3bIKA JIJI YCUJIEHWS CUTHAJTA.

OnpepeneHne SMOLMOHANIbHOW OKPAaCcKMU No Mewky ¢pas

B npeabiayiiem pasjaesie Mbl uctosib3oBanu 6ubaunoreky Keras st o6ydenust
[POCTOrO MHOTOCJIOIHOTO MEPIENTPOHa, JOBOJIBHO YCIEIIHO MPeICKa3hIBAIOIIErO
OIIEHKM OT3bIBOB K My3bIKaJIbHbIM asibboMaM Ha Pitchfork Ha ocHoBe ci1oB, comepika-
IUXCS B OT3bIBE. B 9TOM pasjiesie Mbl onpobyeM cosaath Goiee CAOKHYIO0 MOJE/b,
HCII0JIb30BAB KOPILYC GOJIBIIEro pasMepa U MOAX0J Ha OCHOBe «MelIKa (hpas».

B xavecTBe KopIyca MCIOJIb3yeM TTOAMHOMKECTBO OT3bIBOB K TOBapaM Ha calite
Amazon u3 Kopiryca, copannoro Jxymmanom Makosm (Julian McAuley) us Kasm-
dopuuiickoro yuusepcurera B Can-/luero!. [Tosimbiii HaOOp JaHHBIX COAEPKUT Ooiee
MUJIJTIOHA OT3BIBOB K (DUITbMaM U TeJsierepeiauaM, KasK/Iblil 13 KOTOPBIX BKITIOYAET
TEKCT OT3bIBa U OlleHKY. OTIeHKU OTPEeSIOT YPOBEHb peiTuHra, oT HU3mero (1)
710 BBICTITETO ().

Harna moziestb 1ipesirosiaraeT, 4to 60JIbIIast 4acTh CeMaHTHYECKOI NHMOPMAIINHT B IIPe/i-
JIOJKEHUSIX COIEPIKUTCS B BH/Ie HEOOJIBINX CHHTAKCHYECKUX CyOCTPYKTYp. Bmecto
O/IXO/Ia <MEIIOK CJIOB» MbI PeansyeM 00JIerdeHHbIiT METO/l M3BJIEUEHUS] CHHTAKCHU-
YEeCKOI CTPYKTYPBI OT3BIBOB, I00ABUB HOBbIIT KJ1acc KeyphraseExtractor, SIBIISTIONIUIICS
MozuduKalell rpueMa U3BJIeUeHNs KII0YeBbIX (PPas U3 [JIaBbl 7, C IOMOLIBIO KOTOPOLo
peoOpasyeM KOPITyC OT3BIBOB B BEKTOPHOE TIPE/ICTABJIEHIE KIIOYEBBIX (hpas.

B uwactHocTu, piist onpejiesienusi TpAMMATUKU Mbl IIPUMEHUM PETrYJISIPHOE BbIPa-
JKeHUe, UCITTOb3YIolIee TeTH YacTed pevun 1Jid uAeHTUu(GUKAINT HapeIHbiX dhpas
(«without care» (6e33a60THO)) U dpas ¢ npumararerpubiMu («terribly helpful»
(ysxacto mosie3nbiii)). C ero moMOIIbI0 MbI CMOXKeM Pa30UTh TEKCT Ha KJIIOYEBbIe
dpasbl ¢ momoInbio RegexpParser 13 NLTK. Mbl 6y1eM UCIIOIb30BaTh HEHPOHHYIO
ceTh, KoTopasi TpedyeT 3apaHee ONpeeTUTh 00IIee KOJTMIECTBO IPU3HAKOB (TO €CTh
JIEKCMKOH) 1 JJTUHY KasKI0TO JOKYMEHTa, C 9TOU 1EJIbI0 MbI I00AaBUM COOTBETCTBY-
I0ITKEe TTapaMeTpsl B PYHKINIO __init_ .

HacTpolika runepnapamMeTpoB 4151 MakCMMasbHOMO COKpaLLEHUs! ClloBapst U Anu-
Hbl [IOKYMEHTOB 3aBUCUT OT [laHHbIX U TPeBYET NPUMEHEHUS UTEPATUBHOMO NoA-
X04a K MPOEKTUPOBAHMIO NMPU3HAKOB. [Nl Hayana MOXHO onpeaenuTb obliee
KOJIMYECTBO YHUKA/bHbIX KJTHOUYEBLIX C/TOB M MPUCBOWUTL MapaMeTpy nfeatures
3HaYeHne MeHblUe 3TOro Yncna. Ytobbl BbibpaTh ANIMHY AOKYMEHTA, MOXHO NOA-
CUUTaTb KOJIMYECTBO KITHOUEBbIX C/I0B B KaXKAOM M3 HIX U B3STb CPeIHEE 3HAUEHNE.

U Julian McAuley, Amazon product data (2016), http://bit.ly/2GQL2H2
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class KeyphraseExtractor(BaseEstimator, TransformerMixin):
M3BnekaeT HapeyHble W MpuaaraTesbHble CAOBOCOYETaHUA U npeobpasyeTt
[OKYMEHTbl B CMMUCKW CJ/IOBOCOYMETaHWiA, Mpu 3ToM obliee KOAUYeCcTBO
CNOBOCOYETaHNU OrpaHu4MBaeTCcA napameTpom nfeatures, a A/MHA AOKYMEHTa
orpaHu4uBaeTca napameTpom doclen
def __init__ (self, nfeatures = 100000, doclen = 60):
self.grammar = r'KT: {(<RB.> <JJ.*>|<VB.*>|<RB.*>)|(<3I> <NN.*>)}"
self.chunker = RegexpParser(self.grammar)
self.nfeatures = nfeatures
self.doclen = doclen

Yro6sl etrfe OOJIbIe YMEHBIIUTD CI0KHOCTD, J00aBUM METOJI normalize, yaaJisiio-
Ui 3HAKK IIPENUHAHNS U3 KasKIOTO JIEKCEMU3UPOBAHHOTO U Pa3MEYEHHOTO IIPEI-
JIOKEHUST M [IPeoOpasyoluii OYKBbl B HUKHUI PETHCTP, a TaKsKe METOJ extract_
candidate_phrases, U3BJI€EKAIOIINII CJIOBOCOYETAHUS U3 KaXKAOTO MPENIOKEHMI
C UCII0JIb30BAHNUEM Halllell rPaMMaTHKU:

def normalize(self, sent):
is_punct = lambda word: all(unicat(c).startswith('P') for c¢ in word)
sent = filter(lambda t: not is_punct(t[@]), sent)
sent = map(lambda t: (t[@].lower(), t[1]), sent)
return list(sent)

def extract_candidate_phrases(self, sents):
AHanusupyeT MpeasioxeHns B [JOKYMeHTe C MCMOo/b30BaHWEM Hallero napcepa,
06pa30BaHHOrO Hawei rpamMmmaTWUKoOn, npeobpas3yeT LepeBO CUHTAKCUYECKOro
aHanM3a B MapKMPOBAHHYW MnocnefoBaTeNbHOCTb. W3BnekaeT ¢pasbl, gobasnas
npobensi, M BO3BpawaeT AOKYMEHT B BMAe cnucka ¢pas.
for sent in sents:
sent = self.normalize(sent)
if not sent: continue
chunks = tree2conlltags(self.chunker.parse(sent))
phrases = [
" ".join(word for word, pos, chunk in group).lower()
for key, group in groupby(
chunks, lambda term: term[-1] ! = 'O’
) if key
1
for phrase in phrases:
yield phrase

[log mepenaun pazMepa BXOIHOTO CJIOST B HEHPOHHYIO CETh ONPeIeIM MeTOJ get_
lexicon, M3BJIEKAIONIMI KJTI0UeBble (hpasbl U3 BCEX OT3BIBOB M COOMPAIOIINIT IEKCUKOH
C JKeJJaeMBIM YHCJIOM TIpu3HakoB. Hakowmerr, 106aBUM MeTO clip, OCTaBIAIONINAIN
B JIOKyMEHTaX TOJIBKO KJII0UeBbIe (Dpa3bl U3 JIEKCHKOHA!
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def get_lexicon(self, keydocs):

CobupaeT NeKCUKOH C pa3mepom nfeatures

keyphrases = [keyphrase for doc in keydocs for keyphrase in doc]
fdist = FreqDist(keyphrases)

counts = fdist.most_common(self.nfeatures)

lexicon = [phrase for phrase, count in counts]

return {phrase: idx+1 for idx, phrase in enumerate(lexicon)}

def clip(self, keydoc, lexicon):

YpanseT U3 JOKYyMeHTa ¢pasbl, OTCYTCTBYykWWUe B NEKCUKOHE

return [lexicon[keyphrase] for keyphrase in keydoc
if keyphrase in lexicon.keys()]

B orsinune ot MeTosa fit, He JeTaI0NIero HUYETro U ITPOCTO BO3BPAIIAIONIETO CChII-
Ky self, MeTOJ transform IIPOJIE/bIBAET BCIO OCHOBHYIO PpaboTy IO M3BJIEYEHUIO
bpas, cozpanmio JEKCUKOHA, YCEUEHUIO IOKYMEHTOB U JIOTIOJHEHWIO KaXK/I0TO /10
JKeJIaeMOro pasMepa ¢ IOMOIIbI0 (PYHKINK sequence.pad_sequences U3 OUOJIMO-
texn Keras:

from keras.preprocessing import sequence

def fit(self, documents, y = None):
return self

def transform(self, documents):
docs = [list(self.extract_candidate_phrases(doc)) for doc in
documents]
lexicon = self.get_lexicon(docs)
clipped = [list(self.clip(doc, lexicon)) for doc in docs]
return sequence.pad_sequences(clipped, maxlen = self.doclen)

Ternepp HamumIEM DYHKIIUIO [T CO3MAHUS HEHPOHHOU CeTH; B JAHHOM CJIydae MbI
CKOHCTPYHPYEM CETh € JOJIT0M KpaTKocpouHoil mamsaThio (Long Short-Term Memory,
LSTM).

Hama cers LSTM naunnaetcs co cyiost Embedding, KOTOPBI CO3/IaeT BEKTOPHBIE
MIPEICTaBIEHMS 3 JOKYMEHTOB, COCTOSIIINX U3 KITIOUEBbIX )pas3, U IPUHUMAET TPU
mapameTpa: o0Iee YicIo MPU3HAKOB (TO eCTh 00U pa3Mep JIEKCUKOHA), JKeTaeMast
PasMepHOCTb BEKTOPHBIX Hpe[[CTaBJIGHI/IfI 1 BXOJZHad JIJIMHA input_length KayK/oro
JIOKyMeHTa ¢ KitoueBbIMU ppazamu. Ciroii LSTM ¢ 200 y3maMu pacrosiaraeTcst MexxIy
JIBYMSI CJIOSIMU Dropout, KOTOPbIE B KaK/IOM I[UKJIE 0OyUEHUsI CIydailHbIM 06pasom
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[PUCBAUBAIOT YACTU BXOAHBIX JAHHBIX 3HAUCHUE 0, YTOOBI IOMOYD IIPELOTBPATUTD
nepeobydenne. KoHeuHbIN CI0H OTpeesisieT YNCI0 OKUAaeMbIX KaTerOpHil J1Jist
KjaccupuKaIum:

N_FEATURES = 100000
N_CLASSES = 2
DOC_LEN = 60

def build_1stm():
1stm = Sequential()
1stm.add(Embedding (N_FEATURES, 128, input_length = DOC_LEN))
1stm.add(Dropout(0.4))
1stm.add(LSTM(units = 200, recurrent_dropout = 0.2, dropout = 0.2))
1stm.add(Dropout(0.2))
1stm.add(Dense(N_CLASSES, activation = 'sigmoid'))
1stm.compile(
loss = 'categorical_crossentropy’,
optimizer = 'adam',
metrics = ['accuracy']

)

return lstm

Mbri Oyziem 0Oy4aTh HAIITY MOZIENTb KaKk OMHAPHBIH Kaaccudukatop (Kak aTo ciemal
Couep B CBOEH peaynsaliii), oaToMy 106aBUM (DYHKIUIO binarize s pasiese-
HUS METOK Ha /IBe KaTeTOPUH JIJIsI UCTIONb30BaHU B GYHKITNU train_model. DTu ABe
KaTeropuu IpruMepHo cooTBeTcTBYIOT noHsTusiM «liked it» (upaButcst) n <hated it»
(He HpaBUTCS):

def binarize(corpus):
hated it : 0.0 <y < = 3.0
liked it : 3.0 < y < 5.1

return np.digitize(continuous(corpus), [0.0, 3.0, 5.1])

def train_model(path, model, cv = 12, **kwargs):
corpus = PickledAmazonReviewsReader(path)

