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BcTrynneHue

MpbI KHBEM B MUPE, Bce OOJTbINE HATIOTHSIONEMCS 1IH(MPOBBIMH TTOMOITHITKAMI,
TTO3BOJISTONI MU B3aUMO/IEHCTBOBATH C APYTUMU JIOABMI 1 OOITHPHBIMH HH(OPMa-
IIMOHHBIMHU pecypcaMu. [IprBIekaTeTbHOCTh HTUX YMHBIX YCTPOHCTB OTYACTH 00 -
CJIOBJIEHA TEM, UTO OHU HE TIPOCTO MepefatoT MHPOPMAITIIO, HO TAKKE NOHUMAION €€
710 HEKOTOPOH cTenenu, 00/1eryast KOMMYHUKAIIIO BHICOKOTO YPOBHS, KOMOUHUPYS,
dbunsrpys 1 060061mas JaHHble B 1eTKOyCBosieMyto hopmy. Takue puIoKeHns, Kak
MANIMHHbIE TIEPEBOAIUKU, CUCTEMDI «BOIIPOC-OTBET», I/IHCprMeHTbI TPaHCKPUIITUH
roJ10coBoi nHdopMaruu u 0000IIEHNST TEKCTa, a TaKKe YaT-60ThI, CTAHOBSATCS He-
0THEMJIEMO YACTbIO HAIIEH ;KH3HU B KOMITLIOTEPHOM MUPE.

Ecoi BB B3A7I1 B PYKH 3Ty KHUTY, 3HAYWT, BAC, KAK M HAC, MTHTEPECYIOT BO3MOKHO-
CTU BHEAPEHMA KOMIIOHEHTOB aHAIN3d €CTECTBEHHOIO A3bIKA B INUPOKHIL CIIEKTP
npukiaanoro [1O. KomnonenTts! anainnsa si3blka OCHOBaHbI Ha COBPEMEHHO MH-
(hpacTpyKType aHaIN3a TEKCTOBOI MH(OPMALINK: KOJJIEKIINH IPUEMOB U METO/IOB,
0OBENIHSIONIEN HHCTPYMEHTHI VTS PAGOTHI CO CTPOKAMH; JIEKCHUECKIX PECYPCaX;
KOMHI)IOTepHOIUI JIMHIBUCTHKE; aJITOPUTMAX MAIlIMHHOT'O O6_VLIeHHH. HD€O6paSYIOH_H/IX
JIAaHHbIE HA eCTECTBEHHOM sA3bIKe B MAIINHHYI0 hopmy u 006paTHo. OHaKo, Hpeskie
YEM IIPUCTYIIUTD K O6Cy>KI[€HI/IIO ITUX IPUEMOB 1 METO10B, BAKHO OITPEAEJINTD IIPO-
OJTeMBI 1 BO3MOKHOCTH 3TOH MHMPACTPYKTYPHI ¥ OTBETUTD HA BOTPOC: MOYEMY 9TO
IIPOMCXOUT ceffuac?

TunmyHLI BRITYCKHUK nMeeT B ¢BoeM cioBape mpvvepro 60 000 cioB u TiCSUM
rpaMMaTHYCCKNX KOHCTPYKIHH, HEOOXOMUMBIX /TS OOLIEHHA B TPOJ)eCcCUOHATbHOM
KOHTeKCTe, Ha nmepsoiil 831717 9TO 1OBOALHO MHOTO, HO IPEJICTABLTE, HACKOJIBKO
TPOCTO OBLIC GBI HAKCATH KOPOTKHAIT crieHapii Ha Python, 6pIcTPO OTBICKHBATOIITHIT
OTIPe/IeNIeHIE, STIMOJIOTHIO I TIPUMEDPBI HCITOJTb30BAHIIS JIFOOOTO TEPMIHA B JIEKTPOH-
HOM ctosape. DakTudecky B MOBCeTHEBHOM JKU3HU CPEIHITH aMePUKAHEIT UCTIOIb3YeT
JIUIIb NECATYIO YaCTh JTMHIBUCTUYECKUX KOHCTPYKINH, 3ahukcupoBanubix B Oxc-
(hopCcKOM CJI0Bape, 1 TOJIBKO 5 % 13 PaCo3HABAEMBIX MOMCKOBOI cructemoit Google.

U Bce ke MTHOBEHHOTO TOCTYTA K TPABIIAM U OTIPEAETEHHUAM HeTOCTATOUHO ST
anasmsa Texcra. Ecoiu 661 9710 66110 Tak, Cupn (Siri) n Anexca (Alexa)! npexpacno

Jloc JIbE / .Cr : 3 a , a Alekca —
! TosocoBbie BupTyasbibie momornauku. Cupu paspaborana B kommanuu Apple, a Anekca
B Amazon. — [Ipumeu. nep.
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noHuMasi Ob1 Hac, Google Bo3Bpaiia Obl TOJIBKO 3HAYNMbBIE PE3YJIBTATBI TOUCKA,
a MbI MOTJTH GBI MTHOBEHHO OOTIATHCSI € TIOOBIMU JIFOJIBMU B MUPE, TOBOPSIIIIUMU Ha
moboM si3bike. [ToueMy KOMITBIOTEPBI TAK CUIIBHO OTCTAIOT B PEIEHNH 33/1a49, KOTOPBIE
JTOJTH CTIOCOGHBI PeraTh 6e3 3alMHKIH, C CAMOTO PAHHET0 BO3PACTa — 3a/0JITO JI0 TOTO,
KaK HAKOISIT CJIOBAPHBIN 3a11ac, KOTOPBIM 00J1af1afoT B3pocJble Jioan? OueBuIHO,
4TO /17151 OOIIEHNUST HA €CTECTBEHHOM $I3bIKE TPOCTOTrO 3aMOMUHAHUS HEJIOCTATOYHO,
KaK He[OCTATOYHO U JI€TEPMUHUPOBAHHBIX BEIYUCIUTETBHBIX METO/IOB.

Cno)xHOCTU KOMNbIOTEPHON 06PaboTKKN
€CTeCTBEHHOro fidblka

EcrecTBeHHBIE SIBBIKI OMPEIETISTIOTCS HE MTPABUJIAMI, & KOHTEKCTOM UCNOLb308AHUS,
KOTOPBII TPeOYeTCst PEKOHCTPYUPOBATD JIJIsl KOMITBIOTEPHO#T 00paboTku. YacTo Mbt
caMu OTpeJiesisieM 3HAUEHUST UCTIOJNb3YEMBIX CJIOB, XOTsI I COBMECTHO C JIPYTUMMU
yuyactaukamu 6ecezibr. CITOBOM «Kpab» MbI MOKeM 0003HAYUTH MOPCKOE SKHBOTHOE
WJTH 9€T0BEKA C YHBLIBIM HPABOM MJTH UMEIOIIETO XapaKTEePHYIO TPUBBIUKY [BUTATHCST
GOYKOM, HO TIPH 3TOM 002 — TOBOPSIIIIIA/ABTOP U CJIYIIATEb/dUTATETb — JOJIKHbI
COTJIACHUTRCSI ¢ OOTIMM TIOHUMAHUEM B X0/Ie finasiora. [1oaToMy s3bIK 0OBIYHO OTpa-
HUYMBAETCS OOILIECTBOM U PETHOHOM — IMEPEIATh CMBICJ YaCTO HAMHOTO TPOIIe
JIIOIAM, UMEIOIUM JKU3HEHHDBIN OIIDIT, IIOXOKUI Ha BaIll.

B orsmmurie ot popMabHBIX SI3BIKOB, KOTOPBIE BCET/IA SIBJISIIOTCS MPEAMETHBIMHU,
€CTEeCTBEHHbIE A3BIKM HAMHOIO OoJiee YHUBEpPCabHbl. Mbl UCIIOJIb3YEM OJIHO U TO
JKe CJI0BO TP 3aKa3e MOPEIPOAYKTOB Ha 00e/l, B 09ME, OIMCHIBAIOIIECH YHBIHIE
1 HeJOBOJILCTBO, U AJIA O6OSHa‘-IeHI/I9I aCTpOHOMI/I‘{eCKOﬁ TYMaHHOCTHU. I[.]Iﬂ 1101~
JIePsKAHKS. MHOKECTBA CMBICJIOB SI3bIK JIOJIKEH ObITh U30BITOUYHBIM. VI30BITOYHOCTD
IPEJICTABJISIET CEPHE3HYIO MPOOJIEMY, TOTOMY Y4TO MBI He MOsKeM (1 He JIeJTaeM 3TOT0)
yKaszaTh OYKBaJbHbBII CMBICIT JIJISI KaXK/IOH acCOIMAIINY, KasK/[BIH CUMBOJI 110 YMOJI-
YaHWIO ABJISIETCS HEOHO3HAUHBIM. JIeKcuueckast 1 CTPYKTYPHas HEOJHO3HAYHOCTh
ABJIAETCA OCHOBHBIM JOCTUKEHUMEM YEJIOBEYECKOTI'O A3bIKa; OHA HE TOJIBKO /[a€T HaM
BO3MOJKHOCTDb I'€HEpUPOBATh HOBbIC MAEH, HO TaKKE II0O3BOJIACT O6HIaTI)CE[ JIIOIAM
C Pa3HbIM OIIbITOM 1 Ky.]lb'l‘ypOI(/)Iy HECMOTpP:A Ha IIOYTU TapaHTUPOBaHHbIE C.Hy‘laﬁHbIe
HEZI0Pa3yMEHHUsI.

JINHrBUCTUYECKME AaHHbIe: JIeKCEeMbl U C/10Ba

YT0OBI TIOJTHOCTBIO UCITOIb30BATh AaHHbIE, 3aKOANPOBAHHBIE B AA3bIKE, MbI /IOJIZKHbI
HAaY4YHWTb Halll pa3yM /IyMaTb O A3bIK€ HE KaK O IIOHATHOM W €CTECTBEHHOM, HO KaK
O ITPOU3BOJIbHOM 1 HEOJJTHO3HAYHOM. EILI/IHI/IHGfI aHaJ/In3a TEKCTa ABJIACTCA 1eKcemda,
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CTPOKa KOJMPOBAHHBIX OAiITOB, MpeIcTaBsoNas coboii Teket. Cosa, HATIPOTUB, —
9TO CUMBOJIbL, IIPEACTABJIAIONINE CMBIC/I ¥ OTOOPAKAIOIIE TEKCTOBbIE MU BepOa/ib-
Hble KOHCTPYKIIMK KaK 3BYK WK u3oOpaskeHue. JIeKceMbl He sIBJISIIOTCS CJIOBAMK
(XOTsI HaM TPYHO CMOTPETD Ha JIEKCEeMbI ¥ He BUJIETh CJIOB). PaccMOTpUM Jiekcemy
"crab”, n3oOpaskeHHyio Ha puc. B.1. 9Ta jekceMa mpecTaBisieT CMbICI0BOE CJIOBO
crab-n1 — nepBoe onpejeneHme CyeCTBUTENBHOTO, B KOTOPOM UCIIOJIb3YETCS JIEK-
ceMa, obo3HavarIee pakooOpasHoe, IPUTOIHOE K YIOTPEOTIECHHIO B TTUIILY, SKUBYIIEE
B MOPSIX M OKeaHaX U UMeroIee KJIEITHU, KOTOPBIMU OHO MOKET YIIUITHY Th.

BuU3yalribHOe

3BYK CUMBOIJ
npeacraslieHne

/krceb/ Crab

/kdvouras/ kaBoupag

Puc. B.1. Cnosa oTobpaxkatoT CUMBOJIbI B MPeACTaB/eHNns

Bce apyrue OHATHS HEKOTOPBIM CITOCOOOM CBSI3aHbBI C CUMBOJIOM, U BCE K€ CUMBOJT
COBEPIIIEHHO TIPON3BOJIEH; aHAJIOTUYHAS CBSA3b OY/IET BBI3BIBATH, HATIPUMED, Y rpede-
CKOTO YATATEJISI HEMHOTO MHBIE ACCOIMAIIAN, HO C TEM K€ OCHOBHBIM CMBICTIOM. JTO
MPOUCXO/IUT TIOTOMY, UTO CJIOBA HE UMEIOT YHUBEPCATBHOTO (DUKCUPOBAHHOTO CMbIC-
JIa, He 3aBUCSIIETO OT TAKUX KOHTEKCTOB, KaK KyJIbTypa U SI3bIK. AHTJIOTOBOPSIIITE
YUTATEIN UCTIONIB3YIOT aJallTUBHBIE (DOPMBI CJIOB C MPUCTAaBKaMu U cydbukrcamn,
M3MEHSIONMME BpeMs, PO U T. /. UuTaresu, ToBopsATne Ha KHTAliCKOM A3bIKe, Ha-
IIPOTHUB, PACTIO3HAIOT MHOKECTBO MUKTOTPAhIIECKUX M300PaKEHU, CMBICIT KOTOPBIX
oTIpeiesigeT TOPSIOK WX CJIeIOBAHUS.

M36bITOYHOCTD, HEOJHO3HAYHOCTD M 3PUTE/IbHbIE ACCOIUAIINH JIEJIAI0T €CTECTBEHHBIE
S3BIKU IMHAMUYHBIMHE, OBICTPO Pa3BUBAIOIIMMUCS, CIIOCOOHBIME OTPaKaTh TEKY NI
OTIBIT. B HacTodAIIee BpeMsi MOKHO CMEJIO YTBEP:K/IATh, YTO JJMHTBUCTHYECKOE HC-
cJie/loBaHKe SMOrpaMM (CMailJIMKOB) TPOABUHYJIOCH B JI0OCTATOYHON Mepe, YTOObI
nepeBectt «Mobu /{ukas!!' /laske eciiit ObI MBI MOTJIM CHCTEMATHUYECKH Pa3BUBATh

! Fred Benenson, «Emoji Dick» (2013), http://bit.ly/2GKft1n.
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rpaMMaTHKYy, OIIPEAEJIAONIY IO ITPaBrJId UCIIOJIb3OBAHWA SMOTPAMM, K TOMY BPEMEHU,
KOT/Ia MbI 3aKOHYMJIH ObI 3Ty paboTy, SI3bIK yIiies1 Obl IaJIeKO BIIEPEl — Jake SI3bIK
3MOFpaMM! HaHpI/IMep, C TOIO MOMEHTQ, KaK Mbl Ha4aJ/I MMUCATh 9Ty KHUTY, 9MOT'PpaM-
Ma ¢ u300paskeHreM TuctosieTa (™) craja BOCHPUHUMATLCS He KaK OPYJKHeE, a Kak
urpyika (1o Kpaiireii Mepe, Koria oHa oroOpaxaercs Ha cMapTdoHe), OTpaxKas
KYJIBTYPHBII CABUT B BOCHPUATHN Ha3HAYEHMsT 9TOTO CHMBOJIA.

ITO He MPOCTO BKJIIOUEHNE HOBBIX CUMBOJIOB U CTPYKTYP, AN TUPYIOIINX SI3bIK, HO
Tak)ke BKJIIOYEHNE HOBBIX OMpPe/eIeHNi, KOHTEKCTOB U TIPUEMOB NCITOJIb30BAHUS.
Jlekcema «GaTapesi» U3MEHUJIA CBOIT CMBICJI B pe3yJIbraTe Pa3BUTHsI 2JIEKTPOHUKI
U O3HAYAET «XPAHWUJINIIE, TPeodpasyoliee XUMUIECKYIO 9HEPTUIO B JIEKTPpUYE-
ckyio». Oxnaxo, cormmacuo ciyskbe Google Books Ngram Viewer!, B XIX u B nauase
XX BB. cJI0BO «baTapesi» dalile UCIOJb30BAIOCH ISl 0003HAYEHUST «apTHILIEPHii-
CKOTO WJI MUHOMETHOTO T0J[Pa3/leIeH st U3 HECKOJBbKUX OPYMIA NI MUHOMETOB,
a TaKkyke MO3UITNH, KOTOPYIO 3aHUMAEeT TaKoe Mojipas/iesieHues . KoHTekeT moHmManus
SI3bIKA 3aBUCUT HE TOJIBKO OT OKPY’KATOIIETO TEKCTA, HO TAK)KE OT TIEPHO/Ia BDEMEHH.
J1J1sT 4eTKOTO OIPe/Ie/IeH s CMBICIa CJIOB TpeOyeTcst 6OJIbIIe BHIYMCIEHUT, YeM ITPO-
CTOM TTOMCK B CJIOBape.

BHeapeHWe MALLMHHOIo 06yueHus

Te ke KauecTBa, KOTOPBIE JIEJIAI0T ECTECTBEHHBIN S3bIK TAKUM OOraThIM HHCTPYMEH-
TOM YeJIOBEYECKOro OOIIEHMs, 3aTPYIAHSIOT €ro aHaIi3 ¢ IPUMEHEHUEM JIeTePMU-
HUPOBAHHBIX TIPaBUJI. [MOKOCTH MHTEPIIPETAIMHN JIIOAbMU OOBSACHSIET, TOUYEMY, UMEsT
Bcero 60 000 CUMBOJIBHBIX IIPEACTABIECHUI, MBI CIOCOOHBI IIPEB30MTH KOMIIBIOTEPLI
B MTHOBEHHOM MMOHUMaHWM si3biKa. [loaTOMYy B IpOrpaMMHOII cpejie HaM HY KHBI
CTOJIb JK€ HeYeTKHe M THOKKE BBIYMCIUTEIbHBIE METO/IbI, U TI09TOMY B HACTOSIIIEE
BpeMs JIJId aHAIN3a TEKCTOB MPUMEHSTIOTCST CTAaTUCTUYECKHEe METO/[bl MATMHHOTO
oGyuenus. Jlaxke mpu TOM, 4TO TIPHIIOKEHIST 00PAOOTKH €CTECTBEHHOTO SI3bIKA CY-
IECTBYIOT ysKe HECKOJIBKO JIeCATHIIETHI, 100aBJIeHIe METOI0B MAIIMHHOTO 00yve-
HUS B 9Ty chepy 06ecrednio onpeaeseHHyo riOKOCTh M CKOPOCTh pearnpoBaHusl,
KOTOPBIE [TPU WHBIX YCJIOBUSIX ObLIN ObI HEBO3MOSKHBbI.

[Lesbio MAITMHHOTO OOYYEHK SIBJISETCS MOATOHKA CYLIECTBYIOIUX AaHHbIX O He-
KOTOPYIO MOJIEJIb, CO3/IaHNE TIPEJICTABIEHUS PEATbHOTO MUPA, TOMOTAIOTIETO TPUHU-
MaTb PeIIeHUs U TeHEPUPOBATH POTHO3bI HA OCHOBE HOBBIX JIAHHBIX, ITyTEM ITOUCKA
3akoHOMepHOCTel B HuX. Ha mpakTuke 51 5T0ro BoIOMpaeTcs ceMeNcTBO MOJIeIel,
OTIPEZIENITIONINX CBI3W MEXKIY IIeeBBIMU W BXOTHBIMU JTaHHBIMU, 3a/1aeTcsa hopma,
BKJIFOYAIOIIast TTapaMeTPbl 1 0COOEHHOCTH, a 3aTeM € TIOMOIIbIO HEKOTOPOIT TIPOIIeLy-

' Google, Google Books Ngram Viewer (2013), http.//bit.ly/2 GNIKtk.
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PbI ONITUMU3AII MUHUMI3UPYETCS OMNOKa MOJIETN Ha OOYYaIOINX JTaHHbBIX. 3aTeM
00y4YEeHHOI MOJIEJTH MOKHO TTepe/iaBaTh HOBbIE JaHHbIe, Ha OCHOBE KOTOPBIX OHa Oy et
CTPOUTD IIPOTHO3 1 BO3BPAIIATh METKU, BEPOSITHOCTH, IPU3HAKU TPUHA/JIEKHOCTH WU
3HaueHus1. 3ajiaya COCTOUT B TOM, YTOOBI HATH GalaHC MEKLY CIIOCOOHOCTBIO C BbI-
COKO¥1 TOYHOCTBIO HAXOJAUTh 3aKOHOMEPHOCTH B M3BECTHBIX JAHHBIX 1 CITIOCOOHOCTHIO
0060011eHISA 1151 aHA/IN3A JAHHBIX, KOTOPbIE MOZIE/Ib He BU/Ie/Ia IPEK/Ie.

Muorue TpUI0OKEHN I/ aHAJIN3a €CTeCTBEHHOTO A3bIKa BKIOYAIOT HE OHY,
a 11eJ10€ MHOKECTBO MOJIeJIel MAITMHHOTO 00yYeHMUsT, B3AMMOIEHCTBYIOTIIX MEKILY
co60ii ¥ BIMSIONMX APYT Ha Apyra. Mojie MOTYT MMOBTOPHO 00yYaThCsT HA HOBBIX
JTAHHBIX, HAIIEJIUBATHCSI HAa HOBBIE TIPOCTPAHCTBA PEIIeHUH 1 JJa’ke HACTPauBaThCs
IOJT KOHKPETHOTO TI0JIb30BATEJIS 7151 HETIPEPBIBHOTO PA3BUTHUSA 110 MePe TOCTYTLIEHUS
HOBOI MH(OPMAINN 1 NU3MEHEHUS PA3TNIHBIX aCTIEKTOB MTPUJIOKEHUS C TeYeHUEM
BpeMeHU. 3a KyJINCaMW TPUJIOKEHUS KOHKYPHUPYIOINE MOIE MOTYT PaHKIPO-
BaTbhCH, CTAPETh U B KOHEYHOM CYETe MCYe3aTh. ITO 3HAYUT, UTO TPUJIOKEHNS Ma-
IIUHHOTO 00YUYEHUS PEATTMBYIOT JKU3HEHHbIE IIHKJIbI, 00€CTIEYMBAIOTIIE COOTBETCTBUE
JIMHAMUKH Pa3BUTHUSI M PETHOHAIBLHBIX 0COOEHHOCTEN SI3bIKaA C PAGOUYNM ITPOIIECCOM
MOJIEP’KKU I MOHUTOPWHTA.

UHCTpYyMeHTbI ANA aHaNu3a TeKCTa

[TocKOJIbKY METO/IbI aHAJIM3a TEKCTA IIPUMEHSIOTCS B IEPBYIO 0UY€Pe/b B MAIIMHHOM
00yueHnn, HeOOXONUM SI3bIK MTPOrPAaMMUPOBaHUst ¢ GOTATHIM HAOOPOM HAyUYHBIX
U BBIYUCJUTENbHBIX 6uboTek. Ha aTy poJib Kak Hesb3st JIydliie MOIXOMUT SI3bIK
Python, Brirouatomuii B cebst Habop MoIIHBIX 6uOIMOTEK, Takux Kak Scikit-Learn,
NLTK, Gensim, spaCy, NetworkX u Yellowbrick.

QO Scikit-Learn — pacumupenue st 6ubaunoreku SciPy (Scientific Python), npe-
JocTasJistioniee mpukIaaHoil nnrepdeiic (API) mist 06061eHHOr0 MaITHHHOTO
o6yuenus. Ocuosannoe Ha Cython ¢ momepKKoil BBICOKOTIPOM3BOAUTEIBHBIX
6ubanorek Ha C, takux kak LAPACK, LibSVM, Boost u apyrux, pacimpenue
Scikit-Learn coueraer BBICOKYIO TIPOU3BOAUTENBHOCTD € TPOCTOTOM MCIOJIb-
30BaHMs METOJIOB aHaJM3a HaOOPOB JTAHHBIX MAJIOTO U CPEIHETO pasmMepa. ITO
paciupenue, pacipocTpaHseMoe ¢ OTKPBITbIM UCXOHBIM KOJIOM H JIOITYCKAlO-
Iee KOMMepUYECKoe MCIOJIb30BaHNe, TTPEAOCTABISIET eAUHbIN UHTepdenc A
MHOTHX MOJIeJIell perpeccu, Kiaaccu(GuKaum, KIacTepus3aiun 1 yMeHbIIeHUsT
Pa3MEPHOCTH, a TAKKe YTUITUTHI JIJisl IEPEKPECTHOM TPOBEPKH U HACTPOIKHU TH-
HeprapaMeTpoB.

O NLTK (Natural Language Tool-Kit — maker MHCTPYMEHTOB /it 06pabOTKI
€CTECTBEHHOTO sI3bIKa) — 9TO «barapeiikii B KOMILJIEKTe», pecype st 00paboT-
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KM €CTECTBEHHOTO sI3bIKa, HalMCaHHbIil Ha Python skcmepramu B akagemude-
ckux Kpyrax. [lepBoHavyaibHO CO3/aBABIIMIICS KaK MHCTPYMEHT JIJIst OOyUYEeHUsT
00paboTKe eCTeCTBEHHBIX SI3BIKOB, HTOT TAKET COAEPKUT KOPITYChI, JIeKCHde-
CKHE Pecypchl, r(paMMaTHKH, aJITOPUTMBbI 00pabOTKH SI3BIKOB 1 IIPEABAPUTETHHO
00y4eHHbIe MOJIENIHN, TO3BOJIsISA IporpaMmmucTam Ha Python 6bicTpo npuctynars
K 06paboTKe TEKCTOBBIX JIaHHBIX Ha PA3HBIX €CTECTBEHHBIX A3bIKAX.

O Gensim — nanexnas, a(phexTUBHAS 1 IPOCTasA B UCIIONb30BaHUN OUOINOTEKA,
TJIABHOI 11€JIbI0 KOTOPOU SIBJISIETCST CEMaHTHYECKOE MOJIEJTMPOBaHue TekcTa Oe3
yuntens. [lepBoHadaabHO CO3MaBABINASICS JIJIST TOVCKA CXO/ICTB B IOKYMEHTAX,
B HACTOsIIEe BPeMs 3Ta OUOIMOTEKA TPEIOCTABISIET TEMATHIECKOE MOJIEJIH-
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 aKaJeMUUYeCcKre aJrOPUTMbI B TIPOCTON 1 yA00HbIIT
API. B wactHocTi, spaCy 1103BOJISIET BBIOJHUTD [IPEABAPUTEIbHYI0 00paboT-
Ky TEKCTa B TIOATOTOBKE K TJIYyOOKOMY OOYUEHUIO U MOKET MCIIOJIB30BATHCS JIJIsT
CO3/IaHMS CUCTEM U3BJIeUeHUs] MHMOPMAIINY UJTH aHAJIU3A €CTECTBEHHOTO S3bI-
Ka Ha O0JIbIINX 0ObeMax TEKCTa.

O NetworkX — KOMILIEKCHBIN TTaKeT Jis aHaiu3a rpadoB, MOMOTAOLIMI co3/a-
BaTh, YIOPSI/IOYNBATH, AaHAJU3UPOBATH CJIOKHBIE CETEBbIE CTPYKTYPbI U MAHU-
Iy IMpoBaTh UMU. HecMOTpst Ha TO UTO OH He siBJisieTcst GUOINOTEKON MallIMHHO-
ro 0Oy4YeHUsT WK aHAJIM3a TeKCTOB, IPUMeHeHe rpad)OBbIX CTPYKTYP JaHHbBIX
MTO3BOJISIET KOJIUPOBATD CJIOKHBIE OTHOIIEHS, KOTOPBIe TpadOBble aITOPUTMBI
CIIOCOOHBI aHAJM3UPOBATh M HAXOAUTH CMBICJIOBbIE OCOOEHHOCTH, a CJIef0Ba-
TEJIbHO, SIBJISETCS BA)KHBIM NHCTPYMEHTOM aHAJIN3a TEKCTa.

Q Yellowbrick — KOMIIEKT UHCTPYMEHTOB BU3YaJIbHON JAMATHOCTUKH JIJISI aHAJIN32
Y MHTEPIPETAIMU PEe3yJIbTaToB MaluHHOro o6ydenus. Jlomonnss Scikit-Learn
API, maker Yellowbrick mpemocrasisier mpocrbie U MOHSATHBIE BU3YaslbHBIE
cpeacTBa st BRIOOpa MPU3HAKOB, MOJIEIMPOBAHKS U HACTPOIKHU IUIieprapame-
TPOB, YIIPABJIEHUsI IPOIECCOM BBIOOpa Mojieseii, Harbosree ahheKTuBHO onu-
CHIBAOIINX TEKCTOBbIE JAHHBIE.

O ueM paccka3biBaeTCA B 3TOM KHMUre

B 570ii KHUTE paccKas3bIBaeTCst O IPUMEHEHUN METO0B MAIIUHHOTO O0YYeHuUsT Ik
aHaJM3a TEKCTa C MCIOJb30BaHMEM TOJBKO YTO MEPEYNCIEHHBIX ONOINOTEK Ha
Python. TIpukiraganoit xapakrep KHUTH MPEIIOJIATAET, YTO MbI COCPEOTOYNM CBOE
BHIMAaHUeE He Ha aKaJleMIUYeCKOHN IMHTBUCTUKE WU CTATUCTUYECKUX MOJIETISIX, a Ha
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a(bdHeKTUBHOM pa3BepThIBAHUK MOJIEJIeN, 0O0yUYEHHBIX Ha TEKCTE BHYTPH TIPUIIOKE-
HUS.

[Ipennaraemast HaMu MOJIe/Ib aHAJIM3a TEKCTA HATIPSIMYIO CBSI3aHa C MPOIECCOM
MAITTHHOTO 00YYeHUsT — MOUCKa MOJIEJIU, COCTOSIIIEeN 13 PU3HAKOB, aJITOPUTMA
U rUTieprapamMeTpoB, KOTopast faBajia Obl JIydIlie Pe3yibraThl Ha 00yJaronnux JaH-
HBIX, C TIEJTBIO OIIEHKU HEM3BECTHBIX TAHHBIX. JTOT IIPOIECC HAUMHAETCS C CO3/IAaHUS
obyuaromiero Habopa JaHHBIX, KOTOPBIH B cepe aHaIN3a TEKCTOB HA3bIBAIOT KOP-
MyCcOM. 3aTeM MBI MICCJIEyeM METOIb N3BJICUEHUS TPU3HAKOB U TPEIBAPUTEILHOM
006pabOTKH JIJIs TIPEICTABIEHUST TEKCTA B BU/IE YMCIOBBIX JAHHBIX, TOHATHBIX Me-
TOJIaM MaITMHHOTO 00y4eHust. /lajiee, TO3HAKOMUBIINCH C HEKOTOPBIMI OCHOBAMHU,
MBI TIepeiiIeM K UCCIIe/I0OBAHUIO TPUEMOB KJIaCCUMUKAIIUN U KJIaCTEPU3AIUU TEKCTA,
pacckas 0 KOTOPBIX 3aBepIIaeT MePBbIe IIaBbl KHUTH.

B nocsieayionux riaBax OCHOBHOE BHUMaHUE yAEAsSIeTCs PACHIMPEHUIO MOJIe/Iei
6oJiee GoraThIMU HAOOPAMHU ITPU3HAKOB ¥ CO3/IaHUIO TIPUIIOKEHUH aHAI3a TEKCTOB.
CHavajia Mbl ITOCMOTPHM, KaK MOKHO TIPEACTABUTD U BHEAPUTH KOHTEKCT B BUJIE TIPH-
3HAKOB, 3aTEM TepeiiieM K BU3YaabHOI HHTEPIIPETAIIMH [IJIs YIIPABJICHUS TPOIIECCOM
BbIOOpa Moen. [T0TOM MbI TOCMOTPUM, KaK aHAJIM3UPOBATh CJI0KHBIE OTHOLIEHWS,
U3BJIEKaeMble M3 TEKCTa ¢ IPUMEHEHHeM TpreMoB aHasmsa rpados. Ilocse atoro
06paTHM CBOI1 B3IJIsI/I B CTOPOHY AMAJOTOBBIX areHTOB M YIJIyOUM Hallle IOHUMaHue
CHHTaKCHYECKOTO M CEMAaHTUYECKOTO aHA/IN3a TeKCTa. B 3akioueHne KHUru Oyer
IPECTABIEHO TPAKTHYECKOe 0OCYKIeHNE TPHEMOB MACIITAOMPOBAHIS AaHAIN3a
TEKCTa B MHOTOIIPOIIECCOPHBIX CHCTEMaX ¢ MpUMeHeHueM Spark, u, HaKOHeIl, Mbl
PacCMOTPUM CJIEAYIOMIUI ATAIl aHAIN3a TEKCTa: TIIyGoKoe 00yUeHwe.

KoMy aapecoBaHa 3Ta KHMra

Ira KHUTa a/[pecoBaHa mporpamMmMucTam Ha Python, narepecyronmmest mpuMeHeHneM
MEeTOI0B 00pabOTKH €CTECTBEHHOTO SI3bIKa U MAITMHHOTO 00YYEHMsI B CBOUX PO-
IPpaMMHBIX ITPOAYKTaX. Mg HE IpearojiaraeM HaJan4duAa y HallluX qyTaTeien CIIeI -
AJIBHBIX aKaJIEeMNYECKUX NJIN MaTeMaTU4YECKUX 3HAHUU U BMECTO 9TOr0 OCHOBHOE
BHUMaHUeE y/IeJIsieM HHCTPYMEHTaM 1 IIPHeMaM, a He POCTPAHHBIM 0ObsICHEHHSIM.
B 1epByio odyepesnb B 9T0ii KHMre 00CYKAa€TCs aHalN3 TEKCTOB Ha aHTJIMICKOM
SI3BIKE, TIOOTOMY YUTATEJIAM ITPUTOJIUTCA XOTA 6bI 6330B06 3HaHME I'PaMMaTUYE€CKUX
CYIIHOCTEMN, TAKMX KAaK CyLIECTBUTEIbHbBIE, TJIAr0/Ibl, HAPEUNsI U IpUIaraTtebHble,
1 TOT'O, KaK OHU CBA3aHbI MEKIY CO6OI>,I. qI/ITaTe]H/I, HE MMEIOoINre OIbITa B MalllnH-
HOM O6yquI/H/I 1 JIMHI'BUCTUKE, HO O6]Ia,f.[aIOH_[I/Ie HaBbIKaMU IIPOTrpaMMUPOBaAHUA
na Python, ne Gynyt uyBcTBOBaTh Cebst TOTEPAHHBIMU [IPU U3YYEHUN TOHATHH,
KOTOPBIE MBI IIPECTABUM.
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Mpumepbl koga n peno3uTopun Ha GitHub

[Tpumepst Kofia, KOTOPbIE BCTPETSITCS BaM B 9TOI KHUTE, OMMCHIBAIOT TOPSIIOK pea-
jauzarnyy Ha Python pemennii KoHkpeTHbIX 3a1a4. II0CKOIBKY OHU OPUEHTHPOBA-
HbI HA YMTaTesIeil KHUTH, Mbl COKPATHJIN WX, 9aCTO OIYCKas BaKHbI€ MHCTPYKITHH,
HeoOXoMMble JIJIst PaKTHYECKOTO BbINOJHEHNUsI, HAPUMep MHCTPYKIUU import,
UMITOPTUPYIOIIHE TTAKEThl U MOJYJIU U3 CTaHAapTHOI 6ubanoreku. Kpome Toro,
OHU YaCTO OCHOBBIBAIOTCS HA TIPHMeEPAx KOJa U3 TPEIbIIYIINX PA3/IeJIOB W IJIaB
U MHOT/IA TTPEJICTABJISIIOT CO60M (hparMeHTh KO/, KOTOPbIe HY;KHO HEMHOTO H3Me-
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 ollpe/ieIeHre KIacca CIIYKUT TIeJISIM OITUCAHUSI OCHOBHBIX CBOHCTB U CO3/IaHUIO0
OCHOBBI JIJIsI IaJIbHEIIero o0CysKaeH s geTaneil peasusaiuu. [1031Hee Mbl MOKEM
J00AaBUTD B 9TOT KJIACC HOBBIEC METObI, KaK IIOKA3aHO HIKE:

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

MHororoune B Hauase (hparMeHTa yKa3bIBaeT Ha TO, YTO HTO MPOJOJKEHUE OINpe-
JeeHNs KIacca U3 MpeAbIAyIero hparMenTa. ITO 03HAYAET, YTO IPOCTOE KOTIN-
poBanue (pparMeHToB NpUMepa He IO3BOJHUT HOJIyYnTh paboTaioumii kog. Baxno
TaKKe OTMETHUTD, YTO KOJ IpeAroaraeT paboTy ¢ JaHHBIMU, XPaHAIUMUCA Ha
JIMCKe, B KaTajiore, OCTYITHOM JIJIst YTEHUs BBITOJHSAEMOiT mporpamme Ha Python.
MbI IPUJIOKIIN BCE YCUJIHS, YTOOBI CIeJIaTh KO KaK MOKHO GoJiee 06001IeHHBIM,
HO MBI HE MOKEM TapaHTUPOBATh €ro paboTOCIOCOOHOCTH BO BCEX ONEPAIMOHHBIX
CUCTEeMax 1 CO BCeMU MCTOYHUKaMU JTaHHbIX.

JLJist TIOIIePsKKN YnuTaTeseil, KOTOpble MOTYT MOKeJaaTh OMpoOOBaTh MPUMEPDI
y cebst, MbI peaii30BaJIi MOJHOIECHHBIE JEHCTBYIOIINE TIPUMEPhI M COXPAHUIN MX
B penosuropun Ha GitHub (https://github.com/foxbook/atap). tu npumeps
MOTYT HEMHOT'O OTJIMYAThCS OT IIPUBEJAEHHBIX HAa CTPAHHUIIAX KHUTH, HO JOJIsKHbI
C JIEFKOCTBIO 3aIlycKaThes Mo yrpasienueM Python 3 B mo60ii cucreme. Kpome
TOTO, UIMEITE B BUJLY, YTO KOJI B PEIIO3UTOPUH TIPOOJIKAET OOHOBJISITHCS; 3arJISTHUTE
B aitmn README, r/ie omuchIBaIOTCS BCEe MI3BMEHEHMS, UMEBIITHE MecTO. Bbl MokeTe
CO3/IaTh CBOIO KOIUIO PEIO3UTOPUS] U UBMEHUTH KO/ JIJIs BBIIIOJIHEHUST B BallleM
OKPYsKEHUU, U Mbl HACTOSITEJILHO COBETYEM BaM CJIeJIaTh 3TO!
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Tunorpadckue cornawieHms

B 37011 KHUTE IPUHATHI caeAyolne TUIorpadcKre CorIalleHus:
Kypcus

Wcnospayercst st 0603HaY€HUST HOBBIX TEPMUHOB.
MOHOWWUPUHHBIA WPpUPT

HpI/IMeHHGTCH JUUIA Oq)OpMJIeHI/IH JIMCTUHTOB IIPOTPaMM U IMTPOTPAMMHBIX 3JIEMEHTOB
BHYTPpU 00OBIYHOTO TEKCTA, TaAKUX KaK UM€Ha IIEPEMEHHDBIX 1 (byHKHI/If/,I, 6asbl JIaHHDBIX,
TUIIbI /IAaHHBIX, IEPEMEHHDBIX OKPY/KEHUA, MTHCTPYKIIMU 1 KJIHOYEBBIE CJIOBA.

MoHowupuHHsIl KypcuB

O6o3Ha4aeT TEKCT, KOTOPBIN J0/KEH 3aMemaThesd (aKTUUCCKUMY 3HAYCHUSIMUI,
BBOJIUMBIMU TTOJTH30BATEIEM WU OTPENeTTeMbIMU N3 KOHTEKCTA.

Tak BblAENSATCA COBETbI N NPEANIOKEHUS.

Tak obo3HauatoTCA COBETbI, NpeAnoXeHna n npumMmeyaHna obuiero XapakTtepa.

Tak 0603HaYaoTCs NpeaynpeXxaeHns v NpeaocTepeXKeHus.

Mcnonb3oBaHMe NporpaMMHOro Koga npMMepos

Bcnomorarenbrbie MaTepuraJbl (HpI/IMepr KOa, YIIpaKHEHUA 1 T. /1.) OOCTYITHBI JIJIA
3arpysku 1o 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 JIOKyMeHTaImu. Bam He Hy;KHO 0OpaIaThCsi B U3aTEIbCTBO 32 Pa3pelieHneM,
€CJTM BBl He COOMPAETECH BOCIIPOU3BOJIUTH CYIIECTBEHHDIE YACTH TIPOTPAMMHOTO KOJIA.
Hanpumep, eciii BbI pazpabaTbiBaeTe MPOrpaMMy U HCIIOJIb3YeTe B HEl HECKOIBKO
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OTPBIBKOB ITPOrPAMMHOTO KOJIA U3 KHUTH, BAM He HYKHO 00pAIIaThCs 3a pa3perire-
HreM. OIHAKO B CJIydae Mpojlaky WM PACIPOCTPAHEHUST KOMITAKT-/TUCKOB C IIPH-
MepaM¥ U3 3TOW KHUTH BaM HEOOXOMMO TIOJyYUTh paspelieHre OT 3aTelbCTBa
O’Reilly. Ecoin BbI OTBeuaete Ha BOPOCH, UTUPYST JAHHYIO KHUTY WJIA TIPUMEPDI
U3 Hee, OJTydeHune pasperiens He tpedyercs. Ho mpu BKIIOYEHUN CYTIECTBEHHBIX
06'bEMOB TIPOTPAMMHOTO KOJIa TIPUMEPOB 13 ITOI KHUTH B BAIly JOKYMEHTAIIUIO BaM
HeoOX0MMO OY/IET TTOJIyYUTh Pa3pelleHne N31aTeIbCTBa.

MBI ipuBeTCTBYEM, HO He TpeOyeM H00aBIISATD CCHIIKY Ha IEPBOMCTOYHUK IIPH ITATH-
posanuu. [Toj CCHIIKOI Ha TIEPBOMCTOYHUK MBI IIOJ[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 pa3pelieHrst Ha UCIT0JIb30BaHKe 3HAYUTEIbHBIX 00bEMOB ITPOrPaMM-
HOTO KOJIa TIPUMEPOB U3 9TOI KHUTH 0OpalaiiTech 1o ajgpecy permissions@oreilly.com.

OT nsparenncrBa

Bammu 3ameuyanus, mpenyioskeHusI, BOIPOCH! OTIIPABJIANTE TI0 aipecy comp@piter.com
(u3narenbeTBO «I[IUTEpy, KOMITBIOTEPHAS PEAAKITUS ).

Mb1 OyzieM pajibl y3HATh Ballle MHEHHE!

Ha BebO-caiite uzmaresncTBa Www.piter.com BbI Haiizete oapoOHyio WH(HOPMAIIHIO
0 HAIlTUX KHUTaX.

bnaropapHocTu

Mbr xotesnn 6bI TOGJATOAAPUTD HANTMX HAYYHBIX PEIAKTOPOB 32 BPEMsI M CHLIBI,
HoTpauyeHHble UMW HA HAIIW MIE€PBbIe PYKOINNCH, U 32 OT3BIBBI, KOTOPbIE TTOMOTJIN
cymiectBeHHo yuyunuth 9Ty kuury. Jlen Yyzanos (Dan Chudnov) u /lappen Kyk
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(Darren Cook) okazayiu BEJMKOJIEITHYO MOJIEPKKY, KOTOPast IIOMOTJIa HaM OCTa-
BaTLCsI B Kypce nocueanux poctkennii, a Hukous [Jounenmu (Nicole Donnelly)
Mpe/ICTaBUIIa CBOE BUIEHWE, TTO3BOJIMBIIIEE HaM a/IallTHPOBATh CO/IEP;KUMOE KHUTH
TIO/I HYK/IbI unTaTesieit. Mbl Takske XoTiM nobsrarogaputh JIba KoHcTaHTHHOBCKOTO
(Lev Konstantinovskiy) 1 Kocraca Kcuporannomynoca (Kostas Xirogiannopoulos),
aKaJIeMUYeCKUI B3TJIsI] KOTOPBIX TIOMOT HAM BECTH 0OCYsK/I€HIe Ha COBPEMEHHOM
YPOBHE.