X = documents(corpus)
y = binarize(corpus)
scores = cross_val_score(model, X, y, cv = cv, scoring = 'accuracy')

model.fit(X, y)

return scores

Haxomer, OIIpe/Ie/IMM BXO/IHbIE JJTaHHbIE 1 KOMIIOHEHTbI KOHBeerpa Pipeline 1 BbI-
30BeM (DYHKIHUIO train_model, 4TOOBI MOJTYUUTD OTEHKH TIEPEKPECTHON TPOBEPKU:
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if __name__ == '_ _main__"':
am_path = '../am_reviews_proc'
pipeline = Pipeline([
('keyphrases', KeyphraseExtractor()),
("lstm', KerasClassifier(build_fn = build_nn,
epochs = 20,
batch_size = 128))
D)

scores = train_model(am_path, pipeline, cv = 12)

Mean score: 0.8252357452734355

Kak mokaspIBaioT peBapuTENbHBIE PE3YIbTAThl, MbI MOJYYUIN HA YIUBIECHIE
ahdexTUBHYI0 MO/IEITH, TIPEATIONOKNB, YTO U3BJIEYEHIE KIT0YEBBIX (Ppa3 ABageTCS
JEHCTBEHHBIM CIIOCOOOM CHHIKEHMS Pa3MEPHOCTH TEKCTOBBIX JaHHBIX Oe3 3Hauu-
TeJTbHOM TIOTEPU CEMaHTHUYECKOI MH(POPMAIINH, 3aKOJMPOBAHHON B CHHTAKCUIECKUX

CTPYKTYpax.

byayuwee (No4yTn) HacTynwso

HacTynuio oueHb HHTEpPECHOE BpeMs B Pa3BUTHM TEXHOJIOIMI aHA/IN3a TEKCTa, He
TOJIBKO IIOTOMY, 4TO HOSBUIOCH MHOKECTBO HOBBIX IIPUMEHEH I MAIIUHHOMY 00y~
YEHMIO Ha TEKCTOBBIX JIAHHBIX, HO Takske G/1aroaps NosiBJIEHUI0 TeXHOJI0T UL, obec-
[EYNBAIONINX IPAKTHYECKYIO TTOAJAEPKKY 9THM IIPUMEHEHUAM. YCIexu B 001acTu
anmapaTtHoro o0ecredenust, JOCTUTHYThIE 3 TIOCAEAHNE HECKOIbKO AECATUIETHIA,
U MOSIBJIEHUE YIa4HBIX TIPOTPAMMHBIX PEATU3aIUil C OTKPBITHIM MCXOAHBIM KOJOM
B IIOCJIEJTHUE TO/IbI IEPEHECIN HEHPOHHBIE CETH U3 00JIaCTH aKaJeMUYECKIX NCCIIE/I0-
BaHMi B 06J1aCTh IIPAKTUYECKOTO prMeHeHus. [109ToMy NpUK/IaIHOl aHaIM3 TeKCTa
JOJIKEH OBITh TOTOB MHTErPUPOBATh MOAIEPKKY HOBOM allliapaTypbl U Pe3y IbTaThbl
aKaJeMUYECKNX MCCIeJ0BAHUI B CYNIECTBYIONIME TIPOrPAMMHbBIE PEIIEHMUST, YTOObI
OCTaBaTbhCSA COBPEMEHHBIM 1 aKTYaJIbHBIM. SI3bIK MEHSAETCS, M BMECTE C HUM JIOJIKHbI
MEHSThCS MOAXO/IbI K ero 00paboTKe.

Oy 13 caMbIX CJIOKHBIX 3a7a4 B 001acTi 00pabOTKK €CTECTBEHHOIO sI3bIKa —
MalIMHHBINA epeBoj, 06001enne, nepedpasupoBaHme, IOUCK OTBETOB Ha BOIIPOCHI
1 INaJI0T — B HACTOSIIEE BPeMs PENIAlOTCs ¢ IpUBJIeYeHneM HepOHHBIX ceTeii. Bee
YalIe UCC/Ie10BaTe N, 3aHIMAIOIIECS MOJEISIMU IIyGOKOro 00y4eHus, HAIIPABJIAIOT
CBOM yCUJIMA He Ha 00pabOoTKY A3bIKa, a Ha €ro MOHUMaHMUE.

Hecmotps Ha MUPOKYIO U3BECTHOCTH COBPEMEHHBIX KOMMEPUECKUX TTPUIIOKEHUT],
UX BCe ellle CJAUIMKOM Masio. Takue TexHoaornu, Kak Mexanusm Alexa st pacmos-
HaBaHWs pevyu, MPUJIOKeHne MaimmHHOTOo TtepeBosa Google Translate u unctpy-
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MeHT g00aBjIeHus TUTPOB K usobpaxkenusm B Facebook mia crabosupsamux, sce
varie 0ObEeUHSAIOT TEKCT, 3BYKU U M300paskeHIsl MHHOBAIIMOHHBIMU CIIOCOOAMU.
B Gamskaiinue rogbl 0KugAeTCS TOsIBIeHE Gojiee COBEPIIEHHBIX aJITOPUTMOB
U TUOPUHBIX MOJIEJIEN, KOTOPbIE, HATIPUMEP, CMOTYT OOBEeAMHNUTD KJIacCH(PUKAIIIO
u300pakeHuil ¢ Co3JaHreM TEKCTOB Ha eCTECTBEHHOM SI3bIKe WJIM paclio3HaBaHue
peur ¢ MalIMHHBIM [IEPEBOIOM.

BwmecTte ¢ TeM MOJKHO O/KMIaTh BHEAPEHUST MEHBIIETO 110 MaciiTabam MpUMEeHEHs
aHa/IN3a TeKCTa B OOBIYHbIE TPUJIOKEHUST IS YBeIMIeHrs y100CTBa T0JIb30Ba-
Tesiell — Ccpe/iCTB aBTOMATUYECKOTO JIOTOJHEHUST TeKCTa, AMaJOrOBbIX areHTOB,
YJIyUIIIeHHBIX MEXaHU3MOB [OMCKA PEKOMEHAIil U T. /1. Takue mpuiiokeHust 6y Iyt
OIUPATHCsI He TOJBKO (M HE CTOJIBKO) Ha MAaCCUBHbBIE HAOOPbI JAHHBIX, HO TaKsKe Ha
CTIEIUATN3UPOBAHHBIE KOPITYCHI, ODUEHTUPOBAHHBIE HA Y3KUN KPYT TPUMEHEHUI.

B Hacrosiiiee BpeMst He Tak MHOTO KOMIAaHUN, 06JIaaf0INX JOCTATOYHBIMUA 00b-
eMaM¥ JIAaHHbIX, KBAJIU(PUITUPOBAHHBIM MIEPCOHATIOM U BBICOKOIIPOU3BOIUTEIBHOM
BBIYMCIIATENBHOI HH(MPACTPYKTYPOIi, CHOCOOHBIX C/IEIaTh IPUMEHEHIE HEHPOHHBIX
ceTell MPaKTUIYHBIM U 9KOHOMWYECKHU BBITOAHBIM, HO T 9TO TTOJIOKEHUE /1T TIOCTe-
nieHHo Mensiercst. OIHAKO 1715t OOJTBITUHCTBA UCCIe0BaTe el TaHHbIX 1 pa3paboT-
YMKOB MPUJIOKEHUTT Oy/IyIiiee MPUKIIAJHOTO aHAIN3a TEKCTa Oy/IET 3aKII0YATHCST HE
CTOJIKO B TIOMCKE HOBBIX aJITOPUTMOB, CKOJIBKO B BBISIBJIEHUM WHTEPECHBIX 3a/1a4
B [TOBCEIHEBHON KM3HU U IPUMEHEHUH HAIEKHBIX W MaCIITaOMPyEeMbIX HHCTPY-
MEHTOB U IPUEMOB JIJIsI CO3/IaHuUsT HeGOJIBIINX, HO IIEHHBIX (DYHKIUIT, OTIMYAIOIINX
COBpPEMEHHBIE TPUJIOKEHUS OT MPEABIAYIINX TTOKOJTEHI.
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arsomepaTuBHblii (agglomerative)

ArjiomepaTuBHas KJIacTepusaliis — PasHOBUIHOCTb IIpHeMa HepapXxudecKon
KJIaCTEPU3aIlNN, B KOTOPOM CO3/IlaHNE KJIACTEPOB HAYMHAETCS C OTAETbHBIX JK-
3EMILISIPOB U 00BEIMHEHNE TIPOU3BOIUTCS UTEPATHBHO, TIOKA BCE OHU HE OY/IyT
[IPUHA/JIEKATh OJHOM IpyIIIIe.

anasm3 rpacdos (graph analytics)

Ananu3s rpadoB — 0IMH U3 TTOIXO/IOB K aHAJINU3Y TEKCTA, UCITOTb3YIONUN CTPYK-
Typy TpadoB U YKCIeHHBIE METOIBI U3 TEOPUU TPADOB I NCCTETOBAHNS B3aH-
MOOTHOIIEHUH MEXIY CYITHOCTSIMU WU JIeMEHTaMHU TEKCTA.

aHaJIM3 SMOIMOHALHOM OKpacku (sentiment analysis)

Ananus 3MOHI/IOH3JII)HOI7I OKPaCKHn — 3TO IIpo1ecc I/I,ZIeHTI/I(l)I/IKaHI/II/I nu K]IaCCI/I(bI/I'
Kanmu SMOHI/IOHa]IbHOﬁ IIOJIAPHOCTH, BprB.}KeHHOIL/,I B BbICKa3blBaHWN — Hallpu-
Mep, AJ1d OoIlpegeJieHA OTHOCUTEJIbHO II0JI0KUTEILHOCTH WU OTpUIATEJIbHOCTH
YYBCTB MUIITYIIETO NI TOBOPAIILETO.

accounMaTuBHas MOJeJb sA3bIKka (connectionist language model)

ACCOL[I/IaTI/IBHaH MO/I€JIb A3bIKa YTBEPK/AAET, YTO 3HAYUMbIE BSaHMO,Z[efICTBPIH
MEXK/1y €AMHUIIaMU A3blKa HE BCErJa KOAUPYIOTCA ITOCJEA0BaTE/IbHbIM KOHTEK-
CTOM, HO MOT'YT U3BJIEKATbCS HeﬁpOHHbIMH CETAMMU.

BeKTOp ab3ana (paragraph vector)

Bekrop ab3ana — anroputm obyderus: 6e3 yauTesst, KOTOPbIil CO3/aeT Mpo-
CTPaHCTBO IIPU3HAKOB Cl)I/IKCI/IpOBaHHOﬁ JJIMHBI 13 TOKYMEHTOB paSHOﬁ JJINHDBI
1 PaCIIMPSET aJITOPUTM word2vec 10 YPOBHS SK3EMILISAPOB JOKYMEHTOB.

BeKTopusanus (vectorize /vectorization)

Bekropusaiust — nporiecc mpeoOpasoBaHust HEYNCTOBBIX JaHHBIX (HAIIPUMeEp,
TEeKCTa, N300PAKEHUI U T. I.) B BEKTOPHOE TIPEICTABIEHUE, K KOTOPOMY MOKHO
HPUMEHUTH METO/BI MAITTHHOTO 00y YeHUSI.
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Budyanusarop (visualizer)

BusyanmsaTop — WHCTPYMEHT BU3YaJTbHOW ANATHOCTUKH, TIO3BOJIIIONINI YeJI0-
BEKY YIIPaBJISITH TPOIIECCAMHU aHAJIN3A TPU3HAKOB, BBIOOPA MOJIENTN 1 HACTPOUKM
rumeprapaMeTpoB (HarpuMmep, TPoiKa BBIOOPA MOJIEIH ).

BbICKa3biBaHue (utterance)

BrickaszpiBanus — aTo KOPOTKHE, 3aKOHYEHHbIE IIETIOYKN yCTHOfI WJIU ITMCbMEHHOM
peyun. B ananuse pedn BbICKa3bIBaHUA 0OBIYHO pa3rpaiHn4mnBaOTCA OTUYETINBO
3aME€THBIMU I1ay3aMU. B ananuse TexcTa BhICKa3bIBaHUSI BbIJICJ/IAIOTCA 3HAaKaMU1
IpenrHaHvAd, IIpeiHa3Ha4€HHbIMU JIA IIEPE/ladn 11ay 3.

BbITsIHY ThIi XBocT (long tail)

BorrsnyThiii xBoct, wiu pacipeaenenue umda (Zipfian distribution), orpaxkaer
GOJIBITIOE KOIMYECTBO BXOKIEHHH JaIEKO OT IIEHTPA YaCTOTHOTO PACIIPEAEICHUSL.

ranakcel (hapaxes/hapax legomena)

Tamakc — aTo TEPMMUH, BCTpe‘iaIOH.IHﬁCH B KOpITyC€ TOJIbKO OJINH Pa3.

runepnapamerp (hyperparameter)

B MammHHOM 00ydYeHUM THUIIEpIapaMeTpaMy Ha3bIBAOT MapaMeTPhl, Olpe/e-
Jsto1e 0coOeHHOCTH PAbOThI MOJIENIN; OHU OTIPEIENISTIOTCS] Ha ITalle CO3/IaH¥s
9K3EMILISIPA MOJIENTN U He CBsI3aHbl HATIPSAMYIO ¢ oOydenuem. [Ipumepamu MoryT
CITY>KUTH TapaMeTp alpha (mrtpad) g peryaapusaiui, (DYHKITNS Sapa B METOIE
OIOPHBIX BEKTOPOB, KOJIMYECTBO JINCTHEB WK TTyOHHA IepeBa PeleHuil, KoJde-
CTBO cocejiell B KtacCU(UKATOPE METOIOM OJIVKAIIITIX COCEIEN MU KOJTMYEeCTBO
KJIACTEPOB B KJIACTEPU3AIINU METO/IOM k-CPETHIX.

riay6okoe ooy4enue (deep learning)

[Tox riiy6okuM 0Oy4YeHHEM B MIMPOKOM CMbICJIE TIOAPasyMeBaeTcst OOJbIIoe
ceMeliCTBO HEMPOHHBIX CeTel, ColepKaIUX HeCKOJIbKO B3aUMOIEHCTBYONUX
CKPBITBIX CJIOEB.

rpaMMaTuka (grammar)

IpammaTiika — 3TO HAOOP TPABUII, OMPEAETSIONINX KOMIOHEHTDI TPABUIHHO
CTPYKTYPUPOBAHHBIX IPEIOKEHUH.

rpaHuIbI npeiokenus (sentence boundaries)

[paHuIbl IPEIOKEH I, TAKUE KaK 3ariaBHble OYKBbI U 3HAKHU ITYHKTYaI[UH, OT-
MEYaloT HAYaJI0 1 KOHEI TPeJITTOKEeHIH. BoabImmucTBO MHCTPYMEHTOB TapCHHTA
1 MAPKUPOBKU YACTSIMUA PEUU OTTMPAIOTCS HA HAJTUUIHe TPAHUIL TTPE/TI0KEeH M.



rnoccapwuii 347

rpa (graph)
CerteBoii Tpad — 3TO CTPYKTYpa JAaHHBIX, COCTOSTIAS U3 Y3JI0B, CBA3aHHBIX pe-
Gpamit, KOTOPYIO MOKHO UCIIOJIb30BATh [IJIsI MOJIETMPOBAHUST CJIOKHBIX B3AUMO-
OTHOIIIEHUI, BKJIIOUAsi B3AUMOOTHOIIIEHUS B TEKCTE.

rpa¢ cBoiicts (property graph)

B konTekcre rpacdoB Moziesb rpaa CBOMCTB TO3BOJISIET BCTPOUTH B rpad GoJibiire
uH(GOpPMAINH B BU/IE METOK 1 BECOB, XPAHSIINXCS B y3Jax U pebpax rpada.

nexymmmkanus (deduplication)

Henynamkains — o/{Ha 13 TPeX OCHOBHBIX 33/1a4, UMEIOIINX OTHOIIIEHNE K Pa3-
PELIEHUIO CYLTHOCTEH, ¥ 3aKII0YaI0IIAsICs B yCTPAHEHNN KOIIUI (TOYHBIX U CMBIC-
JIOBBIX ) TIOBTOPSIONINXCS TAHHBIX.

nuanorosas cucreMa (dialog system)

B koHTekcTe yaT-60Ta [MAIOroBast CcTeMa — 9TO BHYTPEHHUIT KOMITOHEHT,
UHTEPIPETUPYIOIUI BBO/I, MOJJIEP;KUBAIOIINI BHYTPEHHEE COCTOSTHUE U 11PO-
N3BOJAIINI OTBETHI.

muamerp (diameter)

lrametp rpaca G — 9TO KOJIMIECTBO Y3JI0B, KOTOPbIe HY)KHO MUHOBATbh, YTOOBI
[PONTH KpAaTYaNIINM TTyTeM MKy ABYMs HarboJiee yIaleHHBIMI €r0 Y3JIaMu.

nuBusnMHbIii (divisive)

JluBusumHas (mensias ) KIacTepusanis — 3TO PAa3HOBUHOCTD HEPAPXUIECKON
KJIACTEPU3ALIMHI, COIJIACHO KOTOPOIl CHAYaJIa CO3/IaeTCs KaacTep, 00be AN HAIONIMI
BCIO BEIOOPKY, U 3aTeM T10C/IeJ0BATEIbHO AeJTUTCS Ha O0Jiee MeJIKIe KJIACTePbI 10
JOCTUIKEHUST YPOBHSI OT/IEIbHBIX 9K3EMILISIPOB.

muckype (discourse)

Jluckypc — dhopMasbHas MMCbMEHHAs WA YCTHAsT KOMMYHUKAIUs, OOBITHO
6oJiee CTPYKTYypUpOBaHHasi, yeM HepopMasbHasT TMCbMEHHAS W YCTHAS KOM-
MYHUKAIN.

nucrepeus (variance)

Jlucriepcust — OJIMH U3 IBYX HCTOYHUKOB OMUOOK B 00yuenuu ¢ yunresaem. Otpe-
JlesisieTcsl Kak cpejiHee KBa/[PaTOB PACCTOSTHUI OT KasK/J0W TOYKHU /IO CPEHEro.
Huskast aucnepeust caysKUT IIPU3HAKOM HEO00YUYEHHOCTH MOJIEH, KOTOpast
4acTO BO3BpalllaeT OJMH U TOT Ke IIPOTHO3, He3aBUCUMO OT 3HAUYCHUIT BXOHBIX
PU3HAKOB. BbICOKAst AUCTIEPCHSI CITYKUT TPU3HAKOM 11ePe00yIeHHOCTH, KOT/Ia
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00BEKT OIEHKU 3aTIOMHUJI 00y4YatoIine JaHHble 1 TI0X0 0060011aeT paHee He
BUJICHHBIE JTAHHBIE.

nokymenT (document)

B xonTekcTe aHa/MM3a TEKCTA JOKYMEHT — 3TO OAMH 3K3EMILJIAP JIUCKYPCa. KOp-
IIyChbl COCTOAT N3 MHOKECTBA /JIOKYMEHTOB.

uepapxuueckas kiaacrepusamus (hierarchical clustering)

Wepapxudeckast KIacTepusaliist — 3T0 Pa3HOBUIAHOCTH 00y4YeHus O3 yuuTeJis,
KOTOpast TPON3BOIUT KJIACTEPHI B BUJIE APEBOBUAHON CTPYKTYPBI, T7Ie Ha KasK/IOM
YPOBHE €CTh lePEMEHHOE YHCJIO KTacTepoB. MepapXumdecKie MOJIen MOTYT GBITh
nim arsiomepatuBHbiME (agglomerative, Kor/a Kiactepusaiius oCyIecTBISETCs
CHM3Y BBepX), Wian AuBu3uMHbIMU (divisive, cBepxy BHE3).

usBieyenue npusnakos (feature extraction)

B koHTekcTe KOHBeliepOB aHAM3a TEKCTA MO/ U3BJIeYeHreM TTPU3HAKOB T10-
HUMaETCsI IPOIECC IPeobpasoBaHusl JOKYMEHTOB B BEKTOPHBIE TIPECTABIEHNUS,
K KOTOprM MOJXHO HpI/IMeHI/ITb METOAbl MAIITMHHOT'O O6y‘{eHI/IH.

KaHoHu3anus (canonicalization)

Kanonuzarust — ojiHa U3 TpeX OCHOBHBIX 33/1a4, UMEIOIIUX OTHOIIEHUE K Pa3-
PEIIEHIIO CYIITHOCTEMN, 3aKI0YAETCS B TPe0OPa30BaHUM JAHHBIX C HECKOJIbKUMHU
BO3MO’KHBIMU TTPEICTABICHUSAMU B OJIHY CTAaHAAPTHYIO (hopMYy.

kiraccuduxanus (classification)

Krnaccudukaius — 9T0 pa3sHOBUIHOCTH MAIIMHHOTO OOYUEHMS ¢ YUUTETIEM, TIe-
JIBIO KOTOPOI SIBJISI€TCS BBISIBJIEHUE OOIIUX YePT B 9K3EMILISIPaX, COCTOANINX U3
HE3aBUCHUMBIX IIPU3HAKOB, U UX OTHOIIEHUS K TOW WJIWM WHOU KaTeropuu. Kiac-
crUKaTOp MOKHO Hay4YUTh MUHUMHU3MPOBATH OMIMOKY MEK/IY MPOrHO3UPYe-
MBIME 11 (DAKTUIECKUMK KaTerOPUsIMU B 00YYaIONIIX JAHHBIX, a TOCJIe 00yYeHUsT
WCITOTb30BATh 71 IPUCBAUBAHUS KaTETOPUIT HOBBIM HK3eMILISIPAM Ha OCHOBE
3aKOHOMEPHOCTEH, BHISABJIEHHBIX Ha aTare 00y4eHus.

kaacrepusanus (clustering)

Obyuernue 6e3 yanuTeJisi, IIH KJIACTEPUBAIIHSI, — ITO CIIOCO0 BBISIBJIEHSI CKPBITON
CTPYKTYPBI HeKIACCU(BUIIMPOBAHHBIX JAHHBIX. [eh aropuT™MOB Ki1acTepu3a-
I[[Y — BBISIBUTDH CKPBIThIE 3aKOHOMEPHOCTH B HEKJTACCU(DUIIMPOBAHHBIX JTAHHBIX
IyTeM OPTaHU3AIIH IK3EMILISIPOB B CYIECTBEHHO PA3IMIAIONINECS TPYTIIIBI Ha
OCHOBE WX TIPU3HAKOB.
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konseiiep (pipeline)

B KoHTeKcTe aHaM3a TeKCTa KOHBEHep — 9T0 MeTO/ 00beIMHEHMSI TOC/Ie/[0Ba-
TEJILHOCTY TIPe0OPa30BaHmil, TAKUX Kak (HAIIPUMEP) HOPMaTH3allns, BEKTOPHU-
3aIUs U aHAJIN3 PU3HAKOB, B €IUHDBIN MEXAHI3M.

Kopmyc (corpus/corpora)
Kopiiyc — 9T0 KOJITEKIIMST POACTBEHHBIX JOKYMEHTOB MJIM BbICKa3bIBAHUIT Ha
€CTECTBEHHOM SI3bIKE.

Kparyaiimmii myTh (shortest path)
Jlist 3aanHoro rpada G ¢ yamamu N 1 V KpaTdaiiiiimm MeskLy N 1 V SIBJISIETCST TAaKON
Iy Th, KOTOPBIi COMEPKUT MEHbIIIE pebep.

aatentHoe pasmeinenne {upuxie (latent Dirichlet allocation, LDA)

JlatenTHoe pasMmenieHmne ﬂI/IpI/IXJIe — 9TO METO/ OolIpeAesIeHUA TEMbI, B KOTOPOM
TEMDI IIPEACTAaBJIE€HbI BEDOATHOCTAMMU ITOABJIEHUA KaK/I0I'0 CJIOBA U3 3a/laHHOI'O
Ha60pa. ﬂOKyMeHTI)I, B CBOIO O4€PE/lb, MOT'YT OBITh Ipe/iCTaB/JI€HbI KaK COYE€TaHUA
9TUX TEM.