Her takux c/1oB, KOTOpPbIE B TIOJHON Mepe BbIPa3u/Ii Obl Hallly PU3HATETHHOCTD
BeuHO yJbIbaroremycs 1 obozapsioniemy peaakropy Hukosns Tau (Nicole Tache). Ona
BeJia 9TOT IPOEKT C CAMOT0 HAavaJia U BEPUJIa B HAC, Jiaske Korja (hUHUIITHAS YepTa,
KaK HaM Ka3aJoCh, YXOIMUJIA OT HAC BCe Aablie u aaabiie. Ee Bepa B HAIIW CUJIBI,
ee HeOIleHUMbIE OT3BIBbI U CBOEBPEMEHHBIE COBEThI — BOT T€ YCJIOBUS, Oarogapst
KOTOPBIM MOSIBUJIACH 3TA KHUTA.

Mb1 G1arofapHbl HAIINAM JIPY3bsIM ¥ CEMbsIM — MbI He CMOTJIN ObI CIIPABUTHCS € ITON
paboroii 6e3 Bareil o yiepsxki. Harmum pomuressim, Parmu (Randy) u JTwnu (Lily),
Kapuae (Carla) u Tpuddy (Griff) u Tonn (Tony) u Tepese (Teresa); Bbl BocruTanu
B HAaC TBOPUYECKOE MbIIIJIEHUE, TPYA0JII00ME 1 JII0O0Bb K yuebe, arogapst KOTOPHIM
MBI CMOTJIN 3aKOHUUTH 9Ty KHuTy. Harmm cynpyram, JKakiaun (Jacquelyn), /Ixed-
by (Jeff) m Hukku (Nikki); Baia HensmeHHast OAIEPIKKA, Ja’ke KOT/IA BCE CPOKU
BBIIIJIK U HAM TTPUXOANJIOCH paboTaTh 110 HOYaM U BBIXOAHBIM, OYEHb MHOTO 3Ha-
ynia 1g Hac. U, sakonert, nammMm getsaM, Mpene (Irena), Teapu (Henry), Ockapy
(Oscar) n kpomuike Oxeze (Ojeda). Mbl HazeeMcst, 4TO Koria-HUOY b BbI HaiieTe aTy
KHUTY U TogyMaete: «KpyTo, Hallli pOAUTE/IN MTHCAJM KHUTH B T€ BpeMeHa, KOraa
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-
JIN3a TEKCTOBBIX U ay/INOIAHHBIX, CTAHOBSATCS HEOThEMJIEMON YaCTbIO HAIIIEH JKU3HU.
Ot Hallrero UMeHu OHU TIPOCMATPUBAIOT OTPOMHBbIE 00beMbl nHpopMmaru B Cetn
U TIpe/IIarailoT HOBbIE U [1€PCOHATIM3UPOBAHHbBIE MEXaHU3MbI B3aMMO/ICHCTBUS Ue-
JIOBEKa C KOMITbIoTepaMu. DTH MPUJIOKEHUST HACTOJIBKO PACIIPOCTPAHEHBI, YTO MBI
MIPUBBIKIN K MTUPOKOMY CIIEKTPY 3aKYJIUCHBIX UHCTPYMEHTOB: OT CIaM-(bUIBTPOB,
CTIEIATITNX 32 HAIITIM TTOYTOBBIM TPA(UKOM, 10 TOMCKOBBIX CUCTEM, KOTOPBIE BELYT
Hac NpgaMO TY/Ia, Ky/la Mbl XOTUM I10I1aCTh, U BUPTYaJbHbIX IOMOIIHUKOB, BCET/a
TOTOBBIX BBICJIYIIATh U OTBETUTb.

WNudopmarmonnsie MPOAYKTH € MOIEPKKON aHAIN3a €CTECTBEHHOTO S3bIKA Ha-
XOJSITCS Ha [IepecedeHry DKCIIePUMEHTAIbHbIX UCCIe[0OBAaHUN U IIPAaKTUYECKOH
paspaborku [TO. ITpuoxkeHus, aHAIM3UPYIOIIIE PeYb U TEKCT, B3AUMOEICTBYIOT
HETOCPE/ICTBEHHO C TI0JIb30BATEIEM, YbH OTBETHI 0OECIIEYNBAIOT OOPATHYIO CBSI3b,
KOTOPasi OKasbIBaeT BJIMSHIE W HA TIPUJIOKEHNE, M HA PE3yJIBTaThl aHaIn3a. JTOT
6JI£[FOTBOprII71 UK/ 9aCTO HAYMHAETCA C CaMOT'0 IIPOCTOr0, HO C TEC4HEHHUEM BPEMEHU
MOXKeT IIepepacTy B MOILHYIO CUCTEMY, BO3BPAILAIOLLYIO LIeHHbIe PE3YJIbTaThL.

Kak Hu cTpaHHO, Za’ke [IPU TOM, YTO MOTEHIMAJbHble BO3MOXHOCTH BHEPEHUS
aHAJIM3a €CTECTBEHHOTO S3bIKA B TIPUJIOKEHMS MTPOJOJIKAIOT YBEJIMUNBATHCS, He-
IPOMOPITHOHATIBHO GOJIBIIIOE KOJTMIECTBO BHEAPEHUIT OCYIIECTBIISIETCST KPYITHBIMU
urpokamu. Ho moyemy aTum He 3aHUMAIOTCS pyTrHre? Bo3aMoXKHO, 0TYACTH TOTOMY,
YTO 110 MePe PACIPOCTPAHEHUS TUX BOSMOKHOCTEH OHM CTAHOBATCS BCE MEHee 3a-
METHBIMM, MAaCKUPY$I CJIOKHOCTb UX peayn3alni. A Takke IIOTOMY, 4TO Pa3BUTHE
HAYKHU O JAHHBIX €llle He TOCTUTJIO YPOBHS, HeOOXOMUMOTO JIJisi TIPOHUKHOBEHUSI
B KYJIBTYPY pa3pabOTKU IIPOrPaMMHOTO 0OECTIeueHMsI.
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MbI moaraeM, 4To NPUIOKeHNsI, OCHOBAHHBIE Ha ICIOJIb30BAHII €CTeCTBEHHOIO
SI3BIKA, TOJILKO HAUIMHAIOT PACTIPOCTPAHATHCS I B OVAVIIEM BO3BMYT Ha cedsI 3a1auil,
KOTOpPBIE ceffuac penaioTes ¢ MOMOIILIO (POpM I MEeTIKOB MBIIBIO. /1715 co3manns
TAKNX TPILTOKEHTH THAY CTPI pazpaboTKH MPOrpaMMHOro odecieueH s 0 KHA
MPUHATE Ha BOOPVAKEHITE TIPHEeMbL, HCTTOIBL3VeMble B HAaVKe O TaHHLIX H OCHOBAHHLIE
Ha rumoresax. YTo6er 00ecmeunTh BEICOKYIO HaleKHOCTD TTPOLYKTOB, PEATHIYIOIIIX
METOJIbI AHAJIN3A €CTECTBEHHOTO SI3bIKA, CHEIITATICTBI 110 06padoTKe JaHHBIX JT0TK-
HBI HCIIOJIb30BATD IPHEMbI Pa3padOTKII IIPOTPAMMHOTO 00€C IIeUeHITs, TOMOTAIOIIITe
CO3ABATh KOJ BBICOKOTO KauecTa. Bee aTi Mepbl 00be [IHAIOTCS MO TH0H HOBOI
MapaIIIMbI HAYKH O JIAHHBIX, KOTOPast CIIOCOOCTBYET CO3MAHITIO NPOOYKINO8 HA OCHOBE
MCMO008 anAIU3ad eCmecmEeH020 A3olkd 1 SIBIASETCST TIaBHOoIT TeMoil 9Toil KHIII.

NMapagurma Data Science

Baarogapst HHHOBAIIIAM B 00TaCTH MAIIITHHOTO OOVIEH IS I Mac IITadnpyeMoii 00-
padbOTKI JaHHBIX, TTOSIBUBIIIMCS B MOCJEHIE ECITh JeT, B Halll 0OHX01 MPOUHO
BOILIN TeEPMUHBI «HAYKA O JAHHDBIX» I <IIPIIOKeHIE TaHHBIX». Takke MOsABILTACDH
HoBast npodecciist, cneyuanicm no oopadomre u anaiusy danusiv (data scientist) —
OTIACTH CTATUCTHK, OTUACTH TPOTPAMMUCT 1 OTUACTII IKCTHEPT B MpeIMeTHOT
obmacTi. CrerumanncTsl 1o 06paboTKe M AHATN3Y JavHbIX SBISIOTCA OCHOBHBIMI
CO3ATeISIMI IIeHHOCTet B MH(DOPMAIIIIOHH VIO 31TOXY, TIO3TOMY 3Ta HOBAS POJIh CTa-
72 oAHOI 113 caMbIX BAyKHBIX 1T IPUTATaTeNbHLIX Ipodecemii XX I Beka, 1 oxHOT 113
CaAMBIX MAJTOTIOHSTHBIX.

CrennaaicTel o (ﬁ)6p£i‘6()TK€‘ HaHAIN3Y JAHHBIX COUETAIOT THHITUYHO aKaJeMHIYECKYHO
})216()T_V — HCCTIeJOBAaHIIA I SKCIIEPUMEHTRI — C IIPOLECCOM CO3JaHNA KOMMEPUYECKOI'O
MPpOAVKTA. OTuacTi 570 0OLICHAETCA TEM, YTO MITOIHE CITeIHaJIIICThI ITO (:>6pa6oTKe
JAHHBIX HPEXRIe VINALCh B aCTHIPadTVPe (1‘,16‘ (ﬁ)(t)pE‘HII JOITOJIHHUTE/IbHBIC SHaHMA
H TBOPUYECKHE HdIBLIKH, Ht‘()()X()L'rl»l‘c‘ B HaYKe O ,IEIHHBIX), HO IMIaBHAA IIPHYITHA
B TOM. UTO Ipoaece cusldaHiigl HI)I/’I.?I()')KE,‘HIHYI JAHHLIX B 3HAUITEILHOIl CTelleHl oc-
HOBDBIBACTC Ha SKCIeEDIIM eHTax.

OCHOBH24 CJIO3KHOCTE, KOTOPVIO TIOIMETILTN BITHBIE CITEMITATHCTB B 9TOI 00141,
CBA3AHA € TEM, UTO TTPOIECC UCCACTOBAHNA TaHHBIX HE BCeTIa COBMECTHM € MPaKTH-
KOIT pa3paboTKH MporpaMMHOTo odecriedeH . /laHHBIe MOTVT OBITE HelpecKkasye-
MBIMI, & OJAOKITENbHBII Pe3VIBTAT He Beer/ia TapaHTHpoBaH. Kak ckazaia Xnjaapi
Meiicon (Hilary Mason) o pazpadoTke NpuioskeHmii JaHHBIX, «HAYKA O TaHHBIX He
BCETTa OTJNYAETCS THOKOCTBIO» .

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

Cywecmeyrom Qynoamenmansiole pasiudis Mejcoy paspadomxoil npozpamm-
1020 0OeCneuenust u UeHHLIMU UOCSIMIU, POACOAIOUMMUCS 8 X00e 2ubK020 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 SMOM He UMEMb HUKAKOU UeHHOCT,
NOMOMY UMO He HeCYM HACMOSULUX, OCTUCMEEHHBIX UOCH... MeMOO0L02UU 2UOKOT
Paspabomxu ne Cnpassiiomcs ¢ 9Mou HeONPeOeseHHOCbIO.

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

Kax pesysibrart, ojipas/iesieHust 1 COTPYAHUKH, 3aHUMAIOIIHECs TIPoOIeMaMi HAy K1
0 JIaHHBIX, YaCTO PAbOTAIOT HE3ABUCUMO OT KOJUIEKTUBOB Pa3pabOTUMKOB, CIIE/LysI
mapaaurme, n3o6pakennoil Ha prc. 1.1. CorsacHo aToii cxeme, HCCIe0BATEH [TaH-
HBIX BBIZIAIOT OU3HEC-aHAIUTHKY JJIS CTApIero pyKOBOJCTBA, KOTOPoe NH(POPMI-
pyer 00 U3MeHEHUSIX TEXHIYECKUX PYKOBOJMTENEN U PYKOBOANTEEH TIPOEKTOB;
B KOHEYHOM UTOTE 9TU M3MEHEHUsI TIepeIatoTCsl pa3paboTanKaM JIJIst peau3aliim.

TexHmndeckoe
Wccnenoatenn p| Crapuee > PaspaboTumki MpoayeT
JaHHbIX PyKOBOACTBO PYK0BO/ICTBO

A 4

v

Puc. 1.1. Tekywas napagurma Hayku 0 AaHHbIX

Takast CTPYKTYpa BIIOJIHE MOKET YAOBJIETBOPATH MOTPEGHOCTH HEKOTOPBIX OP-
raHu3aIii, HO B IeJIOM OHa He ocoOeHHOo addexTuBHa. Eciu Obl nccemoBaTeun
JIaHHBIX M3HAYAIbHO BXOIMJIH B COCTaB KOMaH/Ibl pa3pabOTUYNKOB, KaK IIOKa3aHO Ha
puc. 1.2, IPOYKT COBEPIIEHCTBOBAJICS Obl HAMHOTO OBICTPEE, @ KOMITAHUS UMeJTa Obl
JIOTIOJTHUTE/IbHBIE KOHKYPEHTHBIE IPEUMYIIIecTBa. B MUpe He Tak MHOTO KOMITAHMi,
KOTOPbIE€ MOTYT MO3BOJIUTD cebe Co3/IaBaTh 4TO-TO ABaskbt! UTo etite Hosee BakHO,
YCHUIVSL, TPUKJIA/IBIBAEMbIE HCCIIE/IOBATEISIMU JIAHHBIX, HAIIEIEHbI Ha TT0JIb30BaTeIel,
1 [103TOMY HEOOXOAMMO HCIIOJIb30BaTh IIMKJINYECKUN TTOXO0/I, TI0 aHAJIOTUH ¢ Pa3-
pabOoTKOIi TT0JIb30BATEIBCKUX HHTEP(MENCOB.

WccnegoBatenn
JaHHbIX 1
pazpaboTunki

A 4

MpopykT,

Puc. 1.2, bonee yaayHas napagurMa BHeAPEHUS] HAYKM O AaHHbIX B pa3paboTky
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OHUM U3 NPETSITCTBUI HA Ty TH [TAPaJIUTMbl TECHOTO COTPYAHUYECTBA UCCIIEI0BA-
TesIell JAHHBIX ¢ Pa3pabOTYMKAMU SIBJSIETCS HEPA3BUTOCTD MPUKIALHON CTOPOHLL
HAYKH O TAaHHBIX. BOJIBITIMHCTBO MyOIMKAIINI 0 MAIIMHHOM 00y4YeHnH 1 00paboTKe
€CTECTBEHHOTO S3bIKa HOCT UCCIEI0BATENbCKIH XapaKTep 1 He TTOAXOST I Pa3-
paborku npunoxenuii. Harnpumep, HecMoTpst Ha Hajiudre OOJIBIIOTO KOJIMYECTBA
[IPEBOCXOIHBIX UHCTPYMEHTOB JIJISI MAIIUHHOTO 00YYeHUsT Ha TEKCTOBBIX JaHHBIX,
UMEIONTIeCs UCTOYHUKY UH(MOPMAIIMU — JIOKYMEHTAIUsI, PYKOBOJICTBA U CTaThU
B OJIoTax — KakK MPaBUJIO, OMUPAIOTCS Ha UCKYCCTBEHHO MOA0OPaHHbIE MaCCHBBI
JAaHHBIX, NCCIEAOBATENHCKIE HHCTPYMEHTHI U AKCITEPUMEHTATbHBIN Ko, JInib
B HEMHOTUX UCTOYHUKAX OObSICHSIETCS, HAITPUMED, KaK CO3aTh KOPILYC, JOCTaTOYHO
GOJIBIION IS TIOAAEPAKKN TIPUIOKEHIS, KaK YIIPABJISTh €T0 Pa3MePOM 1 CTPYKTY-
POl MK Kak peoGpasoBbIBATH UCXOAHBIE JOKYMEHTBI B JAHHBIE, TIPUTOHbIE IS
MCITOJIb30BaHus. Ho UMEHHO 9T acIeKThI SBJSIOTCS BayKHENTIEH YaCThIO TTPAKTUKN
CO3/IaHUST MACIITAOMPYEMbIX MPUIOKEHUIN JTaHHBIX, OCHOBAHHBIX HA aHAJIM3E eCTe-
CTBEHHOTO SI3bIKa.

Hacrosiinast KHura npusBaHa BOCIIOJHUTH 3TOT IIPOOEJ, TIPOJEMOHCTPUPOBAB ITPaK-
TUYECKUIT TIOIXO0/] K aHAJIM3Y TEKCTa, OPHEHTUPOBAHHBIN Ha Pa3paboTYNKOB. 3/1eCh
MBI TTIOKa)KeM, KaK MCIIOJb30BaTh JOCTYITHBIEC TEXHOJIOTUU € OTKPBITHIM UCXOTHBIM
KOJIOM [IJIsI CO3/[aH¥sST MOJIYJIbHBIX, JIETKO TeCTUPYEMbBIX, THOKO HACTPAaHBAEMbIX
U MacITabMpyeMbIX TPUIOKEHI TaHHBIX. Mbl HafleeMCs1, YTO AT UHCTPYMEHTBI
U TIPAKTUYECKUE TTPUEMbI, IPEICTABIEHHbIE B KHUTE, TOMOTYT HUCCJIE0BATEISIM
B CO3/IaHUU TIPUJIOKEHWH IJAHHBIX HOBOTO TIOKOJICHUSI.

Ira raBa MOCIYKUT OCHOBOM IS CIAEAYIONINX TJaB, Oosee OJM3KNUX K MPAKTHKE
IIporpaMMUpoBaHusl. B Hell onpeiesisiioTes pPAaMKU TOTO, YTO Mbl Ha3bIBaeM IPUJIOKE-
HUSIMU JIAaHHBIX, OCHOBAHHBIMU HA AHAJIN3€ CTECTBEHHOT O SI3bIKA, U PACCKA3bIBACTCS,
KaK ITPOBO/IUTH UX B PeAJIbHOM MUPe. 3aTeM Mbl 00CY/IM apXUTEKTYPHBIE MTa0JIOHBI
MPOEKTUPOBAHNS MPUIOKEHUN /IS aHAAU3a TekcTa. HakoHell, Mbl paccMOTPUM
0COOEHHOCTH SI3bIKA, KOTOPbIE MOKHO UCIIOJIb30BATh /ISl BBIUUCIUTENLHOTO MOJIE-
JINPOBAHUSL.

anﬂO)KEHVISI AdHHbIX, OCHOBAHHbIE€ Ha dHAJIN3e€e
€CTECTBEHHOrIO A3blKa

WccnemoBatenn TaHHbBIX CO3/IAI0T MPUIOKEHNS JaHHBIX. [IputoskeHns fanHbIxX U3-
BJIEKAIOT TIeHHbIE CBeIEHUS U3 MCXOAHBIX TaHHBIX U, B CBOIO OUYePe/lb, TeHEPUPYIOT
HOBBIE JaHHble!. Kak HaM IIpe[cTaBIsieTcs, Me/Iblo IIPHUKJIAIHOIO 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 IMTPUIOKEHUH, He TOJIBKO Pearnpyoninx Ha BBO TaH-
HBIX YeJIOBEKOM ¥ CIIOCOOHBIX aIAITHPOBATHCS K M3BMEHEHHSIM, HO TAK/KE TPEIETHHO
TOYHBIX W UMEIONUX OTHOCUTETHHO TPOCTYIO OPTaHU3AINIO0. DT MTPUI0KEHUS
MPUHUMAIOT Ha BXO/I€ TEKCTOBBIE JIaHHbIE, Pa30MPAIOT UX HA COCTaBHBIE YACTH, BbI-
HOJTHSIFOT BBIYMCJIEHUST HA OCHOBE 9TUX YacTell 1 BHOBb COOMPAIOT MX, BO3BpAIast
OCMBICJIEHHBIN 1 aIalITUPOBAHHBIN PE3yJIbTaT.

OtHIM 13 HAIITIX JIFOOUMBIX TIPUMEPOB 3TOTO ABJIsieTcst mpusoskenue Yelpy Insights
1ist QUITBTPAIIMY OT3BIBOB, HCITOJIB3YTOIIlee KOMOMHAIIMIO U3 aHAJIN3a IMOITUI, 3Ha-
YUMBIX CJIOBOCOUYETAHUM (CJIOB, YaCTO MOSBJISIONINXCSI BMECTE) U METOJIOB ITOUCKA,
4TOOBI ONPEAETUTh, HACKOJIBKO TOT MJIM WHOH PECTOPAH COOTBETCTBYET BAITUM
BKyCaM U JINETHYECKUM OTPAHUIEHUSIM. DTO TPUIOKEHIE UCTIONb3YeT OOTaThIil
CTETIMATM3WPOBAHHBIN KOPITYC U TIPEICTABIISET PE3YIBTATHI B TPOCTOM U TOHSATHOM
BHJIE, TOMOTast TI0JIb30BATEISIM BBIOPATh pecTopat. Biarogapst aBroMaTHyeCKOii
UIeHTUMUKAIUY 3HAYUMBIX TTPE/JIOKEHUH B OT3bIBAX M TOJICBETKE TEPMUHOB,
IPUJIOKEHIE TTO3BOJISIET TOCETUTESIM PECTOPAHOB OBICTPO «II€PEBAPUTH> OOJIb-
10 06bEM TEKCTA M PENIUTD, Ky/la MOWTH y:KuHath. HecMOTps Ha TO 4TO aHaiu3
€CTECTBEHHOTO sI3bIKa He sSIBJISIETCST OCHOBHOM 3a1aueit Yelp, Biustame a1oit hyHK-
I[MY Ha OMBIT MoJib3oBaresieil 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 pa3za'.

JlpyriM IpoCcTHIM TPUMEpPOM BHEIPEHMST aHATN3a €CTECTBEHHOTO S3BbIKA C TIOTPsica-
101M 3 PEKTOM MOXKET CITYKUTH TMTO/JIEPSKKA «TETOB PEKOMEH/IAINT >, pean30BaH-
Hast B MH(DOPMAIIMOHHBIX MPOIyKTax TakuxX KoMiauuii, kak Stack Overflow, Netflix,
Amazon, YouTube u apyrux. Tern — 510 MeTanrdopMmariust o pparMmeHTax KOHTEHTA,
BaKHAsI JIJIsI IOMCKA U PEKOMEH/IAINIA, U OHU UTPAIOT BAJKHYIO POJIb B OIIPE/IeIEHU N
KOHTEHTA, KOTOPBIM 3anHTepecyeT KOHKPETHOTO T0JIb30BaTess. Tern onpenessaior
CBOMCTBA OTIMCHIBAEMOTO UMH KOHTEHTA ¥ MOTYT MCTIOTh30BATHCA /I TPYITTUPOBKI
CXOKUX 3JIEMEHTOB ¥ TPEJIOKEHNS ONICATEIbHBIX Ha3BAHUN /71 TAKUX TPYIIIL.

Cy1miecTByeT MHOTO, O4€Hb MHOTO JIPYTUX mpuMepoB. Reverb mpemmaraer mepco-
HAJIM3UPOBAHHBII arperaTop HoOBocTel, 06ydeHHbIl Ha cioBape Wordnik. HaT-60T
Slack mopmepxuBaeT obIEeHE ¢ ABTOMATUYECKUM OTIPEICTICHUEM KOHTEKCTA.
Google Smart Reply MoskeT coctaBisiTh BApHaHThI OTBETOB HA MOJTyYEHHBIE BAMU
9JIEKTPOHHBIE NchbMa. Textra, iMessage 1 ipyrue HHCTPYMEHTbI 0OMeHa MTHOBEH-
HbIMU COO6HI€HI/IHMI/I IIbITAIOTCA IIPE/ICKA3aTh, YTO Bbl HalledaTa€Te, OIINpPasdACh Ha HE-
JTAaBHO BBENIEHHBIN TEKCT, a GYHKITNSA aBTOMATUYECKOTO KOPPEKTOPA UCITPABUT BallTN
opdorpadudeckue omubku. ViMeercs: TakKe HECKOJIBKO HOBBIX F'OJIOCOBBIX BUPTY-

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

Mpu yeM 3geck peyeBble AaHHbIE? [JeNCTBUTENBHO, 3Ta KHUra NocBsiLLeHa aHanu-
3y TEKCTa, @ He aHaNnu3y ayAMOAaHHbIX UM Peyr, OAHAKO B PeYEBOM aHanuse
ayavofaHHble 06bIYHO CHayana NpeobpasytoTcs B TEKCT, K KOTOPOMY 3aTeM Npu-
MEHAITCA pa3/InyHble BUAblI aHain3a, B TOM 4YMUCe U OnncaHHbIE B 3TOW KHWre.
Camo npeobpa3oBaHme peumn B TEKCT — 3TO 3aAada MalUMHHOro 0by4yeHus, KOoTo-
pasi Takke nosyyaeT Bce 6onbluee pacnpocTpaHeHue!

YioMsiHyThie 0COOEHHOCTH MOACBEYMBAIOT HA30BYIO METOIOJIOTHIO MTPUIOKEHHII,
OCHOBAaHHBIX Ha aHAJN3€ €CTECTBEHHOTO A3bIKA: KIACTEPU3AINIO CXOXKETO TEeKCTa
B 3HAYMMBbIE TPYIIBI WK KJAACCU(PUKAINIO TEKCTa C TPUMEHEHNEeM KOHKPETHBIX
MeToK. MHavye ToBOpst — MalnHHOE 0OydeHne 6e3 yIUTest U C YIUTETIEM.

B crremyiotiiem pasiesie Mbl TO3HAKOMUMCST C HEKOTOPBIMHU aPXUTEKTYPHBIMU 11010~
HaMU [IPOEKTUPOBAHYS, TIOIEP/KUBAIOIINMI KIU3HEHHbIH KT MOAEIN MAITUTHHOIO
obyJeHusl.

KoHBeliep NpnioXKeHns AaHHbIX

CrangapTHbIii KOHBEHEep TUIIMYHOTO HPUIOKEHUS JAHHbBIX, N300pakeHHbINA Ha
puc. 1.3, peaqusyer uTepaTUBHBIN MTPOIECC, COCTOSIIINIT M3 ABYX 9TAIOB: COOPKU
U Pa3BEePTHIBAHIS — U SIBJISIETCS] OTPasKEHNEM KOHBelepa MAIlTMHHOTO 00y4YeHus',
Ha stame c60pku MCXoaHbIe JaHHBIE TIPEOOPa3yIoTcst B (hOPMY, MPUTOAHYIO JJIsT
nepeziaun B MOJIENTN U 9KCIIEPUMEHTOB ¢ HUMH. Ha atamne pasBepThiBaHms TIpowC-
XOJUT BBIOOP MOJIeJIeil, KOTOPbIE 3aTeM HMCIOJIb3YIOTCS /LIS OIIEHOK M TIPOTHO30B,
HETIOCPE/ICTBEHHO 3aTPATUBAIOIINX [TOJIb30BATEIS.

[Tosib3oBaTe/IM OTBEYAIOT HA BBIXOAHbIE JaHHbIE MOJeNel, co3iaBas 0OpaTHYIO
CBS3b, KOTOPAst, B CBOIO 0UYepe/ib, TIO/IaeTCs Ha BXOJ ¥ UCTIOJIb3YETCS IS alalTalium
MoJiesieit. YeTbIpe cTajin — B3auMO/IENICTBYE, TaHHbIE, HAKOTLIEHNE U BBIYUCIECHUS
(06paboTKa) — ONMMCHIBAIOT APXUTEKTYPHBIE KOMITOHEHTHI Kask/10r0 atana. Harpu-
Mep, B TIPOIecce B3anMOIECTBIS Ha aTare cOOPKU HeoOXOorMa YTHINTA /IS BBO/IA
JAHHBIX, a TTOJb30BATETI0 — HEKOTOPBIN MpukIagHoil naTepdetic. [lox ctagmeit
JaHHBIX OOBIYHO MTOPA3yMeBAIOTCs BHYTPEHHIE KOMIIOHEHTBI, KOTOPbIE JeiCTBYIOT
KaK TIepeZiaTOuHOe 3BEHO JIJIs TIePeX0/ia K CTANU HAKOTIeH!s, (DYHKIUN KOTOPOii
00bIYHO BBITIOJTHsIET Oa3a manHbiX. Crajaust BeraucaeHuii (06paboTKM) MOKET MpH-
HUMaTh caMble pastbie GOPMBI, OT TIPOCcThiX SQL-3a1pocoB 10 6JOKHOTOB Jupyter
U JIaKe BBIYUCIIUTEIbHBIX KJIACTEPOB MO yIipaBjaeHneM 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 pasBepThIBaHMUsI, TOMUMO BBIOOPA U UCIIOJIb30BAHKS MOJIEH, MAJIO YEM OT-
Jaudaercs ot 6ojee MPSMOJTMHEITHON pa3paboTKU MPOrpaMMHOTO 06ecIieyeHMsI.
YacTto mpusnoxkenns nanubix peamusyioT API, KoTopsiit ncmosnb3yercs 1pyruMu
MPUIOKEHUSMHE, CITY;KOAMU FITH TTOJTb30BaTEIbCKIUMU HTEpdeiicamu. OHaKO sTar
cOOPKM MIPUJIOKEHUI TaHHBIX TpebyeT 0co60ro BHUMAaHUsST — TeM GoJiee B ciyvae
aHaJIM3a TeKCcTa. Peansyst MproKeHust JaHHbIX Ha OCHOBE aHA/IN3a ECTECTBEHHOTO
SI3bIKA, MBI CO3/1a€M JIOTIOJIHUTEIbHbIE JIEKCHYECKUE PECYPChI U apTehaKThl (Takue
KaK CJIOBAPH, IEPEBOIYMKH, PErYJISIPHBIE BHIPAKEHMSI U T. [1.), OT KOTOPbIX 3aBUCHUT
paboTa IPUITOKEHHMS.

Ha puc. 1.4 nokasano GoJiee pasBepHyTOE IpeACTaBIeHIE dTara cOOPKU J1isl Ha-
JI€KHBIX TIPUIOKEHUI MAIIMHHOTO 00yYeHHs Ha OCHOBE aHAJIM3a eCTeCTBEHHOTO
si3bika. [Iporecc mepexoza OT UCXOAHBIX JAHHBIX K PA3BEPHYTOI MOJIEN IO CYTH
COCTOUT W3 TIOC/IEI0BATEIbHOCTH MHKPEMEHTAIBHbIX TIPpeoOpasoBaHuii JaHHbIX. Bo-
[IePBBIX, MCXO/HbIE JaHHBIE MPE0OPa3yIOTCst BO BXOAHON KOPITYC, HAKAILTHBAIOTCSE
1 COXPAHSIOTCS BHYTPU XPaHUJIUIIA IAHHbBIX. 3aTeM BXO/IHbIE JIaHHBIE IPYIIITUPYIOT-
Csl, OUMIIAIOTCS, HOPMAJIUBYIOTCA 1 IIPe00PasyIoTcs B BEKTOPBI JJIst OCAEyOIIeit
06paboTKu. B KoHEeuHOM TIpeobpasoBaHuy Mojieb (Il MOJeN) o0ydaeTcst Ha
BEKTOPU30BAHHOM KOPIIyCe, U CO3/aeTCsT 000OIEHHOE TIPEICTaBICHIE HCXOTHBIX
JTaHHBIX, KOTOPOE TIOTOM HCTIOJIB3YETCST MPUTOKEHUEM.
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J31an cbopkn

| MpensaputenbHas
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HeobpaboTaHHbIit
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Pa3meyeHHblii
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Bbi6opka kopnyca Bbibopka kopnyca
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loTokoBas
Bbl6opKa kopnyca ||

[punosxenne

B3aumopelicreue [lanHble Hakonnenue Bbluucnenus

Puc. 1.4. NpunoxeHust AaHHbIX HA OCHOBE aHasiM3a eCTeCTBEHHOIO s3blka

Tpoika Bbi6opa Mmogenm

ApxuTekTypa MpoAyKTOB MAITMHHOTO 00YYeHUsT OJUKHA TOAEPKUBATh U ONTH-
MU3UPOBaTh Pe0OPa3oBaHusl JaHHBIX, 00eCIeYrBas IPOCTOTY MX TECTUPOBAHMUS
U HACTPOIKH, YTO SIBJISIETCS €€ OTJIMYUTEIbHOI 0cOGeHHOCTBIO. [10 Mepe pasBuTust
HpI/IJIO)KGHI/Iﬁ JaHHbIX PACTET 3aMHTEPECOBAHHOCTD B YHUBEPCAJIbHOM OIIpe/IeJIEHNN
polecca MalMHHOTO 0OYYEHUST ¢ YCKOPEHHONW — WJIN JIasKe aBTOMATHYECKOW —
cbopkoit Moziesieit. K coskasieHio, m3-3a 60JIbIINX pa3MePOB MPOCTPAHCTBA TTOMCKA
ABTOMATUYECKNX METO/L0B OIITUMU3AIIN HEAOCTATOYHO.

BbI60p onTuMaibHONR MOJENN — CJIOKHBI 1 UTePAaTUBHBIN MIPOIIECC, 3aKII0Yal0-
IUICST B TOBTOPEHUH ITUKJIA, COCTOSIIIETO M3 KOHCTPYMPOBAHMSI TPU3HAKOB, BBIOOPA
MOJieJId ¥ HaCcTpOiiku rumneprapameTpos. [locie kaxoil nrepaiuu BbIOJTHSIETCS
OIIEHKA PE3YJIBTATOB C [EJIBIO TIOJYYUTh JIYUITy 0 KOMOMHAIIIO TPU3HAKOB, MOJIEJIN
U TIAPaMeTPOB, KOTOPAsT PEINAET MOCTABIEHHYTO 33/1a4y. ITOT IIPOIECC, H300pasKeH-
HBII Ha puc. 1.5, MbI HasbIBaeM MpotiKoi vibopa modeau'. ETo 1esib — mpeacTaBuTh
UTEpPaInio Kak OCHOBY HAYKHU MAITMHHOTO 0OYY€HMsT, KOTOPast I0JIKHA 00JIerdaThest,
a He OTPaHNYUBATHCSL.

!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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Bbi6op anroputma
KoHctpyupoBaHue .
Lk CemeilcTBO Oopma Hacrpoiika
Npu3HakoB Mopenn Mogeni runepnapameTpos
A 4
Tpoliku Bbibopa Mogenv
A 4

YpoBeHb ynpaBneHna faHHbIMU
XpaHunnie
ba3a aaHHbIX p
mozenv

Puc. 1.5. Tpoiika Bbibopa Moaenu

—
—

il

B cBoeii cratbe, Boimenieii 8 2015 roy, Bukxem (Wickham) ¢ coaBropamu! nckycHo
YCTPaHSIOT HEOTHO3HAYHOCTD MEPETPY;KEHHOTO TEPMHUHA «MOJIEJTb>, OMTUCAB TPH OCHOB-
HBIX CJTy4ast €r0 UCIOJIb30BaHMsI B CTATUCTHYECKOM MAITMHHOM 00yUYeHUH: CEMENCTBO
Mo/iesii, (hopMa Moziesn 1 00ydeHHast Mojiesib. IITpokoe MoHsITHE ceMeiicTBa Mojieieit
OIIpe/IeJISIET OTHOIIEHUSI MEK/TY TIEPEMEHHBIMU U UHTEPECYIOLIei 11eJbI0 (HarpuMep,
«JIMHEIHAST MOJIETh> WJIN «PEKYPPEHTHAST TeH30pHAsl HellpoHHas ceTh» ). Dopma
MOJIE/I — KOHKPETHbII 9K3EeMILISP TPOIKKM BhIOOPA MOJIEIN: HAOOP MPU3HAKOB, aJjl-
TOPUTM ¥ KOHKPETHBIE rutieprapamerpbl. HakoHerr, o6ydenHast Mojiesib — 310 opma
Mojiesid, 00ydeHHast Ha KOHKPETHOM Habope MaHHBIX U HPUTOAHAS JJIS OTydeHUsT
npe/ckazanuii. [IpUIosKeHnsT TaHHBIX COCTOSIT U3 MHOXKECTBA OOYYEHHBIX MOJIEJIEN,
CKOHCTPYMPOBAHHBIX B IIPOIIECCE X BBIOOPA, 4TO CO3/IAET U OlIeHUBAET (hOPMbI MOJIETIEH.

MpbI He IPUBBIKJIM JyMaTh O SA3bIKe KaK O JaHHbIX, I09TOMY OCHOBHOM 3a1adyei
aHa/IM3a TEeKCTa SBJSAETCS MHTEPIPETALUS IPOMCXOASIIETO B KAKAOM U3 9THX [Pe-
o6paszoBanuii. C KaIbIM MOCIEAYIONM IPe0OPasoBaHUEeM TEKCT CTAHOBUTCS BCE
MeHee 3HaYMMBIM JIJIS1 HAC, IIOTOMY YTO BCE MEHbIIE HAIIOMHHAET €CTeCTBEHHbII
a3bIK. UTOOBI 100U ThCsT GoJIbINei a(h(HEKTUBHOCTH B KOHCTPYUPOBAHUN TIPUIIOKE-
HUI JaHHBIX, OCHOBAHHBIX Ha AHAIN3E €CTECTBEHHOTO S3BIKA, MbI IOJIKHBI U3MEHUTh
CBOA B3IUISA/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 JAHHBIX, KOTOPbIE MOKHO MOABEPTHYTh KOMIIbIOTEPHOI 00paboTke. [TomyTHO MbI
COCTAaBUM HEOOJBINON CJI0BapPh, KOTOPbII TIOMOKET HaM cOPMYJTUPOBATH BUJIbI
peoOpa3oBaHmii TEKCTOBBIX JaHHBIX, OMUCAHHBIX B CJIEAYIONINX TJIaBaX.

fI3bIK KaK faHHbIEe

A3bIK — 3TO HecmpyKMYpUPOsanvie TaHHBIE, KOTOPbIE UCTIOJIbB3YIOTCS JIOJABMU JIJIsT
O0IIeHNsT MEXK LY COO0I. CImpyKmypuposartvie v noiycmpykmypuposanible TaHHbIe,
B CBOIO 0Y€PE]Ib, BKIIOYAIOT TIOJIS UM PAa3METKY, TIO3BOJISTIONINE KOMITBIOTEPY aHAJIH-
3upoBaTh ux. Ho, HecMOTpst Ha OTCYTCTBUE MATUHOYNTAEMOI CTPYKTYPbI, HECTPYK-
TYPUPOBaHHBIE JTAHHbBIE HE SIBJISIOTCS caydaiiHbiMu. HarnpoTus, oHU MTOMUUHSIIOTCS
JIMHTBUCTUYECKUM [TPABUJIAM, KOTOPBIE I€JAI0T 9TH JAHHbBIE TIOHS THBIMU JIJIS JTIO/ICH.

MeToabl MaIIMHHOTO OOYYEHNs], 1 0COOEHHO OOYUEHMsI ¢ yYUTeNeM, B HACTOsIIIee
BPEMsI SIBJISAIOTCS HanboJiee N3ydeHHBIMU U NIEPCIIEKTUBHBIMI HHCTPYMEHTaMK 00-
PabOTKH eCTECTBEHHOTO sI3bIKa. MalnHHOe 00ydyeHue mo3BoJIsteT 06ydarh (1 nepe-
00y4aTh) CTATHCTUYECKIE MOJEIH 110 Mepe u3aMeHeHus si3bika. CosaBast MOen
Ha KOHTEKCTHO-3aBUCHMBIX KOPITyCaX, IPUIOKEHUST MOTYT UCIIOJb30BATh Y3KIe
CMBICJTOBbIE OKHA [IJIs1 YBEJUYEHUST TOYHOCTH Oe3 HeOOXOANMOCTH TIPUOEraTh K /10~
HOJTHUTEILHON MHTepIpeTarmu. Harpumep, U1s CO3aHNs TIPUITOKEHIMST, YUTAOIIETO
MEIMIMHCKIE KapThl ¥ TEHEPUPYIOIIEr0 PeKOMEHIAIMH T10 JIeYeHUI0, TpebyeTcs
COBEPIIEHHO MHAS MOJIE]Ib, YeM JIJIst TPUJIOKEHMST, OTOMPAIOIIEr0 HOBOCTH € y4ETOM
JIMYHBIX TTPETTOYTEHU MOIB30BATEIS.

KoMmnbroTepHasa Moaesnb A3blka

CHE‘HI/IaJII/ICTbI 110 O6pa6OTK€‘ 1 aHa/n3y JaHHBIX CO3/1AI0T TIPUJIOKEHUA JaHHbBIX,
OCHOBAHHbIE Ha aHa/JIN3€ €CTECTBEHHOTI'O A3bIKa, IIO9TOMY Hallla HepBeﬁHlaH 3ala-
Ya — CO37aTb MO/I€JIb, OITMCbIBAIOITYIO A3bIK 1 CHOCO6HyIO JleJ1aTb BbIBO/IbI Ha OCHOBE
9TOI0 OITMCaHUA.

DopMasbHO MO/IEJIb SI3bIKA JIOJKHA TPUHIMATE HAa BXOJIE HEMOJHYIO (hpasy u J10-
HOJIHATD €€ HEJIOCTAIONUME CJI0BaMU, HanboJiee BEPOSITHBIMU JIJIsI 3aBePIEHMS
BBICKa3bIBAHUsL. ITOT TUII MOJIeJIE sI3bIKA CHIIbHO BJIMSIET Ha aHAJIUTHYECKYTO 00-
paboTKy TeKCTa, IIOTOMY 4TO J€MOHCTPUPYET OCHOBHOI MEXaHU3M TIPUJIOKEHUI
06pabOTKM sI3bIKA — UCIIOJIH30BAHNE KOHTEKCTA JIJIS YTalbiBAHMst cMbicaa. Moesi
SI3BIKA TaK/Ke PACKPBIBAIOT 0A30BYIO THUIIOTE3y MAITMHHOTO O0YYEHUsT HA TEKCTaX:
mekcm npedckasyem. DaKTUUECKN, MEXAaHI3M OIEHKU MOJIEJIe B aKaeMIIeCKOM
KOHTEKCTE, C8A3HOCb, U3MEPSET MPEICKa3yeMOCTDb TEKCTa BEIYUCTCHUEM SHMPONnuU
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(cTenieHb HeoMpeIeIEHHOCTH WM HEOKUTAHHOCTH ) PacIipeieIeHNS BEPOSITHOCTEH
MOJIEJIU SI3bIKA.