JaTeHTHO-ceManTH4yeckuii anamm3 (latent semantic analysis, LSA)

JlaTeHTHO-ceMaHTUYECKUI aHAJIN3 — 9TO penieHre Ha OCHOBE BEKTOPOB [IJIA TEMa-
TUYECKOTO MOJIEJIMPOBAaHN:A, KOTOPOE OTBICKHUBAET I'PYIIIIbI JIOKYMEHTOB C OJlHA-
KOBbBIMU CJIOBAMU U TTPOU3BOJAUT PA3PEKEHHYIO MaTPUITY «JIEKCEMbI / JOKYMEHTDBI».

nexcema (token)

JlekcemMbl — aTOMapHbIe €/[MHUIIBI JJAHHBIX B aHAJIN3E TEKCTa. ITO CTPOKH, 3a-
KOJIMPOBaHHbBIE OaliTaMU U TIPE/ICTABJISIFONIIE CEMAHTHYECKY IO MHMOPMAIINIO, HO
He coziep:Kaniue HUKakoi apyroil uadopmaiuu (Hapumep, 3HaUeHUs CJI0Ba).

nexcemusaius (tokenization)
JlekceMusaluss — TpoIece pasOUeHust MPEIJIOKEHUI Ha N30IMPOBAHHbBIE JIEK-
CCMBbI.

nexcukon (lexicon)

B KOHTEKCTE aHAIM3a TEKCTA JIEKCUKOH — 9TO HaOOP BCEX YHUKAJIBHBIX CIOBApP-
HBIX CJIOB B Kopiryce. JIekcuueckne pecypehl 4acTo BKJIOYAIT OTOOpaKeHUsI
aToro Habopa B Apyrue HabopbI, TAKKe KaK OMUCAHUST CMbIC/IA CJIOB, CHHOHUMBI
i (poHeTUYeCKue MPeICTABICHUS.
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nokreBas kpusas (elbow curve)

jIOKTeBbIe KpI/IBI)Ie — HpI/IeM BHSyaJIHSaL[I/II/I KadeCTBa HECKOJIbKUX MOL[GJI@I';I
KJIaCTEPU3AIIMKY METOJIOM k-CPEHUX C Pa3HbIMK 3HaYeHuAME k. Bpi6op mMoze-
JIM OCHOBBIBAETCS Ha HAJIMYMK «JIOKTEBOro cruba» Ha KpuBoil. Ecin kpusas
BBITJISAUT KaK PyKa, COTHYTast B JIOKTE, C SIBHO BBIPAKEHHBIM YTJIOM MEKLY
JIBYMS BETBAMU KPUBOM, TOUKa nepernba COOTBETCTBYET ONTUMAIbHOMY 3Ha-
yeHuio k.

MaTpHIia HecooTBeTcTBHil (confusion matrix)

Martpuiia HeCOOTBETCTBUM — OJINH M3 METOJI0B OIIEHKU TOYHOCTU KJaccuuka-
topa. ITocTpoeHune MaTpuIlbl HECOOTBETCTBUI TT0C/IE 00yYeH M KaccuuKaTopa
MO3BOJISIET TIOJYYUTH MPE/ICTABIEHNE, KAK MTPE/ICKa3aHHbIe KJIACCHI JIJIST OT/IEITh-
HBIX KOHTPOJBHBIX 3HAYEHUU COOTHOCATCA € (DAKTUIECKUMU KITacCaMM.

MamuHHOe 00yuenue (machine learning)

Marmuitaoe o0ydeHre OMIChIBAET MIUPOKUIT HAOOP METOOB M3BJICUEHUsT 3HA-
YUMBIX 3aKOHOMEPHOCTEHN U3 CyHIeCTBYIONUX JAHHBIX U IPUMEHEHUS 3TUX
3aKOHOMEPHOCTEH 711 MPUHATUS PEleHNU NI TPOTHO3UPOBAHNS HA OCHOBE
HOBBIX JTAHHBIX.

METO/I IJIaBHbIX KoMIOHeHT (principal component analysis, PCA)

MeTo/1 TJIaBHBIX KOMIIOHEHT — 9TO METO/| IPeoOpa3oBaHusl IPU3HAKOB B HOBYIO
cHCTEMY KOOPAMHAT, OIMCHIBAIOILY0 HAMOOJIBIITYIO 0JIIO IUCTIEPCUU B TAHHBIX.
MeTo/ T/1aBHBIX KOMIIOHEHT YacTO MCIIOJIb3YeTCs I CBEPTKU pa3MepHOCTH
TIJIOTHBIX JTAHHBIX.

MeNIOK CJIOB/HenpepbiBHbIA Memok cioB (bag-of-words (BOW)/continuous
bag-of-words (CBOW))

Meliok cJI0B — 3TO METOJl KOJUPOBAHUS TEKCTA, KOT/IA KAYK/BIH TOKYMEHT U3
KOpITyca peodpa3yeTcst B BEKTOP C TMHON, PABHOI pa3Mepy CJI0Bapst KOPITyca.
OcHOBHAS Ujiest METO/IA MEITTKA CJTIOB 3aKJIIOUAETCS B TIPEITOJIONKEHNUH, YTO CMBIC]T
U CXOJ/ICTBO 3aKOIMPOBAHBI B CJIOBApE.

MHOTronpoIeccopHas oopadorka (multiprocessing)

[Toa MHOTOIIPOLIECCOPHOI 06pabOTKOI MOHMUMAETCS OJHOBPEMEHHOE UCIIOJIb30-
BaHmne HecKoabKuX mporieccopoB (CPU) 1 BO3MOKHOCTD CHCTEMBI PACTIPEIETATD
pelieHne 3a/1a4 MEK/Ly HECKOJIBKUMU TIPOTIECCOPAMU JIJIsi OJTHOBPEMEHHOTO UX
BBITTOJTHEH .
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Mozenb a3bika (language model)

MOHGJII) SI3bIKA IIBITAETCS HA OCHOBAHWY HEIIOTHOM (bpaSbI BbIBECTH HEJOCTAIOIIE
CJIOBA, KOTOPbIE BEPOATHEE BCETO IIPUBE/LYT BBICKA3bIBAHUE K 3aKOHYE€EHHOMY BU/TY.

mopdouorus (morphology)

Mopdomorusg — ato hopma cynHOCTEH, TAKIX KaK OTAEJbHbBIE CJI0BA WA JIeK-
cembl. Mopdosiornyeckuii anajin3 — 3TO MPOTIECC MOTYYEHUS TTPECTABIEHNI
0 TOM, KaK KOHCTPYHUPYIOTCS CJIOBA U KaK (hOPMBI CJIOB BJIUSIOT HA UX OTHOIIIEHWE
K TOW WJIM MHOM YaCTU PEUH.

HenooOyuenne (underfitting)

I[Tox He100OYUEHHOCTHIO MOIE/TH OOBIYHO MOAPA3yMEBAETCS CUTYAITHS, KOTIa 00y -
YeHHast MOJIeJIb KasK/[blil Pa3 BO3BpaIaeT OANH 1 TOT 5Ke IPOTHO3 (TO eCTh UMeeT
HUBKYIO JUCIIEPCHIO ), TIPU ATOM IIPOTHO3 CYIIECTBEHHO OTKJIOHAETCS OT HCTHHBDI
(10 ecTh UMeeT BbICOKOE cMelene ). HemooOydenue sBsieTcs IPU3HaKOM HeJl0-
CTaTOYHOCTH 0ObeMa 00YYAIOIUX JaHHBIX MJIU CI0KHOCTH 00y4aeMON MOJIEJIH.

Heiiponnas cetp (neural network)

Hefiponnbie ceTn OTHOCATCS K CEMEHCTBY MOjiesieil, KOTOPbIe OTPeNeIIioTCs
BXOJIHBIM CJI0eM (BEKTOPHBIM TIPE/ICTABJIEHUEM BXOHBIX JAHHBIX ), CKPBITBIM
CJI0EM, COCTOSTINM U3 HEHPOHOB U CHHATICOB, U BBIXOJIHBIM CJIOEM C TIpe/iCcKa-
3aHHBIMU 3HAUYeHUSIMU. CHHATICBI BHYTPU CKPBITOTO CJIOSI OTBEYAIOT 32 Iepeiauy
CUTHAJIOB MEK/y HeipOHAMU, KOTOPbIE U UCIIOIb3YIOT HeJTMHEHHYI0 DYHKITUIO
akTUBaIuu 1715t 6yhepusaryu BXOAAMUX cUurHanoB. CUHATICHI TPUMEHSIIOT BECO-
BbIe K02 (UIMEHTHI K BXOJHBIM 3HAUEHUAM, a (DYHKITNS aKTUBAITUHN OTIPEIeIsIeT,
ZIOCTATOYHO JI BBICOK YPOBEHD B3BEIIIEHHOTO BXOAHOTO CUTHAJA /TSI aKTHBAIINN
HelipoHa ¥ Mepeladyn 3HAYEHUS B CJEAYIONIIH CII0M CETH.

HeomnpeeaeHHOCTb (perplexity)

HeoripejiesieHHOCTD — 3TO OlLlEHKA TIPEICKA3YEMOCTH TEKCTA, OCHOBAHHAS HA
aHTponuu (ypOBHE HETPEACKA3yeMOCTH NN HEOKUIAHHOCTH ) PacIipe/ie/IeH s
BEPOATHOCTEH B MOJIEITH A3BIKA.

oOyuaionias ¥ KOHTPOJIbHas BIOOPKH (training and test splits)

B mammHHOM 06yYeHUn ¢ yYuTeeM JaHHbIe Pa3/essioTcs Ha 00yJYatoIyo
U KOHTPOJIbHYIO BBIOOPKH, HA KOTOPBIX MOXKHO TIPOBOIUTH OOydYeHHe MOJIeieit
C 1IeJIbI0 CpaBHEHUS (MTePEeKPEeCTHON MTPOBEPKHU ) U BBISIBICHUSA MOJeJeld, ToKa-
3bIBAIONIMX HarboJjiee KaueCTBEHHbIe Pe3yJIbTaThl Ha paHee He BUACHHBIX UMU
HMaHHbIX. JleseHne JaHHbIX Ha 0OYYaroIyio ¥ KOHTPOJbHYIO BBIOOPKK 0OBIYHO
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UCIIOJIb3yeTCsT, YTOOBbI M30eKaTh mepeobydeHrss MOIE 1 TOOUTHCS JIydIeit
0600611aIo1Iel CITOCOOHOCTH Ha TaHHBIX, HE YIACTBOBABIINX B 00YYEHUN.

o0yuenne 0e3 yuntens (unsupervised learning)

OG6yuenue 6e3 yanTeJist, MM KJIaCTePU3aIist, — 3TO CII0CO0 BBISIBJICHVS CKPBITON
CTPYKTYPBI B HeKJIacCU(UIIMPOBAHHBIX JJaHHBIX. [[ebio anropuTMOoB Kitactepu-
3aIUU SBJISIETCS ONPe/ieIeHe CKPBITHIX 3aKOHOMEPHOCTEN B HEKJIACCU(DUITIPO-
BaHHBIX JIJAHHBIX C UCIIOJIb30BAHUEM IIPU3HAKOB JIJIsSi OPraHU3AIMY 9K3EMILISIPOB
B M30JIMPOBAHHBIE 3HAUNMbBIE TPYTITIBL.

00paboTKa ecTecTBEeHHOrO s3biKa (natural language processing)

HO,Z[ O6pa6OTKOIL/,I €CTECTBEHHOTO A3bIKa IIOHMMAETCA KOMILJIEKC BbIYUCIUTE/IbHBIX
IIpUEMOB IJIsA OTO6pa>KeHI/IH MEXIY (bOpMa]II)HI)IM 1 €eCTECTBEHHDbIM A3bIKaMU.

o6xoz (traversal)

B konTekcre rpados 101 00X0/0M MOHUMAETCSI MPOIECC MEPEX0/ia OT OJHOTO
y3J1a K APYroMy 110 pebpam.

o0beauHenne npuaHakos (feature union)

O6'belII/IH€HI/Ie IMTPpU3HaKOB IMO3BOJIAET IPUMEHUTD K TaHHBIM HECKOJIBKO HE3aB1-
CHUMBIX Hp606p3.30BaHI/II>JI 1 3aTEM 06’I)EILI/IHI/ITI) PE3YJIbTAThI B COCTaBHOM BEKTOD.

00beKT o1eHKH (estimator)

B xonTekcre 6ubanorexn Scikit-Learn o0bexT omeHkn (Estimator) — 910 J1000it
00BEKT, CIIOCOOHDBII 06yUYaThCs Ha OlEHMBAaEMBbIX JaHHbIX. Hampumep, o6bekT
OIEHKH MOXKET OBITh MOJEJIbIO MAITMHHOTO 00YYeHUsI, BEKTOPU3ATOPOM UJIH
1npeobpasoBaTesieM.

00beKT ureHus Kopmyca (corpus reader)

OObeKT YTEHUS KOPITyca — 9TO MIPOTPAMMHbBIN HHTEPQEIC /15T YTEHUS, TIONCKA,
(uapTpanuym 1 MOTOKOBOI TTepe/jaun TOKYMEHTOB, TPEIOCTABISIONNH TaKKe
MEeTO/IbI TTPeobpa3oBanus TaHHBIX, TAKHE KaK KOAMPOBAHUE U TIPEABAPUTEb-
Hast 06paboTKa, MPOTPAMMHOMY KOJLY, KOTOPOMY TPeGyeTcsl IOCTYII K JIaHHBIM
B KOpITyCe.

onroJorus (ontology)

OHTOMOTUS — 3TO CTPYKTYPA AAHHBIX, KOAUPYIOIAsS CMBICT 32 CUET OTIpesee-
HUSI CBOMCTB U OTHOIIEHUH MOHATUN U KaTerOpUil B KOHKPETHOM ITPEJIMETHOM
JICKypce.
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oTueT Kiaaccudukanuu/Temwnosas kapra (classification report/classification
heatmap)

Ortuet kraccudurarmm 0To6pakaeT OCHOBHBIE XaPAKTEPUCTUKH KJIACCUDUKAIIN
(TouHOCTD, TOJIHOTY, 1 o1leHKy F1) 11 kaskoro kimacca.

onenka cuiryata (silhouette score)

OneHKa cuiryaTa — 9T0 METO/| OIIPele/IeHI TIOTHOCTH U 000CO6IEHHOCTH KJla-
CTEPOB, TPOU3BOIUMBIX MOJIEJTHIO KJIACTEPU3AIINY HA OCHOBE IEHTPOUIOB ITyTEM
ycpennenus koadduiinenTa curyarta. Beraucisiecst Kak pa3HOCTb CPETHETO pac-
CTOSIHVISI BHYTPH KJIaCTePa M CPEIHETO PACCTOSTHUS /10 OJIMKAIIIEro KiacTepa OT
9TOr0 0Opasiia, HOpMaJTN30BaHHAS MAKCUMAIbHBIM 3HAUEHIEM.

omnenka F1 (F1 score)

Omnenka F1 — 270 B3BeneHoe rapMOHIYECKOE CPe/ee TOUHOCTH. JIyuriieii o1en-
koii F1 cunraercs snavenue 1,0, a xyamreii — snauenue 0,0. O6b1uno orenkn F1
HUKE OIIEHKHU KauecTBa, TIOTOMY UTO BBIYUCIISIOTCS HA OCHOBE OIEHOK TOYHOCTU
1 osiHOTHL. Kak mpaBuiio, /s cpaBHEHUST Mojiesiell KaaccuuKaiu caeayeT
HCIIOJIb30BATh CPEIHIOI0 B3BENIEHHYTO OlleHKY F 1 BMecTo riio6aibHOi TOYHOCTH.

napajuteausm (parallelism)

[Tox mapannean3MoM MOHUMAIOTCSI MHOTOIIPOIIECCOPHBIE BBIYMCIICHUS; 110/1-
pasymMeBaeTcs MapaJijiesin3M Ha YPOBHE BBIIIOJHEHN 3a/1a4 (KOT/Ia HaJl OJ[HUMU
Y TEMHU K€ IAHHBIMU TTapJLIIETbHO BBITTOJIHSIOTCS Pa3HbIe OTIEPAIH ) ¥ HA YPOBHE
JTAHHBIX (KOT/a O/IHA 1 Ta JKe OIepalins OJHOBPEMEHHO TPUMEHIEeTCs K HEeCKOITb-
KM Pa3HbIM (parMeHTaM JaHHbBIX).

napcunr (parsing)

B xonrekcre ananmmaa JAaHHDBIX ITapCUHT — 9TO IIPOIECC JIE€JIEHUA BBICKA3bIBaHUI
Ha COCTaBHbIC YaCTH (Haan/IMep, JAOKYMEHTOB Ha 8.633.1II)I, a6saueB Ha IIpe/JIoKe-
HUA, Hpﬁ[[JIO)KCHI/Iﬁ Ha JIGKCeMbI) 1 COCTaBJIEHUA N3 HUX CMHTAKCHUYECKUX HUJIN
CEMaHTUYECKUX CTPYKTYP, KOTOPbIE MOTYT Y4aCTBOBATb B BbIYNCJIEHUAX.

napTUTHBHAA Kiacrepusanug (partitive clustering)

B koHTekcTe aHanm3a TeKceTa o/ IapTUTUBHOMN KJyacTepusalueii mopasyMeBa-
IOTCS METO/Ibl KJIaCTepU3aLIUH, JIeJIAIIMe JOKYMEHTDI Ha TPYIIIIbLL, IPe/ICTaB/IsseMble
IEHTPAJIbHBIMU BeKTOPaMu (IIEHTPOUAMU ) UJIM OMKUChIBaeMble TJIOTHOCTHIO
JIOKYMEHTOB B Kyactepe. LleHTpouabl peicTaBaAIOT arpernpOBAHHOE 3HAUCHIE
(HarrpuMep, cpejIHee WM MeIHany ) BCEX TOKYMEHTOB-WIEHOB 1 [AI0T YI0OHBII
c1rocob OTMCAHUS IOKYMEHTOB B KJIacTepe.
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nepeKkpecTHasi PpoBepKa/MepeKpecTHas MpoBepKa 110 k-6;10kam (cross-validation/
k-fold cross-validation)

I[TepexpecTHas POBEPKaA WM IEPEKPECTHAs IPOBEPKa 110 k-OJ10KaM — 5TO Ipo-
1[eCC He3aBUCUMOTO 0OYYEHUsT MOJIE/I C yUnTeeM Ha k BBIOopkax (00ydaronmx
" KOHTpOJIbeIX) "3 Ha60pa JaHHbIX, HO3BO]IHIOH_II/H>)I CPaBHUTb MO/I€JIN U BbI-
SCHUTH Harepesl, Kakue OyAyT HaBaTh Gojiee KaueCTBEHHbIE MPOrHO3bI HA Mpe-
KJIe He BCTPeUYaBIINXCsl UM JaHHbIX. [lepekpecTHast mpoBepKa ImoMoraeT HaiTu
KOMIIPOMUCC M€KLY CMEIeHIEM 1 IUCIIePCHeii.

nepeooyuenue (overfitting)

B xonrekcre O6y‘IeHI/IH C yuutesieM 1oz Hepeo6yquMeM MOJeJIN ITOHUMAETCA
MO/eJIb, 3allTOMHHUBIIAasA 06yqafoume JaHHbIEC N IIOKa3blBalollasa a6COJHOTHyIO
TOYHOCTDb Ha JaHHbIX, BUJIEHHBIX paHee, HO 4aCTO O].HI/I6aIOH_[aHCH Ha TIpEXK/I€ HE
BCTPEYABIIMUXCA JITaHHDIX.

nosHora (recall)

[Tosnora — 310 CIOCOOHOCTD KaaccupuKaTopa IPaBUIbLHO KIacCU(PUIUPOBATH
Bce 9K3eMTIIAPHL. [l Kaskmoro Kiacca ompeneiseTcs Kak OTHOIEHUE YIca
9K3EMILISIPOB, JJIsl KOTOPBIX JAaHHBIN KJIacc TpecKasaH MPaBUIbHO, K 00IIeMy
YUCITY JOKYMEHTOB 3TOTO K1acca. [Ipoiie roBops: «IIpolieHT oxBaTa 9K3eMILISIPOB
JAHHOTO KJIaccay.

NOHHMAaHHeE eCTECTBEHHOTO s13bIKa (natural language understanding)

[MoruMmaHe ecTeCTBEHHOTO SI3bIKA — ATO OJIHA U3 TeM B 00pabOTKe eCTECTBEHHOTO
sI3bIKa, 0003HAYAIOIAS BBIYMCIUTEIbHbIE TIPHEMbI TIPUOIM3UTEIbHON HHTEPIIpe-
Tall1 eCTeCTBEHHOrO SI3bIKA.

nopsaok (order)

B konTekcTe rpada G mopsiIkoM G SIBJISIETCS YUCIIO Y3JI0B B G.

npeoGpasosares (transformer)

[Tpeo6GpasoBatesb — ocobast PA3HOBUIHOCTH 00HEKTA OIIEHKH, KOTOPBIN CO3/1a-
eT HOBBII HAGOP JAHHBIX M3 UCXOAHOTO METOOM CHHTYJISIPHOTO Pa3JIOKEHMS
(singular value decomposition, SVD), ocHOBBIBasich Ha ITPaBUJIaX, BHISBICHHBIX
B 1poriecce 00yJYeHusl.

npusHak (feature)

B MarmmHHOM 00y4YeHWI JaHHBIE TPEICTABIEHbI IPOCTPAHCTBOM YHUCIIOBBIX IIPHU-
3HAKOB, I7Ie KaXK/10€ CBOMCTBO B BEKTOPHOM IIPE/ICTABJICHUU SIBJISIETCS IPU3HAKOM.
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NpUKJIaaHoI mporpamMubiii uaTepdeiic (Application Programming Interface,
API)

[IpukmagHoit mporpaMMHbBI HHTEPdeETic (hopMaTbHO ONIpeesIsaeT TOPSI0K B3a-
UMO/IENCTBIS KOMITOHEHTOB. [IporpaMMHbIi nHTEpdElic JaHHBIX MOKET /1aBaTh
MOJIH30BATEISIM BO3MOXKHOCTh CHCTEMAaTUYECKOTO M3BJI€YEHUS TAHHBIX U3 MH-
tepHera. Scikit-Learn API npegocTasiisier 00001 DI OCTYII K aJITOPUTMAM
MaIllnHHOTO 00yUYEHUSs, PeaIM30BaHHBIM B BUJIE HEPAPX Uil KITaCCOB.

npuaokenne Aauubix (data product)
[TpriosKeHnst JAaHHBIX — 9TO KOMITBIOTEPHbIE TIPOTPAMMBI, U3BJIEKAIOIIIE IIEHHYTO
nHMOPMAIIUIO U3 JIaHHBIX ¥ B CBOIO OUepe/Ib TeHEPUPYIOTIIE HOBbIE JaHHBIE.

npope:xkuanue (dropout)
B xoHTekcTe HEMPOHHBIX CETEH CJIOW TTPOPEKUBAHUS TTPEHAZHAYEH IS OT-
JlaJIeHnsI MOMEHTa HACTYILJIEHUST TEPe0OyUeH s 3a CUET CIyYaitHOTO OOHY T€HsT
HEKOTOPOI#T I0JIN BXOIHBIX €/IMHUT] B KaK/IOM ITUKJIE 00yUeHNSsI.

npsimoe Koauposanue (one-hot encoding)

HpHMOe KOJZMPOBaHHE — 3TO METO/] CO3/IaHM:A BEKTOPA JIOTUYECKUX 3Ha‘-IeHI/If/'I,
B KOTOpOM KOHerTHblf/'I 3JIEMEHT II0JIy4YaeT 3HauYeHue True, €CJIN 3ajlaHHad JICK-
CceéMa IIPUCYTCTBYET B JOKYMEHTE, 1 False, ecyin HET.

paamep (rpacdog) (size (graphs))
Pasmep rpada G onpesesisieTcst Kak YucyIo CoAepsKaiuxcsi B HeM pedep.