PaccmoTpuM coreyioniie He3akKOHYeHHbIE (hpasbl: «cobaka — APYT ...» W «BelbMa
JIETUT HA ...». ITU (DPa3bl UMEIOT HU3KYIO SHTPOMUIO, U MOJIEJN SA3BIKa C BBICOKOT
CTEIEeHbI0 BEPOSATHOCTH OYAYT yraablBaTh MPOJOJIKEHUST «4€JIOBEKAa» U «METJIe»
COOTBETCTBEHHO (60JIee TOro, Mbl YAUBUINCH Obl, eciu Obl 5TH (pasbl 3aBepia-
Jich Kak-To mHaue). C apyToil cTopoHbl, (Ppassl ¢ BBICOKON 9HTPOTIHEH, TaKne KaK
«CEroMHS s COOMPAIOCH MOYKUHATD C ...», MPEINOJATAI0T MHOKECTBO BAPHAHTOB
MPOIOIKEHUS («APYTOM», «POAUTENSIMU» U «KOJIJIETAMU» BBITJISAAT OJUHAKOBO
BEpPOSATHBIMI ). UesTOBeK, YCABITIABITNN TaKyio (hpady, MOKET UCTOJb30BaTh CBOH
OIIBIT, BOOOPasKEeHMe U MaMsITh, & TAK/KE CUTYAIIMOHHBII KOHTEKCT, 4TOOBI BOCIIOJIHUTD
npo6er. KoMmboTepHbie Mojiein He 06sI3aTeIbHO UMEIOT OJMHAKOBBIN KOHTEKCT
U B pe3yJibraTe OKa3bIBalOTCS OOJiee OTPAHMIEHHBIMH.

Mojiesu si3bIKa CII0COOHBI BBIBOIMTD UJIH ONIPEIEISITH OTHOIIEHUST MESK/LY JIEKCeMa-
MU, KOTOPbIe MOZEIN HaOII0Ial0T KaK CTPOKY JaHHBIX B Koguposke UTF-8, a moxn
PACIIO3HAIOT KaK CJIOBA C OIIPeAeJIeHHBIM cMbIcoM. DopMaibHO, MOAEIb UCIIOJIb-
3yeT KOHTEKCT JIJIs OTIPE/Ie/ICHUsT Y3KOTO MTPOCTPAHCTBA PEIIEHUI, B KOTOPOM €CTh
HeOOJIBIIOE KOJIMYECTBO BAPUAHTOB.

ITO MOHUMaHUE JIAeT HaM BO3MOKHOCTD FeHePaTU3uPOBaTh (hOPMATBbHYIO MOJIEh
B JIPyTHE MOJEIN sI3biKa, paboTalolie, HalpuMep, B MPUI0KEHUAX MAITTHHOTO
HepeBojIia WM aHaJ3a HacTpoeHuit. UToOBI BOCIIOIB30BATHCS MTPEICKA3YEMOCThIO
TEKCTa, Mbl JIOJIKHbI OIPEIEUTDH OTPAHUYEHHOE YUCIOBOE TPOCTPAHCTBO PEIIEHMH,
Ha KOTOPOM MOJKET JIEHCTBOBATH MO/IeJIb. Birarofapst aToMy Mbl MOSKEM HCTTOJIb30BATh
METO/IbI CTATUCTUIECKOTO MAIIUHHOTO OOYUEHMsI, C yIUTeNeM U 0e3 YIUTesl, st
MOCTPOEHUS MOJIeJIel I3bIKa, M3BJIEKAIOIINX CMBICT U3 TAHHBIX.

Ha IIEPBOM IIare B MalliIMHHOM 06y1{eHI/II/I BBIABJIAIOTCA XapaKTEPHbIC ITPU3HAKN
JaHHBIX, IIOMOTaloliue 1pe/cKa3aTb 1eJIb. TexcroBbie JaHHbIE ITPEAOCTABJIAIOT MAaCCy
BO3MOKHOCTEN JJIA NU3BJIE€YEHU A ITOBEPXHOCTHBIX ITPU3HAKOB, ITPOCTHIM paS6I/I€‘HI/IeM
CTPOK, NI 6ostee FJIy6OKI/IX, ITO3BOJIAIOIINX M3BJIEKATH U3 TEKCTA MOp(l)O]IOFI/IIIGCKI/Ie,
CUHTAKCUYECKUE U aKEe CEMaHTUYECKHUE ITPEACTABJICHUA.

B caietytonux pasziesiax Mbl PACCMOTPUM HECKOJIBKO TIPOCTBIX CIIOCOO0B U3BJICUCHUS
CJIOJKHBIX TIPU3HAKOB U3 JAHHBIX HA €CTECTBEHHOM SI3bIKE JJISI TleJIeil MOJIeINPOBa-
Hust. CHavyasa Mbl TOCMOTPHUM, KaK JJUHTBUCTUUYECKHE CBOMCTBA SI3bIKa (HAIIpuMep,
PoA B aHFJIHfICKOM HSBIKC) MOTYT JaTb HaM BO3MOKHOCTD BbIIIOJIHUTH CTAaTUCTUYE-
CKy10 06pabOTKY TeKcTa. 3aTeM Mbl TTIOAPOOHO PACCMOTPUM, KaK KOHTEKCT MEHSIET
MHTEPIIPETAINIO U KaK 9T0 00BIYHO MCTIOAB3YETCS IS CO3/IaHUs TPAJUIIUOHHON
MO/JIEJTN «MeIIIOK CJ10B». HakoHell, Mbl ncciepyeM 6oraTblie BOSMOKHOCTH aHAIHM32a
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C IIpUMeHeHrneM MOP(hOIOTHYECKOIL, CHHTAKCUYECKOI U CeMaHTUYECKO 06paboTKI
€CTeCTBEHHOTO S3bIKA.

JINHrBUCTUYECKME NPU3HAKMU

PaccmoTpum mipocTyio Moie b, MCTIOTB3YIONIYTO0 JUHTBUCTUYECKIIE TIPU3HAKY JIJIST
BBIBJIEHUs TIpeobiagaoniero poga Bo ¢pparmente tekcra. B 2013 r. Hun Kapen
(Neal Caren), morieHT Kadeapsl COIUOIOINN B YHUBepcuTeTe ropoja Yarrmes- X
(mrrar CesepHast Kaposaa), omy6simkoBast B 6J10Te cTaThio!, T/1e NCCAe[0BAT POJIb
MOJIOBOU TIPUHA/JIEKHOCTY B HOBOCTSIX JIJISI OIIPE/IeJICHUs] IPOSIBIICHUN MY KIMH
U JKEHIUH B Pa3HbIX KOHTeKcTax. OH MPUMEHNUJ TeHIePHBIN aHAIN3 K TeKCTaM
crareii, ony6anukoBaHHbiX B New York Times, v BbISICHIII, 4TO CJIOBA B MY’KCKOM
U JKEHCKOM POJI€ MOSIBJISIIOTCST B COBEPIIEHHO Pa3HbIX KOHTEKCTAX, YTO CIOCOOHO
YCUJTMBATh T€H/IEPHBIE MTPeLyOesKaeH s

Yt0 0cobeHHo WHTEPECHO, B 9TOM aHAJIM3€ CJIOBA B JKEHCKOM 1 MYJKCKOM PO/ie 1C-
II0JIb30BaJIUCDh [AJId CO3aHUA JaCTOTHOH OIIEHKU MYKCKHUX U JKEHCKHUX IIPHU3HAKOB.
PeaHHSaHHH)HOHO6HOFO&H3HH33H&IﬁmhonhﬂDKHOHaanbCOHpeﬂeHeHHHHa60pOB
CﬂOB,paSHanKHHMXJ]peﬂHOX“ﬂ{HH()NQUKQHH&XI{X“HHHHHBX.ZDUIHPOCTOTBIHOHY-
CTUM, 4YTO BCAKOE IIPEAJIOKEHNE MOJKET KJIaCCI/I(I)I/IHI/IpOBaTbCH KaK paCCKa3bIBalolee
0 MYJKUYMHAaX, O JKEHIIMHAX, O MYKUYMHaX U JKEHITUHAX U HEU3BECNHO O KOM (HOTOMy,
4TO IMPEAJTOKEHNE MOKET PACCKa3bIBaTh O 4E€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/IqupHI)IBaIOHlI/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, XapaKTEPUIYIOIINX MOJIOBYIO
MPUHAATIEKHOCTh, HAM HY’KEH METOJ] ONpeieJIeHNs TeHIePHOTO Kaacca MPeIo-
JKEeHUST; co3MaanM (DYHKIINIO genderize, KOTOPas MOACUYNTHIBAET KOJTMIECTBO CJIOB
B TIPE/JIOKEHUH, TTOTAJIAIOIINX B HAIITM CITUCKU MALE_WORDS 1 FEMALE_WORDS. Eciu
Mpe/IJIOJKEHNE COMEPIKUT TOJIBKO CJI0OBA N3 MALE_WORDS, OHO KJIacCU(PUITUPYETCS KaK
myaxcckoe. llpensoxenue, 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 UMEIOIIee Heu38eCmHbill 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 ITOJICUMTATh YaCTOTY CJIOB, IPU3HAKOB POJia U MPEJIOKECHUI BO
BCEM TeKCTe cTaThy. J{Jist 9Tl eI MOJKHO KCII0JIb30BaTh BCTPOeHHbIH B Python
KJjacc collections.Counters. (DyHKHI/IH count_gender IpUHUMAET CIIMCOK IIPEJJIO-
JKEHUIT U MCHoJIb3yeT (hYHKINIO genderize JIJIsT OTIPeIeI€HIsT OOIIETO KOJTUIECTBA
CJIOB-TIPU3HAKOB U KJIacCUDUKAIIUN TIPeAToKeHu. [[yd Kaskamoro mpeamoskeHns
OIIPEIEJIAETCS €T0 KJIACC, & BCE CJIOBA B IIPEAJIOKEHUY CYUTAIOTCS ITPUHA/LJIEKAIIINMUI
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 (YHKI[UU ONpeIesIeHNsT TeHAePHON TPUHAILIEK-
HOCTH, HaM HY’KE€H HEKOTOPBIN MeXaHU3M, TIPE0OPa3YIONINil KCXOIHBII TEKCT CTa-
Teil B COCTABJISIOIINE €T0 TPeJIosKeHust 1 cyoBa. Vcnombayem 6nbamnorexy NLTK
(KOTOPY0 MBI PACCMOTPHUM Jlajiee B 9TOH TJIaBe W B CJeLyoleit ), 4ToObl pa3duTh
ab3albl Ha IIPE/TIOKeHNsT. BBIIEINB OT/Ie/IbHBIE TPEAIOKEHIS], MbI CMOKEM Pa3OuTh
UX Ha JIEKCEMBI, YTOOBI BLISIBUTD OT/AEIbHbIC CT0OBA M 3HAKH IIYHKTYAIIH, U TIepeIaTh
pa3MeveHHBI TEKCT HANIIM (QPYHKITUSIM KJIacCU(PUKAIIUN /I BBIBO/IA TIPOIIEHTOB
IPEIOKEHNI U CJIOB, OTHOCSIIIIUXCST K KATETOPUH MYMNCCKUX, HCCHCKUX, O8YNOTbIY
U Heu38ecmmoll TPUHAIIEKHOCTH:

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 GYHKINIO parse_gender K cTatbe 13 New York Times 11o/1 3aroyioB-
koM «Rehearse, Ice Feet, Repeat: The Life of aNew York City Ballet Corps Dancers!,
MbI HO]IyLH/IJII/I CJIeI[yIOHII/Ie Hey,[[I/IBI/ITeJH)HbIe pe3y]IBTaTBI:

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 TaH1oBIHIbI Hbio-opkckoro

rOpoJICKOTO Tearpa baserar. — [pumeu. nep.
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DyHKITNST OTIEHKN OTPEAETSAET ITUHY MPEJIOKEHNH TI0 KOJUYECTBY ¢JI0B B HUX. [To-
9TOMY, JasKe TIPU TOM, UYTO YHUCTO KeHCKUX TIPE/IJIO;KEHUI MeHbITIe, YeM HeU3BeCTHON
NPUHALIEKHOCTH, uyTh O0siee 50 % COAEPKUMOro CTaTh OTHOCUTCS K JKEHCKOU
KaTeropuu. B kauecTBe paciimpenus aToro MeTo/ia MO;KHO ITPOaHAIM3UPOBATD CJIOBA
B JKEHCKHX 1 MY’KCKHX TIPE/I0KEHUSX, UTOOBI TOCMOTPETh — MMEIOTCS JIN KaKHe-TO
JIOTIOJTHUTEJIbHBIE TEPMUHDI, 110 YMOJYAHUIO CBI3aHHbIE C MYKCKUM U JKEHCKUM I10-
som. Kak Buite, 9TOT BU/I aHAIM3a OTHOCUTEIBHO MTPOCTO peasmayercst Ha Python,
u KapeHy aTu pe3y/ibTaThl TOKA3aJIMCh TTOPA3UTEIbHBIMU:

Ecnu 6v1 3namust 0 poau Mym#cuun u Henuun 6 00uecmee vl NOLYUULU MOJIHKO
u3 nomepos New York Times 3a nocieonior nedenio, mo moziu 6ot nOOymamo,
UMO MYNCUUNDL 3AHUMAIOMCSL CROPMOM UIU PABOMAom 8 npasumenibcmee,
Q HCCHUUHDL 3AHUMAIOTMCS UCKTIOUUMETLHO HCEHCKUMU U OOMAUHUMU OeLaAMIL.
Yecmmo 2080psi, st ObLL WOKUPOBAH, HACKOLLKO CIEPEOMUNHbLE CLOBA UCNOJLb-
308AUCH 8 HCEHCKUX NPEOTONCEHUSX.

— Huun Kapen (Neal Caren)

Yo ke 3/1ech TPONCXOMNT B IEHCTBUTETHHOCTH ? ITOT MEXaHU3M, XOTS U JIeTEPMHU-
HUPOBAHHBIN, 04eHb XOPOIIIO IEMOHCTPUPYET, Kak ¢J0Ba (ITyCTh M CTEPEOTUTTHBIE)
CrocOOCTBYIOT MPEICKa3yeMOCTH B KoHTeKkcTe. OIHAKO 3TOT MexaHu3M paboraer
MMEHHO TIOTOMY, YTO TIPU3HAK TTOJIOBOM ITPUHA/ITIEXKHOCTH BCTPOEH HEMTOCPEZICTBEHHO
B SI3bIK. B 1pyrux sizbikax (Hampumep, GpaHily3CKOM ) TeHIePHbBIN TPU3HAK BBIPAYKEH
elle CUJIbHee: UIeu, HeOIyIIeBJIECHHbIE TIPE/IMETBI U JIaXKe YACTH TeJIa MOTYT UMETh
101 (J1aske eCJI 3TO IPOTHBOPEYNT 3IPABOMY CMBICITY ). SI3BIKOBBIE 0COOEHHOCTH HE
BCET/Ia UMEIOT OIPEIeTUTENbHBIN CMBICT, YACTO OHW HECYT JIPYTYI0 HHMOPMAIHNIO;
HATIPUMED, MHOKECTBEHHOE YMCJIO U BPEMsI — €llle J[BA SI3bIKOBbIX TPU3HAKA — TEO-
PETHYECKH MOKHO MCIIOJIB30BATH [IJIsI OTIPEIeJIEHUsI TPOIILIIOTO, HACTOSIIIETO 1 OY-
ayiero si3bika. OHAKO 0COOEHHOCTH sI3bIKa COCTABJISIIOT JIMIITh YaCTh YPaBHEHUS,
KOT'J[a PeYb 3aXOUT O MPeJICKa3aHUN CMbICJIA TEKCTA.

KoHTeKCTHble NPU3HaKn

AHasi3 HaCTPOEHUsI, 0 KOTOPOM MBI OAPOOHEE MOTOBOPUM B riiaBe 12, siBisteTcst
OYeHb TIOMYJISIPHBIM METOAOM KJIACCU(UKAIINK TEKCTA, IOTOMY UTO C TTOMOIIIHIO
OMOITMOHATHFHON OKPACKU MOKHO TIEPeIaTh Maccy NH(MOPMAIIUN O TOUKe 3PeHus Ha
00CysKIaeMblil TIPEAMET; OH ITOMOIaeT MIPOBECTH KOMILJIEKCHBIN aHAIN3 OT3bIBOB,
HOJISIPHOCTH COOOIIEHMIT MJTH peakiinii. MOKHO MOyMaTh, 4TO aHAJIU3 HACTPOEHUST
JIETKO TIPOBECTH € TIOMOTIIBIO TIPUEMA, ITOX0KET0 Ha MCTI0JIb30BABIINICS B TEHIEPHOM
aHaJIM3e, IPeJICTaBIeHHOM B IIPEIbIAYIIEM pasjiesie: coOpaTh CIIUCKH CJIOB € TIOIOK-
TeJLHON (<«ITPEBOCXOHOY, «XOPOITIOY, «<KOJIOCCATHHO» ) U OTPUIATETBHON OKPACKOH
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(«ysKacHO», «GE3BKYCHO», «[IPUMUTHBHBIN» ) U OTIPEAETUTH OTHOCUTEIbHBIE YaCTOTHI
BCTPEYAEMOCTHU ITHUX JIEKCEM B KOHTeKcTe. K cojkaeHunIo, 9TO CIUIIKOM YIIPOIEeHHbIH
MIOJIXO/I, ¥ 4aCTO OH /IaeT OY€Hb HETOUHbIE PE3YJIbTATHI.

AHaJi3 HaCTPOEHU I KOPEHHBIM 00PA30M OTJIMYAETCSI OT TeHIEPHOI Kiaccudukarum,
MOTOMY YTO HACTPOEHUE HE SIBJISIETCS] OCOOEHHOCTBIO SI3bIKA, & 3aBUCUT OT CMbLCLA
c2106; Hatpumep, Gppasa «TPIOK MOJYUIHIICS HEOOBIYHBIM» HOCUT MOJIOKUTEIbHbII
OTTEHOK, TOT/Ia KaK «CheB CYII, s TIOUYBCTBOBAJ ce0s1 HEOOBIYHO TLI0OX0» — OTPH-
IaTeJIbHBIN, 8 «y MEHS KMBET HeOObIYHAs UTyaHa» — HEOJHO3HAYHBIN. 3HAUCHUE
cJI0Ba «HEOOBIYHBIN» B 3TUX (hpasax MeHsieTcst. KpoMe Toro, HacTpoeHue 3aBUCHT
OT KOHTEKCTa, la’ke KOTJa olpeieieHne CJI0Ba OCTaeTCsI HEM3MEHHBIM; CJI0BO
«MSITKUI» MOKeT HECTU OTPUIIATEIbHBIN OTTEHOK B PAa3roBOpe O JKTyUeM IIepiie,
HO TIOJIOKUTEBHBIN B ONMMMCAHUHU cupoma oT Kamida. Hakownerr, B oTamdne ot moja
MJIA BpEMEHU, HACTPOEHNE MOXKHO OTPHUIATh: «HEXOPOIO» 03HavaeT maoxo. Otpu-
I[aHUE MOYKET TIEPEBEPHYTH CMbBICJI OOJIBITIOTO (hparMeHTa MOJTOKUTETHHOTO TEKCTA:
«Y MeHs1 ObLTM GOJIbINNE HAMEKIBI U OKUAaHNs Ha (DUIIbM, KOTOPBIH KPUTHKU Ha-
3BaJTM 3aMeYATEIbHBIM 1 BOJHYIOLTUM, HO, TOCMOTPEB €T0, s PA304apOBAJICST». 3/1€Ch
GOJIBIIIOE KOJUYECTBO CJIOB, 0OBIYHO YKa3bIBAIOIIMX HA TTOJIOKUTEIbHbBII HACTPOI,
TaKUX KaK «OOJIbIINE HAJEKIbI», <OKUIAHUST>, «3aMedaTeIbHbII ¥ BOJTHYIOIINI»,
He TOJIbKO HE CMOIJIM ITPEYMEHbBIIUTD HETATUBHbBIN OTTEHOK €JIMHCTBEHHOTO CJI0BA
«Ppa3oyapoBaJiCsl», HO Jake YCUJINIIN ero.

TeMm HE MeHee Bce 9T TPUMEPHI ITPEICKA3yeMBbl; TOJIOKUTEIbHOE U OTPUTIATETbHOE
OTHOILIEHUE MTEePEIAeTCs ICHO, ¥ TOXO05KE, YTO MOJIEIb MAIIMHHOTO 0OYYEHUST CMOJKET
OIIpeIeJIUTh HACTPOEHUE U, MOKET ObITh, JaxKe OTAEJIUT HeBaKHbIe MU HEOILHO-
3HAYHbIE BBICKA3bIBAHUS. ATIPUOPH JIETEPMIUHUPOBAHHBIHN MJIA CTPYKTYPHBIN MOIXO]T
yTpayrBaeT rtOKOCTh KOHTEKCTA U CMBICJIA, TOITOMY OOJIBITITHCTBO MOJIENEH sI3bIKA
YUUTBIBAIOT TAKIKE PACTIOJIOKEHUE CJIOB B KOHTEKCTE, UCIIOJIb3YsT METO/[bI MAIIIUHHOTO
00yuYeHMsI JIJIST CO3/IaHuST IPOTHO30B.

Ha puc. 1.6 usobpasken 0OCHOBHOII MeTO/ pazpabOTKK IIPOCTHIX MOJEJIEH S3bIKa,
KOTOPBIE YaCTO HA3bIBAIOT MOJIEJISIMU BU/IA «MEIIOK CJIOBY». DTH MOJIEJIN OTIEHUBAIOT
YaCTOTY BCTPEYAEMOCTH CJIOB JIPYT C JIPYTOM U C IPYTUMU CJIOBAaMU B Y3KOM, Orpa-
HITYeHHOM KOoHTeKcTe. [10106Hast OTleHKa TOMOTAeT OPE/IEUTh, KAKIe CJI0BA OYIyT
CJIeoBaTh JIPYT 3a JAPYTOM, U 110 HeOGOMbINUM (hparMeHTaM TeKCTa OIPEIEeNsITh UX
cMbIc. /lasee ¢ TOMOIIBIO METOIOB CTATUCTUYECKUX BBIBOJIOB MOKHO TTPOTHO3M-
pOBaTh MOPSJIOK CJIOB.

PaCH_II/IpeHI/IH MO/I€JIN «MENIOK CJIOB» paCcCMaTPUBAIOT COBMECTHBIE BXOXK/IECHUA HE
TOJIBKO OT/I€JIbHbBIX CJIOB, HO TAaKK€ I1€JIbIX cl)pas, MMEIOINX BbICOKYIO 3HAYNMOCTbH
IS OIIpe/ieJIEHN A CMbICJIA. (Dpasa «CHATDb IE€HbI'N B OGaHKe» IpuaaeT onpeaeﬂeHan‘/’I
CMBICJI CJIOBY <<621HK>>, HO TO JKe CaMOe€ /Iej1aeT (bpasa <«KBaCUTb KallyCTy B CTEKJISTHHOMN
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Puc. 1.6. MaTpuua 4acTOT COBMECTHOIO MOSIB/IEHUS C/T0B

GaHKe». ITO Ha3BIBAETCS AHAIU3OM N-2DAMM, TJ€ 1 ONPEAETISAET YIOPSILOUEHHYTO
MTOCJIEZIOBATENBHOCTH CHMBOJIOB HJIH CJIOB JIJIsI CKAHUPOBAHM (HAIIPUIMED, 3-TpaMMa
("cHAaTb', 'peHbru’, 'B') WM 4-TpaMMa (' CHATb, 'AeHbru', 'B', '6aHke")). n-rPaMMbl
OTKPBIBAIOT HHTEPECHDBIE BO3MOKHOCTH, TIOTOMY YTO TO/IABJISIIONIEe GOJIBITUHCTBO
n-TpaMM JIUIIEHO cMbIcTa (HampuMep, ('Beapo’, 'npeiraTh’, 'deliepsepk')), XOTH,
YUIUTBIBAS PA3BUBAIONIYIOCS TPUPOY SA3BIKA, AasKe 9Ta 3-TpaMMa MOKeT KOT/la-Hu-
Oyab ctaTh ocMbicaerHoi! COOTBETCTBEHHO, MOJIE/IN SI3bIKA, UCIIOJIb3YIOIINE TIpe-
UMYIIECTBA KOHTEKCTA TAaKUM CIIOCOO0M, TpeOYIOT HaIUUUs BOSMOKHOCTH U3ydYaTh
OTHOIIIEHUE TEKCTA C HEKOTOPOU 11eJIeBOI TIepeMEHHOM.

Vcronb3oBanme sI3bIKOBBIX M KOHTEKCTHBIX TIPU3HAKOB B aHAJIN3€ CIOCOOCTBYET
obeil mpeckazyeMocTH s3bika. Ho /17151 X BbisiBeHst TpeGyercst ymMere pas3ou-
paTh U OIPEJeJIsATh eANHUIIBI sI3bIKA. B cieyrorem pasjesie Mbl 0OCY/IUM YBSI3KY
SI3BIKOBBIX M KOHTEKCTHBIX ITPU3HAKOB B CMBICJIOBOE 3HAYCHNE C IMHTBUCTUYECKOH
TOYKU 3PEHMUS.

CTpyKTYpHbIE NpU3HaKu

Haxkomerr, Mojiesin si3bIka 1 aHAIUTHYECKast 00pabOTKa TEKCTA MOy YN IOTOTHHU-
TeJIbHbIE BBITO/bI OT Pa3BUTHUSI KOMIIBIOTEPHOMN JTMHIBUCTHKI. Kakue 66 MOge I Mbl
HU CTPOUJIH, ¢ KOHTEKCTHBIMU UJTH IMHTBUCTHYECKUMU MTPU3HaKaMu (M1 060UMHU ),
HEOOXOIMMO TaK;Ke YYUTHIBATH BBICOKOYPOBHEBBIE €IMHUIIBI SI3BIKA, UCIIOJIb3YEMbIe
JIMHTBUCTAMM, YTOOBI OIPEAETUTH CI0BAPb OTepalltii, KOTOpble Mbl OyIeM IpH-
MEHATh K KOPITycaM HaIllero TeKCTa B MOCTIeAYIONUX raaBax. Ha pasHbIX ypoBHIX



A3bIK KaK JaHHble 39

06pa60TKe ImoABEpPraroTCA padHble ¢IMHUIDI A3bIKa, 1 ITIOHKUMaHKWE JIMHTBUCTHUYE-
CKOTO KOHTEKCTa NMeeT OOJIbIIoe 3HaYeHe U1 IOHMMaHWA ITPpUEMOB O6pa6OTKI/I
€CTECTBCHHOI'O A3bIKa, NCITOJIb3yEMbIX B MalllMHHOM O6y‘IeHI/II/I.

[Tox TepMUHOM cemanmuka 1oapasymeBaeTcst cmbicy. CeMaHTHKA TIyOOKO BJIO-
JKeHa B sI3bIK U ¢ GOJIBIITUM TPYIOM TIOIAeTCs M3BJIedeHno. B 001em cirydae Bbi-
ckasbiBaHus (Tpoctast ¢pasa, a He 1ediblii ab3ail, Hanpumep: «OHa B3siia KHUTY
U3 OUGINOTEKW» ) CJELYIOT TPOCTOMY MIAOTIOHY: CyOBEKT, IJ1aros, 00beKT U Orpe-
jieieHne, oTHocsIeecst K 00bekTy (Mojieskaliee — ckazyeMoe — JIOTIOJIHEHE).
Vcmonb3yst Takue mabI0HbL, MOKHO KOHCTPYHUPOBATD OHIMOJI02UIL, OTIPEIEIISIONIIE
KOHKPETHbIE OTHOIIEHUSI MEXK/IY CYIHOCTSIMU, HO TaKast paboTa TpebyeT BECOMBIX
3HAHWI KOHTEKCTa W MpeJMeTHOI obacT U maoxo macuirabupyercs. Tem He
MeHee B MOCJIeIHee BPEeMs BeyTcsl MHOToOGelaonme paboTsl 10 U3BJIEYEHUIO
OHTOJIOTHIT M3 TAKUX MCTOYHUKOB, Kak «Bukuneaus» nau DBPedia (manpumep,
cTaThsl ¢ onpejeeHreM ciaoBa «6ubanoreka» B DBPedia HaunHaeTcst co ¢JoB:
«Bubaunorexa (rped. Bipiov, kHura + OKn, XpaHWUIUILE, BMECTUIUIILE, AIINK) —
yupesxieHue, cobuparliee u XpaHsiiee IPOU3BeIeHNUsT TeYaT U ITHChbMEHHOCTH
J1UIsT OOIIECTBEHHOTO TIOTb30BAHSI» ).

CeMaHTHYECKNIT aHAJIN3 3aKJII0YAETCS HEe TOJTBKO B OMpPE/eIEHUH CMBICTA TEKCTa,
HO TaK’Ke B CO3IaHUN CTPYKTYP JAHHBIX, K KOTOPBIM MOTYT TIPUMEHSTHCS JOTHYIe-
cKue paccyxkaeHusd. TekCcToBble CMBICIOBbIE TPECTaBIeHNI (MJIU TeMaTUIeCKue
cMbIcI0BbIe mpezicTaBiernss — Thematic Meaning Representations, TMR) MoskHO
WCITOJIb30BATH I KOJAUPOBAHUS TIPEJIOKEHNI B BUIE CTPYKTYP NPEANKATOB,
K KOTOPBIM MOTYT MPUMEHSITHCSI JIOTHKA TIEPBOTO MOPSIIKA WK AAMOOa-ucuucie-
nue. JIpyrue CTpyKTYpBI, TaKHe KaK CeTU, MOKHO MUCIOJIb30BATh 15T KOMUPOBAHUS
B3aUMO/ICHICTBUI TTPEIMKATOB WHTEPECYIONUX ITPU3HAKOB B TEKCTE. 3aT€M MOKHO
BBITIOJIHUTH 00XO/I [JIs1 aHAIN3a [IEHTPATbHOCTH TEPMUHOB UJIH CyObEKTOB U IPUYNH
OTHONIEHU MEXK/Y 3IeMEeHTaMU. XOTS AHAAU3 2pAdos He BCETAA ABIICTCS TOTHBIM
CEMAaHTUYECKUM aHATN30M, UHOT/IA OH IMTOMOTAeT MTPUUTH K Ba’KHBIM BBIBOJIAM.

Cunmarcuc — 310 CBOJ[ TIPaBUII (hOPMUPOBAHIISI TPETIOKEHNT; 0OBIYHO OH OIIpe/Ie-
JisieTcsl rpaMMaTrKoi. IIpezioskeHust — 3To eIMHUITBI I3bIKA, KOTOPBIE MBI HCIIOJIb-
3yeM JIJIsT CO3/IaHIsI CMBICJIA; OHU KOJAMPYIOT HAMHOTO 0O0JIbIle WH(MOPMAINY, YeM
oT/esbHbBIe cJI0Ba. 110 9TOi TipIUmHe MbI Oy/1eM CYUTATH MPE/IOKEHNST HAUMEHbITIeit
JIoTU9ecKo equHUIEeH A3brka. [leas cnaTakcnyeckoro anannsa — MokasaTh 3HAYHU-
MbI€ CBSI3M MEJK/IY CJIOBAMH, OOBIYHO My TEM JIeJICHUS TIPEJIOKEH IS HA YACTH, HJIH
CBSI3U MEJK]LY JIEKCEMaMH1 B JIPEBOBUIHON CTPYKTYpe (10700HO CHHTAKCUIECKOMY
pas3bopy TPeIOKEH I, KOTOPbIN BbI MOTJIN [I€TATh B 1KOJIe ). CHHTAKCUC SIBJISIET-
cs1 00s13aTeIBHOM OCHOBOM [IJIsl PACCY KIEHUIN O CUCTEMe TIOHSITHIT UJIN CEMaHTHKE,
MOTOMY YTO 3TO KM3HEHHO Ba)KHBIN MHCTPYMEHT JIJI1 MOHMMAHUS TOTO, KaK CJI0Ba
BJIMATOT JIPYT Ha ApyTa Ipu (popMupoBannm ¢pas. Hampumep, cunrakcndeckuit
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aHaJIM3 I0JKEH BBISIBUTD TIPE/JIOKHYIO (hpasy «u3 OubIHOTEK» U UIMEHHYTO (Dpasy
«KHWTY 13 OUOJINOTEKM» KaK KOMITOHEHTBI IJIar0JbHOW (hpas3bl «B3sijia KHUTY W3
OUOJIMOTEK N>

Mopgonozus onipeiesisier (popmy Bellleif, a B aHATU3€e TeKCTa — (OPMY OT/ENbHbIX
cioB win JiekceM. CTPYKTypa CJI0B MOJKET TIOMOYb HAaM BBISIBUTH MHOKECTBEHHOE
ucsio (vcena v acénwl), poa (noam u nosmecca), spemsi (Oexcan vi 6ezy), CipsizKeHue
1o Jynam (s 6ezy u on 6excum), U T. 1. AHanus MOphOJOrHK — CJIOKHAsT 3a/a4a,
MOTOMY 4TO B OOJIBITMHCTBE SI3bIKOB MMEETCS Macca NCKITIOYEHU T 13 TPABUJT 1 CIie-
IUAJBHBIX CIy4YaeB. B aHTJIMIICKOM s13bIKE, HAIpUMeEP, UMEIOTCs Kak opdorpadu-
YecKue TPaBUJIa, TPOCTO ONPeENIONINe OKOHYaHue CIOB (puppy — puppies)!, Tak
u MopdoJiornuecKkiue — OTpeeisiolie MOJHbIe IKBUBAIEHTBI (800se — geese)?.
Anrsmiickuit — adGUKCcaTbHBIN S3bIK, TO €CTh B HEM K CJIOBY ITPOCTO T0OABJISIIOTCS
JIOTIOTHUTETbHBIE CHMBOJIBI, B HAYAJIO WJIN B KOHEII, IJI NU3MEHEHUS eT0 (DOPMBDI.
B npyrux g3p1kax gelicTByIOT MHbIe MOP(hOJIOTHYECKIE TPABUJIA: B UBPUTE UCITOJIb-
3YIOTCsT MIabJIOHBI U3 COTJIACHBIX, B KOTOPbIE BCTABJISIIOTCS TJIACHbIE JIJIST CO3/aHMUsT
CMBICJIA, TOT/IA KAK B KUTAlICKOM $I3bIKE UCTIOJIb3YIOTCS TMKTOrpahuyecKiie CUMBOJIBI,
KOTOpbIE HE BCET/[a U3MEHSIIOTCSI HEITOCPE/ICTBEHHO.

I'maBnag 3ajlada MOp(l)O]IOFI/I‘{eCKOI'O aHaJIn3a — BbIABUTD YaCTU CJIOB, 110 KOTOPbIM
9TH CJIOBA MOJKHO OTHECTH K TEM HJIM MHBIM KJlaCCaM, KOTOPbI€ YaCTO HA3bIBAalOT
TeraMu 4acreil pedn. Haan/IMep, NHOr'la HaM Ba’KHO 3HATh, HAXOAUTCA JIN Cyllie-
CTBUTEJIbHOE B €/IMHCTBEHHOM MJIM BO MHOKECTBECHHOM 4YMCJIE, UJIN K€ ABJIFACTCA
“MeHeM COOCTBEHHBIM. Takske HaM MOKET HOTpe6OBaTbCH y3HaTbh, UMeEET JIN IJ1aroJi
HEOIIPpEACTICHHY IO (l)OpMy, Iponieaniee BpeMsd, N 9TO A€erpniacTue. 3arem 1oJIy-
YE€HHDbIE HaCTH Pp€YUr UCITOJIb3YIOTCA JIA CO3/IaHUA 6osee KPYIHDBIX CTPYKTYP, TaKUX
KakK (bpaI‘MeHTbI niam (bpasm, WJIN JIa’Ke IIeJIble /IpEBa CJIOB, KOTOPbIE 3aTEM MOKHO
HCIIOJ/Ib30BaTh [JIJId TOCTPOEHUA CTPYKTYP JIaHHBIX CEMaHTUYECKUX paccymaeﬂmﬁ.

CeMaHTHKA, CHHTAKCKC U MOP(OJIOTH TTO3BOJISIOT J0OABIATH JaHHbIE B IPOCThIE
TEKCTOBBIE CTPOKH C JIMHTBUCTHYECKUM CMBICJIOM. B riiaBe 3 MbI TOCMOTPUM, KaK
pa3bUTh TEKCT HA JIOTUYECKUE U CMbBICJIOBbIE €IMHUIIbI, KCIIOJb3YsI METO/IbI BbIjIE-
JIEHUs JIEKCEM M CETMEHTOB, a TaKKe KaK Ha3HauYMTh TeTH JacTell peun. B rmase 4
MBI IPUMEHUM TIPUEeM BEKTOPU3AIINH K 9TUM CTPYKTYPaM JJIsT CO3AAHUS THUCTOBBIX
MPOCTPAHCTB MPU3HAKOB — HaIIPUMep, HOPMAJIU3AINIO TEKCTA ¢ TTPUMeHEHTEM
METO/IOB CTEMMUHTA U JIEMMATU3AIIUN JIJIT YMEHBIIeHsT KOJUUeCTBA TTPU3HAKOB.
Haxomelt, B r1aBe 7 Mbl HAIIPSAMYTO OYZIeM UCIIOJIb30BATh CTPYKTYPBI 1JIs KOJUPOBa-
HUST TH(MOPMAIIUHY B HAIIN TPOTOKOJIBI MAITUHHOTO OOYYEHUS C 1ENbIO YTy YIIeHUsT
MIPOM3BOIUTETBHOCTH U CIIEIMAIN3AINHY JIJII KOHKPETHBIX BUIOB aHAIN3a.

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

EcrecTBenHbIN S3bIK — OHA U3 CAMBIX MaJIO UCTOJIb3YEMBIX (POPM TaHHBIX, 10-
CTYTHBIX B HacTOsAIIee BpeMs. ETo anaims mo3BoJIIeT yBeIUIUTD TI0JIE3HOCTh TTPHU-
JIOJKEHU JJAHHBIX U C/IeJIaTh X HEOThEMJIEMON YacThio Hatrel ku3tn. CrernaancTbl
110 00paboTKe U aHAIN3Y JAaHHBIX 00JIaAI0T YHUKAJIBHBIMU BO3MOKHOCTSMU JIJISI
CO3/IaHUST TAKUX ITPUI0KEHUI JaHHBIX, OCHOBAaHHBIX Ha aHAJIM3€e eCTECTBEHHOTO
st3bika. OObeINHSSI TEKCTOBbIE JAHHBIE C MAIMHHBIM 00y4eHUEM, OHU CITIOCOOHDBI
€O3/1aBaTh MOIIIHBIE TTPUJIOKEHUS B MUPE, T7ie HH(GOPMAIIUS 9acTO ITPUPABHUBAETCS
K IIEHHOCTSIM, a 06J1alaHne €10 aeT KOHKYPeHTHbIe ipenMyiiecTBa. CoBpeMeHHast
JKU3Hb OCHOBaHa Ha MCTOUYHUKAX JAHHBIX U3 CTECTBEHHOTO SI3BIKA, U TIPUIOKEHUS
JIAHHBIX, OCHOBAaHHBIE HA €TI0 aHAJIM3e, IeJIaloT 9TH JaHHbIe H0jiee JOCTYITHBIM.

B curenyonmx HeCKOBKUX TJIaBax Mbl 0OCYIUM HEKOTOPBIE 00sI3aTe/IbHbIE 9Tallbl 00-
pabOTKHU TEKCTA, TIPEIIIECTBYIONIIE MAITTHHOMY OOYY€HUIO, 2 UMEHHO: YITPABJICHITE
KopirycoM (B IJiaBe 2), IpeBapuTeabHyio 06paboTKy (B riiaBe 3) U BEKTOPU3AIUIO
(BryaBe 4). 3aTeM MbI TOIKCTIEPUMEHTHPYEM € (hOPMYJIUPOBKOI 337124 MAITUHHOTO
obyuenust st Kiaaccudukaimy (B T1aBe 5) U Kiaactepusanuu (B riase 6).

B rmaBe 7 MBI peanusyeMm M3BJedeHre PUIHAKOB AT MaKCUMU3AITUHU 3(pHeKTuB-
HOCTH HaIlTUX MOJIEJIEH, a B TJIaBe 8 TOCMOTPUM, KaKKe TIPUEMbI BU3yaTu3aIiuy HaM
JOCTYITHBI JIJist OTOOPasKEHMsI PE3YJIBTaTOB U BBISIBJIEHUST OMNOOK MOJIETMPOBAHUSI.
B riaBe 9 MBI paccMOTpPUM IPYTOH MOAXO/T K MOJETMPOBAHUIO SI3bIKA, MCIIOTH30BAB
rpad 1 MpeCTaBIeHNUS CJI0B U OTHOIIEeHWH Mexkay Humu. [locie atoro, B Tia-
Be 10, MbI uccenyeM GoJiee Creluaniu3upoBaHHble METO/BI TOUCKa, U3BJICYEHUST
u reHeparn s yar-6otos. Hakonerr, B raasax 11 u 12 Mbl paccMOTPUM METO/bI
MacIITabuPOBaHKS BEIYMCIUTEIBHOI MOIHOCTH ¢ IpuMeHeHreM Spark 1 Mozesnpb
MacIITabMpPOBaHKS CJIOKHOCTH C TPUMEHEHNEM HCKYCCTBEHHBIX HEHPOHHBIX CETEN.

Kax Bbl yBuiMTE B CJIe/yIOIIEH TIaBe, [JIs MACIITaOUPYEeMOro aHaIu3a U MalllnHHOTO
00yuYeHrs Ha TEKCTe HaM B IIEPBYIO OYepe/ib HeOOXOAUMbBI 3HAHUS B IIPEAMETHON
06J1acTH U KOPILYC TEKCTa, XapaKTePHbIi A/ 910l obmactu. Hampumep, eciu Bbl
paboraete B (huHAHCOBOI cepe, Ballle IPUIOKEHHUE JOKHO Paclo3HaBaTh OUp-
JKeBbIe COKpaInieHus, GuHaHCOBbIe TEPMUHBI U Ha3BaHUS KOMIIAHWI. A 9TO 3HAUUT,
YTO JOKYMEHTHI B CO37ITaBAEMOM BaMU KOPITyCe JOJIKHBI COAEPKATh 9TU CYITHOCT.
MHuaue roBopst, pazpaboTKa IPUI0KEHUS JaHHBIX Ha OCHOBE aHa/IN3a eCTECTBEHHOTO
SI3BIKA HAUMHAETCS C TIOJTyYeH NS TEKCTOBBIX JAHHBIX TTOIXOAIIETO THIIA U CO3/IaHs
KOPITyca, COAEPKAIIEr0 CTPYKTYPHbBIE ¥ KOHTEKCTHBIE MTPU3HAKU IIPEIMETHOM 06-
JIACTHU, B KOTOPOI1 BbI paboTaere.



Co3paHue co6CTBEHHOro
Kopnyca

[maBHOIT 3ama4eil JT060T0 MPUIOKEHNST MATTTHHOTO 00YYEHUsT SIBIISIETCST OTIpeIe-
JIEHUE TOTO, YTO CUYNTATD MOJE3HBIM CUTHAJIOM W KaK BBIIEJNTD €r0 13 nH(opMa-
1uoHHOTrOo nrymMa. C aTOH 11eJIbI0 BBITTOJIHAETCS aHAIU3 NPUSHAKOS, B XOJIe KOTOPOTO
YCTaHABJIMBAETCs, KaKe MPU3HAKHU, CBOMCTBA WJIM PA3MEPHOCTU B TEKCTE JIydllle
BCETO TEPENAIOT €r0 CMbICI 1 6a30BYI0 CTPYKTYPY. B mpeabiayIeii riaBe Mbl yBH-
JIEJIN, 9TO, HECMOTPSI HA CJIOKHOCTh ¥ THOKOCTH €CTECTBEHHOTO SI3bIKA, €70 MOKHO
MOJICTTPOBATE, U3BJEKAA CTPYKTYPHBIEC M KOHTEKCTHBIE TPU3HAKH.