paspemenue cymHnocrei (entity resolution (ER))
Pazpernenue cynHocteil — 3To 3aj1aua yCTPAaHEHUsI HEOZHO3HAUHOCTEH 3amucei,
COOTBETCTBYIONUX CYIIHOCTSIM B HaOOpax JaHHBIX.

pacnpezeienue yactor (frequency distribution)

Pacripesiesierrie 4actToT 0ToOpaskaeT OTHOCHTENBHYIO YaCTOTY Pe3yJIbTaToB (Ha-
pUMep, JIEKCeM, CJIOBOCOYETAHMIA, CYIITHOCTEN ) B IaHHON BBIOOPKE.

pacnpeznenentoe npencrasiaenue (distributed representation)

Pacripeniesiennoe ripejicraBjieHue — 3T0 METO/I KOJIMPOBAHUSI TEKCTA B HEIIPEPHIB-
HoM MactiTabe. To ecTh Tmosrydarorieecst BEKTOPHOE MPECTaBIeHIEe JOKYMEHTa
He TIPOCTO OTPaKAET MO3KIIUHU JIEKCEM B X OIEHKH, HO 00pa3yeT MPOCTPAHCTBO
MIPU3HAKOB JIJIs OIIPeJIeIEHUs CXO/ICTBA.
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peopo/casi3pb (edge/link)

Pe6po E Mexy yaiaaMu N 1 V B rpade G IPeCTaBIIsIeT CBSA3h MKy N 1 V.

perpeccus (regression)

Perpeccust — 3TO pa3HOBUAHOCTH MAIIMHHOTO OOYYEHUsI C YUUTENEM, Tie-
JIBIO KOTOPOIT SIBJISIETCST BBISIBJIEHIE OOMINX YEPT B 9K3EMILISIPAX, COCTOSIIINX
U3 HE3aBUCUMBIX PU3HAKOB, U MX IPUHAJIEKHOCTH K TOMY HJIH WHOMY Il€-
JIEBOMY 3Ha4eHUI0. Perpeccop MOKHO HAYYUTh MUHUMHU3UPOBATH OMTHOKY
MEJK/y MPOTHO3UPYEMBIMHU U (haKTUIECKUME KaTETOPUSIME B 00yUYaIONNX
JIAHHBIX, a T10cJIe 00YYeHUsT UCIIOJIb30BATH JJIsl TIPUCBANBAHUS 1[€JIEBbIX 3HA-
YeHUN HOBBIM HK3EMILISIPAM Ha OCHOBE 3aKOHOMEPHOCTEH, BBISIBJIEHHBIX Ha
aTare 00ydeHMsI.

cOop nannbix (ingestion)

B konTekcre I/ICC]Ie,Z[OBaHI/Iﬁ JaHHDBIX ITO/ C60pOM JAHHBIX ITIOHUMAaETCA ITPOIECC
H3BJIEYECHUA JaHHbIX U3 UCTOYHUKOB U COXPaHEHNE X B KOPILyCE.

cBsi3biBanue 3amucei (record linkage)

Casi3bIBaHUE 3aMIUCEN — OJIHA U3 TPEX OCHOBHBIX 33/[a4, UMEIOIUX OTHOIIEHUE
K pa3pemnieHuio CyHOCTeH, 3aKIovaioniascs B uIeHTUMUKAIINN 3aricel B pas-
HBIX ICTOUHUKAX, CCHIJIAIONIUXCST HA OJTHY U TY K€ CYIIHOCTb.

cerMeHTaIus (segmentation)

B konTekcre aHanm3a TeKCTa MO CerMEHTalMell 10pa3yMeBaeTcs IIPOIEece
pasbueHust ab3aleB Ha TPEJIOKEHUs IS TTOJTydeHrs: OoJiee MEJTKUX eInHUI]
JINCKYpCa.

ceMaHTHKa (semantics)
CemaHTHKa — 9TO 3HAYEHNUE sI3bIKa (HATPUMED, 3HAYEHUE TOKYMEHTA UJIH TIpe/l-
JIOKEHMUST ).

cetb (network)

CeTb — 3TO CTPYKTYpa IaHHBIX C Y3JIaMH, CBA3aHHBIMK peOpaMu, KOTOPasi MOSKET
WCIIOJIB30BATHCS [T MOZICTNPOBAHUS CIOKHBIX B3aUMOOTHOIIEHWH, BKJIIOYas
B3aMMOOTHOIIIEHUS B TeKcTe. Ch. makce <epag (graph)».

CHUMBOJIMYECKasi MOJeJb s3bika (symbolic language model)

CuMBoOJINYECKHE MO€EJIN A3bIKa MHTEPIPETUPYIOT TEKCT KaK JUCKPETHYIO I10-
CJIeA0BATEJIbHOCTD JIEKCEM C BEPOATHOCTAMU UX ITOABJICHUA.
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cuHryJsipHoe pasiozkenue (singular value decomposition, SVD)

CHHTYJISIPHOE Pa3JIOKEHIEe — 9TO METOJL MATPUYHOTO Pa3JIOKeHMUsI, TIpeodpasyto-
HIME UCXO/IHOE IIPOCTPAHCTBO IIPU3HAKOB B TPU MATPUIIbI, BKJIIOYAST [[UATOHATb-
HYIO MATPUILY CHHTYJISTPHBIX 3HAUEHUIA, OTTUCHIBAIOILYIO TIOITPOCTPAHCTBO. MeToj
CUHTYJIIPHOTO PA3JIOKEHUS MIUPOKO UCTIOMB3YETCS JIT CHUYKEHUST PAa3MEePHOCTI
Pa3pesKeHHbIX JAHHDBIX U IPUMEHSIETCS] B JIATEHTHO-CEMAaHTUYECKOM aHaJIN3e
(Latent Semantic Analysis, LSA).

cuHcert (synset)

Cuncer JLJIsI ¢J1I0Ba W — 9TO KOJJIEKIMS KOTHUTUBHBIX CHHOHUMOB, BbIPasKaloINX
Ppa3HbIe ITOHATHUA A W.

cuHTaKcuc (syntax)

CuHTaKCHUC OMTUCHIBAET TpaBuJIa (POPMUPOBAHUS MTPETIOKEHUH, OTIPeiesIsieMble
IrPaMMAaTHKOM.

cKpanmuHr (scraping)

[Ton ckpanmuHroM MoHUMAETCs Mporece (ABTOMATU3UPOBAHHDIN, TOJTyaBTOMATH -
3MPOBAHHBII UK PYIHOIT) cOopa nHOOPMAIINT 3 MHTEPHETA 1 €€ KOITMPOBAHIS
B XPaHWLTHIIIE.

ckpbithiii cioii (hidden layer)

B HelipoHHbIX ceTaX CKPBITBIN CITOI COCTOUT U3 HEWPOHOB M CUHATICOB 1 CBSA3BIBA-
€T BXOZIHOI1 ¢JI01 ¢ BbIXOHBIM. CHHAIICHI IIepelaloT CUTHAJIbI MesKLy HepOHaMU,
(bYHKIUY aKTHBAIIK B KOTOPBIX OY(epU3yIoT BXOISIIIE CUTHAIIBI, TEM CAMBIM
cosmaBast 9 deKT 00yIEeHUST MOJIEIIH.

cmemenue (bias)

CwMeliieHue sSIBJISIETCS] OJJHUM M3 JIBYX HCTOYHUKOB OMIMOOK B 3ajia4ax 00ydeHUsT
C YYUTEJIEM U BBIUMCIIETCA KaK PAa3HOCTh MEXK/LY ITPEJCKa3aHHbIM U UCTUHHBIM
3HaueHueM. Boubllioe cMmelieHeHe yKa3blBaeT, YTO MPOTHO3bI, BO3BpalllaeMbie
MO/IEJIBIO, CYIIECTBEHHO OTKJIOHAIOTCA OT BEPHBIX OTBETOB.

cMmbica cioBa (word sense)

ITon cMbicioM ciioBa MOHMMAETCST 3HAUEHNE KOHKPETHOTO CJIOBA € yUETOM
KOHTEKCTA U UCXO/Sl U3 IMPEIIOJOKEHUS, YTO MHOTHE CJI0BA UMEIOT HECKOJIBKO
KOHHOTAIIUI, UHTEPIPETAINI U CIydyaeB UCIIOJIb30BAHUS.

cocenau (neighborhood)

B konTekcre ceteBoro Tpada G U 3aaHHOTO y37a N COCeZIoM y3Ja N SIBJISETCS
noarpad F, CoIepsKaIiii BCe CMEKHbIE Y3JIbl, CBSI3aHHbIE PeOPaMI € Y3JI0M N.
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CIocoOHOCTD K 0000menuio (generalizable)

Mogelb, criocobHas kK 0600IIEeHII0, UMeeT JIyUInii OaJaHe CMENeHnsT 1 JNC-
IepCUH, 9TO TIO3BOJISIET €l IaBaTh HaJle;KHbIE TTPOTHO3BI HA HOBBIX, TIPEXKIE He
BCTPEYABIITNXCS TAHHBIX.

crenenb (degree)

Crernenb y3ma N rpada G — 910 4rcsio pedep B G, 3aTparuBaroIinx N.

crorm-cjoBa (stopwords)

Crorr-cioBa — 3TO CJIOBA, KOTOPbIE€ BPYYHYIO UCKRJIIOYAIOTCA U3 TEKCTA, HEPEJIKO
IIOTOMY, 4TO OHHM BCTPEYAIOTCA CJAUIIKOM YaCTO BO BCEX JOKYMEHTAX B KOPITyCeE.

cymHocTb (entity)

CymIHOCTD — 9TO HEUTO YHUKATbHOE (HAIIpUMep, YeJTOBEK, OPTaHN3aIn, TTPO-
JIYKT) CO MHOKECTBOM aTPUOYTOB, OMKMCHIBAIOIINX €ro (HAIIPUMEp, UMsl, aJ[Pec,
opma, HazBaHMe, 1eHA U T. JI.). B MCTOYHMKAX JJAHHBIX MOKET COJEPIKATHCS
HECKOJIBKO CCBIJIOK Ha CYHIHOCTb, TAKUX KaK /IBa Pa3HbIX ajipeca 3JIeKTPOHHOMA
MOYTBI, TPUHAJIEKANINX OJHOMY YeJIOBEKY, /IBa HoMepa TesedoHa 0OHON KOM-
HaHWU WK JIBa BeO-caiiTa, T/ie yIIOMUHAETCS OJIMH U TOT Ke TIPOYKT.

TeMaTHyecKoe MoenpoBanue (topic modeling)

TemaTrueckoe MOJIETMPOBAHIE — HTO METOJI MAITITHHOTO 00ydeH st 6e3 yuuTesist
JUIST OTIPE/IEJIEH TSI TEM M3 KOJIJIEKII IOKYMEHTOB. CM. Maxdice <Kiacmepusayust
(clustering)».

TOYHOCTD (precision)

ToyHOCTH — 3TO CIIOCOOHOCTH KIacCH(PUKATOPA HE OTMETHUTD TIOJIOKUTETbHBIM
9K3EeMILISD, KOTOPBIA (PaKTUUECKH SIBISETCS OTPUIATENbHBIM. [ KaXaoTo
KJIacca OTIpesiesIsieTCs Kak OTHOIIEHWE YHCIIa 9K3EMITISIPOB, 17151 KOTOPBIX IAHHBIN
KJIACC MTPE/ICKa3aH MTPABUIIbHO, K 00TIEMY YHCJTY IOKYMEHTOB, JIJIsI KOTOPBIX ITPEJI-
CKa3aH 3TOT sKe Kjace (MpaBuIbHO Uik 110 omubke). ITporie rosopst: «IIporeHT
MPABUJIHHO KIACCUMDUITNPOBAHHBIX 9K3EMILISIPOBY.

TPaAH3UTUBHOCTbD (transitivity)
B cereBbIx rpadax TpPaH3UTUBHOCTD CJTY;KUT MEPOiT BEPOSITHOCTH HAJIMYHST 00X
cocefieil y IByX y3J0B.