B nocieyronux riaBax 0CHOBHOE BHUMaHUE OY/IET YAESIThCST «BbIIETEHHIO TPH-
3HAKOB» U «Pa3paboTKe CUCTEMbI 3HAHMIT» — TJIe Mbl 3aliMeMcsl ueHTu(UKaLeil
YHUKQJIbHBIX CJIOBAPHBIX CJIOB, HAOOPOB CHHOHMMOB, B3aMMOCBSI3€H MEKIY CYIIl-
HOCTSIMM ¥ CEMaHTUYECKUX KOHTEeKCTOB. Ha mpoTsikeHnu Beeil KHUTKM Bbl Oyzere
BUJIETD, YTO IpecTaBieHne 6Ga30BON JUHIBUCTUYECKON CTPYKTYPBI BO MHOTOM
omnpeesider ycuex Haieil paborsl. Onpeenenue npeacTaBieHns TpedyeT oT Hac
OTIPENENUTD eINHUIIbI SI3bIKA — DJIEMEHTBI, KOTOPbIEe MOKHO ITOCUUTATh, U3BMEPHUTh,
MIPOAHATU3NPOBATH UJIN U3YUUTh.

AHanu3 TekcTa B HEKOTOPOIl cTerneHn — 3To pasbueHue 60X (hparMeHTOB
TEKCTa Ha COCTABJISIONINE MX KOMIIOHEHThI — YHUKaJIbHBIE CJIOBa, 00IIMe (hpass,
CHHTaKCHYECKKe MabJOHBl — C TTOCJAEAYIONMM TPUMEHEHUEM K HUM CTaTHCTHYE-
CKUX MEXaHW3MOB. V3yyas aTh KOMITOHEHTDI, MOXKHO CO3/IaBaTh MOJIEJIN S3BIKA,
MO3BOJISTIONINE CHAOKATD TIPIJIOKEHSI BOBMOKHOCTSIMU TPOTHO3UpoBatust. OueHb
CKOPO MBI YBUJIUM, UTO CYIIECTBYET MHOKECTBO YPOBHET, HA KOTOPHIX MBI MOKEM
[PUMEHHUTH CBOIT aHAJIN3, U BCE OHM CBSI3aHbI C OJIHUM HEHTPAJIbHBIM HaGOPOM TeK-
CTOBBIX JIAHHBIX: KOPNYCOM.
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YT10 Takoe Kopnyc?

Koprryc — 270 KoJ1ek1us B3anMOCBSI3aHHBIX TOKYMEHTOB (TEKCTOB) HA €CTECTBEH-
HOM si3bIKe. Kopryc MozkeT ObITh GOJBIINM WM MaJE€HBKUM, HO 0OBIYHO COCTOUT
U3 JIECATKOB M Jake COTEH TUTabaiT JaHHBIX B ThICAYAX JOKyMmeHToB. Hampuwmep,
YUUTHIBAsA CPEAHUN 0OBEM MOYTOBOTO simmka B 2 [6aiiT (s cripaBKu, MoJHAsS
BepCHUst KOPITyca MePenucKu KoMimanuu Enron, KoTopomy ceitdac npumepHo 15 ser,
BKJIIOUaeT 1 MUJIIMOH 2/IeKTPOHHBIX IuceM 118 mosib3oBatesieil 1 umeeT pasmep’
160 I'6aiiT), koMmaHus HeOGOJBIIOTO pazmMepa, HacurThiBatomas 200 COTPYIHUKOB,
crocoOHa CreHeprpoBaTh KOPITYC TIEPENUCKHI pasMepoM B rostepabaiita. Koprycer
MOTYT OBbITh AHHOMUPOBAHHBIMU, TO €CTh TEKCT WK JOKYMEHTHI MOI'YT ObITh CHAO-
JKEHBI CIIEI[MATbHBIMI METKAMU JIJIst aJITOPUTMOB OOYU€eHMsI ¢ yuuTeseM (Harnpumep,
1151 OUITBTPOB CIIaMa), WU HEAHHOMUPOBAHHBIMU, UTO JIEJIAET UX KaHM/1aTaMu Ha
TeMaTUYeCKOe MOJIEJIUPOBAHNE U KJIACTEPU3AIUIO JIOKYMEHTOB (HAIIpUMED, JIJIst
U3y4YECHUs UBMEHEHUIT B TeMaX, CKPBITHIX B COOOIIEHUSIX, C TEYEHIEM BPEMEHH ).

Kopiryc MoKHO pa3buTh Ha KATErOPUK JOKYMEHTOB WM Ha OTAEIbHBIE JOKYMEHTHI.
JIOKyMEHTBI B KOPITyCe MOTYT PasjinyaThCcsl pa3MepaMi, OT OTAETbHBIX COOOIIIEH T
B «TBUTTEpE» N0 11eJIBIX KHUT, HO BCE OHU COMEP;KAT TEKCT (a MHOT/IA MeTaaHHbIE)
U [IPEICTABISIOT HAOOP CBSI3aHHBIX TeM. JJOKYMEHTBI, B CBOIO O4Yepe/lb, MOKHO Pas-
6uTh Ha ab3a1lbl — CMbLCL06bLe edunuybl peun (units of discourse), KoTopbie 00BIYHO
BBIPAKAIOT OHY M/ei0. AG3allbl TAKKe MOKHO PasOUTh Ha IPEAJIOKEHMS — CUHIMAK-
cuiecKue eUHNIIBI;, 3aKOHUEHHOE MTPeJIJIoJKeHNE CTPYKTYPHO 3BYYUT KaK KOHKPETHOE
BbIpaskeHue. [IpeoskeHns: COCTOAT M3 CJIOB M 3HAKOB MPENTUHAHUST — JEKCUUECKUX
eIMHUL], KOTOPBIE OIIPEAEIAIOT OOUUI CMBICJI, HO TOpa3zio H6oJiee MOJIe3HbIX B COYe-
taausax. Hakowerr, caMu ¢j1oBa cOCTOSIT U3 CJIOTOB, (hoHeM, ahbUKCOB 1 CUMBOJIOB,
TO €CTh eVHUI], MEIOITNX CMBIC, TOJTBKO KOT/Ia OHI 0OBbEeJUHEHBI B CJIOBA.

NMpeaMeTHbIE KOPNYCbI

Ouenb 4yacTo TECTUPOBAHUE MOJIENTN €CTECTBEHHOTO SI3bIKA HAUMHAIOT C UCITOJIb30Ba-
HeM 06001IeHHOTO Kopiryca. Harmprumep, ecTb MHOTO TIPUMEPOB U HAyYHbIX CTaTel,
B KOTOPBIX UCIIOJIb3YIOTCS TOTOBbIE HAOOPHI JaHHBIX, TaKHe Kak Kopryc Brown,
kopiyc u3 « Bukumneauu» nim kopiyc Cornell quanoros us durbmos. OHako Haw-
GoJiee yauHble MOJIEJH SI3BIKA YACTO SIBJSIIOTCS Y3KOCIIEITUATN3UPOBAHHBIMU [JIsT
KOHKPETHOTO ITPUMEHEHHUSI.

[Touemy Mojeu si3bika, 0OyYEHHBIE Ha OTPAHMYEHHON MPEAMETHON 00IacTH,
YaCcTo MEHUCTBYIOT JIydllle, 4eM TaKue JKe MOJEeU, HO 00ydeHHbIe Ha 0000IeHHOM

! Federal Energy Regulatory Committee, FERC Enron Dataset. http://bit.ly/2JJTOIv
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Kopiryce? B pasHbIX IpeIMETHBIX 00JIaCTSIX UCIIOJIb3YETCsT PA3HBIN SI3BIK (CIIOBAPh,
COKpaIieHus, THIUIHbIe (DPa3bl U T. 1I.), TOITOMY KOPITYC, CTIeITHATU3NPOBAHHBIN
JUIST KOHKPETHOI 00JTacTH, aHATTU3UPYETCST U MOJIEJTMPYETCST TOUHEE, YeM KOPITYC
C IOKyMEHTaMH U3 Pa3HbIX 00J1aCTei.

Bosbmem st ipumepa tepmuH «bank» (6ank). B ob6sacti 9KOHOMUKH, (hUHAHCOB
WU TIOJIUTUKHU 9TUM TEPMUHOM 00G03HAYAETCST OPTaHU3alust, TIPOU3BOIsIIAst (hu-
CKaJIbHbIe U MOHETapHbIe HHCTPYMEHTBI, TOT/Ia KaK B aBUAIIMU U JOPOKHOM JIBU-
skeHnn TepMuH «bank» (kpeH) o6o3Havaer hopMmy ABUKEHUS, KOTOPAst M3MEHSIET
HaIpaBJIeHKEe BO3/IYIITHOTO Cy/[HA U TPAHCIIOPTHOTO cpejcTBa. Biarogapst o6yue-
HIIO Ha GoJiee Y3KOM KOHTEKCTE, TPOCTPAHCTBO MPEACKa3aHUN MOIEIN CTAHOBUTCS
GoJiee Y3KUM U CIIEIUATM3MPOBAHHBIM, 2 3HAYKT, TAKas MOJIEJIb JIydllle CIIPABJISeTCs
¢ THOKOCTBIO SI3bIKA.

Hasmmame npeMeTHOro Kopiyca uMeeT GoJIbIIoe 3HaYeH e 15 CO3anus yAa9HOro
IIPpUJIOKEHUA JaHHbIX Ha OCHOBE aHa/In3a €CTECTBEHHOTIO A3bIKA. ECTeCTBeHHO, BO3-
HUKAET CJIEAYIONUI BOIPOC: KAK IOJYYUTh HAGOP AAHHBIX JUJIs CO3IAaHUsT MOJIEIIH
a3pika? HeszaBrcumo ot crocoba c6opa JaHHBIX — METOIOM CKpPaIllliHTa, U3BJIe-
vernueM u3 RSS win nocpeacrsom Hekoroporo API — koHCTpyHrpoBaHue Kopiyca
C MCXOAHBIM TEKCTOM B (hopMe, IPUTOAHOI IS CO3aHMs IPUTOKEHUS JAHHBIX,
ABJISIETCS HETPUBUAIBHON 3a1a4eii.

YacTo CrennagicTsl 10 aHaN3y 1 00paboTKe IAaHHBIX HAYNHAIOT C CO3/IAHNUS €/~
HOTO CTaTH4YeCKOro Habopa IOKYMEHTOB 1 3aTeM IIPUMEHSTIOT OIpe/ieJIeHHbIe BU/IbI
aHasn3a. OIHAKO He3aBUCHMO OT I1POIe/lyPbl aHAJIN3a U IIPUEMOB [10JIyYeHMs JIaH-
HBIX MOJIEJTb B 9TOM CJIy4ae MOJTYyYUTCS] CTATUYHOM, He CTIOCOOHO pearnpoBaTth Ha
HOBYIO OOPATHYIO CBSI3b 1 He OTPAKAIONIEN AMHAMUYECKYIO TPUPO/LY SI3BIKA.

OcHOBHOE BHUMaHUE B TOW TJIaBe YAeasieTcst He TPUOOPETEHNIO TaHHbIX, a UX
CTPYKTYPUPOBAHUIO U YIIPABJIEHUIO CIIOCOOAMMU, TIOAEPKUBAIOIINMU MAITHHHOE
obyuenue. TeM He MeHee B CJIEIYIONIEM Pas/iesie Mbl ITO3HAKOMIMCST ¢ PEeiMBOPKOM
Baleen ist mocTpoennst MexaHIU3MOB cO0pa JIaHHbIX, KOTOPBIH, B YaCTHOCTH, XOPOIIIO
TOIXOTAT JIJISI CO3IAHNS TIPEIMETHO-OPUEHTUPOBAHHBIX KOPITYCOB /71 TIPUKJIAHOTO
aHaJTM3a TeKCTa.

ABmxok céopa AaHHbIX Baleen

Baleen! — HMHCTPYMEHT C OTKPbITbIM MCXOAHbBIM KOJAOM /IJIAd CO3/JaHUA CBOUX KOP-
ITyCOB. Wa3Bnekaer JaHHbIC Ha €CTECTBEHHOM A3bIKE U3 TEKCTOB, HAIIMCAHHbIX IIPO-

U District Data Labs, Baleen: asmomamuueckas cayacoa ons 610208, nomoz2aiouyas co30asamo Kop-
nycoL 015 uccredosanuil 6 obaacmu anaiusa ecmecmeeniozo ssvika (2014), http://bit.ly/2GOFaxI
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(heccroHATIBHBIMU TIHCATEISIMU ¥ JIIOOUTEISIME, HaripuMep OJorepaMu 1 nHbopMa-
IIMOHHBIMU aTeHTCTBAMU, B KJIACCU(DUITUPOBAHHOM BU/IE.

Wcnonbayst OPM L-daiiib ¢ ontucaruem RSS-kanamos (pacipocTpaneHHbiii popMaT
9KCIIOpPTA JIJIsI TPOTPaMM dTeHMst HoBocTeil ), Baleen 3arpyskaer Bce coobienust us
ATUX KaHAJIOB, COXpaHsieT X B Oase gaHHbix MongoD B, 3aTeM aKCcIIOpTUPYET KOPITyC
TEKCTa, KOTOPLIM MOYKHO MCTIOb30BATE /711 aHamn3a. Ha mepBoril B3rrsam kaskeTcs,
YTO BCE ITO JIETKO PeaTn30BaTh B BUE OAHON (DYHKIIUN, HO B AeHCTBUTETBHOCTH
peasmsaiust cOopa JaHHBIX MOKET OBITh OUEHb CJIOKHOU 3aja4ei, TTOTOMY 4TO
nporpamMMmubie uaTepdeiicer (API) u kanansr RSS yacto usmensiorcs. Tpebyercst
MHOTOE Y4€eCTb U IIPOLyMaTh, 4TOOBI CO3/IaTh ITPUJIOKEHNE, KOTOPOE He TOJIBKO 00e-
ClIeYMBACT HA/ICSKHBII M aBTOHOMHBII cOOP JIaHHBIX, HO U TapaHTUPYeT Oe30MacHOCTh
VIIpaBJIE€HUS TaHHBIMI.

CJIOKHOCTB TIPOIEYPHI TTOJyUYeHUST TeKCTa yepe3 KaHaubl RSS nHarmsaHo nio-
crpupyet puc. 2.1. Boi6op kaHaI0B, OTKYy/1a JOJKHBI U3BJIEKAThCsI JaHHbIE, U KaK
UX cJenyeT KiaaccuuiupoBath, onpenesnsdet dhaiin OPML, xpangamuiica 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 Co0GLeHA
+ ingest_opmi) + mangalog + parse( + wranglel)
+ summary() + eyney) & teteng
! runil + entries()
+ exporn()

YreHune n
uHTepnpeTauusi 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
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Jlist mopkoyenust K xpauuauiny MongoDB u 3anucu B Hero cooOueHMiA, JT€HT
HOBOCTEN U ApyToil mHpopManuu TpedyeTcst MeXaHu3M 00bEKTHO-JOKYMEHTHOTO
orobpaxkenus (Object Document Mapping, ODM), Tak:ke He0OOXOIUMBI HHCTPY-
MEHTBI JIs1 OIIpeiesIeHns OJHOTO 3aaHust cOopa JaHHBIX, KOTOPOe CUHXPOHM-
3UpyeT Bce KaHaJlbl U 3aTeM U3BJIeKaeT u oOpabaThiBaeT OTAeJIbHbIE COOOMIEHUS
U CTaThHU.

Vcmonp3yst aTn MexanusMbl, Baleen mpeocTaBIisier yTUIMTBI 7SI 3ayCKa 3aIaHi
cbopa JIaHHBIX Ha PeryJsipHOil OCHOBe (HATIPUMED, €KEeYacHo), MpaBjia, [Jis MO/I-
KJIIOUeHnsT K 6a3e MaHHBIX M HACTPONWKM YaCTOTHI 3aIlyCKa TPeOYeTCst ONpeesiTh
HEKOTOPbIe KOH(DHUTYpaIMoHHbIe apaMeTpbl. [TOCKOJIbKY cOOp TaHHBIX — JJTUTE b=
HbII 1IpoLece, Baleen Tak:xe mpegocTaB/isieT KOHCOJIb AJIS HACTPOMKY PACIIUCAHMS,
JKYPHAJIMPOBAHUS U IPOBepKU ommbok. Hakowerr, nHcTpyMenT sxcmopra B Baleen
[O3BOJISIET BHIBECTH KOPITYC B 6a3y JaHHbIX.

TekyLias peanusaums aBuxkka Baleen cobvpaeT aaHHble 13 kaHanos RSS 12 ka-
TEropui, BKtoUasi CropT, Urpbl, MOAUTUKY, KyIMHApWiO M HOBOCTW. COOTBETCTBEH-
Ho, Baleen npoun3BoanT He 0aWH, @ 12 NpeaMeTHbIX KOprycoB, 06pa3Libl KOTOPbIX
[OCTYMHbI B perno3utopumn KHUrn Ha GitHub: https://github.com/foxbook/atap/.

HesaBucumo ot Toro, ObLIM JIi U3BJI€YEHbBI JOKYMEHTHI B IIporiecce cOopa JaHHbIX
WM OHU SIBJISIIOTCS Y4acThiO (PUKCUPOBAHHON KOJLJIEKIMH, HEOOXOMUMO MOAYMATh,
KaK YIPaBJIATh JaHHBIMU U ITOATOTABINBATE MX [JI aHAIN3a U OOYUEHIUS MOIEIN.
B crienyrotiiem pasjesie Mbl 00CYIMM, KaK CJIEANTD 32 KOPILYCAMU 110 Mepe TIPOI0JI-
JKatorerocst c6opa TaHHbIX, U3MEHEHUS JAHHBIX U YBEJMYEHUsT UX 0ObeMa.

YnpaBJieHue KoOpnycoM AaHHbIX

I[TepBoe pomyiieHe, KOTOPOE MbI IOJKHBI CIEIaTh, — KOPITYChI, KOTOPBIE MbI Oy/1eM
UCII0JIb30BATh, UMEIOT HETPUBUABHBIE PA3MEPbI, TO €CTh OHKM OYLYT COAEPKATH Thi-
CSIUU M IECSTKU THICSY JOKYMEHTOB, 3aHUMAIOIIUX rUrabaiiThl IpocTpancTBa. Bropoe
JIOTIyIIeHNe — A3bIKOBbIE JaHHbIE, TOCTYHAIINE U3 KCTOYHUKA, HEOOXOAUMO OUH-
aTh ¥ MPpeoOPa30BbIBATH B CTPYKTYPHI IAHHBIX, IPUTO/IHBIE /I aHasm3a. [lepBoe
JoMyIeHre TpedyeT UCI0Ib30BaHUsT MACIITabUPyeMbIX TEXHOJIOTHIA (KOTOpbIe boJiee
nopobHO pacecMaTpuBaioTes B Tiase 11), a BTopoe IpenoiaraeT BbIIIOJIHEHNE He-
0OpaTUMBIX TIpeoGpasoBaHmii JaHHbBIX (Kak OyeT MOKa3aHo B rJase 3).

[Ipunoskenust JaHHBIX YACTO MCIIOJb3YIOT aPXUBHbIE XPAHUJINIIA BU/IA «3AMTHCAJ
OIVH pa3, mpounTas MHOTo pasz» (Write-Once Read-Many, WORM) B kauecTBe
IPOMEKYTOYHOTO YPOBHSI YIIPABJICHUS JaHHBIMU MEXKAYy MexaHuaMaMu cbopa
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U [Ipe/BapUTeNbHOI 00pabOTKM JaHHBIX, KaK MOKa3aHo Ha pucC. 2.2. ApXUBHbIe
xpaanuia WORM (uHOTIa X Ha3BIBAIOT «03€PAMU TAHHBIX» ) TTOIIEPKUBAIOT TO-
TOKOBBIIT JIOCTYII /IS YT€HUST NCXOAHBIX JJAHHBIX TOBTOPSIEMbBIM U MACIITaOUPYEMbIM
c110co00M, CTPEMSICh YAOBIETBOPUTH TPpeOOBaHKe BbICOKOI IPOU3BOAUTETHHOCTH.
Kpowme Toro, coxpansig narusie B xpanuiauiie WORM, MOXHO TTOBTOPHO BBITIOTTHUTD
[peBapUTENBHYIO 06pabOTKY 6€3 TTOBTOPHOTO U3BJIEYEHNUsT JTAHHBIX HCTOYHUKOB,
YTO MO3BOJISIET JIETKO MTPOBEPSITH HOBBIE TMITOTE3bI B OTHOIIEHUU MCXOHbBIX, HEOO-
pabOTaHHBIX JAHHDIX.

MoTokoBoe NpepBaputenbHan
uTeHue Kopnyca obpaboTka

A 4

Xpaxnme WORM =
(60p paHHbIX Pa3meyeHHbIi
e (McxomHble faHHble 0
HTML/JSON/CSV) )

Puc. 2.2. XpaHunuwe WORM noanep>xuBaeT aTan NpoMexyTo4Hol 06paboTku

Iobasnenne xpanuaniia WORM B nporecc cbopa JaHHBIX 03HAYAET, YTO JaHHbIE
JOJKHBL XPAaHUTBCS B JIBYX 9K3EMILISIpaX: B BUJE KOPITyca HCXOAHBIX, He0Opabo-
TaHHBIX JIAHHBIX U B BUJIE KOPITyca TPeABapUTEIbHO 00pabOTaHHBIX JaHHBIX —
4TO BJI€YET PE3OHHBIN BOIPOC: TI€ AOJKHBI XPAHUThCS AatHbie? PasMmbliiiss 00
yIpaBJIeHUN JaHHBIMU, Mbl OOBIYHO B MIEPBYIO OYepe/b AyMaeM O 6azax JaHHbIX.
Basbl JaHHbIX, 63y CIOBHO, IIEHHBII HHCTPYMEHT B CO3aHIH TPIIOKEHIIT JAaHHDIX,
OCHOBAHHBIX Ha aHAJIU3€ €CTECTBEHHOTO SI3bIKA, 1 MHOTHE M3 HUX TOAEPKUBAIOT
HOJTHOTEKCTOBBIN MOUCK U APyTHe BU/BI WHAeKcupoBarus. Ho 6obimnHeTBO 6a3
IAHHBIX CO3AI0TCS /1 M3BJICYECHN NI OOHOBICHNSA JIUIIb HECKOJIBKNAX 3aInceil
B paMKaX OJHOH Tpausakiuu. [Ipu paboTe ¢ KopIrycaMu TeKCTa, HATIPOTUB, TIPOU3-
BOJUTCS YTEHKEe JOKYMEHTOB IIEJIMKOM, IIPU 9TOM He TpeOyeTcs UBMEHSATh, NCKATh
UM KaK-TO MHaYe BhIOMPATh OT/Ae/NbHbIe JOKYMeHThl. Kak pesyJsbrar, IupoKie
BO3MOKHOCTH 623 JaHHBIX JIOKATCS TSKKIM OpeMeHeM Ha BhIYKCICHUs, He JaBast
HUKaKUX BBITO/I.

CucTeMbl ynpaBnieHus pensiivoHHbIMU 6a3aMM AaHHbBIX MPEKPAcHO NOAXOAAT A/
OAHOBPEMEHHOIO BbIMOJIHEHMS Onepauuii ¢ HeGOMbLUMMI KOMEKLMSIMU 3an1Cei,
0COB6EHHO KOrza MPOMCXOAWT YacToe M3MEHEHME 3anuceil. TEKCTOBbIE KOPMYChi
B MalUMHHOM OBYYEHMN UMEIOT COBEPLLIEHHO WHOW BbIYMC/IUTENBHBIN NPOdUsb:
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 JTaHHBIMU YaCTO JIYYIIIE€ BCETO UCITOJIb30BaTh IOKYMEH-
TOOpPHEHTUPOBaHHbIe Gasbl JaHHBIX NOSQL, moiepKuBaoIine moTOKOBOE YTeHUE
AJOKYMEHTOB C MUHUMaJbHBIMU HAKJIAQ/[HBIMU PACXOaMU, NJIN ITPOCTO 3aIlTNCbhbIBATDb
KaSK/IBIH TOKyMeHT Ha ancK. baszsr anaeix NoSQL MoryT mpurognThes B KPYITHBIX
MPUJIOKEHUSIX, HO TIOAXO/ Ha OCHOBE OOBIYHBIX (hailIOB UMEET CBOU TPENMYyTIie-
CTBA: TIPUEMBI C3KATUS KaTaJIOTOB OTJIUYHO ITOXOIST It TEKCTOBOI MH(pOpMaIuy,
a pUMeHeHne CIyKObl CHHXPOHU3AIMK (hailjioB 00eCIIeYrT aBTOMATHYECKYIO pe-
mmkanuio. Koncerpynposatue xkopiyca B 6a3e JTaHHBIX BBIXOIUT JAJTEKO 32 PAMKH
9TOM KHUTH, TEM HE MeHee MBI PACCMOTPHM co3/iaHue Kopiyca B Sqlite masee B a10it
rjlaBe. Y4UTbIBas BbIllIeCKa3aHHOE, Mbl OPTaHU3YyEeM XpaHE€HMNE HalllX JaHHbIX Ha
JIUCKE TaKUM CII0CO60M, 4TOObI 06eCIIeYnTh BOSMOKHOCTD CHCTEMATHYECKOTO J10-
CTYIIa K KOPITYCY.

CTpyKTypa Kopnyca Ha guckKe

Camblii TPOCTO#i ¥ pacIpoOCTPpaHEeHHbBIH CII0CO6 OpraHU3aInu TEKCTOBOTO KOPITyca
[T YIIPaBJIEHUS UM — XpaHeHWe JOKYMEHTOB B (hallloBOH cucTeMe Ha MUCKE.
Opranusyst pa3Melenre JOKYMEHTOB B KOPITyce TI0 TI0KaTaIoraM, MOKHO o6e-
CIIEYNTD UX KJAcCUPUKAINIO U CofiepRaTeJbHOE pasfiesieHne Mo NMeronencs
MeTanH(GOPMAIINH, TaKO# Kak AaThl. byarogapst XxpaHeHUI0 KasK/I0TO JOKyMeHTa
B OT/eJIbHOM (haiisie, UHCTPYMEHTBI YTEHUsT KOPIyca MOTYT ObICTPO OTBICKMBATD
pasHbIe TMOAMHOKECTBA JOKYMEHTOB, 00paboTKa KOTOPBIX MOKET OCYIIECTBIISATHCS
MapasaesbHo, KOT/a KasK/IbIH ITPOIecC ToJydaeT CBOe, OTINYHOE OT JIPYTUX TTOJI-
MHOKECTBO TOKYMEHTOB.

O6bekTbl CorpusReader n3 6ubnmotekn NLTK, o KOTOpbIX pacckasbiBaeTcs B Cie-
AyloleM pasgene, MoryT UnTaTb AOKYMEHTbI M3 KaTanora uim 13 zip-apxusa.

Tekcer Takske gBJsieTcss Hanbosree cxkruMaeMbiM (hOPMATOM, UTO JlesIaeT zip-ailsibl co
CTPYKTYPOIT KaTaJOTOB Ha UCKe UAeAThHBIM (DOPMATOM JIJIs TIEPeavn U XpaHEeHU s
naHHbIX. HakoHeIl, KOpITyChl, XpaHsIIuecs Ha UCKe, 00BIYHO CTATUYHBI 1 00pabaThl-
BAIOTCST KaK eIMHOE T1eJI0€e, 4TO coOoTBeTCTBYeT TpeboBanusiMm K WORM-xpaHuiuiiam,
MepPEeYnCIeHHBIM B IPEIBIIYIIEM pasjieie.

Opnnako XpaHeHue JIOKYMEHTOB B OT/IEJIbHBIX (hafijiax MOKeT ITPUBOIUTH K MPO-
6siemam. Heboublne TOKYMEHTDI, TaKKe KaK 3JIeKTPOHHbIE TTChbMa HJIN cO00TIe-
HUs U3 « [BUTTEpay, He UMeeT CMBICJIA XPAHUTD B OTAEeIbHBIX (haiinax. Kpowme Toro,
9JIEKTPOHHbIE MHChMa 0OBIYHO XpaHsTCst B hopMaTe MBOX — 0OBIYHOM TEKCTOBOM
dhopMmaTe ¢ pa3aeuTeIAMU, PasAe/sIONMMI PasHble COCTaBHbBIE YACTH COO0IIe-
HUI, cogepxxamnue npoctoil Teket, HTML, uzobpaskenus u Baoxkerus. OObIUHO
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TaKue JOKYMEHTbI MOJKHO OPIraHM30BaTh I10 KATETOPUSIM, UMEIOTIIUMCS B TOUYTOBOT
caryk0e (BXopsiiue, TOMeYeHHbIe, apXUBHbBIE U T. /1.). TBUTHI, KaK IIPABUJIO, — ITO
HeOoJIbIINe CTPYKTYPhI JaHHBIX B hopmare JSON, BKIoyaionme B ceds He TOJIb-
KO TEKCT TBUTA, HO U J[Pyrue MeTaJlaHHble, TAKME KAK UM ¥ MECTOIOJIOKeHe
nosb3oBaTesst. OOBIYHO /I XPaHEHUsI CPa3y HECKOJbKUX TBUTOB MCIOJIb3YETCsI
cdopmar JSON c cumBosIaMK TIEPEeBO/Ia CTPOKU B KAUECTBE PA3/I€JUTENS, KOTOPBIi
MHOTa Ha3biBAIOT (popmaToM cTpok JSON. IToT hopmaT Mo3BOISAET JIeTKO YUTATh
TBUTbI [10 O/[HOMY ¥ BbITIOJIHSITh TAPCUHT TIOCTPOYHO, & TAKIKE OTBICKUBAThH Pa3HbIe
TBUTH B (paiine. Ecaiu Bce TBUTHI XpaHUTH B OHOM (hafisie, padMep Takoro daiiia
MOJKET MOJYIUTHCS OUeHb GOJIBIITNM, TOITOMY YaCTO TIPUMEHSIECTCS OPTaHM3aIHsT
TBUTOB B (halijibl 10 MMEHAM MOJIb30BaTesel, MECTOIOIOKEHUTO UJIN /IaTe, UTO
MO3BOJISIET YMEHBITUTD Pa3MePbl OT/EJIbHBIX (PAiIOB U CO3/IaTh OCMBICJIEHHYTO
CTPYKTYPY KaTaJOTOB.

Taxke 17151 COXpaHEHUS AHHBIX C HEKOTOPOI JIOTHYECKOM CTPYKTYPOH HEPEAKO
WCTIOJIb3YeTCs TIPUEeM OrpaHndYeHus pa3MepoB daiinos. Hampumep, 3ammch JaHHBIX
B (haiiy (c yueToM rPaHUIl MEK/Y IOKYMEHTAMU ) IIPOU3BOIUTCS /10 IOCTUKEHUS He-
KoToporo npesea (Harpumep, 128 Mbaiir), mocsie 4ero OTKpbIBAETCsT HOBbIIT (haii
1 3aITMCD TTPOJIOJIZKACTCS B HETO.

Kopnyc Ha aucke HensbexxHo ByaeT CoCTosITh M3 6ObLLOro Konnyectsa haiinos,
npeacTaBnsoLWKMX CO60M OANH UM HECKOSIbKO AOKYMEHTOB, MHOTAA Pa3buTbiX Ha
roakaTasnior, COOTBETCTBYHOLLUME JIOMMYECKUM eAMHULAM, TaKUM KaK KaTeropum.
MeTaunHdopMaumsi 0 Kopryce U AOKYMEHTaX TakXKe A0/MKHA XPaHUTBCS Ha ANCKeE,
psiaoM ¢ gokyMmeHTamu. COOTBETCTBEHHO, CTPYKTypa XpaHeHMs Kopryca Ha Ancke
l-Ipe3BbI‘-Ial‘/lIH0 BaXHa A1 OpraHM30BaHHOIo 4YTeHUa AaHHbIX NporpamMmMmaMm
Ha Python.

Hesasucumo ot criocoba XpaHeHUsT TOKYMEHTOB — TI0 HECKOJIbKY B OIHOM (haiise
WJIM 110 OJTHOMY B OT/IeJIbHBIX (haiinax — Kopiyc OyeT COCTaBIsATh MHOKECTBO
(baiiioB, KOTOPbIE TOKE HEOOXOAMMO Oprann3oBarh. Eciu c6op gaHHbBIX /1151 KOp-
Iyca IMPOUCXOUT B TeUEHUE [JINTENbHOTO BPEMEHU, UMEET CMbICJI OPraHM30BaTh
KaTaJIOTH IO TOMY, Mecslly U AHI0. Ecau ToKyMeHTh KaacCu@uIImpyoTcs Mo Ha-
CTPOEHUIO, TOSUTUBHOMY MJIN HETATUBHOMY, JJOKYMEHTbBI Ka’K/I0TO THUIla MOKHO
CTPYIIIMPOBATH B MOAKATAJIOTH 110 KaTeropusiM. Eciii B cucteme ecTh HECKOJIBKO
0JIb30BaTe e, FeHEPUPYIOLINX CBOU KOPITYChI I0JIb30BATEIBCKUX TEKCTOB, TAKUX
Kak 0030pBI WJIM TBUTBI, TOT/A [JIs KasKIOTO TI0JIb30BATEIsl MOKHO CO3/IaTh CBOIi
noakaTasor. Bee mogkaTasoru A0JKHbBI XPaHUThCS BMECTE B OJIHOM KOPHEBOM
KaTasore Kopiyca. BakHO OTMETUTb, 4TO TaKKe MeTaJaHHble KOpIyca, KaK Ju-
IIEH3NOHHOE coTJanienne, Mmanudect, ¢aitn README ujin CIUCOK 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 opranusaruu (haiiioB Ha AMCKe OKa3biBaeT O0JIbIIOE BAUSHIE Ha YTEHKE 10-
KYMEHTOB 00beKTaMu CorpusReader, ¢ KOTOPBIMU MBI TO3HAKOMUMCSI B CJICLYIOLIEM
paszesie. Bot kak aBrskok cOopa maHHbix Baleen samucoiBaet kopiryc HTML Ha fuck:

corpus

— citation.bib

feeds.json

LICENSE.md

manifest.json

README . md

books

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

— 56d625d5c1808113ffb87730.html
— 56d625d6c1808113ffb87736.html
— 56d625ddc1808113ffb87752.html
cinema

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

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

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

OTMeTNM HECKOJIBKO BaKHBIX MOMEHTOB. BO-TIepPBhIX, BCe TOKYMEHTBI XPAHIATCST Kak
HTML-daiib ¢ ux xerr-cymmamu M DS B kauecTBe nMeH (17151 TIPEIOTBPAIIIEHHST [Ty -
GJIMPOBAHYS ), U KQJKIBIIT COXPAHSIETCST B CBOEM IOJIKATAIOTe, COOTBETCTBYIOIIEM He-
KoTopoii kareropuu. I1o cTpyKType KaTasoros 1 nMeHaM (haiiJIoB JIETKO OIPE/IEUTD,
KaKue sIBISTIOTCS IOKYMEHTaM U, a Kakue XpaHsat MmetanHbopmariiio. MDaiin citation.
bib ¢ MeTanHGoOpMaIeii XpaHuT aTpUOYTHI KOpITyca, a (haitn LICENSE.md omipeziesisiet
YCJIOBUSI KCIIOJIb30BaHI KOPITyca APYTUMHU JUIaMu. DT aBa (paiia 06bIYHO 3ape-
3epPBUPOBAHBI J1JIs1 OOIIEAOCTYITHBIX KOPIIYCOB, TEM He MEHee UX I0JI€3HO BKJII0YaTh
Bcer/a, 4ToObl ObLIO 0OYEBUIIHO, KAK MOKHO MOJIH30BAThCSI KOPITYCOM — TIO TO Ke
[PUYKHE, CIIELYsT KOTOPO#l BBl J0OABJIsIETe aHATOTHYHY0 HH(MOPMAIUIO B YaCTHBIN
pernosuTopuii ¢ mporpaMMHbiM obectieuerreM. Maiispl feeds.json u manifest.json
CITy>KaT [JId XpaHeH!s NHGOPMAITNU O KaTeTOPUIX 1 KaKJI0M KOHKPeTHOM (atise
cootBeTcTBeHHO. Hakowertr, datin README.md — ommcanue KopIryca I YeoBeKa.

13 sTux (aiiios citation.bib, LICENSE.md u README.md cTOSIT OCOOHSIKOM, TIOTOMY
YTO MOTYT aBTOMAaTHUYeCKU YUTAThCsI MeTodaMu citation(), license() U readme()
obOBekTa CorpusReader n3 NLTK.
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CTpyKTYpUPOBAHHBIN MOAXO/ K YIIPABJIECHUIO ¥ XPaHEHUIO KOpITyca obecreyrnBa-
eT CJIefloBaHie TeKCTOBOTO aHAJI3a TIPABUJIY BOCIPOU3BOIUMOCTH, CIIOCOOCTBYSI
YIIy4IIeHHOW NHTEPIPETAIINN U YBEPEHHOCTH B pe3ysbraTax. Kpome Toro, CTpyKTY-
pUpoBaHue KOPITyca, Kak ObLJIO TIOKA3aHO BBIIIIE, TIO3BOJISIET HCIIOIb30BaTh 00bEKTHI
CorpusReader, O KOTOPBIX PACCKA3bIBAETCS B CJEYIONIEM pasJeJie.

ITU METO/IBI JIETKO MO/IAI0TCS MOAMMDUKAIINN JI7I YTEeHUSA pa3MeTku Markdown nn
(haiinos, cermdyecknx 178 KOPITyca, TAKUX KaK MaHM(bECT:

import json

# HecTaHfapTHbI KJNlacC YTeHUs kKopnyca
def manifest(self):

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

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

ITU METOIBI CHEMAJIBHO CJIeJIaHbI IOCTYITHBIMU /IS TI0JIb30BaTEeIbCKUX ITPOrPaMM,
4TOOBI IATh BOBMOKHOCTD XPAHUTH KOPITYCHI B CKATOM COCTOSTHUU U YMEHBIITHTh
00beM 3aHIMAEMOTO TUCKOBOTO TipocTpaHcTBa. MDaiin README.md urpaeT BaKHYIO
POJib, coobImast nHMOPMAIIUIO O CTPYKTYPE KOPITyca He TOJIBKO IS IPYTHX TT0JIb30-
Baresieil WK pa3paboOTINKOB, HO TAKIKe JJIst «Bac B Oy/ayIieM», 4ToObI HATTOMHUTH
0 KaKUX-TO OCOOEHHOCTSIX U MOJIEJISIX, 00yUeHHbIX Ha KasKI0M KOpItyce, u HHMOP-
MalK, KOTOPOI 06/1afaI0T MOJIE/IN.

O61beKTbl YTEHUS KOPNYCOB

ITocse CTPYKTYPHUPOBaHUA N OpraHU3alli KOPITyCa Ha ANUCKE ITOABJIAIOTCA /[BE
BOSNKDKHOCTHZHCHOHBBOB&TBCHCTGMHTHHGCKHﬁ]]OHXOH]CQTGHHH)KOpHycaISHpO-
FPAMMHOM KOHTEKCTE, a TaKKe€ CJICJUThb 3a USMEHEHUAMU B KOPITyCE U YIIPaBJIATDH
nMM. HOCJIC[[HIOIO BO3MOXHOCTDb MbI O6Cy[[I/IM B KOHIIE I'JIaBbl, a ITOKa IIOIOBOPUM
0 TOM, KaK 3arpysKatb JOKYMEHTbBI JId ITOCJAEAYIOMIErO aHaan3a.

BoJIbITMHCTBO HETPUBHUATIBHBIX KOPITYCOB COJEPIKUT THICSUU JTOKYMEHTOB € OOIINM
00bEMOM TEKCTOBBIX JAHHBIX, IIOPOM AOCTUTAIOIIUM HECKOJbKUX rurabaiir. M-
XOJHBIE CTPOKHM TEKCTa, 3arPysKeHHbIE U3 JJOKYMEHTOB, HEOOXOANMO MOABEPTHYTh
peABapuTebHON 06paboTKe 1 Mpeodpa3oBarTh B IpeCTaBIeHUe, TIPUTOIHOE /IS
JATBHENTIETO aHaIn3a. ITO aITUTUBHBIN MTPOIlece, B X0/Ie KOTOPOTO MOTYT TeHepH-
poBaThCs U AyOIUPOBATLCS JAHHbIE, YTO YBEJNYUBAET 00beM HEOOXOAUMOM J1J1st
paboThl MaMSITH. ITO BaXKHbII ¢ BBIYUCIUTENBHON TOYKU 3PEHUST ACHEKT, TIOTOMY
4T0 Ge3 HEKOTOPOTO METO/Ia BBIOOPA IOKYMEHTOB Ha JAMCKE U TIOTOKOBOI Tiepeayi
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uHMOpMaIK aHAIU3 TeKcTa Gy/IeT orpaHruyeH ObICTPOIEHCTBIEM OTHOTO KOMITBIOTE-
pa, IPETSITCTBYSI BO3MOKHOCTH CO3/IaHMs MHTEPECYIONNX Hac Mojieeil. K cuacTsio,
B 6ubsmorexe NLTK nmeroTcst XopoIo mpogyMaHHble HHCTPYMEHTBI TIOTOKOBOTO

JIOCTyIa K KOPIIYCYy Ha JNCKe, KOTOPBIE IIePeTaioT KOPILYC B Python qepe3 00BEKTDI
CorpusReader.

[ns 06paboTkm orpoMHbIX 06BEMOB TEKCTA, reHepupyeMbix poboTammu B nouc-
KOBbIX CUCTeMaXx, Bbln co3aaHbl HPENMBOPKM pacrpeaeseHHbIX BbIYUCIEHNH,
Takue kak Hadoop (dbpeiimBopk Hadoop nosiBuncs nog BAMSIHUEM ABYX CTaTel,
ony6/IMKOBaHHbIX koMNaHuel Google, B paMkax MpoekTa pa3paboTKu Moucko-
BOro MexaHuama Nutch). MpuMeHeHVe npueMoB knactepHon o6paboTku Ans
MaclTabmpoBaHust ¢ noMolblo Spark, npeeMHuka Hadoop, Mbl paccMOTpuM
B rnase 11.

CorpusReader — 9TO MPOrPaMMHBINA WHTEPdENC I YTEHMs], TOUCKA, TOTOKOBOI
nepeaayr v GUIBTPAIK JOKYMEHTOB, a TAKIKE JJIsT TPEAO0CTABIEHIS BO3MOKHOCTH
peoOpa3oBaHus ¥ MPEABAPUTENbHON 06pabOTKY JIaHHBIX TIPOTPAMMHOMY KOJLY,
KOTOPOMY TpebyeTcst JOCTYI K JaHHBIM B Kopiryce. IIpu co3pannm aK3eMIuisipa
CorpusReader eMy TiepelaeTcsi IyTh K KOPHEBOMY Katajiory ¢ aillaMu KopIryca,
CHUTHATYpa JIJIs PACTIO3HABAHUS Ha3BaHWIT IOKYMEHTOB, a TAKKe KOAMPOBKa (hailioB
(1o ymosraanuio ucnosndyercst UTF-8).