Tpoiika BeiOopa moaem (model selection triple)

Tpoiika BbIOOpA MOZIEN OTIUCHIBAET 0OOOIIEHHBII TPOIECC MAITUHHOTO 00yYe-
HUsl, BKJIIOYAIOIIUIT MHOTOKPATHBIE UTEPAIUU YePe3 ATAIlbl KOHCTPYUPOBAHUS
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[PU3HAKOB, BEIOOpA MOAEIU U HACTPOMKM TUIIEPHAPAMETPOB IS JOCTIKEHUS
Hanbosee TOUHOU MOJIesIH, CIIOCOOHOM K 0000IEeHHIO.

yaeia/sepmuHa (node/vertex)

B xonTekcre rpada yses aBisgeTcst hyHAaMeHTaTbHON eTMHUTEN JAaHHBIX. Y3JThI
CBSAI3aHbI peOpaMu U Bce BMeCTe 00pasyioT CeTh.

ynpasiienue (steering)

YipasjieHre — 9TO TPOIECC yIPaBICHUs] MAIMHHBIM 00y4YeHUEeM, HaTlpuMep,
MyTeM BU3YaJbHOTO TIPE/CTABIEHNS PA3HBIX OTUYETOB KyacCuUKAINU U TI0-
CTPOEHUsI TETJIOBBIX KapT JIJis OTIPe/ieieHtsl, Kakasi 13 00ydeHHbIX MOJeieit
naet GoJsiee KaueCTBEHHBIE PE3YJIBTAThl, UM MCCIEA0BAHUEM KOMIIPOMICCOB
MeXKAYy CMellleHueM U Juciiepcueil Mo pa3HbIM 3HAYEHUSIM OIPe/leJIeHHOTO
rurieprapameTpa.

xpanmwmime WORM (WORM storage)

Xpauumniie, J0CTYITHOE /14 3alTUCH OTHOMY U /7T YTeHWST MHOTUM (WTite-once
read-many, WORM), moapadymeBaeT XpaneHne BEPCHI NCXOAHBIX JaHHbIX, He
U3MEHSIIOIEeNCs Ha ATalax 3BJIeYeHus, TPeoOpasoBaHUs UM MOIETUPOBAHIIS.

eHTpajabHoCTb (centrality)

B ceteBoM rpade 11eHTpaIbHOCTD CIYKUT MEPOY OTHOCUTETbHOM BAXKHOCTH y3J1a.
BaskHble y3J1bI IPSIMO WJIM KOCBEHHO CBSI3aHbI ¢ OOJIBIIMHCTBOM JPYTHX Y3JI0B
U TI09TOMY UMETOT BBICOKYIO TIEHTPAThHOCTb.

HEHTPaJIbHOCTD 10 6s1u30cTH (closeness centrality)

[leHTpaIbHOCTD MO OJIN30CTHU ONPEIETSIETCST KaK CPEIHSIs JINHA Ty TH OT y3J1a N
B rpade G KO BCeM JIPYTUM y3JiaM, HOpMaJIU30BaHHas pazmepom rpada; oHa
OIUCHIBAET, KaK OBICTPO PACIIPOCTPAHKTCS 110 CETH G MHMOPMAIIHSI, KCXOSIIIAsT
u3 y3za N.

HEHTPaJIbHOCTD 10 nocpeauuyectBy (betweenness centrality)

[lns 3amanHoro y3ma N B rpade G IeHTPaIbHOCTD 110 TIOCPETHUYECTBY OTPaKaeT
Ba)KHOCTb 9TOTO y3J1a /I CBI3aHHOCTH rpada G. [leHTpasbHOCTD 110 MocpeHm-
YECTBY BbIYUCJAECTCA KaK OTHOIIIEHNE KpaTqafmmx HYTGfI B G, IIpoJeramoumx
gepes N, K 0011eMy YHCTy BCeX KpaTJailliuX myTeii B G.

neHTpaibHoCcTh o crenenn (degree centrality)

HeHTpaJII)HOCTb 11O CTEIIEHN OIIPE/EIAECTCA KaK KOJINIECTBO COCGZIeﬁ JTaHHOI'O
y3J1a, HOpMaJIN30BaHHOE O6H_[I/IM KOJ/JIMYECTBOM Y3JIOB B rpa(be G.
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IEHTPAJIbHOCTD 10 COOCTBEHHOMY BeKTOPY (eigenvector centrality)

[lenTpasbHOCTH 110 COOCTBEHHOMY BEKTOPY OIPE/IEIIsSIeT BasKHOCTH y3J1a N B rpa-
(e G 110 cTerienn y3710B, ¢ KOTOPhIMHE cBsiam N. [laske eciin y N HeGOJIbITIOe KOTnye-
CTBO coce/iell, HO OHY MMEeIOT BLICOKHUE CTeIleHH, N MOXKeT ollepesKaTh HEKOTOPBIX
U3 HUX BEJIMYUHO TIEHTPATBHOCTH 110 COOCTBEHHOMY BeKTOPY. [leHTpasbHOCTD
110 COOCTBEHHOMY BEKTOPY JIEKHUT B OCHOBE HECKOJIBKHUX JIPYTUX MeP IIEHTPAIb-
HOCTH, BKJII0oUas renTpanbHocTsh Kamna (Katz centrality) u naBectsiii anroputv
aBTopurterHocT PageRank.

4acToTa TepMHHA — OOpaTHas 4acToTa oKyMeHra (term frequency—inverse
document frequency, TF-IDF)

Yacrora TepMuHa — 06paTHAS YaCTOTA IOKYMEHTA — 9TO METOJ KOAUPOBAHWS,
HOPMAJIU3YIONINH YaCTOTY MOSBIEHUS JIEKCEM B IOKYMEHTE C yUETOM CO/IEPIKH-
MoTO0 B ocTasibHoM Kopiryce. Otierka TF—IDF nsmepsieT pesieBaHTHOCTD JIEKCEMBI
B IOKYMEHTe MacIITaOMPOBaHHON 4aCTOTO# MOSIBJIEHUSI JIEKCEMBI B JIOKYMEHTE,
HOPMAJIM30BAHHOM 00paTHON MaCIITAOMPOBAHHOI YaCTOTOM OSBICHMS JIEKCEMbI
BO BCEM KOpITycCe.

yacTh peun (part-of-speech)

Yactu peun — 3TO KJacchl, HA3HAUYEHHbIE aHAJTU3UPYEMOMY TEKCTY, olpejie-
JISIONINE, KaK JeHCTBYIOT JIEKCEMbBI B KOHTEKCTE MpeioskeHus. K yactam peun
OTHOCSTCH, HAIIPUMED, CYlIIECTBUTEJbHbIE, IJ1aroJbl, IPUJaraTeJbHble U Ha-
peuus.

yat-60Tt (chatbot)

Yat-60T — 5TO TIPOTPaMMa, YIacTBYIOIIAst B Pa3roBOpE ¢ Tiepeiadeii paBa royioca,
IIEJThI0 KOTOPOT SIBJISIETCS MHTEPIIPETAINS BXOJAHOTO TEKCTA WU PEYHN U BBIBOJL
COOTBETCTBYIOIIUX TI0JIE3HBIX OTBETOB.

ak3emiuisp (instance)

B mMammHHOM 00y4eHUH 9K3EMILISIPbI — 9TO TOYKHU, KOTOPBIMHU ONEPUPYET aJIr0-
putM. B KoHTEKCcTe aHanmm3a TEKCTa 9KIEMILISIP — 9TO JOKYMEHT IETUKOM WJTH
3aKOHYEHHOE BBICKA3bIBAHUE.,

sHTponus (entropy)

DHTPOIINS OTIPeIeJiIeT HEelTPeICKa3yeMOCTb I HEOKUTAHHOCTD Paciipe/ie/ieHust
BEPOSITHOCTEN B MOJIETTH SI3BIKA.
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baleen

Baleen — 210 MexaHU3M ¢ OTKPBITHIM KOJIOM, aBTOMATU3UPYIONIHiT cOOp TEK-
CTOBBIX JIAaHHBIX M CO3/IaHUE KOPITYCOB JIJISI UCCJIEIOBAHUI B 00JIaCTH aHaJM3a
€CTECTBEHHOTO SI3bIKA.

doc2vec

Doc2vec (paciupenue st word2vec) — 910 aroputm o0ydeHst 6e3 yanTesis,
M3BJIEKAIOTNI MTPE/ICTABIEHUS IPU3HAKOB (PUKCUPOBAHHON JVTUHBI U3 IOKYMEH-
TOB IIEPEMEHHON JIJTNHBL.

n-rpamMma (n-gram)

n-rpaMMa — yIopsjodyeHHas 1Moc/ae/[0BaTeJIbHOCTb CUMBOJIOB UJIN CJIOB C JIJIU-
HO N.

Iss

RSS — 3710 pasHoBUAHOCTH BeO-KaHAIOB, B KOTOPBIX ITYOJUKYIOTCSI HOBOCTH
B CTaHIapTHOM (hopmarte, yI0OHOM JIJIsi KOMITBIOTEPOB.

t-pacnpe/ieJieHHOE CTOXaCTHYECKOe BiIosKeHue cocezeii (t-distributed stochastic
neighbor embedding, t-SNE)

(-pacrpejiesieHHOE CTOXaCTUYECKOE BIIOJKEHUE COCE/IEN — HTO METO/I HEJIMHEITHOTO
yMeHbIIIeHUs pasMepHOCTH. t-SNE MOJKHO UCIIOIb30BaTh [ 00beAMHEHUS T10-
XOJKUX JIOKYMEHTOB TIyTeM Pa3JIosKeHNs BEKTOPHBIX TPe/ICTABIEHUH JOKYMEHTOB
¢ GOJIBLIMM YMCJIOM U3MEPEHUN B 1B U3MEPEHUS C UCIOJAb30BAHIEM PACIIPELe-
JIEHUI BEPOSITHOCTEN N3 OPUTUHAJIBHOUN 1 Pa3I0KEeHHON Pa3MePHOCTEN.

word2vec

word2vec — ajropuT™, peasTU3yIONIHii TAKYI0 MOJIETb BEKTOPHOTO TIPEICTABIEHIST
CJIOB, UTO CJIOBA OKA3bIBAIOTCS B MPOCTPAHCTBE TIPU3HAKOB PSIJIOM CO CXOXKUMU
CJIOBAMU.



06 aBTOpax

Benmxamun Benrdopt (Benjamin Bengfort) — crierpasict B o6ractu data science,
JKUBYIIUHN B BanmHrToHe, BHYTPU KOJIBIIEBOI aBTOCTPA/IbI, HO TOJHOCTHIO UTHOPH-
pyfotuii monuTuky (0O6bIMHOE /10 it OKpyra KosmymOust) u mpearnoynTaromnuii
3aHUMATBCSI TEXHOJIOTHSIMI. B HacTostiee BpeMst paboTaeT HaJl IOKTOPCKOH iuccep-
Tanueii B YHuBepcuTere mrata MepusieH, rie nu3ydyaeT MalllmHHOe 00ydeHne 1 pac-
npesieIeHHbIe BoIarcieHust. B ero maboparopuu ecTb poOOTHI (XOTS 9TO He SABJISIETCS
ero J06MMOI 06J1aCThI0), U K ero OOJIBIIOMY OTOPYEHUIO, TIOMOIHIKHI TOCTOSTHHO
BOOPYKAIOT ATUX POOOTOB HOKAMU 1 HHCTPYMEHTAMM, BEPOSITHO, C TIeJIbI0 TOOETUTD
B KyJMHapHOM KOHKypce. Habmonas, kKak poOOT MbITaeTCsl Hape3aTh MOMUIOP,
Benmxamun npeamnoynTaeT caM X03IWHUYATD HA KyXHE, T/le TOTOBUT (DPAHITY3CKIe
U raBaiickue 0J110/1a, a TaKsKe MIAILTBIKK 1 6apOeKio Beex BuoB. IIpodeccnoHambHbIi
IPOTPAMMUCT 1O 06PA30BAHIIO, UCCIIEA0BATENb JAHHBIX 10 TIPU3BaHUI0, BeHmKa-
MWH Y9acTO MUIIET CTaThU, OCBEIIAOIINE HIMPOKUIT KPYT BOIPOCOB — OT 00pabOTKM
€CTECTBEHHOTO sI3bIKA /10 UCCIe0BaHus faHHbIX Ha Python n mpumenenust Hadoop
u Spark B aHasMTHKE.

II-p Pe6exka Bunopo (Dr. Rebecca Bilbro) — criermasict B o6ractu data science,
nporpamMMmucT Ha Python, yuuresn, jekTop u aBTop craTeil; skuser B Bamuurrone
(oxpyr Korymbust). Crienmaan3upyercst Ha BU3yaJbHOI OIEHKe Pe3yJIbTaTOB
MaIllMHHOTO OOYUYEHUs: OT aHaJI3a MPU3HAKOB /[0 BBIOOpA MOJIeIel U HACTPOIKY
runeprapameTpos. [IpoBoauT ncceoBanust B 06acTi 06pabOTKN €CTeCTBEHHOTO
SI3bIKa, TIOCTPOEHUST CEMaHTHYECKUX CETEl, paspelieHust CynHocTel 1 00paboTKI
uHbopMaIK ¢ GOJIBITUM KOJIUIeCTBOM n3MepeHuii. Kak ak TMBHBIN y4aCTHUK CO-
00I1ecTBa MOJIb30BaTe el U Pa3pabOTYMKOB OTKPBITOTO TPOTPAMMHOTO 0GECTIeYeH s,
Pe6exka ¢ yI0BOJIbCTBIEM COTPYHUYAET C IPYTUME Pa3paboTuNKaMU HAJl TAKUMI
npoektam, kak Yellowbrick (maker Ha sizpike Python, 1iesibto KoToporo siBistercst
IIPOTHO3HOE MOJIETMPOBAHNE Ha MAHEDP YEPHOTO SIMIHKA). B cBOGOIHOE BpEMsI 4acTo
KaTaeTcsl Ha BEJIOCUTIEIAX C CeMbell NI TIPAKTUKYeTCs B UTpe Ha yKyese. [Tomyunna
JIOKTOPCKYIO CTelleHb B YHuBepcureTe mrata VmHoiic, B Ypbana-IITammeiin, riae
3aHMMAasIach NUCCaeIOBAaHNEM TTPAKTUYECKIX MTPUEMOB KOMMYHUKAIINH W BU3YAJIH-
3aIM¥ B TEXHUKE.
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Touu Oxena (Tony Ojeda) — crnenuanuct B obisactu data science, mucaresnnb
U NPeANPUHUMATEND ¢ ONMBITOM ONTUMU3aUK GU3HEC-TIPOIeCcCOB U OoJiee YeM
NEeCSITUJIETHUM OIBITOM CO3/IAHUS W BHEJ[PEHWS MHHOBAIIMOHHBIX MPUJIOKEHUI
mauubix u pemennit. Ocnosain District Data Labs, koHcantunroByto hupmy, crierm-
IMBUPYIOILYIOCS Ha KOPIOPATUBHBIX TPEHUHTAX B 00JIaCTH UCCIIEI0BAHMS TAHHBIX
U COBMECTHBIX MCCJIEIOBAHUSX, TJI€ JIFOM Pa3HbIX CIEIMaIbHOCTEH paboTatoT Hall
WHTEPECHBIMU IIPOEKTAMMU, PACHTUPSIOT CBOU BOBMOKHOCTH U TIOMOTAIOT JIPYT PYTY
craTh GoJiee YCTENTHBIMU HCCIe[OBATEISIMU TAHHBIX. TAKKe SIBJISIETCST COOCHOBATE-
geM Data Community DC, mpodeccronanbHOI opraHu3aiun, MoAaep;KuBatonien
U TIPOIBUTAIONIEN HCCIeoBaTe el JaHHbIX 1 UX paboTy. B cBoO0AHOE BpeMst II0OUT
IJIaBaTh, OeraTh, 3aHUMATHCSI OOEBBIMU MCKYCCTBAMU, OTKPBIBATH [t ceOsT HOBbIE
pecTopaHbl U CMOTPETh YBJIEKaTeJbHbIE Teserepesayn. ViMeeT cTenenb MarucTpa
(dunancos, noaydennyio B Mexaynapoanom yuusepcutere mrara Oaopusa,
u crerieib MBA. OGyuasicst crpaTernu npearnpruHrUMaTeIbcTBa B YHuBepcurere Jle
[Tonsa B Yuxaro.



BbixogHblIe AaHHbIEe

Ha o6s0skke kuurn «IIpukiaHoii aHains TeKCTOBBIX JaHHbIX Ha Python» nso6pa-
’KeHa amepuKanckas smcria (Vulpes macrotis) — HeGoJIbIIOE MJIEKOTIATAIOTIEE, 00U -
tatotnee Ha foro-3amnazie CIIIA u ceBepe Mekcuku. DTo caMblil MAICHBKUT BUJT JIUCHUIL
B CeBepHoit AMeprike, BecoM oT 1,5 10 3 KMJIIOTPaMMOB U POCTOM OT 45 110 54 caH-
TUMeTpoB. UTHTEpeCcHO OTMETUTH, UTO Y aMePUKAHCKUX JIMCHUI] HETTPOITOPITNOHATHHO
GOJIBIIINE YN, KOTOPbIE 06ECIIeYnBAIOT UM IIPEBOCXOHBI CJIYX 1 IIOMOTAIOT Pery-
JINpoOBaTh TemriepaTypy Tesa. OHM UMEIOT CephIil OKpac, 4acTO ¢ KPACHOBATBIM UJTH
OPaHKEBBIM OTTEHKOM.

AMepuKaHCK1e IMCUITBI 0OUTAIOT B GE3BOHBIX, TyCTHIHHBIX PAOHAX U BELYT HOYHON
06pa3 xusnn. OXOTATCS Ha MEJTKUX MJICKOTIMTAIONINX, TAKUX KaK MBITIH, KPOJTUKN
U TIOJIEBKH, a TaK:Ke HACEKOMBIX, SIIIIEePUIl U MTHUI]. AMepUKaHCKUe JIMCHUITBI MOHO-
raMHbBI U CIIAPUBAIOTCS €5KETr0/HO, ¢ 1eKabps 110 deBpaib. JeTeHbIn POKIAI0TCS
B MapTe WK allpeJie, U B IIoMeTe 0ObIYHO HacUUThiBaeTcs oT 1 10 7 menkos. B Boc-
[UTAaHWH JIeTEHbIIIEeN y9acTBYOT 00a poauTtelist. B Bospacte 5—6 Mecsiiies JieTeHbIIT
IMOKHU/IAI0T CEMEMHOE JIOTOBO.

AMepuKaHCKHe JIMCUIBI TOKa He 3aHeceHbl B KpacHyio KHUTY, HO B HACTOsIIEe
BPEMsI HET JIOCTOBEPHBIX JIAHHBIX O YHCJIEHHOCTH UX MOMyJsiiiui. EcTh npusHaku,
CBUJIETEJIBCTBYIONIME 00 UX MOCTENEHHOM HCYE3HOBEHUHN B paiioOHax, Tjie BCE HOBbIE
3eMJTH 3aHUMATOTCSI TTOJT CETTbCKOXO03SIIICTBEHHDIE YTO/Ibs1. OHU TaK/Ke CTATKIBAIOTCSI
¢ KOHKYpeHI[Heii 3a 100bI4y ¢ APYIUMU XUITHUKAMU, TAKUMU KaK KOHOTBI, PhICH
1 GEPKyTHI.

MHorue JKuBOTHBIE, n300paskeHHbIe Ha 0010/KKax KHUT nsareabctBa O'Reilly, Ha-
XOAATCA 110/ prO3OI>,I BbIMUPaHUA; BCE OHU OYE€Hb BAaKHbI JJIA 6I/IOC(1)epr. qTO6bI
Y3HAaTh, 4eM BbI MOJKETE IOMOYb, [IOCETHTE CAliT animals.oreilly.com.

Mzo6paxenue st 00105KKH B3sTo n3 srnukaoneann Jingexkepa (Lydekker) Royal
Natural History.
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HanoXeHHbIM NaaTexom C onaaTon npn nonyv4yeHnmn B banxaiiem
MO4YTOBOM OTAENEHNN.

C nomoLLbio BaHKOBCKOW KapTbl. Bo Bpems 3akasa Bbl Oygete
nepeHanpas/ieHbl HA 3aLLMLLEHHbI CepBep HALLEero oneparopa, rae CMoxeTe
BBECTM CBOM JaHHble A/151 ONaThl.

INEeKTPOHHbIMU AeHbramun. Mbl TpUHMMaeM k onnate SHAekc.[eHbri,
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B ntobom GaHKe, pacneyataB KBUTAHLMIO, KOTopast popMupyeTcs
aBTOMATMYECKM NOC/Ie COBEpLUEHNS BaMM 3aKa3a.
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BECMJIATHAAl JOCTABKA: e Kypbepom no Mockse v CaHkT-leTepOypry

npw 3aKase Ha cymmy ot 2000 pyo6.

e 1ouToit Poccumn npu NpeaBapuTenbHON onaarte
3aKa3a Ha cymmy oT 2000 py6.
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BAWIA YHUKAJIbHAAA KHUTA

XoTuTe n3gatb cBOIO kHM2Y? OHA CTAHeT NgeasibHbIM NOGApKOM §/isi NapTHEepOB

W gpy3e’i, OTANYHBIM MHCTPYMEHTOM GJisl IPOgBIKeHUs Balue2o OpeHgad, npe3eHToMm
§/191 NAMSATHbIX COObITHIA! Mbl CMOXeM OCyLLecTBUTb BaLLm Nlobble, gaxke camble
CMeble 1 CI0XKHble, Ugen 1 MPOeKTb.

Mbl NPEANATAEM:

WM3[aTb BaLly KHUrY
e W3[aHVe KHUMN A5t UICNOJb30BAHNSA B MAPKETUHIOBBIX aKTUBHOCTAX
o KHWUIV Kak KOpPNopaTuBHble NOAAPKM
o peKnamy B KHUrax
e U13JaHWe KOPNOpPaTUBHO H1bANOTEKN

Moyemy Hago BbIGPATH MMEHHO HAC:

M3gatenbctBy «[utep» 6osee 20 neT. Halw onbIT — 2apaHTMS BbICOKO20 KayecTsa.

Mbi1 npegnazaem:

e ycnyru no obpabotke 1 fopaboTKe BaLlero TekcTa

o COBpPEeMEeHHbIii An3aiiH OT NpodeccnoHanos

BbICOKMIA YPOBEHb NOANTPAPUYECKOrO NCMONHEHUS

e MPOAaXYy BaLLen KHUIM BO BCEX KHWKHbIX MarasnHax CTpaHbl

OGecneunm npogBmxeHue Bailesi KHU2N:

o peknamon B npoduibHbix CMU 1 MecTax npogax
e peleH3namMN B BeLyLMX KHUKHbIX N3aaHNAX
e MHTEPHET-NOLEPXKKOW PEeKNAMHOIN KaMMNaHUK

MbI nmeem cobCTBEHHYIO ceTb guCTpubyLmMm Mo Beeii Poccuu, a Takxe Ha YKpanHe
1 8 benapycn. CoTpygH14aem C KpyrnHemwmmMm KHUKHbIMM MA2a3nHamu.

13gatenbCTBO «[1nTep» ABASETCS MOCTOSHHBIM Y4ACTHUMKOM MHOMX KOH(epeHLmii
1 CemMUHApPOB, KOTOPbIe NPegoCcTassioT WMPOKYIO BO3MOXHOCTb Peanm3aumnm KHme.

Mbi 0653aTe/1bHO rnpociaegmm, yT00bI BALLA KHU2A NOCTOSIHHO MMEJIACh B HANYMUM
B MA2a31HAX v Obl/1a BbIIOXKeHd HA CaMbIX BMJHbIX MeCTax.

Obecrieynm MHGUBMGYAbHbIA MOGXOG K KAOXXGJOMY KMEHTY, SIKCKMO3MBHbIN gU3aViH,
060V TUPAX.

Kpome T020, npegnazaem Bam BbiMyCTUTb 371eKTPOHHYIO KHW2Y. Mbl paamecTum
ee B KpynHeiLumx nHTepHeT-mMazasnHax. KHuea bygert ceepctaHa B popmate ePub
unn PDF — cambix NOMynsipHbIX M HAGeXHbIX GOPMATAX HA Ce20GHSILLHMIA geHb.

CBAYKMTECb C HOMU npamo ceiyac:

CaHkT-Tetepbypr - AHHa TuToBa, (812) 703-73-73, titova@piter.com
MockBa - Cepeeti KnebaHos, (495) 234-38-15, klebanov@piter.com
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