[TockombKy KpoMe TOKYMEHTOB /1715 aHAN3a B KOPITyCe NMEIOTCS JIOTTOTTHUTEIbHbIE
(aiinbr (Hampumep, README, citation, license 1 7ip.), 0GBEKT YTE€HUsT HYKIAETCS B He-
KOTOPOM MeXaHu3Me, TIOMOTAIOTIEM TOUHO NACHTU(UIIMPOBATD, KAKHE IOKYMEHTBI
SIBJISTIIOTCS YaCThIO Kopityca. PoJib Takoro MexanusMa urpaet rnapamerp. B Hem MO:KHO
yKa3aTb TOUHBIN TlepedyeHb MMeH UJIU PeryJiTpHOe BhIPsKEHUE JJIsT COTTOCTABJICHUS
€O BCEMU TOKYMEHTAMU B KOPHEBOM KaTajore (Hampumep, \w+\.txt, KoTopomy co-
OTBETCTBYET OJ[HA WJIM HECKOJIbKO OYKB Win 1udp B UMeHU (aiisa, 3a KOTOPbIMU
cremyert pacimmpenne .txt). Hampumep, B caemytomnem KaTamzore STOMY peTyIsipHOMY
BBIPAsKEHUIO OY/LyT COOTBETCTBOBATH TpH (haiijia 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 MapaMeTpa AaloT 00bEKTY CorpusReader BO3MOKHOCTH ITepebpaTh
BCe IOKYMEHTHI B KOPITyCe, OTKPBITh KAKABIN C UCIIOTH30BAHUEM MTPABUIHHON KON~
POBKU ¥ MO3BOJISIOT TPOTPAMMUCTAM TIOJYIUTH JOCTYI K METAJTAHHBIM OT/IE€JIBHO.

Mo ymonyaHuto 06bekTbl CorpusReader n3 NLTK MOryT untaTb KOpMnychl, XpaHs-
LMecs B OKaTbIX zip-apxuBax, a C NPMMEHeHNeM A0MONHUTENbHbIX MPOCTLIX pac-
LUMPEHWI YMTaTb TaKKe OkaTble apxmBbl Gzip v Bzip.

Cama 10 cebe ujest CorpusReader MOXKET MOKa3aThCsT He 0COOEHHO a(h(HEKTHOI, HO
11pu paboTe ¢ MHOKECTBOM JIOKYMEHTOB 3TOT MHTEPhENC TTO3BOJISET POrPAMMHUCTAM
IIPOYUTATH OJMH UJIU HECKOJIBKO JOKYMEHTOB B TIAMSITh, OTBICKATh OTPE/ICJCHHbIE
MeCTa B KOPITyCe, He OTKPBIBAs U HE YUTast HEHYKHbBIE JOKYMEHTbI, [Iepe/IaTh TaHHbIE
B IpOILE€CC aHa/M3a, XPaHs B [IaMATHU JIOKYMEHTBI 110 OTHOMY, 1 OT(bHﬂprOBaTb nJm
BI)I6paTb KOHKPETHbIE JOKYMEHTBI U3 KOPITyCa. It METO/AbI IIO3BOJIAIOT BBIIIOJIHUTD
aHaJIM3 HETPUBUAJIbHBIX KOPITYCOB B ITaMATH, IOTOMY 4TO BCIKUIA Ppa3 TaM HaXOIATCA
JIAIITh HECKOJIBKO JIOKYMEHTOB 3a Pas.

Yro0bI IPOAHATN3UPOBATH COOCTBEHHBIN KOPITYC, IPUHAIEKAIININ OIIPeIeIEHHOI
HpeMETHON 06JIaCTH U TIPeHA3HAYEHHbII /ISl CO3IaHNsT KOHKPETHBIX MOJIEJIel, BaM
OTpeOYeTCst CIEUATU3UPOBAHHbIIT 00BEKT YTEHNUST KOPITYca. ITO HACTOIBKO BAKHO
JUIS TIPUKJTAJIHOTO aHAJIM3a TEKCTa, YTO MbI TOCBATHIIN 3TO TeMe OOJIBIIYIO0 4acTh
ocraTtka ryasbl! B aTOM pazzesie Mbl pacCMOTPUM WHCTPYMEHTBI UTEHUS KOPITYCOB,
KoTopbie ecTh B Onbmorexe NLTK, 1 BO3MOKHOCTH CTPYKTYPUPOBAHIS KOPITYCOB,
4TOOBI YIIPOCTUTD UX YTEHHUE C TIOCJAEAYIONUM IIPUMEHEHHEM. 3aTeM Mbl TOKaKEM,
KaK peajin30BaTh CBOI OOBEKT UTEHNS KOPITYCa, BBITTOTHSIONINI OTIePAITHH, CIIeTH-
(dbuyeckue A IpuUIoKeHust, a uMeHHo oopabotrky HTML-daiiios, mosyyeHHbIX
B Iipoiiecce ¢c60pa MCXOIHbIX JTAHHBIX.

MoTOoKOBbLIW AOCTYN K AAHHbIM € noMoLbio NLTK

B cocras 6ubanorexu NLTK Bxoaut 601bl1oe pasHoobpasue 06GbeKTOB IS UTEHIS
KopIitycoB (66 Ha MOMEHT HaNMCAHUS 3TUX CTPOK), ITPeLyCMATPUBAIONINX OCTYII
K TEKCTOBBIM KOPIIYCAM U JIEKCUYECKUM PECYPCaM, KOTOPBIE MOKHO 3aTPY3UTh C €€
nomoIieio. OHa TaksKe BKJI0YaeT B cebst yHUBEPCAIbHbIE BCIIOMOTraTeIbHble 00heK-
TBI CorpusReader, KOTOPbIE TIPEABSABILIOT Hosree KeCTKIe TpebOBaHUS K CTPYKTYpE
KOPILyCa, 3aTO Jal0T BO3MOKHOCTh OBICTPO CO3/aBaTh KOPIYCHI U CBA3BIBATH UX
¢ obbexTamu uyTeHus. KpoMe Toro, ux mMeHa MoJICKa3bIBAIOT, /I KaKUX LeJIeil uxX
MO’KHO HCIIOJIb30BaTh. BoT HEeKoTOpbIe 13 Hanboee HpUMedYaTeIbHbIX 00bEKTOB
CorpusReader:
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PlaintextCorpusReader

[Ipennasnauen 17151 4TeHNs KOPITyca TIPOCTHIX TEKCTOBBIX IOKYMEHTOB, T7Ie, KakK
npejnosaraeTcs, ab3aibl OTAEJEHbI APYT OT JAPYTa MyCTBIMU CTPOKAMHU.

TaggedCorpusReader

[Ipemna3znaven st 4TEHUST KOPITyca ¢ MapKepaMy YacTell pevu, Te KaxKaoe
HpeIoKeHne HaXOAUTCSI B OTAENbHOI CTPOKE, a JIEKCEMBI Pa3/ieJieHbl COOTBET-
CTBYIOIITUMU UM TETAM.

BracketParseCorpusReader

HpeﬂHaBHa‘IeH JUTA YTEHUA KOPITyCa, COCTOAIIETO 13 IEPEBHEB CUHTAKCUYECKOTO
aHaJ/In3a, 3aKJIIOYEHHDbIX B KPYTJIblE CKOOKHU.

ChunkedCorpusReader

[Ipennasnauen st uTeHus (pparMeHTHPOBAHHOTO KOPITyca (BO3MOKHO, pa3Me-
YEHHOTO Teramu ), 0T(OPMaTHPOBAHHOTO C TIOMOIIBIO KPYTJIbIX CKOOOK.

TwitterCorpusReader

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

B hopmar cTpox JSON.
WordListCorpusReader

[Ipennasnauen g YTEHUS CIUCKA CIOB, TI0 OHOMY B cTpoke. [lycThie cTpokn
WUTHOPUPYIOTCS.

XMLCorpusReader
[Ipenna3znaueH At yTeHUs KOpIyca, cocTosiiero u3 XML-10KkyMeHTOB.
CategorizedCorpusReader

[ToamenBaeMblil KJ1acc /ist 00bEKTOB YTEHHsSI KOPITYCOB, B KOTOPBIX JIOKYMEHTHI
OPraHU30BaHbBI 110 KATETOPUSIM.

OObeKTHI YTEHHS Pa3MEYEHHbBIX U (DparMeHTUPOBAHHBIX KOPITYCOB, a TaKkKe KOp-
MyCOB, COCTOSIIUX U3 IePEBbEB CUHTAKCUUECKOTO aHAIN3a, TPeIHA3HAUECHbBI J1JIs
UTEHVS AHHOMUPOBAHHHIX KOPITYCOB; COOUPASICH BPYUHYIO OCYIIECTBIISITH IPEIMETHO-
OPUEHTHPOBAHHOE AaHHOTHPOBAHIE TIEPE/l MAITHHHBIM 00y Y€HUEM, BbI 00sI3aTETbHO
JOJKHBI U3YYUTH paciiosHaBaeMbie MU (hopMaTbl. OOBEKThI YTEHUST KOPILYCOB
¢ TBUTaMU, ToKyMeHTaMu X ML 1 TpoCThIMU TEKCTOBBIMU JJOKYMEHTAMHU TI03BOJISTIOT
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yKas3aTh, Kak 06pabaThiBaTh JaHHbIE, XPAHSIIMECS Ha JAUCKE B Pa3HbIX (hopMmarax,
YTO JlaeT BO3MOKHOCTD CO3/IaBaTh PACHINPEHUs /IS YTEHUs KOPITyCcOB B (hopMarte
CSV, JSON i maxke u3 6a3bl qaHHbIX. Ecsiu Baim KOpIyc y:ke B OJHOM U3 ATUX
(opmMaToB, Tor/a BaM IMOUTH HUYETO He Npu/eTcs JesaaTh. Hanpumep, paccMoTpum
MIPOCTOM KOPIyC KUHOCIIeHapueB cepuayioB Star Wars («3Be3Hble BOMHBIY ) 1 Star
Trek («3Be3AHBII IIYyTh» ) CO CJEAYIONIEI OpraHu3aI(ueii:

corpus
F— LICENSE
— README
L— star 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

[l joctyma K JaHHBIM B KUHOCIEHAPUAX OTJIMYHO TOA0NeT CategorizedPlaintex
tCorpusReader, IOTOMY 4TO BCE JIOKYMEHTBI XPAHSITCS B IIPOCTBIX TEKCTOBBIX (haiiiax
1 pazbuTHI Ha /[Be Karteropuu, a umenno: Star Wars u Star Trek. Uto0sI 3azeiicTBO-
BaTb CategorizedPlaintextCorpusReader, Hy;KHO YKa3aTb PETYJISIPHbIE BbIPpasKEeHUI,
KOTOPBbIE TIO3BOJISIT 00BEKTY YTEHNUST ABTOMATUYECKH OITPEIEJISATh UACHTU(HDUKATOPHI
haiinos (fileids) u 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

)

PeryisipHoe BbIpaskeHue ¢ MrabJIOHOM JIOKYMEHTa OIpeiesisieT nMeHa (hailioB 10-
KYMEHTOB KaK BO3MOKHO BKJIIOUAIOIIKE I1yTh, OTHOCUTEJbHO KOPHEBOIO KaTajora
KOPILyca COCTOSIIIMIA U3 OAHON MM HECKOJBKUX OYKB, 1P, MPOOETOB WIIN MO -
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YepKUBaHUI, 32 KOTOPBIME cJieyer cielr (/), 3aTeM OjiHa WM HECKOJBKO OYKB,
cp, mpobesioB i neducos, u paciumpene .txt. ITo BhIpaskeHHe COOTBETCTBYET
TaKUM UMeHaM (aiioB ¢ ToKyMeHTaMH, Kak Star Wars/Star Wars Episode 1.txt, HO He
cooTBeTCTBYET (hailry episode.txt. Peryiisiproe BoipakeHue ¢ mabJI0HOM KaTeropum
SIBJISIETCSI yCEUCHHOM Bepcuell IIepBOTO PeryJIsSIPHOTO BBIPAsKEHUSI U COCTOUT U3 CO-
XPpaHsolIel TPyIIIIbl, KOTOpast olpeiesisieT Ha3BaHue KaTeropuu 110 UMEeHH KaTajiora
(Hampumep, st Star Wars/anything.txt GyieT orpe/iesieHa KaTeropusi Star Wars).
Haunewm ncciieioBanme JaHHBIX HA IMCKE C N3YyYEHUS MOJTYYEHHDBIX MMEH:

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 CI0KHBIMU, HO OHU TIPEJIAraloT MOII-
HBIIl MeXaHU3M, TIOMOTAIOIIUI TOUHO OIMpPEeJUTh, YTO JO0JIKEH 3aTPy3UTh 00BEKT
YTeHUs KOpIyca 1 Kak. Takke MOKHO SIBHO Iepe/laTh CIIUCOK KATeropuil u UeHTH-
(dbukaTopos (aiinos, HO 3TO cieaeT 0ObEKT uTeHUs MeHee THOKKUM. Vcroib3oBaHue
PETYJISIPHBIX BBIPAKEH T TIO3BOJISIET T00ABJISATH HOBbIE KATETOPUH, TIPOCTO CO3/IaBast
HOBBIE KaTaJIOT! B KOPITyCe, M HOBbIE JIOKYMEHTBI, iepeMertiast haiiibl B TpeOyeMblii
KaTaJsor.

Terepb, HayUYNMBIIKCH CO3aBaTh 0ObEKThI CorpusReader usz 6uborexkn NLTK,
3aliMeMcs pueMaMu MOTOKOBOII Mepefaur cOOpaHHbIX paHee JaHHbIX B (hopMmare
HTML.

YTteHune kopnyca HTML

JlomycTiM, Mbl cOOpasii HEKOTOPbIE JaHHBIE U3 MHTepHeTa. MOKHO CMeJIO TIPe/IIo-
JIOKUTD, YTO 3TH JlaHHble XpausaTcst B hopmate HTML. Kak BapuanT, 1151 HTOTOKOBOTO
YTEHUSI TAKOTO KOPITyca MOKHO ITPOCTO YJAJUTh BCe Teru u3 nokymenToB HTML,
COXPaHUTDH Pe3yabTaT B BUJE€ TIPOCTOTO TEKCTa 1 MCIIOJIb30BaTh CategorizedPlaint
extCorpusReader. Ho, 11olijis 3TUM 11yTeM, Mbl TIOTEPSeM ITPEUMYIIECTBA Pa3MeTK1
HTML, a uMmeHHO cmpyxmypy TeKCTa, KOTOPOH MOKHO BOCIIOJIb30BAThCS HA ATaIle
npeaBapuTesbHON 00paboTku. [I0aTOMY B IaHHOM pasjielie Mbl HAYHEM CO3/IaHKe
CBoen)o6LeKTaHTMLCorpusReaderIIHOHOHHHNIBCﬂeﬂyKnueﬁrﬂaBe

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

CAT_PATTERN = r'([a-z_\s]+)/.*"
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DOC_PATTERN = r'(?!\.)[a-z_\s]+/[a-f@-9]+\.json’
TAGS = ['h1', 'h2', 'h3', 'h4', 'h5', 'h6e', 'h7', 'p', 'li']

class HTMLCorpusReader(CategorizedCorpusReader, CorpusReader):

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

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

WHWUManu3npyeT obbekT 4YTeHuA Kopryca.
ApryMmeHTbl, ynpaBasawwme knaccudukauuei
(" cat_pattern™", ““cat_map " wu "~ “cat_file "), nepepawTtcs

B KOHCTpykTOop ~CategorizedCorpusReader™ . ocTajbHble aprymeHTbl
nepepawTcA B KOHCTpyKTop -~ CorpusReader™

# [lo6aBWTb 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

# WHMumanusmpoBaTb 06bekTbl 4TeHuAa kopnyca u3 NLTK
CategorizedCorpusReader. _init__ (self, kwargs)
CorpusReader.__init__ (self, root, fileids, encoding)

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

Hamr kmacc HTMLCorpusReader HacJemyeT ABa Kiacca, CategorizedCorpusReader
1 CorpusReader, MOZ0OHO TOMY KakK CategorizedPlaintextCorpusReader UCIIOJIb-
3yeT MOAMENTHBAEMbBII KJIace /st Kateropusaru. Muojcecmeennoe naciedosanue
MOJKET TIOPOK/AATh IOMOJTHUTENbHbBIE CJI0KHOCTH, TI09TOMY OOJIbIIIast 4acTh KoJa
B GyHKIMM __init__ SIBHO OmNpejiesisieT, KaKue apryMeHTbl JOJKHBI [Tepe/laBaThCs
KaKIOMY YHACJIeIOBAaHHOMY KJaccy. B yacTHOCTH, Kilaccy CategorizedCorpusReader
IepeaTcsa UMEHOBAaHHbIE apPIYMEHTHI, a Kjacc CorpusReader NHUIINAIU3UPYETC
KOPHEBBIM KaTaJIOTOM KOPITyCa, TaK XKe Kak U naeHTudmKaTopaMu ¢aiiyios (fileids)
u koauposkoit HTML (encoding). Mbl Takske 106aBIIIN JOTIOJHUTEIBHBIN TTapaMeTp,
€ IIOMOIIIbIO KOTOPOTO 110JIb30BaTE/b CMOKET YKa3aTh, kakue Teru HTML noskHbL
HMHTEPIPETUPOBATHCS KaK HE3aBUCUMbIE ab3allbl.

Curety1011M 11aroM J0IOJHUM HTMLCorpusReader METOLOM /UL punvmpavuu daii-
JIOB Ha INCKe 110 Ha3BaHMIM KaTeropuii Ny uMeHam ¢aiiios:

def resolve(self, fileids, categories):

Bo3BpawaeT cnucok uaeHTudéukatopoB ¢aitNioB UM Ha3BaHWW KaTeropwui,
KOTOpble MepefanTCca KaxAoW BHYTpeHHeh ¢yHKUMM ob6bekTa 4YTeHuAa kopnyca.
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PeannsosaHa no aHanoruum 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 CIIMCOK UAeHTU(UKATOPOB (hailioB HE3aBUCUMO OT Ka-
TETOPHii, K KOTOPBIM OHU OTHOCSTCsE. OH MPUIAeT MOMOJHUTETBHYIO THOKOCTD
1 9KCIIOPTUPYET CUTHATYPY METO/Ia, KOTOPast OYIeT UCIOTb30BATHCS PAKTUICCKH
BCEMU JIPYTUME MeToMaMu o0bekTa ureHus. [Tonyuns oba mapamerpa, categories
u fileids, MeTOJI resolve BBIBOAUT cooOIIeH e 00 onrOKe. Eciin ornpe/iesieHbl TOJIbKO
KaTeropuu, MeTO/l UCIIOIb3YyeT CorpusReader 1751 ompeniesieHNus NAeHTUHDUKATOPOB
(aiiioB fileids, aCCOIMUPOBAHHBIX C 3a[aHHBIMU KaTeropusimu. OOpaTuTe BHUMA-
HUE, 9TO B categories MOXKET MepeaBaThCs OHA KATETOPHUS MJIN CITUCOK KaTEeTOPUTA.
B nporuBHOM ciyuyae IIpoCTO BO3BpalllaeTCsl 3HaUYeHUe apryMeHnTa fileids: ecum
OHO PaBHO None, 0OBEKT CorpusReader aBTOMAaTHUYECKHU TIPOYUTAET BCE TOKYMEHTHI
B KOpIyce 06e3 (huIsTparum.

O6paTnTe BHUMaHWE, YTO BO3MOXXHOCTb MPOYMTaTb TOSIbKO YacTb KOpryca CTaHeT
BaXKHA, KOrAa Mbl NPUGIN3NMCS K MalMHHOMY 0ByYeHUto, B YaCTHOCTM, ANs Bbl-
MOJIHEHWSI NEPEKPECTHOMN NPOBEPKU, KOrAa HaM NOHaZ06UTCst pa3buTb KOPMyC Ha
06Yyu4atoLLYI0 U KOHTPOSbHYH BbIGOPKU.

Ha paHHbIil MOMEHT Halll 00bEKT YTeHMsI HTMLCorpusReader He MIMEET METO/A LTSt
YTEHUS TIOTOKA IOKYMEHTOB 0 OTHOMY 3a pa3. BMecTo aT0T0 0H Gy/1eT B TOTOKOBOM
PeKUMeE IIOCTABJISATD HAIIUM METO/IaM BeCh TEKCT KasK/0r0 OT/EJIBHOIO JJOKYMEHTA
B Kopmyce. OHAKO HaM HY?KHO BBIITOJTHUTH TAPCUHT oiH0TO fokymMenTa HTML 3a
pa3 — cJaeLyonumii MeTO/[ IaeT HaM IOCTYII K COIEP>KUMOMY OT/IE/IbHBIX IOKYMEHTOB:

import codecs

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

# Co3paTb reHepaTop, 3arpyxawwuit AOKYMEeHTbl 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 0OBEKT YTEHUSI KOPITyca 3HAeT, Kak 0OpadaThiBaTh 10-
KYMEHTBI B KOPITyCe IO OTHOMY, UTO IaeT HaM BO3MOKHOCTD BBITIOJHATD (PUIIBTPa-
MO U TIOMCK Pas3HBIX pasziesios Kopiryca. OH MoskeT 0OpabaThiBaTh CIIMCKH (hailjioB
1 KaTeropuii U UCI0JIb30BATh BCE MHCTPYMEHTDI, UMIIopTupoBanubie u3 NLTK, j1g
VIIPONIEHUS I0CTYIIA K IUCKY.

MOHMTOPUHI Kopnyca

Kak MbI y’kKe ycTaHOBUJIM B 9TOH TJIaBe, MPUKJIQIHOM aHAIN3 TeKCTa TpeOyeT cy-
IECTBEHHOTO YIIPaBJI€HUS JaHHBIMU U MTPEABAPUTEIbHOI 06paboTKU. OTicaHHbIe
MeTO/IbI ¢c60pa, YIIPABIECHUS U TIPEIBAPUTETBHON 00PaOOTKU JAHHBIX TPYAOEMKI
1 TPeOYIOT BPEMEHM, HO SIBJISTIOTCST BAJKHBIMU 9TallaMU TIOTOTOBKU K MAITMTHHOMY
00yYeHHIO. YUUThIBasi HEOOXOMMOCTD TPATHTh BPEMS, CHJIBI M INCKOBOE ITPOCTPAH-
CTBO, PEKOMEH/IyeTcs1 CHa0KaTh JJaHHbIE HEKOTOPOiT MeTanH(OpMaIIiei 0 1eTaisax
CO3/IaHUS KOPITyCa.

B aTom paszesie pacckaspiBaeTcs, Kak cO3/1aTh CUCTEMY MOHUTOPHUHTA JJIST HYK]T
cbopa ¥ TIpeiBapuTebHOI 00paboTKY JaHHBIX. [/ Hauala pacCMOTPUM KOHKPET-
HbIe BUIBI MTH(MOPMAIIUY JIJII MOHUTOPUHTA, TAKKE KaK JaThl U UCTOYHWKHU JIAHHbIX.
YauThIBasi OrpOMHbIE Pa3MePbI KOPITYCOB, ¢ KOTOPBIMHU HaM TIPUETCST padOTaTh, MbI
JIOJIKHBI TaKsKe CIIeINTD 32 pa3MepaMi Kaxka0ro gaiina Ha TucKe.

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

Bo3BpawaeT cnucok KopTexeih, uaeHTupukaTop ¢aitna M ero pasmep.
3Ta ¢yHKUMSA UCNoNb3yeTcs ANA BbIBJEHUS HEO6blMHO 6osbwux ¢aiinos
B Kopnyce.

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

# Co3paTb reHepaTop, BO3BpawWawwWi MMeHa W pa3mepsl (painoB
for path in self.abspaths(fileids):
yield path, os.path.getsize(path)

B cBoeii npaktuke pabotsr ¢ koprnycamu RSS HTML mbl He pa3 3amedasiu, 4To
KPOME TEKCTa M3 UCTOYHUKOB M3BJIEKAETCs1 OOJIBINOE KOJNYECTBO (HailIoB ¢ M30-
OpakeHUsIMH, ay/IM0- U BUAeohailoB. T Mearadaiisibl ObICTPO CHEAIOT TUCKOBOE
IIPOCTPAHCTBO B IIpolecce cO0pa JaHHBIX U MELIAIOT [IPeABAPUTEIbHOI 00paboTKe.
Mertog sizes, Ipe/icTaBICHHBIN BBIIIIE, ABJISETCS Hallleil peakiiuell Ha TaKO# OTTbIT
paboThl ¢ KOPIIycaMK ¥ TIOMOTaeT HaM BBISIBJISATh OT/eJbHbIE (Daiijibl B KOpIyce,
(akTHYecKre pasMepbl KOTOPBIX MPEBBINIAIOT OKUAaeMble (HapuMmep, n300paske-
HUST ¥ BUIe0(ailsibl, KOTOPbIe MOTYT OBITh 3aKOAMPOBAHDBI KAK TEKCT). ITOT METO/
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IIO3BOJIACT OIIPEACJINTD TTOJTHBINA pa3Mep KopiryCa n CJIeJUThb 3a €r0 N3MEHECHUEM
C TeUEeHHMEM BPEMEHMU.

YT1eHune kopnyca M3 6a3bl AaHHbIX

Her aByx abCcOMOTHO OJIMHAKOBBIX KOPITYCOB, TAK KaK KaK/IOMY HOBOMY TIPHJIOKE-
HUIO TPeOYeTCsT HOBBII M MPEAMETHO-OPUEHTHPOBAHHBII KOPITYC, a JJIsT KasKI0TO
Kopityca TpebyeTcst CBOM, Clelnalu3upoBaHHbIil 00beKT uTeHus. B riuase 12 mbr
PaccMOTPUM NPUJIOKEHUE aHAIM3a HACTPOEHUST, UCTIOJb3YIOTIee KOPILYC ¢ IPUMEp-
HO 18 000 0630paMu aIbGOMOB, KOTOPbIE MOKHO HallTH Ha BeG-caiite Pitchfork.com.
Habop manubix goctyreH B Buje 6a3bl faHHbIX Sqlite co cxemoil, m306pakeHHO
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 pabGoTBI ¢ TUM KOPILYCOM CO3/aANM CBOI KJacc SqliteCorpusReader, oOpalia-
IONMIiCS K pasHbIM KOMIIOHEHTAM ¥ UMUTUPYIOIUI HoBeieHe CorpusReader U3
6ubamorexn NLTK, HO He HacIeMyOIIHil €ro.

Hawm nyxHo, 4yTOOBI Hall SqliteCorpusReader N3BIEKAI pe3yJibTaThl U3 0a3bl JAHHBIX,
He oTpebIsisl CIUIIKOM MHOTO IAMATH; TaK JKe KaK B cJlydae ¢ HTMLCorpusReader U3
HPeBILYIIETO pasjiesa, OyaeM a(h(HEeKTUBHO 1 PAIIMOHAIBHO U3BJIEKATH JAaHHBIE 110
OJIHO¥ 3aIMCH JJIST TOCTIeAyIoleld 00paboTKI, HOPMAJIM3AIUN U TPeoOdpa3oBaHusT
(koTopbie OyayT oOcyxaaTbest B riase 3). I1o aToll mpuyrHe He PEKOMEHYETCst
ucnosb3oBath SQL-mog06HY10 KoMaHLy fetchall(), Tak Kak OHa MOKET BBIHY/IUTh
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HaC CJUIIKOM JIOJITO JKJAATh PEe3yJIbTaToB, IIPEKIe YeM Mbl CMOYKEM HayaTh UTepa-
uuu. BMmecTo aToro Hamm MeTozabl ids(), scores() U texts() 6y/:[yT HCIT0JIb30BAaTh
fetchone(), HEMIOXYTO AGTEPHATHBY B IAHHOM CJIydae, XOTsI Ipu pabote ¢ HOIb-
muMu 6azaMy JaHHBIX TPOU3BOAUTENbHEE MOKET OKa3aThCs TTaKeTHask BHIOOPKa
NAHHBIX (HATIPUMED, C UCITOTb30BaHuEeM fetchmany()).

import sqlite3
class SqgliteCorpusReader(object):

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

def ids(self):

Bo3BpawaeT uaeHTUPUKaTopbl 0630poB, MNO3BOASAWWLME U3BNEKATb
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 MCMosb30BaHMUA
AnA nocnefykwero obyyeHua C yuuTenem

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

def texts(self):

Bo3BpauwaeT MOMHbIA TEKCT BCexX 0630pOB C Lesbl NpeABapuTesbHOM
06paboTKku M BeKTOpU3auuu ANA nocieaywuero obyyeHUs C yyuTtenem

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

N3 npumepoB peasnzaiinu HTMLCorpusReader 1 SqliteCorpusReader cJe/lyerT, YTO Mbl
BCET/Ia JI0JIKHBI OBITh TOTOBBI HAIIMCATH HOBBII 00BEKT UTEHUsT KOPITYCa LISl KaXKI0TO
HOBOTO Habopa saHHbIX. OHAKO, KaK MbI HAJleeMCsl, 9TH TIPUMEPbI CMOTJIN MOKa-
3aTh HE TOJIBKO UX TT0JIE3HOCTD, HO U CXOZICTBA. B cienyrorieil riaaBe Mbl paciiupum
HTMLCorpusReader Tak, 4TOOBI €I0 MOKHO OBLIIO UCIIOJIB30BATh JJIST IOCTYTIA K GoJiee
MEJIKUM KOMITOHEHTaM HAIero TeKCTa, YTO IIPUTOAUTCS JIst TIPeIBaPUTENbHON 00-
PabOTKU U IPOEKTUPOBAHUS TPU3HAKOB.
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B 3aknroueHue

B 9roii riiaBe BbI y3HAIHU, UTO JIJIsT aHAJIN3A TEKCTA HEOOXOMMM OOJBIION, HA/EK-
HbIi1, TPEIMETHO-OPHEHTHPOBAHHBIN KOPITyc. [T0CKOIbKY KOPITYChI OUeHb OOJIbIITE
M 9acTO HETPeCKa3yeMOoro pa3mMepa, Mbl OOCYIUIA METO/BI UX CTPYKTYPU3AIIUH
U yrpaBJieHust uMu. Mbl yBUIEH, KaK 0OBEKTHI YTEHUST KOPITYCOB MOTYT UCTIOJIB30-
BaTh 3TY CTPYKTYPY, @ TAKIKE CHUKATh TPEOOBAHNUS K 0OBEMY MTaMSITH, OCYIECTBIISIS
3arpysKy JaHHbBIX IIOTOKOBBIM CII0c0O0M. HakoHeI1, Mbl Ha4aJI1 CO3/IaHKeE IBYX CBOMX
00bEKTOB UTeHUs: OAuH JJist KopitycoB ¢ HTML-goKyMeHTaMu, XpaHsIIMMHUCS Ha
JIUCKe, a IPYTOH JIJIsT KOPITYCOB € IOKyMeHTamMu B 6ase manubix Sqlite.

B cremyiomeii riaBe Bbl y3HaeTe, Kak OCYIIECTBJIATH IPeABAPUTEIbHYI0 00paboTKY
JAHHBIX, PACHIUPATH 0OBEKTHI, CO3[IAHHbIE B 9TOH IJ1aBe, J00ABIATh METOADI [IPe/-
BapuTeabHOI 00paboTku pasmerkn HTML moTOKOBBIM €I10COGOM, U TIOJIy4aTh
OKOHYATEJbHYIO CTPYKTYPY TEKCTOBBIX JAHHBIX, TPUTOAHYIO JJIsT MAITMHHOTO 00Y-
YeHUsI — CIIUCOK IOKYMEHTORB CO CIIMCKaMK ab3alleB, KOTOPbIE SBJISIOTCS CIIUCKAMK
IPEIOKEH I, a Te, B CBOIO 0Yepe/lb, — CIIUCKAMU KOPTEKeli ¢ JIeKceMaMy 1 TeraMu,
OIPENENSIONMME YaCTH PEUH.



NpeaBapuTtenbHasa obpaboTtka
M npeobpasoBaHue Kopnyca

B mpenpimy et riaBe BbI y3HAIN, KaK CO3/IaTh M CTPYKTYPUPOBATH CBOM ITPEIMETHO-
opueHTHPOBaHHBIN KopItyc. K cosxkanenuto, 1060l KOPITyc B €10 HCXOIHOM BHJIE CO-
BEPIIEHHO HEMTPUTO/IEH [IJIs aHAIM3a — er0 He0OXOANMO IPeiBapUTEIbHO 00paboTarh
u ckath. DakTHYecKy, rIaBHOM PUYMHOI, TOOYIMBIIE HAIMCATD ITY KHUTY, CTajIa
orpomHast TipobJieMa, ¢ KOTOPOii MbI MOCTOSTHHO CTAJIKUBAEMCSI B CBOEI MTPaKTHUKe
CO3/IaHusT 1 TPe0OPasOBaHUsT KOPITYCOB, I0CTATOYHO OOJIBIINX, 4TO 3aCTaBJIsIET HAC
YIETSTH 0c000e BHIMaHE 3(D(HEKTUBHOCTH TP pa3padOTKe MPUITOKEHIIT TaHHDIX.
YuurbiBast, Kak MHOTO CUJT U BpeMEHU TPeOyeTcst ISk TIPeIBapUTEIbHOM 00paboTKI
1 1peoOPa3oBaHuUs TEKCTa, OPOH YAUBJISIET, KAK MAJIO PECYPCOB CYIIIECTBYET B IO/
HepsKKy (MU XOTsI ObI JIJIs TIPU3HAHUST BAXKHOCTH! ) 3TUX HTAIOB.

HTML
tagged_corpus = [
* [[(How', 'WRB'),
Ab3aLibl (long', 'RB"),
('will', 'MD"),
* ('this', 'DT"),
Mpeanoxenus (film’, 'NN?),
(go’, VB,
v (on’,"IN'),
3 00
Terars (7.2, ..
Wexonwbiii kopnyc v ]
Tern

Puc. 3.1. Pa3buska OOKYMEHTa, CerMeHTauus, BblaeNeHNne JIeEKCEM N MapKUpoBKa
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B aT0i#i rmaBe Mbl NIpeJIOKUM BapuaHT MHOTOIeIeBOTO (hpeiiMBOpPKa MpeiBapu-
TeJBHOU 06pabOTKU, KOTOPBIIT MOKHO CHCTEMATHIECKH UCTIOJIB30BATD JIJIsI TPe0l-
paszoBaHus COOPAHHOTO UCXOTHOTO TEKCTA B (hOPMY, TIPUTOIHYTO VIS TaJIbHETTIei
06paboTku 1 MozienpoBanust. Harr ppeiitMBOPK peasin3yer msiTh OCHOBHBIX 9TalloB,
n300paskeHHbBIX Ha prcC. 3.1: U3BJIeYeH e KOHTEHTA, BbIjlesieH e a03a1leB, MPe/IoKe-
HU 1 JIeKCeM U MapKHUPOBKA JIEKCEM TeraMy dacTeil pedn. st Kaskoro 13 aTaloB
MBI ITpezicTaBuM (YHKIMY B BH/IE METO/IOB KJTacca HTMLCorpusReader, 0OBSIBJIEHHOTO
B TIPE/IBITYIIEH TaBe.

Pa36uMBKa OKYMEHTOB

B npempimyieii rmaBe Mbl HaYaIlM KOHCTPYUPOBATh CBOH KJacc HTMLCorpusReader,
cHabMB ero MeToAaMu J1ist (PUJTBTPAIIMHU, IOCTYIIA ¥ TI0CYETa Pa3MEPOB TOKYMEH-
TOB (resolve(), docs() 1 sizes()). Haciemyst 0ObekT CorpusReader u3 GUOIMOTEKH
NLTK, nair o0beKT 4TeHrs KOPIYCOB TakKe peanusyer cranzaptbiii APT npes-
BapUTEIbHON 06pabOTKM, B KOTOPBIN BXOIAT CIEAYIOIINE METOIbL:

raw()

[IperocTaBIisieT JO0CTYI K UCXOJHOMY TEKCTY, He TIPOIIIE/IIIEMY TTPEBAPUTETbHY O
06paboTKy.

sents()
lenepatop, BeImeAIIOMNIT OTAETBHBIE TIPEIJIOKEHNS U3 TEKCTA.
words ()

BbI,lIeJIHeT N3 TEKCTa OTAEJIbHbBIC CJIOBA.

OCHOBHOE Halle BHMMaHWe byaeT cocpefoTOYeHO Ha MeTodax 06paboTkm ecte-
CTBEHHOrO si3blka Ans1 06beKTa YTEHMsI KOpryca, NpeAHa3HaYeHHoro ANs MOAro-
TOoBKM HTML-AOKYMEHTOB, nonyyeHHblx n3 CeTu, oAHako, B 3aBUCMMOCTU OT
dopMbl KOpryca, Apyr1e MeToabl MOryT okasaTbcs 6onee yaobHeiMu. CTOMT OT-
MeTUTb, UTO 06BEKTLI CorpusReader B 6nbnnoteke NLTK yxxe MMEIOT MHOXECTBO
METOAOB ANsi APYrMX Clly4yaeB MCMOSIb30BaHUS: Harnpumep, aBTOMAaTU4YeCKoro
[06aB/IeHUst TEFOB UM CUHTAKCUYECKOro aHanmn3a npeanoXxeHui, npeobpasosa-
HWMS @aHHOTMPOBAHHOMO TEKCTa B CTPYKTYPbl JaHHbIX, TakMe Kak obbekTbl Tree,
WM UrpaloT Posib BCMOMOraTeNbHbIX YTUAUT ANs1 KOHKPETHbIX (POpMaToB, Taknx
KaK BblaeneHne oTaesnbHbIX 351eMeHToB XML.

IIJIH O6y‘~IeHI/IH MO]Ie.T[eIL/,I C IIPUMEHEHUEM IIPUEMOB MAaIllMHHOTO O6y‘~IeHI/IH MBI 10JIK-
HbI BKJIIOYUTDb BCE 9TU METO/bI B IIPOLECC N3BJICYHEHMA ITPU3HAKOB. Ha HIPOTAKEHNN
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OCTaBIIENCS YaCTH ITOM TJIaBBI MBI 00CYIUM JIETAJIH TIPEBAPUTETBHOI 06pabOTKH,
HOKakeM, KaK HCI0JIb30BaTh U MOAMMUIIMPOBATH ITU METOJIbI JIJIS I0CTYIA K CO-
JEPKUMOMY, ¥ UCCJIelyeM IPU3HAKU BHYTPH JTOKYMEHTOB.

BbisiBNIeHue u n3BsieyeHne OCHOBHOINro KOHTEHTa

WHarteprer ABIgETCA OTINIHBIM ICTOYHUKOM TEKCTOBOI MH(MOPMAITNH JIJIST CO3/IaHUS
HOBBIX U MTOJIE3HBIX KOPITYCOB, HO TOYHO TaK JK€ OH SIBJISIETCST 00JIaCThIO OE33aKOHMS,
B TOM CMBbICJIE, YTO BeO-CTPAHMUI[BI He 00sI3aHbI CTPYKTYPUPOBATHCS B CTPOTOM COOT-
BETCTBHM C KAKUM-TO HabopoM craHaaptoB. Kak pesyssrar, pasmerka HTML, kotopast
cama 1o cebe CTPYKTYPUPOBAHA, MOKET TIPOU3BOAUTECS 1 OTOOPAKATHCSI MHOKECTBOM
UHOT/Ia OECTIOPSIIOYHBIX CITIOCOOOB. DTa HETIPEICKA3YEMOCTh 3aTPY/IHSIET U3BJIEUEHITE
nanbix 3 HTML-10KyMeHTOB METOIMYHBIM 1 TIPEICKA3YEMbBIM CIIOCOOOM.

OTJIMYHBIM UHCTPYMEHTOM JIJist GOPBOBI € BHICOKON BAPUATHMBHOCTHIO JIOKYMEHTOB,
cobmpaeMbIX B HHTEpHETE, siBJsiercst Gubmoreka readability-1xml. 9o obeprra Ha
Python mis sxcriepumenta JavaScript Readability, peamsosanroro Arc90. IToxo6-
Ho Gpaysepam, TakuM Kak Safari u Chrome, npeziaraionum pekuM YTeHUs TEKCTa
noxymenTos, Readability yaanser us crpanuupl Bee apredakThbl, OTBIEKAIOINE
BHUMaHNe, OCTABJIAST TOJbKO TEKCT.

O6pabarsiBas nokyment HTML, Readability ncnoib3yer KOMILIEKT peryisp-
HBIX BBIPAKEHWH 711 y/laJleHUs HaBUTAITMOHHBIX MEHIO, PEKJIaMbl, TETOB CIleHa-
pueB 1 CSS, 3aTeM KOHCTPYUPYET HOBOE JIEPEBO OOBEKTHON MO JOKYMEHTA
(Document Object Model, DOM), usByiekaeT TeKCT U3 MePBOHAYATHLHOTO J€PeBa
M BCTPAMBAET €T0 BO BHOBH CO3/IAHHOE /lepeBo. B ciemyiomniem mpumepe, paciiu-
psIfoIieM KJiace HTMLCorpusReader, Mbl IMIIOPTHPYEM JBa MOJYJIST U3 OUOIHMOTEKN
Readability, unparseable 1 Document, KOTOPbIE 3aT€M UCIIOIb3YEM JIJIsI U3BJI€UEHIST
u ourictky tekcta HTML Ha epBoM aTatie nporiecca npeaBapuTeabHoi 00paboTKH.

Metoxa html Hepe61/1paeT Bce (ailabl U UCTIOJBb3yeT METO/ summary M3 KJjacca
readability.Document /IJIs yIaJIEHUS 0OOTO HETEKCTOBOTO COZIEPKUMOT0, a TAKIKE
CIleHapHeB U TeroB cTujieil. Takike OH UCIpaB/seT HEKOTOpble U3 HamboJiee pac-
IPOCTPAHEHHBIX OMIMOOK, CBSI3AHHBIX C MUCIIOJIb30BaHUEM TeroB (HampuMep, <div>
1 <br>), U TeHEPUPYET UCKIIOUEHNE, TOTBKO €CJIU OKA3bIBACTCS HE B COCTOSTHUM Pa30-
6partb ucxoanyio pasmMerky HTML. TunndHoi MpUYMHON UCKIIOYEHUST SIBJISICTCS
nepefada GyHKIIUN TyCTOTO JOKYMEHTA:

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 Kaxnoro 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 METOJI BBIIIIE MOKET BBIBOJIUTD IIPELYIPEKACHUST B JKYyP-
HaJl readability; €CTh BO3MOKHOCTh M3MEHUTH YPOBEHD MOAPOOGHOCTH 110 CBOEMY
YCMOTPEHHUIO, 100aBHB:

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

Pesynsratom MeToa html () SBISETCS OUUIIEHHBIN 1 XOPOIIIO CTPYKTYPHUPOBAHHBII
texker HTML. B ciienyronmux HeCKOJIbKUX pasiesiaX Mbl 100aBUM JOIOJTHUTENbHBIE
METO/bI JIJISI €T0 [IOC/Ie[0BATEIHbHOTO Pa3ONEHNs Ha COCTABJIAIONINE: aO3allbl, IPE/I-
JIOKEHUST U JIEKCEMBI.

Pa3geneHne AOKYMEHTOB Ha ab3aubl

Tenepn, HayunBmuch GUIABTPOBaTh NcxoaHbIe JoKyMeHTs HTML, KoTOpBIe MBI
M3BJIEKJIN B TIPEJIBILYTIEl TTTaBe, epeiiieM K IpeiBapuTeIbHOI 00paboTKe KopIiyca
U CTPYKTYPHUPYEM €TO, YTOOBI C/IeTaTh TIPUTOTHBIM 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. [lekomnosunums OOKYMEHTa, MNNICTPUpYolWasa OCHOBHbIE CMbIC/TIOBbIE 3JIEMEHTDI:
a63aub|, npeanoXxeHna n oTaesibHble NIEKCEMbI
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«Kak ympasists ctpeccom mogo6Ho 6uariaonucty» us New York Times'. [leranu-
3aIMsT NCCJIEIOBAHNST IOKYMEHTA MOJKET CYIIECTBEHHO TIOBJHSTD Ha TO, Kak Oyzer
KJIacCU(UINPOBAHA CTAThS: KaK MOCBAIIEHHAS <HOMYJIIPHOMY BUY CHOPTay WX
«JIMYHOMY 3/10POBBIO» (MJIM 11 TOMY, U IpyToMy!).

ITOT MPUMeP UJLTIOCTPUPYET, TOUEeMY 3a/I1a4l BeKTOPU3AIUU, N3BJIeUeHUS ITPU3HA-
KOB M MAIlIMHHOTO 0OYYEHMUsT, KOTOPBIE MbI OY/IEM BBITTOJIHSTH B CJICAYIONIMX IJIaBax,
B 3HAYMTENHHOI Mepe 3aBUCST OT HaIliell ciocoOHOCTH 3(h(HEKTUBHO Pa3OUTh TOKY-
MEHTBI Ha COCTABJIAIONINE UX KOMIIOHEHTHI, COXPAHUB TIPU 3TOM IepBOHAYATIBLHYIO

CTPYKTYypY.

TOYHOCTb U YYBCTBUTENBHOCTb HalIUX Mop,eneﬁ GYLI,GT 3aBUCETb OT TOro, Ha-
CKOJIbKO Bd)CbeKTVIBHO Mbl YMEEM CBA3bIBaTb JIEKCEMbI C KOHTEKCTOM, B KOTOPOM
OHU MOABNAKOTCA.

A63al1pl, 3aK/TI0YAIONINE 3aKOHYEHHbIE UIEH, BBITTOJHSIOT POJIb CTPYKTYPHOI eu-
HUIIbI IOKYMEHTA, U B TIEPBYIO OUEPE/b MbI JIOJIKHBI BBIAETUTD A03aIbI, UMEIOTIHECS
B TekcTe. HekoTopbie 00beKThl uTeHust KopirycoB B 6ubanoreke NLTK, Takue kak
PlaintextCorpusReader, peajiM3yIOT METOJL paras () — reHepatop ad3areB, KOTOpbie
OTIPEZIEIISTIOTCST KaK OJTOKU TEKCTa, Pa3/ieJIeHHbIE IBYMST CHMBOJIAMU TI€PEBOJIA CTPOKL.

OpHako ceifyac Mbl UMEEM JIeJI0 He € TIPOCTBIM TEKCTOM, TI09TOMY JIOJIKHBI Peasiu-
30BaTh MeTOZ, usBjekatomuil absansl u3 HTML. K cuactsio, Hanr MeToz html()
coxpanset cTpyktypy HTML-10KyMeHTOB. TO 3HAYUT, YTO MBI MOKEM BBIZIETTUTH
cozepKIMoe ab3alieB Mo TeraM <p>, KoTopsbie B siabike HTML onpesesnsiior ab3aribl.
[ToCKOIBKY COAEPKIMOE MOKET TaKKe 0O(DOPMIISTHCS APYTUMHU cIiocobaMu (Harpu-
Mep, B BU/IE JIPYTUX CTPYKTYP BHYTPU IOKYMEHTA, TAKUX KaK 3aT0JIOBKH U CITUCKHM ),
MBI BBITIOJTHUM GoJiee IMUPOKHiT IOUCK 110 TEKCTY, Mciob3yst BeautifulSoup.

Kak Bbl MOMHUTE, B rfaee 2 Mbl ONpeaenunamn knacc HTMLCorpusReader Tak, 4To
06beKTbl YTeHns nony4yatoT nckomble HTML-Tern B Buge atpubyta knacca. 310
MHOXECTBO TEroB MOXHO paclMpWTb, COKPaTUTb WAN U3MEHUTb KaK-TO MHauye
B COOTBETCTBUM C KOHKPETHbIMKU TPebOBaHUAMM.

OmnpezgeimM MeTOJL paras (), BBIMOJHSIONNNA 00X0/ BeeX (hailJioB U mepeaaonnit
kax /bl HTML-gokyment konetpykropy Beautiful Soup, ykasas, uto ananms pas-
merkun HTML nossken npousBoauThest ¢ ucnosbsosanrem HTML-napcepa Ixml.
[Toayuatonuiicst B pe3ysibraTe OOBEKT soup XPaHHUT IPEBOBUIHYIO CTPYKTYPY, IO
KOTOPOI1 MOJKHO TIepeMelaThCs, NCIOJIb3YsI OPUTHHATbHBIE 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 BRIOEPEM BCE TETH, BXOJSIIIE B IPEAOIPEAEICHHOE
MHO’KECTBO, M BEDHEM TEKCT, cojiepKaliuiicst B Hux. [Tocsie aToro, 3akoH4mnB paboTy
¢ dailsioM, BRI30BEM METOJ decompose Kjacca BeautifulSoup, YTOOBI YHUYTOXKUTH
JIepeBO 1 0CBOOOANTH 3aHUMAEMYIO UM HaMSITh.

import bs4

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

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

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

MUcnonb3yeT BeautifulSoup ana Bbigenenus ab3aueB 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()

Meroz paras() — 9T0 (yHKIUsI-TeHEPaTOP, BO3BPAIIAIOIIas HCXOAHbINA TEKCT ab3a-
I[€B U3 BCEX JOKYMEHTOB, OT TIEPBOTO JI0 TIOCJIEIHETO, U TTPOCTO TePETarnBaroast
Yepe3 TPaHUIlBl JOKyMeHTOB. Eciin mepeaTh MeTOY paras () KOHKPeTHOE 3HAUeHTe
B mapamerpe fileids, OH BepHeT ab3allbl TOJIbKO U3 YKazaHHOTO (aiia.

CTOMT OTMETUTb, YTO METOABI YUTEHMS paras() MHOrMx 06bEKTOB KOPNYCoB B 6u-
6nunoteke NLTK, Takux kak PlaintextCorpusReader, [EMCTBYIOT MO-pasHOMYy,
4acTo BblAENss NPeanoXeHns 1 nekceMbl BAo6aBoK K BbiaeneHuto ab3aues. 310
0bbscHseTCs 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 Anst 06paboTku mc-
XOAHOr0, HEAHHOTUMPOBAHHOIO KOPMyca U MO3TOMY AO/XKHbI NMPOV3BOAUTL €ro
PEKOHCTpyMpOBaHue.

CerMmeHTaums: BblaesieHue n pennomel-mii

Ecuii ab3a1ibl MOJKHO pacCMaTpUBaTh Kak CTPYKTYPHbIE €IMHUIIBI IOKYMEHTa, TOT/Ia
IPEJIOKEHIST MOKHO CYMTATh CMBICTIOBBIMU efrHuUIIaMu. [1ogo6H0 ab3airy, Bbi-
paskaioniemMy eJIMHCTBEHHYIO U/IEI0, TTPEIJIOKEHUE COJEPKUT 3aKOHUECHHYIO MbICJIb,
KOTOPYIO MbI XOTeJIN ObI c(hOPMYJIMPOBATH U BHICKA3aTh.

B aTOM pasjiesie Mbl peain3yeM cezMenmanuio — pasjeieHue TeKCTa Ha IIPEIOKEHNST,
KOTOpbIE TOTOM OYyT 06pabaThIBATHCS METOAMU MAPKHUPOBKHM CJIOB TEraMy YacTei
peun, KOTopbie OYIyT PACCMOTPEHBI IAJIee B ATOI TJIaBe U KOTOPBIE B CBOIO 0YEPE/h
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OIUPAIOTCST Ha BHYTPEHHE COTVIAaCOBaHHY0 MOPhOooTHio. YTOObI BHIIEANUTH MPE/l-
JIO;KEHUSI, HAITWIIIeM HOBBIN METOI, sents (), BEI3SBIBAIOIINH paras () 1 BO3BpaIIAIONIUI
redeparop (UTeparop), KOTOPBIH Hepedupaer Bee TPeJIoKeHNs U3 Beex ab3alles.

CWHTaKcuyeckas CerMeHTaLms He SBNSIETCS HeobX0AMMbIM YC/TOBUEM ANSt MapKu-
POBKM TEKCTa YacTsMM peyun. B HEKOTOPbIX Cny4Yasix MoOXeT noTpeboBaTbCs CHa-
Yyana BbIMNOIHUTb MAapKUPOBKY, YTOObI NpaBW/IbHO pa3buTb TEKCT Ha NPEANOXKEHMS,
HanpuMep, NpW aHanu3e peyeBort MHGOPMALMU UM TPAHCKPUBMPOBAHHOIO
TEKCTa, FAe rpaHnLbl MeXAy NpeasioKeHNsaIMM He Tak 04eBMAHbI. B MMcbMeHHOM
TEKCTe npeaBapuTenbHas CerMeHTaumsl ynpoLwaeT MapKUPOBKY JIeKCEM YacTsaMu
peun. C peyeBbiMM JaHHBIMW YACTO Ny4lle CrpaBnstoTCa UHCTPYMeHTbl SpaCy,
TOoraa Kak ans 06paboTky NUCbMEHHOMO si3blka Nydlle noaxoaut NLTK.

Har meToz sents () BBITOIHAET 00XO0J BeeX a03alleB, BBIIEJICHHBIX METOOM paras,
U UCTIOJIb3YET METOJT sent_tokenize n3 6ubsmorekn NLTK aist BbimosHeHust akride-
CKOM cermeHTaluu. BHyTpenHe sent_tokenize ncrosb3yeT PunktSentenceTokenizer,
MOJIEJIb, TIPEIBAPUTENLHO 00YYeHHYIO TpaBujiaM peodpasoBatus (110 cyTH — Habop
PeryJISIpHBIX BBIPAKEHUH ) JIJ7I Pa3HbIX BUIOB CJIOB U 3HAKOB IIPeNMHaHus (Halpu-
Mep, TOUKH, 3HAKU BOIIPOCA, 3HAKW BOCKJIMIIAHUS, KAITUTAJIU3AINS U T. [1.), KOTOPbIE
Cy>KaT IPU3HAKaMM Hadyasla U KOHIA MpesioxkeHnsa. Mozienb MOKHO TIPUMEHUTH
K ab3ally 1 OJIyYrTh TeHEePATOP TIPE/TIOKEHMIA:

from nltk import sent_tokenize

def sents(self, fileids = None, categories = None):
Ncnonb3yeT BCTPOEHHbIN MeXaHM3M AJIA BbIAENEHUA MpeaNoXeHnd u3
ab3aueB. ObpaTuTe BHMMaHWE, 4YTO ANA MapcuHra pasmeTkum HTML
3TOT MeToA ucnonb3yeT BeautifulSoup.
for paragraph in self.paras(fileids, categories):
for sentence in sent_tokenize(paragraph):
yield sentence

Xotst PunktSentenceTokenizer 3 NLTK o6yueH pacrosHaBaTh TEKCThI Ha aHTJIHT-
CKOM $I3bIK€, OH TaKKe XOPOIIO MTOJXO/UT /1JIsT OOJIBITNHCTBA €BPOIEHCKUX SI3BIKOB.
OH 1peKpacHo CIPABJISIETCST CO CBOEHT 3a/1aUeii, KOT/Ia oy yaeT CTaniapTHbIe 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 OTHO3HAUHYIO0 UHTEePIIPETAIlNio, Ha-
[PUMEP: TOYKU OOBIYHO CJYKAT MPU3HAKOM KOHI[A TIPE/JIOKEHNUST, HO OHM MOTYT
TaK’Ke TMOSTBISATHCS B BEIIECTBEHHBIX YNCIIAX, COKPAIIEHIX 1 MHOTOTOYNSX. VITHBIMU
CJIOBAMH, OTIpe/ieIeHIe TPAHUIL TIPEIJIOKeHNH — He Beer/a mpoctas 3a1avda. [Toaro-
MY TIpPUMEHEeHNeE PunktSentenceTokenizer K HECTAHAAPTHOMY TEKCTY HE BCET/A /Ia€T
MpUeMJIeMble PE3YJIbTaThI:

['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 npenocraBisier ansrepHATUBHBIE CPEACTBA BBIIEICHUS TIPEATOXKeHUN (Ha-
HpUMep, JIJist TBUTOB), C KOTOPBIMU CTOUT 1TO3HAKOMUThCsT. Ho, Kak GbI TO HI OBLIO,
eCJIM B BallleM IIPeIMETHOM [IPOCTPAHCTBE UMEIOTCSI CBOM YHUKAIbHbIE 0COOEHHOCTH
pasrpaHuYeHUst MPEAIOKEHNH, PEKOMEHYeTCst 00YUUTh CBOIO MOJIEJb, BBITIOJIHSI-
IONIYIO TaKKe Pa3rpaHUu€eHns, UCITOJIb3YsI IIPEJMETHO-OPUEHTUPOBAHHBII KOHTEHT.

JlekceMu3auuma: BbiaesieHUe JieKkceM

MBI OrpeIesIiIn MPeIoKEHNsT KaK CMBICIOBBIE €IMHUIIbL, a a63a1(bl — KaK CTPYK-
TYpHBIE €MHUIIBI TOKYMeHTa. B aTOM paszesie MbI 3aiiMeMCsI BbIIEIEHIEM JIeKCeM,
CUHTAKCUIECKUX eINHUIT SI3bIKA, KOAUPYIOMINX CEMAHTHYECKYIO MH(MOPMAITAIO B BUE
ITOCJIEIOBATEIHHOCTH CUMBOJIOB.

Jlexcemusayus — 3To 1IPOLECC U3BJICUEHUS JIEKCEM, U JIJISL eT0 Pealu3aliuy Mbl UC-
110J1b3yeM WordPunctTokenizer — KJacc, OCHOBAaHHBIN HA IIPUMEHEHUN PETYJISIPHBIX
BBIPQKEHUH, KOTOPBIN BBIJEJSET JTEKCEMBI 10 MPOOETbHBIM CUMBOJIAM U 3HAKaM
IPEIMHAHKUS ¥ BO3BPAIlAeT CIIUCOK a/(haBUTHBIX 1 Hea/(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 AN 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 TOTKHBI TOAYMATh O MHOTOM, HATTPUMED: YAATIATH JIU 3HAKY MPEITuHA-
HUS U3 JIEKCEM U, €CJIU J1a, CIeyeT JIU WHTEPIPEeTUPOBATh 9TU 3HAKW TIPENTMTHAHUS
KaK CaMOCTOSITeJIbHbIE JiekKceMbl ? CIeyeT T COXPaHITh CJI0Ba ¢ AehricaMu B BUIE
OJIHOM JIeKceMbl MM pa3buBaTh MX Ha cOCTaBHble YyacTu? Kak mHTEpHpeTHpoBaTh
cokpateHHbie (DOPMBI CJIOB: KaK OJIHY JIEKCEMY WJIM KaK /[B€ — U T/I€ B ITOCJETHEM
cydae ITPOBOJUTD TPAHUILY ?

B 3aBHCHMOCTH OT OTBETOB Ha 9TU BOTIPOCHI BHIOUPAIOTCS Pa3Hble HMHCTPYMEHTHI
BbljlesieHud JekceM. I3 MHOMKecTBa TaKMX UHCTPYMEHTOB, ocTynHbiX B NLTK
(mampuMep, TreebankWordTokenizer, WordPunctTokenize, PunktWordTokenizer u sip.),
yale BCero g JekceMus3anmuu BbI6I/Ipa€TCH (byHKL[Mﬂ word_tokenize, KOTOpas uc-
M0JIb3yeT TreebankWordTokenizer U peryJisipHbie BhIpakeHust u3 Oubinoreku Penn
Treebank. Ona noazep:kuBaerT pasdMBKY CTaHAAPTHBIX COKpallleHuii (Harpumep,
«wouldn’t» npespaiaercst B «<would» 1 «n’t») 1 MHTEPIPETUPYET 3HAKHU TIPEITH-
HaHUs (TaKkue KaK TOUKU, OJJMHOUYHbIC KaBbIUKHU U 3aIISIThIe, 32 KOTOPBIMU CJIEYIOT
po0OesIbl) KaK caMOCTOSITENIbHbIE JiekceMbl. HarmpoTus, WordPunctTokenizer OCHO-
BaH Ha KJacce RegexpTokenizer, BBIIEJIIONIEM JIEKCEMBI C TIOMOIIBIO PETYISIPHOTO
BBIpAKEHUS \w+ | [*\w\s]+ , KOTOPOMY COOTBETCTBYIOT JIEKCEMbI UJIN PA3AETUTETTN
JIEKCEM, B Pe3yJIbTaTe 4ero MOIydaeTcs MOoCae0BaTETbHOCTD aN(aBUTHBIX U He-
anhaBUTHBIX CUMBOJIOB. Kitacc RegexpTokenizer Takske MOXKHO MCITOTB30BATH JIJIS
CO3/IaHUs CBOETO MHCTPYMEHTA BblJIeJICHUS JIEKCEM.

MapkupoBKa YaCTsIMU peuu

Teriepb, MOJYIUB AOCTYII K JIEKCEMaM BHYTPH MPEJIOKEHII B ab3amax Haimx
JOKYMEHTOB, [IOMETUM KaKAYIO JIEKCEMY COOTBETCTBYIOLLEH ell uacmvio peuu.
Yactu peun (Hampumep, TJIAT0JBI, CYIEeCTBUTEIbHBIE, TTPE/IJIOTH, TTPUIATATE T h-
Hbl€) YKa3bIBAIOT Ha POJIb CJI0BA B KOHTEKCTE IIPEAJIOKeHUs. B auriauiickoM, kak
U BO MHOTHUX JIPYTUX SI3bIKAX, OZIHO U TO K€ CJIOBO MOKET UTPATh Pa3HbIe POJIH,
U HaM XOTeJIOCh Obl IMETh BO3MOKHOCTD padindarh ux (Hamnpumep, «building»
(CTPOUTENBCTBO, CTPOEHIE) MOKET OBITH CYIECTBUTETHHBIM UJIU TJIATOJIOM).
MapkupoBKa 4acTSIMI Peun 3aKII09AeTCsT B JOOABIEHNN K KaK/I0H JIEKCEME COOT-
BETCTBYIOIIETO TETa, HECYIero nudopmannio o6 orpeaeseHni CJI0Ba U €r0 POJIH
B TEKYyIIeM KOHTEKCTE.

Bocmnionpsyemcs rotoBeim cpenctBom Mapkuposku u3 NLTK, pos_tag, KoTopsiit
Ha MOMEHT HAIMCAHUAI 3TUX CJOB UCIOJb30BAJ PerceptronTagger() 1 Ha6op TEeTOB
u3 Penn Treebank. Bubimoreka Penn Treebank Bkiiouaer 36 Teros, Hecymmux uH-
hopmaruio o yacTax peyu, CTPyKTYPHON OpTaHU3aIni, APYTe TPaMMaTIHYeCKue
xapakTepucTUKu (NN 1711 CyIIeCTBUTENIbHBIX B eIMHCTBEHHOM YHCJIe, NNS [IJIsI Cyliie-
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CTBUTEJIbHBIX BO MHOKECTBEHHOM YMCJIC, JJ U1 IIpUJIaraTe/IbHbBIX, RB I H&p@‘ll/lﬁ,
VB Z1JI1 TJ1aroJIOB, PRP /U1 JIMYHBIX MECTOMMEHMI U T. I[.).

Mertos tokenize Bo3BpalaeT reHepaTop, Ipel0CTaBIAIoNINI HaM CIIMCOK CIIUCKOB
a03atieB, SIBJISIIONINXCS CIIUCKAMHE TIPE/IJIOXKEH T, KOTOPbIe, B CBOIO OYePe/ib, SIBJISI-
I0TCS CIIMCKAMU JIEKCEM, MAaPKUPOBAHHBIX TeraMu yacteil peun. MapKkupoBaHHble
JIEKCEMBI TTPE/ICTaBICHBI KOPTEKaMH (tag, token), T/ie tag — CTpoKa (PETucTp CUM-
BOJIOB MeeT 3HaueHUe ), OIIpe/IeJIsIIONIast POJIb JIEKCEMbL 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)

Paccmorpum a63air « The old building is scheduled for demolition. The contractors
will begin building a new structure next month»'. B garntom ciayyae MeToz pos_tag
OIIPEJIEJINT, YTO B TIepBOM cirydae ¢ioBo <building» (cTpoenue) ucnosbayercs Kak
CYIIECTBUTEJILHOE B €[MHCTBEHHOM YKCJIE, a BO BTOPOM — Kak riaroji «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 NpaBusio paclundpoBKy TErOB YacTel peun: Tern, o6o3Hauatowme
cywecreuTenbHble (Nouns), HaumMHawoTcs ¢ N, rnaronel (verbs) — c V, npunara-
TenbHble (adjectives) — ¢ J, Hapeunsa (adverbs) — ¢ R. Bce octanbHble Teru
onpeaensitoT HEKOTOPble CTPYKTYPHbIE 3NEMEHTbI. MOMHbIA CMUCOK TEFOB MOXHO
HalTK no aapecy: http://bit.ly/23fUOrq.

B NLTK ecTh HECKOIBKO AOTTOTHUTEIBHBIX HCTPYMEHTOB MAPKUPOBKHU YaCTSIMU
peun (HanpuMep, DefaultTagger, RegexpTagger, UnigramTagger, BrillTagger). [log-
JEePKUBAETCS TaKkKe BO3MOKHOCTh MCIOJb30BaTh X KOMOMHAIIMU, HAIIPUME,

! Crapoe cTpoeruie 3amyIaHupoBato K cHOCY. [1oApSAAIMKI HAYHY T CTPOUTETHCTBO HOBOTO 3/IAHNST

B cJiestytonieM Mecste. — Ipumeu. nep.
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BrillTagger IIO3BOJISET YIYUYIINTD IIEPBOHAYATIBHYIO MADKUPOBKY TeraMu, IIPUMEHSIS
npasuia npeobpasosanust bpuiia (Brill).

MpomexxyTOouHbI aHaNM3 Kopnyca

Tenepb y Halero HTMLCorpusReader €CTh Bce HEOOXOAUMBIE METO/IBI JIJIsI IEKOMITO-
3UINH JOKYMEHTOB, KOTOPBIE TOHA00SITCST HAM B OCJIEYIONINX ryiaBax. B riiase 2
MBI CHAOIUITH HATIT MHCTPYMEHT YTEHS KOPITyCa METO/IOM sizes (), TO3BOJISIONIIM
OIEHNTh, KaK U3MEHSIETCST KOPITYC € TedeHreM BpeMeHn. Terepb Mbl MOKeM 100aBUTh
HOBBII MeTO/I, describe (), KOTOPBIH AacT HaM BO3MOKHOCTb BBIIIOJIHUTD IIPOMEKY -
TOUHBIN aHAJIN3 U3MEHEHUsT COCTaBa KaTerOPUid, CJI0Baps U CJIOKHOCTU KOpITyca.

[IepBbiM mesiom describe() 3amycKaeT CEKYHAOMEP W MHUIINAIN3UPYET /[BA Pac-
npe/ieJIeHnsT YacTOT: TIePBOe, counts, TIPeIHA3HAYEHO /IS TTOICUeTa BIOKEHHBIX
CTPYKTYP B JIOKYMEHTaX, a BTOPOe, tokens, TIPeJIHA3HAYEHO JIJIsi XPAHEHUS CJIOBa-
psi. YactoTy pacrpe/esieHuii U uX IPUMEeHeHne MbI TopoOHO 06CyanM B TJiaBe 7.
B mpotiecce anasi3a Mbl MOACYUTaEM KOJHUUECTBO ab3alleB, MPETIOKEHNN 1 CJIOB,
a TakyKe COXPAHNM KaKAYI0 YHUKAJIBHYIO JJEKCEMY B cJoBape. 3aTeM TOICYUTaeM
KOJIMYIECTBO (DaiIOB M KaTETOPUIT B KOPITyCe U BEPHEM CJI0BAPb CO CTATUCTUYECKOM
CBOJIKOM 0 KOPITyCe, CO/IePsKAIIIil: 0bIee KoJMIecTBO (hailJioB U KaTeropuii; odiiee
KOJIMYECTBO ab3alleB, IPEAIOKEHNI 1 CII0B; KOJIMYECTBO YHUKAIbHBIX JIEKCEM; JIEK-
crYecKoe pasHooOpasre — KaK OTHOIIEHUE YHCJIa YHUKAJIbHBIX JIEKCEM K 001eMy
UX KOJIMYECTBY; CPe/IHee YncJI0 aO3a1eB B IOKYMEHTE; CPEIHEE YHCIIO MTPEIIOKEHUIT
B ab3arte; ob1ee BpeMst 06pabOTKH:

import time

def describe(self, fileids = None, categories = None):
BbinonHaeT o6Xxof COAepXMMOro Koprnyca M Bo3BpawaeT
CNnoBapb C pa3sHOO6Pa3HbIMM OLIEHKaMU, OMUCHIBAKILUMM
COCTOsIHMe Kopnyca.

started = time.time()

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

# BbiMONHUTbL 06x04 ab3aueB, BbAEIUTb JleKCeMbl M MOACHUTATbL 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 M 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 poctom Koprryca 1o Mepe c60pa HOBBIX JIAHHBIX, PEABAPUTETbHOIT 00paboTKI
U CKATHST MEeTOJ] describe() MO3BOJIUT HAM BBIYUCJATD 3TH XapaKTEPUCTUKU 1 BU-
JIeTh, Kak OHU MeHATcs. OH MOJKeT CTaTh Ba)KHBIM MHCTPYMEHTOM MOHUTOPUHTA
U [IOMOYb BBISIBUTH MPOOJIEMbBI B TIPUIOKEHNUN; MOJIETU MAITUHHOTO 00YYeHUsT
OOBIYHO OJKHU/IAIOT TIOCTOSTHCTBA OTIPEIETEHHBIX XapAKTEPUCTHK, TAKUX KaK JIEK-
cHUYecKoe pa3zHooOpasme U KOJTNYeCTBO ab3aleB Ha O/IUH JOKYMEHT, CYIeCTBEHHOE
M3MEHEHNEe KOTOPBIX ITOYTH HaBEPHSIKA OTPA3UTCs Ha KadecTBe Mojesan. To ectb
MeTo/l describe() MOKHO MCIIOJIb30BATD JIJIsI OIIPEEIeHNS BeJINIMHBI U3MEHEeHU
B KOpITyCe, 4TOOBI CBOEBPEMEHHO 3AITYCTUTH OCJELYIONLY 0 BEKTOPU3AIIUIO U TIEpe-
CTPONKY MOJieJIH.

TpaHcdopmaumsa kopnyca

Terepnb Hair 0OBEKT MOKET B TIOTOKOBOM PEKMME YUTATh JOKYMEHTBI U3 KOPITyCa,
BBITIOJIHSST ATAIIb U3BJIEUEHNsT KOHTEHTa, Pas3/esieHrs Ha ab3allbl, CECTMEHTAINN Ha
MPETOKEHUS, TEKCEMUBAINN CJIOB, MAPKIPOBKY TeraMU 4acTell pedu, u mepesa-
BaTh 00paboTaHHbIE TOKYMEHTHI B MOJIE/IN MAMIMHHOTO OOYYEHsI, KaK TIOKA3aHO
Ha puc. 3.3.

K cosxkasenuto, aTa o6pabotka 06xoauTcst HemenieBo. [1Jist HeGOJIbINX KOPITYCOB
WJIM KOT/IA €CTh BO3MOKHOCTD BBIJIEJUTD JJIS IIPEABAPUTEILHON 00pabOTKI MHOTO
BUPTYaJIbHBIX MAIIIH, IPOCTOrO 0OBEKTA YTEHHS, TAKOTO Kak HTMLCorpusReader, MO-
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et ObITh TocTaTouHo. Ho st koprryca ¢ 300 000 HoBocTeii B (hopmate HTML atan
IpeABapUTebHON 00paboTKK MOKET 3aHATH GoJiee 12 yacoB. Mbl OTIpe/ie/ieHHO He
MOJKEM MTO3BOJIUTD ceOe IeTaTh ATO KayK/bIN Pa3, KOT/a 3aIyCKaeM MOJIeTMPOBAHIE
WJIM TECTUPYEeM HOBBIN HabOp rumeprnapamMeTpos.

(60p paHHbIX MpomexyTouHbiii Mpunoxenue
aHanu3

A 4

v
@47 HTMLCorpusReader MopenupoBanue |« BexTopu3auua

Puc. 3.3. KoHBeiiep npeasapuTenibHOM 06paboTkM Kopryca

Ha npakTuke aTa Hp06JIeMa pemraeTrcst n00aBJIeHIEM JIBYX JOTIOJTHUTEJIbHBIX KJIac-
COB: KJjlacca Preprocessor, UCIIOJIb3YIONIEro HTMLCorpusReader JIJIsT IOJATOTOBKU
MCXOJITHOTO KOPITyca K COXPAHEHUIO B BH/Ie TPOMEKYTOUYHOTO apTedakTa, M Kjacca
PickledCorpusReader, YMTAIOIIETO TPaHCHOPMUPOBAHHBIE JOKYMEHTBI C IMCKa
1 B IIOTOKOBOM pPeKMMeE Ilepe/laloliero nX Ha IIoC/IeIyIoIe dTallbl BEKTOPU3aIun
1 aHa/IM3a, KaK ITOKa3aHo Ha puc. 3.4.

Tpepsapur.
@HTMKorpusReaderH Mpep. obpabotka 06paboTaHHbIi |Pi(k|ed(orpusReader|—>| BexTopusauua |—>| MopenupoBatue
Kopnyc

Puc. 3.4. KoHBeliep C NpoMeXyTO4HbIM COXPaHEHWEM MpeaBapUTENbHO
06paboTaHHOro Kopnyca

MNpeaBapuTenbHas 06paboTka n coxpaHeHue
NPOMEeXyTo4YyHOoro apredakra

B aToMm pasnene Mbl HamUIIEM KJIacc Preprocessor, TPUHUMATIOIIUH 3K3EMIIIISAP
HTMLCorpusReader, BBITIOJTHSIOIIHIT TPEABAPUTENBHY IO 00pabOTKY 1 3aITHChIBAIOIIHI
HOBBIN TEKCTOBBII KOPITYC Ha JIMCK, KaK MOKa3aHo Ha puc. 3.5. IMeHHO 9TOT HOBBIH
KOPITyC MBI Oy/IeM HCIIOIb30BATh JIJIsI IATbHENTIIETO AaHAI3a TEKCTA.

Crauasa HamMIIIeM OCHOBHOE OITpe/ieIeHre HOBOTO KJlacca, Preprocessor, KOTOPBII
06epThIBaeT 00BEKT YTEHUsT KOPITyCa W BBIMOJHSET MPOIIEAYPY JEKCeMU3allnu Ha-
IIUX JJOKYMEHTOB U MAPKUPOBKH MX YacTsAMK peurt. OGbEKThI 9TOT0 Kacca J0JKHBI
MHUTTNATN3UPOBATHCA NCXOIHBIM KOPITYCOM, CTPOKOT ITyTH K €T0 KOPHEBOMY KaTa-
JIOTY U TIeJIEBBIM KOPITYCOM, CTPOKOH TIyTH K KaTaJIoTy, Ky/1a [0JKeH ObITh COXpaHeH



76

nasa 3. MNpeaBapuTenbHas 06paboTka 1 npeobpa3oBaHue Kopnyca

A\ 4

WexoaHbiin | [pepBaputenbHo
Kopnyc o 06paboTaHHblit
Kopnyc

P

e

Puc. 3.5. 3Tan npoMexyTouHoN 06paboTkun 1 nonyyeHre TpaHcOopMMPOBaHHOIO Kopryca

pe3yJIbraT npeaBapuTeIbHoi 06paboTku. Metos fileids () obecrieunBaeT yao0HbIi
JIOCTYII K CBOICTBY fileids oObekTa HTMLCorpusReader, a abspath() Gy/er Bo3Bpa-
maTh aGCOJIIOTHBIN Iy Th K KasKA0MY (haiily 1[eJIeBOro KOpIyca, COOTBETCTBYIONEMY
(daiiry nCX0aHOTO KOpIyca:

import os

class Preprocessor(object):

O6epTbiBaeT ~HTMLCorpusReader™ u BbiMOJHAET NeKCEMU3aLMi0
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 WMCXOAHOTro Kopnyca.

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

)

# BblAenuMTb YacTu MyTU ANA PeKOHCTPYMPOBaHMSA
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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 ¢ainy OTHOCUTENIbHO KOpPHA LeNeBOro kopnyca.
return os.path.normpath(os.path.join(self.target, parent, basename))

Jlanee mo6aBuM MeTOJI tokenize (), KOTOPBII /IS 3aJaHHOTO UCXOAHOTO IOKYMEHTA
BBITIOJIHAET CerMEHTAIMIO, IEKCEMU3AINI0 U MAPKUPOBKY YACTAMU PEYU, UCIIOJIb3YH
MeTonbl, uMmopTupoBanibie n3 NLTK B mpeasiayeM pasmene. ITOT METO BO3-
Bpalaer I KaskKJ0ro JOKyMeHTa reHepaTop abs3aiesB co CIUCKAMU MPEII0KEeHN],
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)

MoCTENEHHO KOHCTPYMPYS TEKCTOBblE AaHHblE C HEO6XOAMMONM OpraHu3aumen
(CNWCKM AOKYMEHTOB, COCTOSILUMX M3 CMMCKOB ab3aLeB, KOTOPbIE CaMU SBIISIHOTCS
CMUCKaMK MPEASIOKEHNIN, TAE KaXKaoe MpeanoXeHne — 3TO CrUCOK KopTexeW
C flekceMaMu 1 Teramm), Mol Ao6aBNsSIEM B UCXOAHbIN TEKCT ropasao 6osblue co-
AEPXUMOro, YeM yaansieMm. Mo 3T NpUUKMHE Mbl A0DKHbI 6bITb FOTOBbI MPUMEHUTD
oKaTve AN SKOHOMUM ANCKOBOro MPOCTPAHCTBA.

3anucb B OKaTblii apxXmB

EcTb HECKOIBKO BApUAHTOB TIPe0OPA30BAHUS 1 COXPAHEH S TIPEABAPUTETHHO 0Opa-
GOTaHHOTO KOPITyCca, HO MBI TIPEAIOYNTAEM UCTIOIb30BATH JIJIs 9TOTO MOJLYJIb pickle.
[l 3TOTO MBI peasmayem uTepaTop, KOTOPHI 3arpyskaeT JOKYMEHTHI B TAMSTD 110
OJIHOMY, TIpe0Opa3yeT uX B IEJEBYIO CTPYKTYPY MaHHBIX U 3alIUCHIBAET CTPOKOBOE
MpeJICTaBJIeHIE 3TOM CTPYKTYPbI B MAJIEHbKUI (haiis Ha AUCK. ITO CTPOKOBOE TIPE]I-
CTaBJIEHME HE [TPe/[HA3HAYEHO JIJIs UTEHUST YeJIOBEKOM, OHO JIETKO CKUMAETCsI, JIETKO
3arpysKaercsi, € JIErKOCTHIO0 CEPUATUIYETCS U IECEPUATI3YETCS U OJIATOapst BCeMy
3TOMY 00ECIEUNBAET BBICOKYTO 3(h(HEKTHBHOCTD.
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Jliist coxpaHeHust TpaHC(hOPMUPOBAHHBIX TOKYMEHTOB J100aBUM METO][ process ().
[Tocne ompenenennsa KaTaaOTOB, T/Ie XPAHITCS UCXOMHBIE U (haliyibl U Ky JOJIKHBI
COXPaHSTHCS UX 00pabOTAaHHBIE 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 MAKCUMAaJTbHOM
CTENEHDIO CKATUS U yAaJIsIeM U3 ITAMSTH ITepejl IEPEXOIOM K ciieayloiemMy dariny,
I-ITO6I)I HE 3aHMMAThb IMaMATb HEHYKHbIMU JTaHHbIMU:

import pickle

def process(self, fileid):
Bbi3biBaeTCA ANA ofHOro ¢aiinia, npoBepseT MeCTOMNoNOXeHWe Ha AucCKe,
4YTO6bl rapaHTUpoOBaTb OTCYTCTBME owubok, ucnonb3yeT +tokenize()+ anAa
npeABapuTeNibHOW 06paboTKM U 3anucbiBaeT TPaHCOOPMUPOBAHHLIN AOKYMEHT
B BUAe CKaTOro apxuBa B 3ajaHHOe MecTO.
# OnpesennTb NyTb K ¢ainy AnA 3anucu pesynbTaTa.
target = self.abspath(fileid)
parent = os.path.dirname(target)

# Y6eauTbcA B CyWecTBOBaHWM KaTasjora
if not os.path.exists(parent):
os.makedirs(parent)

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

)

# Co3paTb CTPYKTYpPY [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 AJOKYMEHT U3 NamMATuU
del document

# BepHyTb NyTb K UefeBoMy ¢ainny
return target

Harr meton process() OyeT MHOTOKPATHO BbI3bIBATHCS U3 CJEAYIOIIET0 METO/IA
transform():

I 9710 He omeyarkal
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def transform(self, fileids = None, categories = None):
# Co3paTb LUeneBoOW KaTajor, ec/n ero ewe 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 icceryeM METOIBI pacTiapayieInBaHUs 9TOTO MeTofa transform(),
4T0GBI 06ECTIEYNTH BHICOKYIO CKOPOCTD TIPEABAPUTETIbHOI 00pabOTKY U COXPaHEHUS
MIPOMEKYTOUHOTO KOPITyCa.

YreHue npeasapuTenibHO 06paboTaHHOro kopnyca

[Tocse npeaBapuTeIbHON 00PaOOTKU U CKATHUsI KOPITyCa y HAC TOSIBJSIETCS BO3-
MOKHOCTB OBICTPO OOPAIIAThCS K TAHHBIM 0e3 TTOBTOPHOTO MTPUMEHEHHUST METOIOB
JIEKCEMU3ATTIH WJIN aHAJIA3a CTPOK — TTPOCTO 3arpysKast CTPYKTYPBI TAHHBIX Ha S3bIKE
Python 1 sxoHOMST Maccy BpeMeHU ¥ CHLL.

Jluist aTeHust peiBapuTebHO 06paboTaHHOTO KOPITyca HaM TOTpebyeTcst Kaace
PickledCorpusReader, UCIIOJIB3YIONINI pickle.load() s 6bICTpOI‘O U3BJICYEHUA
CTPYKTYp AaHHbIX Ha Python 110 ogHOMY JOKyMeHTY 3a pas. ITOT 0OBEKT YTEHUS
obraziaeT BCeMM BO3MOKHOCTSIMU HTMLCorpusReader (IIOTOMY UTO HACJIEAYET €r0),
HO, TIOCKOJIbKY He 0OpaIliaeTcsi HelOCPEICTBEHHO K NCXOHOMY TEKCTY, IEHCTBYET BO
MHOTO pa3 ObIcTpee. 3/1eCh MbI TIEPEOITPEAETHIN METO/L docs (), YHACIEIOBAHHBII OT
HTMLCorpusReader, 3aMEHUB €T0 Bepcueli, 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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Kak1p1it JOKyMEeHT, IPOIIEIIIHIA TPeBaPUTEIbHYI0 00pabOTKY, XPaHUTCST KaK CITH-
cok Python-a6sarieB, moaromy MeToj1 paras () MOKHO peai30BaTh HHAYE:

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

Kaskprit ab3a11 ToKe SBJSIETCS CIIUCKOM — CITUCKOM TIPE/TIOKEHUI, TOITOMY METO/
sents () MOKHO Peain30BaTh aHATOTHYHO, YTOOBI OH BO3BPAIIaJl BCE TPE/IOKEHIIS
U3 3aMPOIeHHOro JokyMeHTa. O6paTuTe BHUMaHKE, YTO B 9TOM METO/IE, TaK JKe KaK
Bdocs() U paras(), apryMeHTsl fileids 1 categories II03BOJIAIOT ABHO OIIPE/EIINUTD,
13 KaKUX JJOKYMEHTOB M3BJIeKaTh MH(MOPMAIINIO; eciii 06a apryMeHTa NMEIOT 3Haue-
Hue None, TOT/[a METO/] BEPHET MPEJIOKEHUS M3 BCero Kopiryca. UToObl IIpovYnTaTh
eIMHCTBEHHBIN JOKYMEHT, HY;KHO Tlepe/laTh B apryMeHTe fileids myTh K haiiry
JIOKyMEHTA OTHOCUTETHHO KOPHS KOPIIyca.

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

[Ipennoxenns — aTo CIMCKU KOPTEKeET JIeKCeM U TETOB (token, tag), TOATOMY HaM
HOHAZ00ATCS IBa METO/A JJISE JOCTYIAa K YIIOPSA0YeHHOMY MHOXKECTBY CJIOB, CO-
CTABJISIIOIINX JOKYMEHT WJN TOKyMeHThI. IlepBbiit MeTo, tagged(), BO3BpamaeT
JIEKCEMBI C MX T€raMu, BTOPOH, 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]

OG6bekT PickledCorpusReader 3HAUMTENBHO YIIPOIIAET PAGOTY € OTPOMHBIME KOPILY-
camut. [TpesBapuTebiyio 06pabOTKY AAHHBIX MOKHO PACTIAPAIIIIETUTD, UCIIOJIb3YsI
MOJLyJib multiprocessing us 6ubanorekn Python (kak Oyer mokasaHo B riase
11), HO TP KOHCTPYNPOBAHNU MOJIesIell CKaHNPOBAHNE BCEX IOKYMEHTOB Tepe/]
BEKTOPU3ALMell OJIKHO OCYIIECTBIISATHCS 110C/IeA0BaTe/IbHO. TeopeTudeck aToT
IIPOLIECC TOXKE MOXKHO PaclapaslleuTb, HO TAKON II0XO0Jl PEIKO UCIIOJIb3YeTCs Ha
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MPAKTUKE NU3-32 IKCIIEPUMEHTAIBHON PUPOJIbI KCCJIE0BATETIHCKOTO MOJIEJIUPOBa-
Hud. Vcnonp3oBaHme cepuanin3aliii B apXUBhI 3HAYUTETBHO YBETUINBAET CKOPOCTh
mporecca MoJIeTMPOBAHUA 1 ICCIIeIOBaH:!

B 3akiroueHue

B a10i1 ri1aBe BbI y3HAIM, KaK B TIOJTOTOBKE K MAMIMHHOMY O0YYEHUIO BBIOJHUTD
TPeIBAPUTENBHYIO 00PabOTKY KOPITyCa Iy TEeM CETMEHTAIINH, JIEKCEMI3AIIN 1 Map-
KMPOBKU 4aCTAMU pevn. B caenyronieil ryiaBe Mbl IO3HAKOMUMCA ¢ TEPMAHOJIOTHE
MAITMHHOTO 06YYeHusT U 06CYIMM OTJIMYKsT MAMIMHHOTO 00y4YeH s Ha TEKCTaX OT
CTaTUCTUYECCKOrO IPOrPaMMUPOBAHUA, IPUMEHABUICIOCA HAMU B IIPEABbLAYIINX
HPUJIOKCHUSAX.

CHauasia MbI TOCMOTPHM, KakK POPMYJIUPYIOTCS 3a/[a4it MAITHHHOTO OOYUYEHUsI, KOT/a
BXO/IHBIMHU JIAHHBIMU SIBJISIETCST TEKCT, TO €CTh KOT/[a Mbl pab0TaeM B MHOTOMEPHOM
MIPOCTPAHCTBE, TJI€ HAIIIU SK3EMILISIPhI SIBJISTIOTCS TIOJTHBIMU JIOKYMEHTAMU, & B YMCJIO
[PU3HAKOB MOTYT BXOJMTH aTPUOYThI YPOBHS CJIOB, TAKHE KaK CJIOBaph M 4acTOTA
JIEKCEeM, a TaKKe MeTaJJaHHbIe, TAKME KaK aBTOP, IaTa M UCTOYHUK. CIre/lyfonum Ha-
IIMM IIArOM CTaHeT ITOAr0TOBKA Pe3yJIbTaToB IpeABapUTENbHON 00paboTKK TeKCTa
K MallHHHOMY O00YYEHHIO ITyTeM WX KOJMUPOBAHUS B BEKTOPBL. Mbl pacCMOTPUM
HECKOJIBKO METOJIOB KOJMPOBAHUSI B BEKTOPBI U OOCYAMM IMOPSIJIOK UX BCTparBa-
HUST B KOHBeliep, 4ToObl 00eCIIeYnTh BO3MOKHOCTh CUCTEMATHIECKON 3arpy3KH,
HOPMaJIM3aI[MK 1 U3BJIeYeHrs Mpu3HakoB. HakoHelr, Mbl 00CY MM BO3MOKHOCTb
0ObeINHEHNS U3BJICUECHHBIX TPU3HAKOB JIJIs IPOBEAEeHUsT 6oJiee CII0KHBIX BUIOB
aHa/M3a U MOJEJMPOBAHMUSL. DTHU IIark IIOMOTYT HaM U3BJIeub 3HAYMMbIe MIa0JI0HbI
13 KOPITyca U UCIIOIb30BaTh X JIJII IPOTHO3WPOBAHWS Ha HOBBIX JJAHHBIX, KOTOPbIE
MO/IEJTh €ellle He BU/IEa.



KoHBenepbl BeKTopu3auum
M npeobpa3oBaHun

AJIFOpI/ITMbI MalIInHHOTO o6yqu1/1;1 [[efICTByIOT B IIPOCTPAaHCTBE YN CJIOBBIX ITPU3HA-
KOB, O’KN/1asi ITOJIYYUTb Ha BXO/1€ ZIBYMeprlf/,I MaCCHUB, CTPOKU KOTOPOI'O IpeacTaBJid-
10T 9K3EMILJIAAPDI, a CTOJI6]_[LI — IIpU3HaKU. Y100bI BLITOJIHATH MAIIUHHOE O6y‘{EHI/Ie
Ha TEKCTE, HYKHO npeo6pa303aTb JAOKYMEHTDI B BEKTOPHbIE ITPEACTaB/JIE€HMA, K KOTO-
PBIM MOKHO ITIPUMEHUNUTD YN CJIEHHOE MAalllMHHOE 06yquI/Ie. ITOT IIpo1necC Ha3bIBAETCA
ussjlieueHuem npu3HaxKoes, njin IIpocTo eexmopumuueﬁ, " 110 CYTU ABJIACTCA IIEPBbIM
iarom Ha IIyTH K aHa/JIN3y €CTECTBEHHOTO A3bIKa.

[Tpeo6paszoBanue TOKYMEHTOB B YMCAEHHBINA BUL IaeT BO3MOKHOCTD OCYIECTBIIATh
VX QHAJIN3 ¥ CO3/1aBaTh K3EMNIAPbL, C KOTOPBIME CMOTYT paboTaTh aJIrOPUTMbI Ma-
IIMHHOTO 00yYeHus. B aHAIN3e TeKCTa 9K3EMILISIPAMU SABJISTIOTCSI [[eJTbIe IOKYMEHThI
WM BBICKA3bIBAHUS, KOTOPhIE MOTYT UMETh CaMbl€ Pa3HbIe Pa3MepPhl, OT KOPOTKUX
LUTaT WX TBUTOB JI0 HeIbIX KHUT. HO caMu BEKTOPBI BCEr/ja MMEIOT ONHAKOBYIO
pany. Kakzoe cBOiCTBO B BEKTOPHOM TIPEACTaBAEHIN — 9TO npusnax. B ciydae
C TEKCTOM NPHU3HAKHU IIPEACTABISIOT aTPpUOYTHl M CBONHCTBA TOKYMEHTOB — BKJIIO-
Yag UX COAEPKUMOE U MeTaaTpuOyThl, TaKUe KaK IIMHA JOKYMEHTa, MMl aBTOpa,
MCTOYHUK U aata nybaukaiuu. Bmecre Bce mpusHaky JOKYMEHTA OMUCHIBAIOT
MHOTOMEPHOE IIPOCTPAHCTBO NPU3HAKOB, K KOTOPOMY MOTYT MPUMEHATHCS METOIbI
MalIMHHOTO 00yYeHMS.

[To aT0OI IpUYMHE MBI TeTleph JOKHBI B KOPHE U3MEHUTDH CBOU B3TJISAM HA ecTe-
CTBEHHDII SI3bIK — IIEPEUTH OT IIPE/JIOKEHUIT U CJIOB K TOUKAM B MHOTOMEPHOM Ce-
MaHTUIECKOM npocmparcmee. TOUKM B IPOCTPAHCTBE MOTYT PACHOJIAraThest OIU3KO
WM JIAJIEKO JIPYT OT JPyra, 06PasoBbIBATh TECHbIE TPYIIIbI HJIU PACTIPEIEIATHCS
paBHOMepHO. TakuM 00pa3oM, ceMaHTHUYECKOE MTPOCTPAHCTBO (hOPMHUPYETCS TaK,
9TO OKYMEHTBI, OJIM3KKE TI0 CMBICIIY, PACIOJIaraloTCst PSIZIOM, a pa3Hble — JIAJIEKO
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IpyT oT npyra. Komupys cX0ACTBO KaK PacCTOsIHUE, MBI MOKeM HadaThb TIOPOKIATh
IepBUYHbIE KOMIIOHEHTBI JIOKYMEHTOB W ONIPE/Ie/IATh TPAHUIIBI PEIIEHUS] B HAIIEM
CEMAHTUYECKOM ITPOCTPAHCTBE.

[TpocreiinmM npejacTaBIeHneM CEMaHTUYECKOTO TIPOCTPAHCTBA ABJISETCS MOJIETb
MEULOK €068, OCHOBHAS MJiest KOTOPOIL COCTOUT B TOM, 4TO CMBICJI M CXOACTBO KOAUPY-
ioTcst B Bujie cioBapsi. Hampumep, cratbu B «Bukumenuus o 6eiicoore u J[sxopke
Xepmane «Beiibe» Pyte (Babe Ruth)! HaBepHsika GyayT uMeTh OOJIBIIOE CXOACTBO.
B o6enx Oyzer mpucyTCTBOBATH MHOKECTBO OJMHAKOBBIX CJIOB, @ KPOME TOTO, OHU
Oy/IyT CYIIECTBEHHO OTJINYATHCS CJIOBAPHBIM COCTABOM OT CTAaTel O IIPUTOTOBJIEHUH
3alleKaHKU WM O CMSATYEHUH JAE€HEeKHO-KPEANTHON nosmTrkr. HecmoTps Ha nipo-
CTOTY, 3Ta MOJieJib OYCHDb d(P(PEKTUBHA U MOXKET CIYKUTh OTIPABHON TOYKON [T
GoJiee CITOKHBIX MOJIEJIEH.

B 910i1 r1aBe MbI IPOIEMOHCTPUPYEM HOPSIIOK BEKTOPU3AINH JIJIsT OOBEIMHEHST
smuHrBHCTHYeCKUX TpremoB 13 NLTK ¢ nmpuemamu marmmuaHoro o0yuenust u3 Scikit-
Learn u Gensim, u co3nanust cCOGCTBEHHBIX peodpasosameell 1isi NCTIOTb30BAHUST
B TIOBTOPSIEMBIX KOHGETepax MHOTOKPATHOTO UCII0Ib30BaH s, K KOHITY r1aBbl BbI Oy-
JieTe TOTOBBI TPeodPa30BaTh JOKYMEHThI U3 HAIIETO TIPEABAPUTETHHO 00PabOTaHHOTO
KOpITyca B IIPOCTPAHCTBO MOJIEJIH, YTOOBI MOJYINUTH BOZMOKHOCTD JIEIATh TPOTHO3bI.

CnoBa B NpoCTpaHCTBEe

Il BekTOpUM3aIuu Kopiyca B Mernok cioB (Bag-Of-Words, BOW) npencraBim
KaK/IBII IOKYMEHT B BUJI€ BEKTOPA, /IJTMHA KOTOPOTO PaBHA Pa3Mepy CJIOBapst KOpP-
myca. Mbl MOKEM yIIPOCTUTH BBIYMCJIEHUS], OTCOPTUPOBAB B aJ(DaBUTHOM TOPSI/IKE
JIeKCeMbI B BEKTOPE, KaK MoKazaHo Ha puc. 4.1. Taxke MoKHO cchopMUpPOBATh CI0O-
Bapb, 0TOOPAKAIONIIIT MO3KUIINHN JIEKCEM B BeKTOpe. B J11060M cirydae Mbl MOy YrM
BEKTOPHOE OTOOPasKeHe KOPITYCa, TI03BOJISTIONIEE OJIHO3HAYHO TIPEICTABUTD KasKIbII
JOKYMEHT.

Kaxas nadopmanms 1omxkHa XPAHUTHCS B KQXKIOM dJIeMEHTE BEKTOPA, MTPEICTaB-
JITIONIETO JOKYMEHT? B cieyonux HeCKOMbKIX pasfieaX Mbl UCCIEyeM pa3Hble
BapUAHTBI, KasKIblil 13 KOTOPHIX PACHIMPSAET UK U3MEHSET 6a30BYI0 MOJEb MellIKa
CJIOB JIJIST OTTUCAHWST CEMAaHTUYECKOTO ITPOCTPAHCTBA. MBI paCCMOTPHUM YeThIpe BUIA
KOJIMPOBaHMS BeKTOpa — 4dacToTHoe, nmpsimoe, TF—IDF u pacnipenenennoe mpes-
cTaBJieHre — U 00CYAMM MX peasu3aluio ¢ npumenenneM Scikit-Learn, Gensim
u NLTK. B kauecrBe o6pasia OygeT UCIOIb30BaThCs MATEHBKUI KOPITYC U3 TPEX
[IPEJUIOKEHUI.

U TIpodeccnoHanb 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

Jlu1st HavasIa co3/1aiuM CITUCOK JOKYMEHTOB U BBITIOTHUM UX JIEKCEMU3AITUIO, 4UTOOBI
MOTOM TIPUCTYNUTH K BekTopusanun. Ciemayonuii MeTol, tokenize, BBITIOTHSET
YIPOLIEHHYTO JIEKCEMU3AIHI0, OTOPAChIBAET 3HAKHU IIPENMHAHUS, UCITOJIb3Ys HaOop
CHUMBOJIOB string.punctuation, u Hpeo6pa3yeT OCTaBIINECS CUMBOJIBI B HUKHU
peructp. [lonosHUTENBHO 3Ta PYHKITUSA TPOU3BOIUT CBEPTKY CBOMCTB C TOMOIIHIO
SnowballStemmer, yassisi cyhdUKCHI, HarpuMep, 0603HAYAIOIINE MHOKECTBEHHOE
unciyio («bats» u «bat» uHTEpIpEeTHPYIOTCS KaK OjHA U Ta XKe Jekcema). [Ipumeps
B CJIC/LYTOIIEM pasjiesie OyyT UCIOIb30BaTh 3TOT IEMOHCTPAIIMOHHBIIT KOPITYC U He-
KOTOPbI€ U3 HUX — 3TOT METO/I JIEKCEMU3AI[UU.

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.",

Bbi60op KOHKpeTHOTro crocoba BEKTOPU3AIMK B 3HAYUTENbHOI CTENEHH OIpe/e-
JISIETCST TPEIMETHBIM TPOCTPAHCTBOM. AHATOTHYHO BbIOOD peanusaiun — NLTK,
Scikit-Learn miau Gensim — gukTyercst TpeboBaHusAME Tpuioxenus. Hampumep,
NLTK npeziaraer MHOKECTBO METOLOB, KOTOPBIE IPEKPACHO MOAXOAAT st 00-
pabOTKM TEKCTOBBIX JaHHBIX, HO BJEKYT 3a OO0 CJAUITKOM MHOTO 3aBUCHMOCTEN.
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Bubanoreka Scikit-Learn cospasanach e a1t 06paboTKU TEKCTA, HO IIPEAJaraet
HageKHbIH APT 1 MHOKECTBO pasHbIX ya00CTB (KOTOPbIE MbI HCCJIEAYEM Jajiee
B 9TOI1 ry1aBe), 0COOEHHO IEHHBIX B NPUKJIaAHOM KOHTeKkcTe. Gensim Mosker
cepuajin30BaTh CJOBApU U cChLIKK B (hopmaT Matrix Market, uro mossossier uc-
I0JIb30BATD JIaHHbIE Ha Pa3HbIX M1aTopmax. OxHako, B otinydwne ot Scikit-Learn,
Gensim He BBITIOJTHSIET HUKAKUX OTIePaIlUil C IOKYMEHTAMU JIJII UX JIEKCEMU3aI[uu
WJIU CTEMMUHTA.

[To aTrM TpruMHAM, TIPEICTABIIAS KAXKIABIN U3 YeTBIPEX METOIOB KOJIMPOBAHMS, MBI
MoKaskeM HeCKOJIbKO BapuanToB peanusanun: «C mpumenenneM NLTKs», «C npu-
menenueM Scikit-Learn» u «C npumenennem Gensim».

YacToTHble BEKTOPbI

[Tpocreiimmii cioco6 BEKTOPU3AINHT 3aKJII0YAETCS B 3aII0JTHEHII BEKTOPA 4acTOTa-
MU TIOSIBJIEHUH CJIOB B JIOKyMeHTe. B aToli cxeme KOJAUPOBaHUS KaKIbIi TOKYMEHT
MIPEJICTABISAETCS KaK MyJIBTUMHOKECTBO COCTABJIIONINX €T0 JIEKCEM, a 3HAYCHUEM
ISt KUK/TOH TIO3UITNN CJIOBA B BEKTOPE CIYKUT CYETIYNK COOTBETCTBYIOIIETO CIOBA.
3HayeHMst MOTYT OBITH TIPOCTHIMHU TEJIOYUCTIEHHBIME CUETYMKAMU, KaK Ha pHC. 4.2,
WJIH B3BEIINBATHCST OOIIMM KOJTMYECTBOM 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 npuMmeHeHueM NLTK

NLTK npuHuMaeT mpusHaKy B Bujie 00bEKTa CI0Bapst dict, KIIOYaMU KOTOPOTO sIB-
JISIOTCSI MMeHa IPU3HAKOB, a 3HAYEHUSIMU — JIOTUYECKUe UJIM YU CJIOBbIE BeJIMUMHBI.
Yrobbl 1peodpazoBaTh TOKYMEHTHI B TAKOE IIPE/ICTABJIEHIE, HAUIIEM (DYHKIINIO
vectorize, KOTOPast CO3/IA€T CJIOBAPD, POJIb KJIIOYEN B KOTOPOM OY/IyT UrpaTh JieK-
CeMbl, a POJIb 3HAYEHUH — KOJINYeCTBA UX BXOXK/IEHUH B JIOKYMEHT.
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Wcnonb3yeM 00beKT defaultdict, MO3BOJSIONIMIA YKa3aTh, KAKOe 3HAYEHUE TOJI-
JKEH BEPHYTH CJIOBapbh IPU 0OpallleHUH K HECYIIeCTBYIeMy Kao4dy. BoisbiBas
KOHCTPYKTOP Kak defaultdict(int), MbI yKa3bIBaeM, YTO 110 YMOJJIYAHUIO TOJIKHO
BO3BpAMIAThCS 3HAUEHNE O, U TEM CAMBIM CO3/Ia€M TIPOCTOH CIOBaph-cueTINK. MBI
MO’KEM TMTPUMEHNTH 3Ty (DYHKIIUIO KO BCEM JOKYMEHTAM B KOPITYCe C ITOMOTITLIO map,
KaK TI0OKa3aHO B ITOCJIe/IHEN CTPOKe CJIeyIOIIero JUCTHHTA, U CO3/IaTh BEKTOPU30-
BaHHOE IPe/ICTaBJICHUE 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 npumeHeHuemM Scikit-Learn

B Mozenu sklearn.feature_extraction ecth nmpeobpasoBaresb CountVectorizer
¢ cOOCTBEHHBIMI METO/IAMU JIEKCEMUBAITUI 1 HOpMasu3aiiuu. MeTojt fit 3Toro mpe-
obpaszoBaresist IPUHUMAET UTEPUPYEMYIO MTOCIIEA0BATEIbHOCTD UM CIIUCOK CTPOK
i 06BEKTOB (halIOB U CO3/aeT CI0Baph Kopiryca. Mertoj transform ipeobpasyer
KayK/IBIT OTAETBHBIN JOKYMEHT B Pa3pesKeHHBIN MACCUB, POJTb UHIEKCOB B KOTOPOM
UTPAIOT KOPTEXRH € UAEHTH(PUKATOPAMI TOKYMEHTOB 1 JIEKCEM U3 CJIOBAPS, a POITH
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 NOAAEPXKXMBAET TPIOK C XELUMPOBAHWUEM [/ MOUCKA CTPOK
C NNEKCEMaMM U U3BNEYEHMS] COOTBETCTBYIOLWMX UM MHAEKCOB. OH 3KOHOMHO MUC-
Nosb3yeT NaMaTb Y XOPOLLO NOAXOAUT A1 06paboTkm 6onbLUMX HABOPOB AaHHBIX,
TaK KaK He XpaHUT BECb C/I0Bapb LE/IMKOM W TEM CaMbIM YCKOPSIET COXpPaHeHWe
n obyyeHne. OgHako obpaTHoe nNpeobpa3oBaHue (M3 BEKTOPa B AOKYMEHT) He-
BO3MOXHO, M3-3a Yero BeposiTHbl KOH(MKTbI U He noaaepXxmsBaeTcs obpaTtHoe
B3BELUMBAHWNE YaCTOTbl JOKYMEHTOB.
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C npuMmeHeHueM Gensim

Yacrorubiii Koguposiiuk B Gensim HasbpiBaercs doc2bow. UT0ObI 3a1€1CTBOBATD €TI0,
CHavajia Hy;KHO co3/[aTh 00bEKT cIoBaps Dictionary u3 Gensim, 0TOOpasKarOIIMiA
JIEKCEMbI B MHIEKCHI B MOPSAKE WX CJAEIOBaHUA B JOKyMeHTe (6arogaps yemy
YCTPaHSIOTCS HaKJIaHble PACXO/bl Ha COPTUPOBKY ). OOBEKT CI0Bapsi MOKHO COXPa-
HUTb Ha JIMCK WK 3aTPY3UTH C IUCKA ¥ Peai30BaTh OUOJINOTEKY doc2bow, KOTOpast
HPUHUMAET JeKCEMUSUPOBAHHBLIL DOKYMEHM Y BO3BPAIAET Pa3PEKEHHYIO MaTPUILY
KOpTesKeil (id, count), Te id — naeHTUMUKATOP JIeKCeMbI B cioBape. MeTto doc2bow
[PUHUMAET TOJIBKO OJINH AK3EMILJISIP JIOKYMEHTA, [I09TOMY JIJIs1 BEKTOPU3aIlUU BCETO
KOPILyCa MbI UCIIOJIb3YEM T€HEPATOP CIUCKOB, 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 koagupoBaHue

VrHopupys rpaMMaTUKy M OTHOCUTEJIbHBIE MO3UIIUK CJIOB B IOKYMEHTaX, YaCTOTHbIE
METO/IBI KOAMPOBAHUST CTPAAIOT TPOOJIEMOIT BbIMSHYMO20 X8OCMA, VI PACTIPe/ieie-
nus [unda (Zipfian distribution), xapakTepHoii 111 eCTECTBEHHBIX A3bIKOB. B pe-
3yJIbTare JIEKCEMbI, BCTPEYAIOIIIECs 04€Hb YaCTO, OKa3bIBAIOTCS HA OPSIIKU GoJiee
«3HAUYMMBIMI», YeM JAPYTHe, BCTPEYAoIInecss HAMHOTO Peske. DTO MOKET OKa3bIBaTh
CYIIECTBEHHOE BIUSHIE HA HEKOTOPbIE MOjiesn (HarpuMep, 0000TIeHHbIE ITHEHbIE
MOJIEJIN ), KOTOPbIE MPETOJIAraloT HOPMAJIbHOE paciipe/ieJieHre MPU3HAKOB.

Perennem 910ii 1pOOIEMBI SIBIISIETCSL IPAMOE KOOUPOBAHLIE, METOJ JIOTHIECKON BEKTO-
pH3aIiiu, KOTOPBII MOMEIIAET B COOTBETCTBYIOIIHIA BJIEMEHT BEKTOpa 3HAUeHwUe true (1),
ecJIu JieKkceMa MPUCYTCTBYET B IOKyMeHTe, 1 false (@) — ecam oTcyTcTByeT. HBIMI
CTIOBaMU, KasK/IBII 3JIEeMEHT BEKTOpA TIPU MPSIMOM KOAMPOBAHUHT TOBOPUT O HATUIIHI
WJIN OTCYTCTBUU JIEKCEMBI B OITMCHIBAEMOM JIOKYMEHTe, KaK TMTOKa3aHo Ha puc. 4.3.

[Ipsimoe koaupoBanue ociabisieT mpobaeMy arcOasanca pacrpeaeeHus JeKceM,
YIIPOIast JOKYMEHT 10 COCTABJISIONINX €r0 KOMIIOHEHTOB. DTOT METO Hanboiee
apPeKTUBEH /I KOPOTKUX JTOKYMEHTOB (IIPEJIOKEHNI, TBUTOB), COAEPIKAIIIX
He TaK MHOT'O TIOBTOPSIIOIIMXCS 3JIEMEHTOB, 1 OOBIYHO TIPUMEHSIETCS B MOJIEJISX,
MMEIOTTNX XOPOIITHe CrIaKIBaolie cBoicTRa. [IpsaMoe KogupoBaHue TakKe 9acTo
MPUMEHSIETCS B MICKYCCTBEHHBIX HEUPOHHBIX CeTIX, (GYHKITNU aKTUBAIIITH KOTOPBIX
Tpe6y10T 1oJIauy Ha BXO/l 3HAUEHUI 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. MpsMoe koaMpoBaHue

C npumeHeHueM NLTK

Peanusanug npsamoro koauposanud B NLTK ocHoBaHa Ha ciioBape, Ko4aMu KOTO-
POTO SIBJISIIOTCST JIEKCEMbI, & 3HAUEHUSIMU — JIOTHUYEeCKasl BeJIMUnHA True:

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

vectors = map(vectorize, corpus)

CJitoBapb B 3TOM CJIyuae JeficTBYeT KaK IIPOCcTasi pa3peskeHHast MaTPUILA, TIOTOMY YTO
He TpedyeT 0ToOpakaTh Kask/10€ OTCYTCTBYIOIIee CJI0BO B 3HavYeHne False. Kpome
TOTO, BMECTO JIOTHYECKUX JIOTTYCKAETCS MCIIOIb30BATh 11€JI0YNCTIeHHbIe 3HAYCHUS:
1 171t 0603HAYEHMSI TIPUCYTCTBUS 1 © — OTCYTCTBUSL.

C npumeHeHuem Scikit-Learn

B Scikit-Learn mpsiMmoe kopnpoBaHue peajnusyeTcst ¢ TIOMOIIBIO MpeobpasoBaTesist
Binarizer m3 MOfyJid preprocessing. OH IPUHUMAET TOJBKO YHMCJIOBbIE JIAHHBIE,
[I09TOMY TIEPEJL TPSIMBIM KOJIMPOBAHUEM TEKCT HYKHO TPe0OPa3oBaTh B UNCIEHHOE
MIPOCTPAHCTBO € TIOMOIIBIO CountVectorizer. Knace Binarizer nCmosb3yeT OPOTOBOE
3HaueHwue (0 1o yMOTYAHWIO ), TOITOMY BCE 3JIEMEHTBI BEKTOPA, KOTOPBIE MEHBITIE NITH
PaBHBI TIOPOTY, TTOJIYYaT HYJIEBOE 3HAUEHHUE, & HJIEMEHTBI GOJIBIIIE TTOPOTa — MOTyYaT
3Hauenue 1. To ecTh 10 yMOIYaHUIO Binarizer mipeobpasyeT BCe 3HAUEHUST 4aCcTOT
GoJIbIle HYJIS B 1, COXpaHsisi B HEMPUKOCHOBEHHOCTH 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())

JIOTIOJTHUTETBHO MOKHO BBI3BATh METOJ] corpus.toarray(); OH peobpasyeT pas-
peXReHHYIO0 MATPHILY B IJIOTHYIO. [LJIsT KOPITyCOB ¢ OOJIBIIMMU CJIOBAPSIMU TIPEJI-
MOYTHUTEJbHEE NCII0Ib30BaTh MPe/iCTaBlIeHne B BUJe Pa3pesKkeHHON MaTPHILDL.
O6paruTe BHUMAaHIE, YTO B IPUMEPE BBIIIE MbI MOTJIH Obl TaKXKe UCIOTb30BAThH
CountVectorizer(binary = True), 4TOOBI TIOJYYUTH TO K€ CAMOE TIPSIMOE KOJMPO-
Banue 6e3 MpUMeHEHNs Binarizer.

HecmoTps Ha cBoe uMsi, npeobpa3zoBaTesib OneHotEncoder u3 Mmogyns sklearn.
preprocessing He NpeAHa3HaYeH s peLleHus 3Tol 3aaun. OneHotEncoder
WHTEpNpEeTUPYET KaX/blii KOMMOHEHT BekTopa (cTonbew) Kak He3aBUCUMYIO
KaTeropuanbHyto nepemMeHHyto, paclumpssa pa3MepHOCTb BEKTOPa ANs KaXKao-
ro HabnAaeMoro 3HayYeHns B Kaxxaom ctonbue. B JaHHOM criyyae KOMMOHEH-
Tbl (sight, @) u (sight, 1) uHTepnpeTupoBanucb 6bl Kak ABa KaTeropu-
anbHbIX U3MEPEHUS], @ HE KaK EAMHCTBEHHbIV KOMMOHEHT BEKTOPA.

C npuMmeHeHueM Gensim

B 6ubsmorexe Gensim HeT CHEUMATM3UPOBAHHOTO METO/IA, PEATTU3YIOIIETO TPSIMOE
KOJIMPOBaHue, HO ee MeTo/] doc2bow BO3BpalllaeT CIIUCOK KOPTeKeld, KOTOPBIMU MbI
MOKEeM OTIepPaTUBHO yIIPaBJIATh. JJONOTHUB KO U3 ITpUMepa YaCTOTHON BEKTOPH-
3a1uu ¢ npuMeHeHreM Gensim B IIPeABIAYIIEM pasjiesie, Mbl MOKeM TIOJIYIUTD BeK-
TOPBI TIPSIMOTO KOJMUPOBAHUST 13 cJioBapst id2word. J[J1st 5T0r0 106aBUM BIIOKEHHDIIT
reHepaTop CIMCKOB, TPeoOPasyoIInil CIIMCOK KOPTEKeil, BO3BPaIlaeMblil METOIOM
doc2bow, B CIIUCOK KOPTesKeil (token_id, 1) ¥ BO BHEIIHEM I'eHepaToOpe CIIUCKOB ITPHU-
MEHHUM 3TO ITPpeobpa3zoBaHie 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

[IpsiMmoe KOAMPOBaHUE MPEACTABISIET CXOACTBO M Pa3jyiie Ha YPOBHE JOKYMeH-
mog, HO, TIOCKOJIbKY BCE CJIOBA OKA3bIBAIOTCSI PABHOY/IAJEHHBIMH, TOT 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» (mombITKa) U «try» (MOMBITATHCST ) OY/IYT TaK 5Ke AATEKU IPYT OT IPyTa, KaK
HeCBsI3aHHBIE CJI0BA, Takue Kak «red» (kpacHbiit) u «bicycle» (Bemocumen)! Hopma-
JIM3a1UsI JIEKCEeM U UX IIPUBE/ICHNE K OJJHOMY KJIacCy IIOCPEACTBOM CMeMMUH2a NI
JIeMMAMuU3ayuL, 0 KOTOPBIX PACCKA3bIBAETCS Jlajlee B 9TOM IVIaBe, TapaHTUPYIOT, YTO
CJIOBA, PA3JINYAIOIINECS YNCIIOM, PETUCTPOM CUMBOJIOB, POJIOM, T13JIe3KOM, BpEMEHEM
U T. ., OylyT UHTEPIPETUPOBATHCS KaK €AMHCTBEHHBIH KOMIIOHEHT BEKTOPA, YTO
06€eCIeYnT yMEHBIIEHNEe Pa3MEPHOCTH MTPOCTPAHCTBA TPU3HAKOB M YBEJIMUYEHUE
IIPOU3BOJIUTENBHOCTU MOJIeJIeH.

YacroTa cnoBa — obpaTHas yactoTta ;JOKYMeHTa

[IpencraBienne «Memok cJI0B», 0 KOTOPOM PacCKa3bIBATIOCH /10 CUX TIOP, OTTUCHIBAET
JIOKYMEHTBI 6e3 yueTa KOHTEKCTa Kopiryca. boJiee y1auHbIil TO/[X0/T OCHOBBIBAETCSI
Ha COTIOCTABJIEHUM OTHOCUTEJIbHOM YaCTOTHI UJIM PEIKOCTU JIEKCEM B JIOKYMEHTE
C UX YaCTOTOM B IPYTUX JIOKyMeHTaxX. [JlaBHast ujiest 9TOro mojixoja COCTOUT B TOM,
YTO OCHOBHOI CMBICTT IOKYMEHTA 3aKOMPOBaH B HoJiee peikux cioBax. Hampumep,
B KOPITyCe Ha CIIOPTUBHYIO TEMY TaKUe JIEKCEMBI, KaK «Cy/Ibst», «6Ga3a» U «3eMJISTHKa»
(cxameiika 3amacHbIX ) MOSIBJISIIOTCS Yallle B JJOKYMeHTax Ha 0eiic60bHYIO TeMY,
TOT/Ia KaK JPYTHE CI0BA, TaKKe Kak «Oers, «OUKN» 1 «UTPar, Yallle BCTPeYatoInecst
B OCTAJIbHBIX JIOKYMEHTAX B KOPITyCe, UTPAIOT MEHee BAXKHYIO POJIb.

Meton komupoBanus TF-IDF (Term Frequency—Inverse Document Frequency —
4yacToTa cJ0Ba—00OpaTHast 4acToTa JOKYMEHTa) HOPMaJU3yeT 4acTOTy JIEKCEM
B JIOKYMEHTE C YYETOM COEPKUMOTO B OCTAJIBHOM KOPILyCe. DTOT METOJ TIPUIAET
GoJIbIIIE Beca TEPMIHAM, PEJIEBAHTHBIM JIJIsI KOHKPETHOTO 9K3EMILISIPa, KaK MMOKa3aHo
Ha puc. 4.4, T1e jJekceMa studio MMeET HAWBBICIIYIO PEJIEBAHTHOCTD /IS JAHHOTO
JOKYMEHTA, TTOTOMY UTO TIOSIBJIAETCS TOTBKO B HEM.

Wondering, she opened
the door to the studio.
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Puc. 4.4. Metoa koanposaHus TF-IDF
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Omnenka TF-IDF BprunciisieTcs Ha ypoBHe JIEKCeM, TI03TOMY PeJIeBAaHTHOCTD JIEKCEMbI
B JJOKYMEHTE N3MePSIETCST MAaCIITaON POBAHHOI YaCTOTO MOSIBIEHUS JIEKCEMBI B [I0-
KyMeHTe, HOPMaJIM30BaHHOI 06PaTHOI MAaCIITAOUPOBAHHON YaCTOTON TIOSIBIICHIST
JIEKCEMBI BO BCEM KOPILyCe.

BbIYUC/NNEHUE TF-IDF

Yacrora cJI0Ba JJIst 3aJ[aHHOMN JIEKCEMbI B IOKyMeHTe, tf(t, d) MoxKeT ObITh
JIOTUYECKOH 4acTOTOH (KaK B IPSIMOM KOZIMPOBAHWH, 1, ecoint ¢ TPUCYTCTBYET
B d, n 0 B IpoTUBHOM cJiiy4ae) uin cdetdnkoM. OHaKO 0OBIYHO YacTOTA
cJI0Ba 1 06paTHast 9acToTa IOKyMeHTa MACIITaOUPYIOTCsI IOTapU(bMUYECKH,
4TOOBI M30EKATH MPEB3SATOCTH B MOJIb3Y HAOO0JIEE TTNHHBIX IOKYMEHTOB
WJIN CJIOB, TIOSABJIAIONMXCS 0ocobenHo yacto: tf(t, d) =1 +log f, .

AHaJIOrHYHO 06PaTHYIO YaCTOTY JIOKYMEHTa JIJIsk CJIOBA B 3a/laHHOM Habope
JOKYMEHTOB MOKHO IIepeBECTH B jiorapudmudeckuii macitad: idf(t, D) =
=log 1+ N/n,, e N — 4ucJio 1OKyMEHTOB, a 1, — YHCJI0 BXOKIEHUI CJI0BA
t Bo Bcex okyMeHTax. [locie aToro monnasg onenka TF—IDF Beruncasgercs

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

[TockosbKy OTHOIIEHHUE JIoTapuGMudecKoit GyHKIUY idf GoJIbIIe NI paB-
Ho 1, Bemunna TF—IDF Bcerma 6osbie uiv paBHa Hy 0. COOTBETCTBEHHO,
COTJIACHO HAIITMM ITpeicTaBaeHnsM, yeM Omske K 1 onerika TF—IDF ciosa,
TeM Gostee MH(MOPMATUBHBIM SBJISIETCS 9TO CJIOBO IS JaHHOTO JOKYMEHTA.
M HaobopoT, yeM OimzKe 9Ta OlleHKa K HYJIIO, TeM MeHee NH(GOPMATUBHO
CJIOBO.

C npumeHeHueM NLTK

YUro6bI peaan3oBaTh BEKTOPU3AIUIO TEKCTA TAKUM CIIOCOOOM € IIPUMEHEeHUEeM
NLTK, ucnosibsyem kiacc TextCollection, 06epTHIBAIOIIUI CIIMCOK JOKYMEHTOB
MJIA KOPILYC, COCTOSIIIIAN U3 OJTHOTO WJTH HECKOJBKUX TOKYMEHTOB. DTOT KJIACC MO/~
JIep>KUBAET TOCUYET BXOKCHUN, BBIYNCIEHNE OTIEHKU COTJIACOBAHHOCTH (KOHKOP-
JaHTHOCTH ), OTIpe/ieJIeHI e YCTOMUMBBIX CJIOBOCOYETAHUI 1, 4TO 0COOEHHO BaskKHO,
BbIYucJienue tf_idf.

Tax kak st Beruncyiernst TF—IDF HeoO6xoaum Bech KOPITyC, Hallla HOBasi BEPCHUST
MIPUHUMAET He OINH, a Bce TOKYMeHTHI. [locie mpuMeHeHnsT GyHKITNN JIeKCEMU3ATTIT
1 CO3/IaHMS KOJIJIEKIINHN CJIOB (hYHKIINS BHITIOTHSIET 0OXO0/T BCEX JOKYMEHTOB B KOPITY-
ce ¥ BO3BPAIAET 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 npuMmeHeHuemM Scikit-Learn

B 6ubaunoreke Scikit-Learn ectb npeoOpasoBartesib TfidfVectorizer, B MOLyJIe
feature_extraction.text, mpeaHa3HAYECHHBIHN MJIsT BEKTOPU3AIIUHN TOKYMEHTOB
c onieikamu TF—IDF. Buytpente TfidfVectorizer BbI3bIBaeT Mpeobpa3oBaTesb
CountVectorizer, KOTOPBIl Mbl UCIIOJIb30BAJN JJIS [IPeBPallleHUs MellKa CJI0B
B KOJIMUECTBA BXOKICHUH JIeKCeM, a 3aTeM TfidfTransformer, HOpMAIU3YyIONIUN 9TH
KOJIn4ecTBa 06PaTHOM YaCTOTOM JOKYMEHTA.

Ha Bxoze TfidfVectorizer IpuHUMAET MOCJE0BATEIBHOCTD UMEH (banIOB, 00b-
€KTOB (hailJIOB WM CTPOK C KOJIJIEKITEN MCXOJHBIX TOKYMEHTOB, o106H0 Hpeo6—
pasoBatestio CountVectorizer. B pe3ysbraTe IPUMEHSIIOTCSI METO/IBI ITO YMOJYAHUIO
JIEKCEMU3AITUN U TIPE/IBAPUTEIBHOMN o6pa60TK1/1, €CJIU He YKa3aHBbI IpyTue QyHKIINN.
Pesynsratom pa60TbI HpeO6paSOBaTeJI$I ABJIAETCA pas3peskeHHas MmaTpuiia Buaa ( (doc,
term), tfidf), rae Kax/blil KJIIOY ABJSETCS Mapoit «J;LOKyMeHT/JIeKceMa», a 3Haye-
HueM cayskuT orenka TF—-IDE.

from sklearn.feature_extraction.text import TfidfVectorizer

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

C npumeHeHneM Gensim

B 6ubsmorexe 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 TOT0, XPAHUT YACTOTY JIEKCEM B KOPILYCe JIJIst
BO3MO’KHOM TIOCJIEYIONIEi BEKTOPHU3AINU JOKYMEeHTOB. Kak ObII0 TT0Ka3aHo BhIIIE,
Gensim 1103BOJISIET HAM [TPUMEHSITH CBOU METOJI JIEKCEMU3AIIUU, O3KH/IAst TIOJIYUUTh
KOPIIYC B BUJIE CITMICKA CITMCKOB JIEKCEM. B epByI0 oueperb MbI TOJKHBI CKOHCTPY -
MPOBAThH CJIOBAPb JIEKCEM U HA €70 OCHOBE CO3/1aTh AK3eMILISAP TfidfModel, KOTOPBIiT
BBIYKCJIUT HOPMAJIM30BaHHY10 00PATHYIO 4acTOTY J0OKyMeHTa. [Tocjie aToro MosKHO
nu3Baeub npeactapiaenne TF—-IDF mis kaxaoro BeKTopa ¢ ToMombio getitem, wc-
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HOJIb3YsI CHHTAKCUC 0OpAIeHNUsT K CIOBAapsIM, @ 3aTeM K KayKJIOMY JOKYMEHTY MpH-
MEHUTb MeTO/I doc2bow cJ0Baps.

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 6u6anoreke Gensim ecth BCloMorareabHble METO/bI /ISl 3allCH CIOBapeit
U MOjieJIell Ha IUCK B KOMITAKTHON (hopMe, a 9TO 3HAYWT, YTO Y HAC €CTh yA0OHas
BO3MOXKHOCTD coXpaHsATh Mosiesin TF—IDF u ciioBapu ¢ 11es1b10 nocsieyioniero nx
WCIIOTb30BAHUSA [IJIT BEKTOPU3AIINY HOBBIX JOKYMEHTOB. TOT jke pe3ysabTaT (IIyCTh
U ¢ HEMHOTO GOJIBIIUMU YCUIUAMEI ) MOKHO MOJYYUTh € MOMOIIbIO KOMOUHAIIMN
Moyt pickle n Scikit-Learn. Bor kak MOKHO COXPaHUTDH MOJIEIb Ha JUCK CPEJI-
ctBamu u3 6ubanorekn Gensim:

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

[lepBast MHCTPYKITNS COXPAHUT CJIOBAPh B TEKCTOBBIN (Daiiy B OTCOPTUPOBAHHOM
BUJIE, a BTopas coxpanut Mmojiesib TF—IDF B Bujie c:kaToil pa3peskeHHON MaTPUIIbL.
O6paruTe BHUMaHME, 4TO 00bEKT Dictionary MOKHO COXPaHUTD B 60JIe€ KOMITAKTHOM
JIBOMYHOM (bopMaTe BbI3OBOM €TI0 METO/la save, HO save_as_text I103BOJISET JIETKO
MIPOBEPUTDH U CKOPPEKTUPOBATH COXPAHEHHBIN CJI0Baph BpyUHYyI0. BOT Kak MOXKHO
3arPy3UTh MOJIETH C INCKA:

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

Opnto u3 npeumytiects Metouku TF—IDF — ona ecrecTBeHHBIM 06pa3oM pelaer
pobJIEMY C1MON-C06, KOTOPbIE ITOYTH HAaBEPHSIKA IPUCYTCTBYIOT BO BCEX IOKYMEHTAX
B KOpIyce (Harmpumep, «a», «thes, «of> u p.) 1 10 HTON NpUYKHE TOJTYYAIOT OYEHb
MaJleHbKHIi BeC B JIaHHOI cxeMe KoaupoBaHus. Biarogaps aToMy HaubGoJIbIIYIO
sHaunMocTh B Mogen TF—IDF mprobperaioT oTHOCHUTENBHO pefiKkue cioBa. Kak
pesyaprat, TF—IDF mumpoko nmpuMeHseTcss K MOJIENISIM «MEIIOK CJIOB» U CJIYsKUT
MpeKpPacHOl OTIIPAaBHOM TOYKOM BO MHOTHUX BHU/IaX aHAJIN3a €CTECTBEHHOTO SI3bIKA.

PacnpeneneHHoe npeacraBnieHne

YacToTHOE U TpIMOE KOAMPOBaHUeE, a Takke Koamposarue metogom TF-IDF mo-
3BOJIAIOT HaM MPe0OPa3oBBIBATE TOKYMEHTHI B BEKTOPHOE MPOCTPAHCTBO, HO YaCTO
Takske ObIBAET MOJIE3HO 3aKOUPOBATH CXOJICTBA MEKLY JIOKYMEHTAMU B KOHTEKCTE
TOTO K€ BEKTOPHOTO MpocTpancTBa. K coxkaneHunio, 3Tu METO/Ibl BEKTOPU3AIUH TTPO-
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M3BOJIAT BEKTOPBI C HEOTPUIIATEILHBIMU 9JIEMEHTAMU, YTO He 1T03BOJIIeT CPAaBHUBATD
JIOKYMEHTBI, He MMeToIne 0OInX JiekceM (IIOTOMY YTO IBa BEKTOPA, KOCHHYC yTJia
MEXIy KOTOPBIME paBeH 1, OyayT CYUTATHCS JaTEKUMU JPYT OT APYra Aaxke Mpu
OUYEBUTHOM CEMAaHTUYECKOM CXOJICTBE).

Ecau B KOHTEKCTE TIPUITOKEHUST CXOJCTBO MEXKY TOKYMEHTAMU UTPAET BaXKHYTO
POJIb, TEKCT MOXKHO 3aKOAMPOBATD B BU/IE YMCIOBOH TIOCIEIOBATEIBHOCTH METOZIOM
pacmpeie;IeHHOTO TIPeICTABIeHNsT, KaK MOKa3aHo Ha puc. 4.5. [Ipu takoM moaxoze
BEKTOP JOKYMEHTA SIBJISIETCS HE MPOCTBIM OTOOPaKEHUEM MO3UIIUI JIEKCEM B MX
YHCIIOBBIE 3HAYEHST, a HAOOPOM ITPU3HAKOB, OITPEEISIONINX CXOACTBO ¢JI0B. CII0K-
HOCTb IIPOCTPAHCTBA IIPU3HAKOB (M JJINHA BEKTOPA ) OIIPE/IENSIETCS] OCOOEHHOCTSIMU
00y4Y€eHUS ATOTO TIPEJCTABICHUS U HATIPSIMYIO HE CBSI3aHa ¢ 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 npeacraBrieHne

WHcrpyment word2vec, co3manublii rpymoii uccaenosaresneii B Google, Bosriias-
nszemoii Tomarem MukosossiM (Tomas Mikolov), peanusyer Mozesib BEKTOPHOTO
npezacraienus cios (word embedding model) 1 mosBosisier cozmaBaTh Takoro poja
pacripe/iesieHHbIe TPeACTaBIeHUs. AJITOPUTM word2vec 0OydaeT TpeACTaBIeHUs
CJIOB, OIMPaAsiCh Ha MOJIeJIb HerpepbiBHOTO Metika cioB (Continuous Bag-of-Words,
CBOW ) wu skip-gram, B pe3yJisraTe 4ero cJioBa B IPOCTPAHCTBE MPU3HAKOB OKA3bI-
BAIOTCA PSIZIOM CO CXOKUMHM CJIOBAMU, B 3aBUCUMOCTH OT X KOHTeKcTa. Hampumep,
peasmsaius B Gensim UCIOJIb3YeT CeTh IPSIMOTO PACIIPOCTPAHEHMUS.

Anroput™ doc2vec' siBiisieTcst pacipenneM aaroput™a word2vec. OH mipeiaraet
paragraph vector (BexTop ab3ara) — aaroput™m oOydeHus: 6e3 yuuresist, KOTOPbIii
CO3/IAeT MPOCTPAHCTBO MPU3HAKOB (DUKCUPOBAHHOM JITTUHBI U3 IOKYMEHTOB Pa3HON
JUTUHBL. DTO MIPEICTABJIEHIE TIHITAETCST YHACTEI0BATH CEMAHTIYECKIE CBOCTBA CJIOB,
4yT00DBI, HAIpUMED, cj10Ba «red» (kpacubiil) u «colorful» (pasHouBeTHDIN ) CUNTANIUCH
GoJiee TOXOKMMU 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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Kpowme Toro, anropurm paragraph vector y4nTbIiBaeT mMOPSAAOK CJIOB B Y3KOM KOH-
TEKCTe, HAIIOMUHAsT MOJIE/Ib 7-rpaMM. KOMOMHUPOBAHHBINA PE3YJIBTAT MOJIYYaeTCst
HaMHOTO 3(h(HEKTUBHEE, YEM MOJIENN «MEIIOK CJIOB» UJIA «MEIIOK 72-TPaMM», TIOTOMY
4O Jiydiiie 0006IIaeT U IMEET MEHBIITYIO Pa3MEPHOCTD, a Giarogapst (GPUKCHUPOBaH-
HOIT JITTMHE MOJKET UCTIOJIb30BAThCS B PACIIPOCTPAHEHHBIX aJITOPUTMAX MAITHHHOTO
obyueHusl.

C npuMmeHeHuneM Gensim

Hu NLTK, Hu Scikit-Learn He peasmayioT moJrydeHre TAKOTO BEKTOPHOTO MPEJi-
craBJsienus ¢JioB. Peanmsarust B Gensim laeT moJib30BaTesIM BO3MOKHOCTD 00y IHTh
Mozesn word2vec u doc2vec Ha CBOUX KOPITYCax, a TAK/Ke BKIIOYAET TOTOBYIO MOJIETb,
Ipe/IBApUTEIbHO 00yUeHHYI0 Ha Kopiyce HoBocTelt Google.

YTobbl BOCNO/Ib30BaTLCS NPeABapUTENbHO 00yYeHHbIMM MOAens MU U3 bubnuoTte-
kn Gensim, Bbl JO/MKHbI 3arpy3uTb ABOMYHbIM (halin MoAenn, pasMep KOTOporo
cocTaBnsieT okono 1,5 ManT. [ns NpUIOXKeHUA, rAe MacCUMBHbIE 3aBUCMMOCTY
HexenaTenbHbl (HanpyMep, €C/IN OHM BbIMOJHSAKOTCA Ha ak3emnisipe AWS Lambda),
3TOT NOAXOA MOXET OKa3aTbCs HEBO3MOXHbIM.

Jl7ist 00yUeH st CBOE MOZIEJT MOKHO UCTIOJIb30BATD CJeyIonuii aaroputm. CHava-
JIa, UCTI0JIb3YsI TEHEPATOP CITMCKOB, 3arPy3UTh KOpIyc B mamsATh. (Gensim moziep-
JKUBAET IIOTOKOBY0 00pabOTKY, HO TAKOE PellieH e OMOKET M30€KaTh MCUePIaHsT
reHeparopa.) 3aTeM cO3/1aTh CIIUCOK 0OBEKTOB Kiracca TaggedDocument, HaCJIEy10-
LIEeTOo KJIACC LabeledSentence, KOTOPBIN, B CBOIO 04YePe/lb, PeaU3yeT paclpeieseH-
Hoe npescTaBienne word2vec. OObeKThI TaggedDocument COCTOST U3 COG U ME206.
Co3znatp ax3eMIIsAp TaggedDocument MOSKHO U3 CIIHCKA JIEKCEM C €IMHCTBEHHBIM
TEroM, O/IHO3HAYHO WIeH TU(DUIUPYIONTNUM 9K3eMILIIsIP. B ciemytotem npumepe Mbl
MOMETHUJIN KAl TOKYMEHT Kak "d{}".format(idx), Harpumep, do, d1, d2 1 T. 1.

[TocJie mosryuenust cnimcka o6beKTOB TaggedDocument CO3/1a€TCst MOJIEJTb Doc2Vec 1 3a-
ZaeTcs Pa3Mep BEKTOPA, a TAKsKEe MUHUMAJIbHBIH TOPOT — JIEKCEMBbI, BCTPEYaIONecst
peske 9TOTO MOPOra, UTHOPUPYIOTCs. Pasmep BekTopa (mapaMeTp size) 0ObIYHO
BBIOUPAETCST He MEHbIIE 3; B IAHHOM IPUMEPE MbI BHIOPAIN MAJ€HbKOE 3HAUEHNUE
WCKJTIOYUTEIBHO /I TIPOCTOTHI IeMOHCTparinu. MuHNManbHBIH Topor (TrapaMeTp
min_count) B mpuMepe BbIOpaH PaBHBIM HYJIIO, YTOOBI TapaHTHPOBATH YUET BCEX
JIeKceM, HO Ha IIPaKTHKe yYallle MUHUMAJIbHBIN IIOPOT YCTAHABJINBAETCSI PABHBIM
3HAYEHUIO OT 3 /10 5, B 3aBUCUMOCTH OT TOTO, KaK MHOTO MH(OPMAINK J10JIKHA 3a-
XBaTUTh Mojiesib. [locire co3manust Mojiesi TIPOU3BOIUTCST O0yUeHe HEHPOHHOM
CETH [IJIsI TIOJIYY€HMsI BEKTOPHBIX TIPEICTABIEHIIT, KOTOPbIE 3aTeM 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 mpaBUILHOM MCIIOJIB30BAHNN PACTIPEIesIEHHbIE TTPE/ICTABIEHNS TT03BOJIAIOT
MOJTYYUTh HAMHOTO O0Jiee KauecTBeHHbIe pe3yibraTel, uem Mozean TF—IDE Camy
MOJIEJIb MOKHO COXPAHWUTD Ha JMCK U MOBTOPHO OOYYUTDH €€, 4TO JIEJIaeT ee Ypes-
BBIYAITHO THOKOI JIJIsT Pa3HbIX cJydaeB Ucnob3oBanus. OQHAKO /st 06ydeHus:
Ha OOJIBIIMX KOPITYCAaX MOKET TTOTPeOOBATHCS OUeHb MHOTO BPEMEHU U MaMSITH,
a pe3yJabTaT MOKET OKa3aThCd XysKe, ueM Ipu ucnoab3oBanun mogenan TF-IDF
B COBOKYITHOCTH € METOZOM TJiaBHbIX KoMroHeHT (Principal Component Analysis,
PCA) nu cunrysnsipaoro pasiokenus (Singular Value Decomposition, SVD) st
COKpaIlleHUsT TPOCTpaHCTBa TPr3HakoB. Ho, kak ObI TO HU OBLTO, 9TOT BUJL ITPEJI-
CTaBJIEHUI OKA3aJICsI HACTOSIIIIUM ITPOPBIBOM M TIOMOT OOUTHCSI 3HAYMTETBHBIX
yJIydieHnii B 06paboTKe TeKCTa B IPUIOKEHUSX TAHHBIX.

U croBa, BbIOOP criocoba BekTopusarui (a Takske OMOJINOTEKN, peansyolieii ero)
00BIYHO 3aBUCUT OT KOHKPETHOTO CJIydasi IPUMEHeHNsT, KakK TI0Ka3aHo B Ta0I. 4.1.

Ta6nmua 4.1. O630p METOAOB BEKTOPM3aALNM TEKCTA

MeTop BekTO- o Xopowo noa-
MpuHuun aencrena Hepocratku
pusauum XoAuT ANnA
YacToTHbIN MoacyeT yacToThl BaliecoBckune CaMble 4acTo BCTpeyvaroLmecs
BXOX/AEHUS IeKceM MoAenu Crl0Ba He BCeraa sSBNSoTCS caMbl-
MU UHMOPMATUBHBIMM
Mpsmoe koam- Onpegenerve HelpoHHble Bce cnosa oka3biBaloTcs paBHO-
poBaHue JIOrM4eCcKoro npu- cetn yOaneHHbIMU, NO3TOMY O4YeHb
3HaKa npucyTcTBus BaXKHa HopManu3saums
nekcemsl (0, 1)
TF-IDF Hopmanusauus MpunoxeHns YMepeHHO 4acTo BCTpeyvatoLmecs
YacTOTbl JIEKCEM MO obLero Ha- CnoBa MOryT bbITb He penpesex-
[OKYMeHTaM 3HayveHns TaTUBHbLIMU A1 TEMbI JOKYMEHTa
PacnpepeneH- KoanpoBaHue MogenupoBa- | Bonblioi 06beEM BbIYMCIEHUH,
Hble NMpeAcTaB- | CXOACTBA SIEKCEM HAa | HUE CNIOXKHBbIX | CIOXHOCTb MacluTabuposaHus
neHns OCHOBE KOHTeKCTa OTHOLLEHUI 6e3 NpYMeHeHUs AONOSTHUTENb-
HbIX MHCTPYMEHTOB (Hanpumep,
Tensorflow)
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Jlasiee B 3TOii ri1aBe MbI PACCMOTPUM OOBEKT Pipeline u3 Gubanorexu Scikit-Learn,
MOMOTAIONUH YIPOCTUTD BEKTOPHUIAIUIO C MOCAEAYIOMMUMHU dTallaMU MOJIETIPO-
BaHud. [lo 2T0il MpuYMHe MBI YaCTO MCITOJb3YEeM WHCTPYMEHTH BEKTOPU3AIIN,
coBMmecTuMble ¢ Oubmorekoii Scikit-Learn. B cienyiomem pasuese Mbl 06Cyaum
opranusanuio API aToii GubIMOTeKN 1 MOKaskeM, KaK UHTErPUPOBATh HHCTPYMEHTBI
BEKTOPU3AIMU B OOIINI KOHBEHep /151 CO3aHNsI TOJTHOLEHHOTO (1 HACTPAUBAEMOTO
B IIMPOKKX Tipejiesiax!) sipa MpuiIoKeHusT MallnHHOTO OOyYeHUsT Ha TEKCTaX.

Scikit-Learn API

Bu6aunoreka Scikit-Learn — aro pacmupenne makera SciPy (scikit), ocnoBaoi
IeJIBI0 KOTOPOTO SIBJISIETCST TIPEIOCTABIEHIE AJITOPUTMOB MAITUHHOTO OOyUYeHMs,
a TaKyKe MHCTPYMEHTOB M YTUJIAT, HEOOXOMMBIX JIJISI YCIIEITHOTO MOIEIMPOBAHMSI.
OcHnoBoii 6ubsmorexu sipysiercst « AP jist MalmmHHOTo 00yYeHU s>, TIPEOCTABIISIIO-
U JOCTYTI K peaii3aliisiM IMUPOKOTO CIIEKTPa MOJesIel yepes eUHbIN 1 y100HbIi
unrepdeiic. baiarogapst Takoit opranusarmu Scikit-Learn MOJKHO UCTTOB30BATD JJIST
OJIHOBPEMEHHOTO 00YUYEHMUST OIIETOMIISIONIEr0 PasHO0OPa3st MOJIEIENl, UX OIEHKH
U CPaBHEHUsI U UCTIOJIb30BaHMsI 00YYE€HHbBIX MOJIEJIEN IJIsI IPe/ICKAa3aHuil Ha HOBBIX
nanubix. buboreka Scikit-Learn nmeer cranmaprusoBanibiii AP, moaTomy 1moJib-
30BaThCA €10 JIETKO U YI00HO, a CO3/[aBaTh IIPOTOTHUITHI PA3HBIX MOIEJIEH /LISt OIEHKH
MOZKHO TTPOCTBIM U3MEHEHNEM TTaphl CTPOK KOJIA.

NnuTepdeitc BaseEstimator

Cam API — 06beKTHO-OPHEHTHPOBAHHBIN 1 OTIPEIEIIeTCS Hepapxueil nHTepdeiicoB
JUIS Pa3HbIX 3a/1a4 MAMHHOTO 00yuenus. Koprem nepapxum sipJisiercst Estimator —
PaKTUYECKH J1000i1 06BEKT, CIIOCOOHBIN 00yuaThest Ha JaHHbIX. OObEKThI Estimator
Peayn3yIoT aJIrOPUTMbI KJlaccuuKaluu, perpeccuu u kiaacrepusaiuu. Ho Takske mo-
I'yT BKJIIOYATh IIUPOKUI CIIEKTP METOIOB MIPe0OPa30BaHust JaHHbBIX, OT COKPAIICHISI
Pa3MePHOCTH JIO U3BJIEUEHUST TPU3HAKOB U3 UCXOAHBIX TaHHbIX. [1o cyTH, Estimator
urpaeT poJib uHTepdeica, 1 KIacchl, peau3yIolie ero, I0JKHbI Peain30BaTh JIBa
MeToa — fit U predict — Kak 1moxKasamno HUXKe:

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

MpuHUMaeT BXOAHble AaHHble X M HeobA3aTeNbHble LeneBble LaHHble Y.
BosBpawaeT 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, onMpasich Ha
maHHble 1711 00yuenust, X 1 y. O6ydarorine JaHHble X 10JKHBI IMETh (hopMy MaTpH-
IIbI — HaIIpuMep, IByMepHbIii MaccuB NumPy ¢ hbopmoii (n_samples, n_features) uan
marpuily DataFrame Pandas, cTpOKH B KOTOPOII SIBJISIIOTCS 9K3EMILISIPAMH, a CTOJIO-
1[I — IpU3HaKaMu. J[Jist 00yUeH st ¢ yauTereM TakKe MOKHO TIEPeIaTh OHOMEPHbIIT
MaccuB NumPy, y, XpaHsiiuii ipaBujiblbie MeTKH. B 1ipoiiecce 00ydenust BHyTpeHHee
COCTOSTHVE DK3eMILTIsIpa Estimator M3MEHsIeTCsI TaK, YUTOOBI TIOTOTOBHUTD €0 K ITPe/i-
CKa3aHUSM. JTO COCTOSTHUE XPAHUTCS B IEPEMEHHBIX AK3EMILISIPA, UMEHA KOTOPBIX
0OBIYHO 3aKAHYNBAIOTCSI CUMBOJIOM MOAYEPKUBaHUs (HarpuMmep, Estimator. coefs_).
Tax xak 9TOT MeTO/I U3MEHsIeT BHYTPEHHEE COCTOSHIE, OH BO3BPAIIAET CChLIKY self
Ha CaM 9K3EeMILJISIP, YTO II03BOJISIET COCTABJIATD LEIIOYKU U3 BBI30BOB METO/I0B.

Metop Estimator. predict co3aeT Ipe/cKa3aHus, UCTIOIb3Ysl BHYTPEHHee COCTOSTHUE
Moziesi, 00ydeHHOM Ha JaHHbIX X. Ha BX0/1 MeTo/1a I0JIKHA [TepelaBaThCst MaTPHUIa
C TeM JKe KOJIMYECTBOM CTOJIOIOB, YTO U B 0OyUatoIieil MaTpuIle, epeaBaBuieicst
B MeTo/| fit, KoTopas MOKeT UMeTh JIF000e KOJUUECTBO CTPOK. ITOT METOJL BO3BPa-
IIaeT BEKTOP yhat, cojiepsKaliuii pe/icka3anms I/ BCeX CTPOK BO BXO/IHBIX JJAHHBIX.

HacnepoBaHue knacca BaseEstimator 13 6ubnunoteku Scikit-Learn aBTomatuye-
CKM OTKpbIBaeT AocTyn K MeToay fit predict, KoTopbii 06beauHseT fit
M predict B 0OANH BbI30B.

OObeKTH Estimator IMEIOT rapamMeTpsl (KOTOpbIE TaksKe Ha3bIBAIOT THIIEpIIapaMe-
TpaMu ), YIPABJISIOININE TPOTIECCOM o6yquI/Iﬂ. ITHU TTapaMeTPhl 331aI0TCS TIPU CO3-
JTAHUY 9K3eMTIIIpa Estimator (a B X OTCYTCTBUE BbI6I/IpaIOTCH pa3symHbie 3HaYeHU
110 yMOJI‘{aHI/IIO) ¥ MOTYT U3MEHSTBHCA C IIOMOIIBIO METOI0B get_param 1 set_param,
KOTOpbIE TaKJKe IOCTYIIHBI B 0a30BOM KJiacce BaseEstimator.

Wcnonbsyst Scikit-Learn API, Mbl ykasbiBaeM UMsI TTakeTa U TUIT 00beKTa Estimator.
B npumepe Hike Mbl BBIGpaJ ceMeiCTBO Mojiesieil HanBHOTO 6aileCOBCKOTO KJrac-
cruKaTopa 1 KOHKPETHOTO YJIeHa CeMECTBa — MOJTMHOMUATbHYI0 MOJIE/b (KOTO-
past OAXOAUT JIJist KiaccupuKaium Tekcta). Moeb onpeessieTcs pyu co3aHum
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9K3EeMILJIsIpa KJlacca BMECTe ¢ TUIepIapaMeTpaMu. 3/1eCh Mbl IiepelaeM TTapaMeTp
alpha, KOTOPBIN TPUMEHSETCS IS AAIUTUBHOTO CTJKUBAHUS, a TaK:Ke TIpe/iBa-
pUTeIbHBIE BEPOSITHOCTH JIJIST KasK/I0TO U3 [BYX KJIaccoB. Mojesb obydaercst Ha
yKa3aHHbBIX JaHHBIX (documents U labels), MOCJIE Y€TO MPEBPAIIACTCS B OOYUCHHYIO
Mo/IeJTb. ITa 6azoBas MOCIEA0BATEIBHOCTD ACHCTBUN OMHAKOBA LISl BCEX MOJIeJIe
(Estimator) B Scikit-Learn, or ancam6Jiell iepeBbeB pelieHnii cIydaitHoro jyeca 10
JIOTUCTUYECKOU PETPeccuu u Jp.

from sklearn.naive_bayes import MultinomialNB

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

PacwuupeHnue TransformerMixin

Bubnuoreka Scikit-Learn Taxk:ke mpefoCTaBsieT YTUIUTHI [JIsI MAITHHHOTO 00Y-
YeHusl B MOBTOPSIIONIEMCsT peskiMe. Mbl He CMOKeM TIPOJIOJIKUTD 0OCYKIeHne
Scikit-Learn, re omrcas utitepdeiic Transformer. Transformer — 9TO CIIEIUATBHBII
THUI Estimator, KOTOPBIN CO3/1aeT HOBBIN HAOOP MaHHBIX M3 CTAPbIX, OMUPAsICh Ha
IpaBuJIa, BBISIBIEHHBIE B Ipollecce o0ydennst. BOT Kak BBITJISIIUT OTIpe/iesieH e
aToro nurepdeiica:

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

M3y4aeT npasuna npeo6pasoBaHMﬂ Ha OCHOBe BXOAHbIX AaHHbIX X.

return self
def transform(self, X):

MpeobpasyeT X B HOBbi Habop AaHHbIX Xprime u Bo3BpawaeT ero.

return Xprime

Mertox Transformer.transform IPUHUMAET CTapblii U BO3BpAIAeT HOBbBI HAGOP
JIaHHBIX, X", CO3/IaeT HOBbIE 3HAYEHVsI, OIIMPAsICh Ha ITpaBuJIa IipeodpaszoBansi. B 6u-
6amoreke Scikit-Learn ecTb HECKOIBKO Pa3HOBUAHOCTEN Transformer, B TOM YUCJIE
JUIST HOPMAJIU3AIH ¥ MACIITabupOBAHUS MPU3HAKOB, 00PaOOTKI OTCYTCTBYIOIIX
3HAYEHWH, COKPAIeHNs PA3MEPHOCTH, U3BJIEUEHUS IPUSHAKOB UJIN OTOOPaKeHUsT
OJ/[HOTO MIPOCTPAHCTBA IPU3HAKOB B IPYTOE.
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Xotsa 06e 6ubamorexu, NLTK u Gensim, u gasxe 60s1ee HoBble OMOIMOTEKN aHAIN3a
Tekcra, Takue kak SpaCy, uMeror cBou BHyTpeHHne API 1 MexaHusmbl 00y4eHusI,
0ObeM 1 TIOJTHOTA Moesieit u Metoosrorrii Scikit-Learn auist MammHHOTO 00y YeH st
JIEAIOT ee HeOThEMJIEMOIT 4acThio paboyvero mporiecca Moe/IMpoBatust. B pesysisrate
MBI TIPEe/IJTaraeM KMCI0Jb30BaTh aHaIorudubiii APT uist co3manmsi cBonx 0ObeKTOB
Transformer 1 Estimator, peasuayionux Metoasl u3 NLTK u Gensim. Hanpumep,
MOSKHO CO3/IaTh TEMaTHYECKUE KIacCU(UKATOPBI Estimator, 00€PTHIBAIOIINE MOIETN
LDA u LSA u3 Gensim (B Hacrosiiiee BpeMst otcyTeTBytornue B Scikit-Learn), win
npeoOpazoBaresn Transformer, HCIOIB3YIOTIIE METOBI MAPDKUPOBKHU YaCTSIMU PEUH
n3 NLTK u metonpr gesenns Ha ¢hparMeHTHI MMEHOBAHHBIX CYIITHOCTEH.

Co3paHue cBoero npeobpasoBarens AN BEKTOpusauum
Ha ocHoBe Gensim

[Tpuembt BekTopu3anuu B Gensim mpecTaBisiioT 0coObIiT HHTEPEC, MOTOMY YTO 3Ta
6ubIMOTEKA MO3BOJISIET COXPAHSTH U 3aTPysKaTh KOPIYCHI C AUCKA, OTAEJSAS UX OT
KoHBeitepa 06paboTku. OIHAKO €CTh BO3MOKHOCTD HaIMcaTh CBOM Ipeodpa3oBa-
TeJIb, UCTIONB3Y O MexaHn3M BekTopusanuu u3 Gensim. Hamr mpeo6pasoBareib
GensimVectorizer OyseT 06epThiBaTh 00bEKT Dictionary us Gensim, creHeprpoBaH-
HBIIT METOZIOM Fit (), ueil MeTo1 doc2bow HCIIO/IB3YeTCst METOIOM transform(). OObeKT
Dictionary (Hampumep, TfidfModel) MOKHO COXPAaHUTH Ha MCK M 3aTPY3UTD C TUCKA,
M09TOMY HAIll TpeoOpa3oBaTesb ToxKe OYIET MOJTb30BATHCS TAKOH BO3MOKHOCTBIO,
MPUHUMA Iy Th TP CO3/IaHUY 9K3eMILIApa. Ecim ykazanHbIil (hafis cyIecTByerT, OH
3arpyskaercst HeMeIJIeHHO. /[[0IIOJIHUTENBHO ¢ TOMOIIBIO MeTO/1a save () MbI CMOKEM
3alliChIBATh CBOI Dictionary Ha JIMCK ITOCJe BbI3oBa fit().

Merton fit() KOHCTpyHpyeT 0OBEKT Dictionary, mepeaaBast JeKCeMU3UPOBAHHbIE
1 HOPMaJIN30BaHHbIE TOKYMEHTHI KOHCTPYKTOPY Dictionary. 3aTeM 3K3eMILISIP
Dictionary HeMeIJIEHHO COXPaHsSeTCs Ha IUCK, 4TOOBI IpeobpasoBareib MOT 3a-
rpy3uTh ero 6e3 moBTOPHOro obyderusi. MeTos transform() BbI3bIBAET METO/
Dictionary.doc2bow, KOTOPBIl BO3BPAIIAET Pa3peKeHHOE MTPeICTaBIeHNE JOKYMEHTA
B BUJIe CIIUCKA KOpTeXel (token_id, frequency). OmHako Takoe TMpeACTaBIeHIE
MOZKeT BbI3bIBaTh 1pobieMbl B Scikit-Learn, moaTomy Mbl UCIIOIB3yeM BCIIOMOTA-
TesbHYI0 (DYHKIUIO sparse2full u3 Gensim /st 1peobpasoBaHis Pas3peKeHHOro
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’KIaBIIMXC BBIIIE B 9TOH I1aBe, ipeobpasosaressivu Scikit-Learn. 1o gaet Ham
GOJIBIITY 0 THOKOCTD B BBIOOPE MOXO/I0B U B TO K€ BPEMST [TO3BOJISIET MCIOIb30BATh
YTUJIUTBI MAIIUHHOTO 00yYeH st U3 Kayk1oi 6ubsmoreku. JlanbHeiinee paciumpene
3TOTO IIPUMepa U peasin3alinio npeodpasosareieil st mosydenus oieHok TF—IDF
U pacIpe/ieIeHHbIX TIPEICTABIEHUI MbI OCTABJISIEM YUTATEJISIM JIJIsI CAMOCTOSITETh-
HOTO yTIPasKHEHUS.

Co3paHue cBoero npeo6pasoBaTensi
AN HOPpManM3aumMm TeKCTa

MHorue cemeiicTBa MOJIeJIel CTPAJIAIOT OT «IIPOKJISATUSI PA3MEPHOCTUY: IO Mepe
YBeJIMUYEHNUsT PA3MEPHOCTH TPOCTPAHCTBA PU3HAKOB JIAaHHBIE CTAHOBSITCS Bee OoJiee
paspesKeHHBIMU U MeHee MH(POPMATUBHBIMU /1711 Ga30BOTO ITPOCTPAHCTBA PEIIEHNUI.
HOpMaJII/ISaI_[I/IH TEKCTa YMEHbIIAET YUCJIO I/ISMepeHI/IfI " TEM CaMbIM yME€HbIIAET
paspeskeHHOCTh. KpoMe mpocToil pumbrpannu jekceM (yaaaeHNUs 3HAKOB MPETn-
HAHWS U CTOII-CJIOB) CYIIECTBYET /[IBA OCHOBHBIX METO/Ia HOPMAJTUBAIINN: CTNEMMUNZ
U JIEMMAMUBAUUSL.

CTeMMUHT 3aKJII09aeTCs B UCTIOMb30BAHUN CEPUN TIPABUI (MU MOJIETN ) [T Pas-
JleJIeHsI CTPOKU Ha MEHBIINE TOACTPOKH. ETo 11eb 3aKiovaeTcs B yaIeHIH TPU-
CTaBOK M Cy(HOUKCOB U3 CIOB, MEHAIONINX WX 3HadeHre. Hampumep, yaaagiorcs
cybdUKCB 's' ¥ 'es’, KOTOPbIE B JIATHHCKUX sI3bIKAX 00BIYHO YKA3bIBAIOT Ha MHO-
JKECTBEHHOE UM CJI0. JIeMMaTu3arust, ¢ IPYyroii CTOPOHbI, BBITIOJIHSET TOUCK KaXKI0H
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JIEKCEMBI B CJIOBape W BO3BpAIaeT KAaHOHUUYECKYIO (CJI0BapHY0) hopMy CJIOBA,
KoTopas HasbIBaeTcs JjeMMoi. [TockobKy 3TOT MeTo/1 OCHOBAH Ha TIOMCKE ITATIOHA,
OH TTOMOTAET CITPABJISATHCS ¢ HEOOBIYHBIMU CITyYastMU 1 00padaThiBaeT JIEKCEMBI, SIB-
JIATOTIIMECS Pa3HBIMK YacTsMU peun. Harmpumep, roraros ' gardening' (€aloBOJICTBO)
JIOJIKEH TIPeoOPa3oBbIBATHCS B JIEeMMY 'to garden', TOT/Ia KaK CYIIECTBUTEIbHbIE
'garden' (cam) 1 'gardener' (CaJlOBHUK) — B pa3Hble JIeMMbl. CTEMMUHT IIPEBPATHI
ObI BCe 9TH CJIOBA B OJ[HY JieKceMy 'garden' (can).

CTeMMUHT U JIEMMATU3a1lisI UMEIOT CBOM JIOCTOMHCTBA U HepocTaTku. CTeMMUHT
TpebyeT TOJIbKO pasdUTh CJIOBO Ha MOJACTPOKH, TOITOMY BBITIOJHSETCS OBICTPEE.
JlemMaTH3aI¥si, HATPOTUB, TPeOyeT MOUCKaA B CJIOBape WU B Oase JaHHBIX U HC-
IMOJIb3YET TETn qacTten pedn 41 BbIABJICHMA KOpHeBOﬁ JIEMMUBI CJIOBA, 4TO J€EJIa€CT €€
HAMHOTO MeJlJIeHHee CTEMMUHTa, HO TakyKe HaMHOTO 2 eKTUBHEE.

YT00OBI 06ECTIEYNTDH CUCTEMATUIECKY IO HOPMAJIM3AIINIO TEKCTA, HAITUIIIEM CBOM TIpe-
obpasoBareJib, KOTOPbI 0OBEMHSIET Bce 3TH aTarbl. Hail kiacc TextNormalizer
NPUHUMAET Ha BXOJIE SI3bIK, MCIIOJb3YEMbIH /ISl 3arPy3KU MPaBUIbHOTO Habopa
cron-caoB u3 koprnyca NLTK. Takke MOXHO IpelycMOTPETb HACTPOUKM JIJIsd
TextNormalizer, 4TOObI JaTh BO3MOKHOCTH BBIOUPATh MEKLY CTEMMUHIOM M JIEM-
MaTHu3aIneli, v mepejiavay a3bIka B SnowballStemmer. /[71s1 puaBTpaminy MOCTOPOHHUX
JIEKCEM OIpeIeIM JIBa MeTojia. I1epBblii, is_punct(), CpaBHUBAET MEPBYIO0 OYKBY
B Ha3BaHuM Kateropun IOHMKoma Kaxkoro cumBodia ¢ 'P' (Punctuation — 3Hakm
MIPETMHAHNSA ); BTOPOH, is_stopword(), IPOBEPSIET, IPUCYTCTBYET JIN JAaHHAS 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 €ANHCTBEHHDII JOKYMEHT, TO
€CTb CIIMCOK ab3alleB, COAEPKAIUX CIIUCKU IPEII0KEHI, KOTOPbIE IPECTaBICHbI
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CITUCKAMU KOPTeXKel (token, tag) — aTOT (hOPMAT IAHHBIX MbI TOJIYUYUJIUA B PE3YJTh-
TaTe TpeABapuTenbHOI 06paborku nokymentos HTML B riiase 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 MeTol TpUMeHsieT PyHKIuY hUNBTPaALuy JId YIATCHUS HexKeIaTeTIbHBIX JIeK-
CeM 1 3aTeM BBITTOJTHSIET JJeMMaTu3ainio. MeToz lemmatize() cHavasa mpeobpasyer
teru yacreil peun 3 Habopa Penn Treebank, koTopsrii ucmosb3yercst hyHKIHEH
nltk.pos_tag, B Ter WordNet, BbIOUpast 110 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 WHTEpGeEiic Transformer, UTOObBI HATIT KJIACC MOKHO
ObLIO BKJIIOYNTH B KOHBelep Scikit-Learn, 0 KOTopom pacckasbiBaeTcs B CIIEAYIOIEM
pasneuie:

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

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

Ob6paTuTe BHUMaHNE, YTO HOPMaIU3aI[isd TeKCTa — JIUIIb OJHA U3 MHOKECTBA
METOJIOJIOTHH, KOTOPas K ToMy ke akTuBHO ncronab3yeT NLTK, uto moxer yBe-
JINYUTD HesKeJTaTeIbHbIEe JIJI Balllero MPpUJIoKeHsT HaKJIaHble pacxoabl. B uncire
JIPYTUX BO3MOXHBIX BAPUAHTOB MOKHO HA3BATh yAATEHNE JIEKCEM, TIOSIBIISIONTNXCS
yalie Win peske HEKOTOPOTO Tpejiesia, MU YaJeHue CTOI-CJI0B C MOCAeYIONIM
BbIOOPOM 1epBbIX 5—10 Thicsy HanboIee YacTo BeTpevaoiuxes cios. Emte ogun
BapUaHT — MPOCTO BBIYUCIUTH HAKOIJIEHHYIO YacTOTY W 0TOOpaTh CJIOBA, CO-
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crasiaonme 10-50 % HakoIIeHHONW 4acTOTBl. DTU METO/bl TTO3BOJIUINU ObI HAM
WTHOPUPOBATH CJIOBA, BCTPEUYAIOIINECS B TEKCTE OYEHD PEAKO UJIN CAUIIKOM YacTo,
U BBISIBUTH TEPMUHBI, IOTEHIIMAIbHO Hanboiee 3HaYMMBble J[JIsl TPOTHO3UPOBAHUS
B ITAHHOM KOPIIyCe.

Onepauust HopManMsaUuM TekcTa AO/MKHA BbiTb HeobsizaTesIbHON U npuMe-
HATbCS C OCTOPOXHOCTbIO, MOTOMY UTO UMEET PaspyLLUUTENbHLIN XapaKTep, Tak
KaK yAanseT yactb MHdopMaumun. Peructp CMMBOMOB, 3HAKM MpenvHaHus,
CTOM-CMOBa M pa3HOObpasne KOHCTPYKLIMIA CIOB — BCE 3TO OYEHb BaXKHO Ass
MOHMMaHMS TEKCTa Ha eCTEeCTBEHHOM si3blke. HekoTopble Moaenu MoryT Tpe-
60BaTb HAIMYNS UHAMKATOPOB, TaKMX KaK perncTp CMMBOSIOB. MNpuMepoM MOXeT
CNYXXUTb KaccuMKaTOp MMEHOBAHHBIX CYLLHOCTEWN, NOTOMY YTO B @HITIMIACKOM
(M B pycckoM) si3blke MMeHa COBCTBEHHbIE MPUHATO 3anMUChIBaTb C 3ariaBHOW
6yKBbI.

AnbTepHATUBHBIN CIIOCOO YMEHBIIEHIS PAa3MEPHOCTU — UCHOJb30BATh METO
riaBHbix KomrmoHeHT (Principal Component Analysis, PCA) wiu cunryasipHoe
pasnoxenue (Singular Value Decomposition, SVD) jijist yMeHbIIeHVsT pa3MepHO-
CTH IIPOCTPAHCTBA IIPU3HAKOB /10 OIIPE/IeIEHHON BeJIMYNHDL (HAIIPUMeEP, IISITh WJIn
JIECSITh THICSIY M3MEPEHHiT) Ha OCHOBE YaCTOTBI CJIOB. DTH IIPe0OPA30BATEH HOJIKHbI
MPUMEHSTBHCS TI0CTIe BEKTOPU3AIUN U MOTYT IIPOU3BOANTD 3(hhEKT CAUIHUS CIIOB,
CXOKUX B JAHHOM BEKTOPHOM TTPOCTPAHCTBE.

KoHBeitepbl

[Iporecc MaIMHHOTO OOYYEHKS YaCTO BKJIIOYAET MOCAe0BaTeIbHOE IPUMEHEHNE
HECKOJIbKUX TIpeobpasoBaTesieil K MCXOAHBIM JaHHBIM, TPeobpasyonux Habop
JIAHHBIX ITIAT 3a [IaroM Tiepe/| epeaaveii Metoxy o0yuenust. Ho, eciiu He BBITIOTHUTD
OIMHAKOBYO BEKTOPHU3AIIUIO IOKYMEHTOB, MBI TIOJIYY1M HEBEPHBIE HJIH, 110 KpalHei
Mepe, MaJIOTIOHATHbIEe pe3y braThl. OObeKT KoHBelepa Pipeline 13 GuGINOTEKH
Scikit-Learn peraer aty npobJiemy.

OO6beKThI Pipeline MO3BOJISIOT 00BEANHUTD HECKOJIBKO TPeodpasoBaTeieil, Bbi-
HOJTHSIOIIIMX HOPMAJTU3AIIMIO, BEKTOPH3AIINIO M AaHAJIN3 TIPU3HAKOB, B OOIINH, Y€TKO
onpe/iesieHHbIiT Mexarn3M. Kak rokazano Ha puc. 4.6, 00beKTbI Pipeline mepeMeraoT
JlaHHbIe 13 3arpy3urKa (00beKTa, 06ePTHIBAIONIErO CorpusReader, CO3JIaHHOTO HAMHU
B TJIaBe 2) B MEXaHU3MbI U3BJI€UEHMSI TIPU3HAKOB U, HAKOHEIL, B 0OBEKT OIEHKH, Pea-
JIU3YTOTTNN MOJIESTN TPOTHO3MPOBAHIA. OGbeKThI Pipeline — aTO OpPUEHTUPOBAHHbIE
anmksmaeckue rpadsl (Directed Acyclic Graph, DAG), KoTopbie MOTYT ObITh ITPO-
CTBIMU JIMHEHHBIMHU [[ENIOYKaMU TIpeodpasoBaTesIeil HIU CJI0KHBIMI KOMOMHAIAMU
BETBSIIIIUXCS W CAUBAIOIINXCS Ty TEN.



KoHBeliepbi 105

3arpy3unk > Hopmvamizauya > BexTopyaLya > lpeobpa3oBaHve > 06bekT
JaHHbIX TeKma TeKra MPU3HAKOB OLIEHKMU
B
H0pNIanM3aL|VIﬂ ; M3Bﬂe‘leH|/|e EKTOPK3aLmA onucaHua
TeKcra Tekcra BekTopu3auws cratbu
3arpy3umk 06bekT
JaHHbIX "1 ouekku
Mpu3HaKm W BEBL B U2 Bektopusauma ||
HOKyMEHTa MeragaHble coBapA
06beauHeHNe NPU3HAKOB

Puc. 4.6. KoHBeliepbl BEKTOPU3aLMK TEKCTA U U3BNIEYEHMS NMPU3HAKOB

OCHOBbl KOHBEWEPOB

3aziaua Pipeline — CBA3aTh BMECTE HECKOJIBKO OOBEKTOB, IPEACTAB/ISAIONUX (UK~
CHPOBAHHYIO MOCJIEI0BATEILHOCTD ATalloB 06paboTKu. Bee 06beKTh B KOHBElEpe,
KPOMeE IIOCJIEAHEr0, A0JKHbBI ObITh peobpasoBaTenssMu (TO €CTh Peaan30BbIBATh
MeToJI transform), a MOCIEAHUI MOKET ObITH 0OBEKTOM OIIEHKH Estimator J1060r0
THIIa, B TOM YKCJIE C MOAEeP;KKOIl TporHosuposanst. Konseiiepsl y100HbI B UCTIOJb-
30BaHMM; OHK MO3BOJIAIOT /IS OJHOTO BXOIHOTO HabOpa JaHHBIX BbI3BATH METO/IbI
fit 1 transform cpasy HECKOJIbKIX 00beKTOB. KpoMe Toro, KoHBeiiepbl peainsyior
eHbII nHTepdeiic 115 NoUCKa 10 CeTKe cpasy U3 HEeCKOJIbKUX 00bekToB. Ho ca-
MOE BaKHOE — KOHBEepbl 00eCIIeUnBAIOT NPAKMUUECKOE NPUMEHEHUE TEKCTOBDIX
MoJiesel, 0ObeANHA METOL0J0IMIO BEKTOPU3ALNY € MOJIEJIBIO IIPOTHO3UPOBAHMUSL.

Kouseiiepsl cTposiTcs myTeM onucaHus crvcka nap (key, value), Tae key — 3To
CTPOKa C Ha3BaHWEM 9Talla, a value — 0OBEKT, peausyomuii oTot atai. Konseiiepbr
MOXKHO CO3/IaBaTh BBI30BOM BCIIOMOTATEeNbHOU (PYHKITNU make_pipeline, KoTOpas
ABTOMATUYECKU OTpe/iesideT Ha3BaHMs ATAMIOB, UJIN IBHO OMpeiesisas cucok. Kon-
CTPyUpPYs KOHBeep BPYUYHYIO, IPEATNIOUTUTEIbHEE UCIIOJIb30BATh BTOPOI TIO/IXO/,
SBHO OTIpeIeisis Ha3BaHUS TAIOB JJIS TOBBINEHUS SICHOCTHA KO/a, a (PYyHKITUIO
make_pipe IPUMEHSITh B CUTyallMsIX, KOT/Ia KOHBeWep CO3/laeTcsl aBTOMATUYECKH.

OO6beKThI Pipeline — He TOJIBKO OCOOBINA MEXaHU3M, XapaKTepHBIN /114 6ubIMOTEKN
Scikit-Learn, Ho Takske BakHast Touka uHTerpaimu ¢ oubanorekamu NLTK u Gensim.
Curepyonuii IipuMep AeMOHCTPUPYET 0OberHeHe 0ObEKTOB TextNormalizer
U GensimVectorizer, CO3/IaHHBIX B IIPEABIAYIIEM pasjiede, s MOATOTOBKY JaHHBIX
K Tiepeziade B GaiiecoBCKyt0 MoJiesib. Victonbayst uaTepdeiic Transformer, Kak OIH-
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CHIBAJIOChH BBIIIE B ATOM IJIaBe, MOKHO BOCIIOJIb30BATHCS KJIacCOM TextNormalizer
1 06epHyTh UM 00beKThI CorpusReader 13 NLTK, 4TOOBI BBITIOJTHUT TIPEIBAPUTE b=
Hy10 00pabOTKY 1 M3BJIeYb TMHIBUCTHYEeCKUE npusHakn. OObEKT GensimVectorizer
OCYIIECTBUT BEKTOPH3AIINIO, a 00bEKT Pipelines s 6ubmoreku Scikit-Learn 06b-
eIMHUT UX C Pa3HOOOPA3ZHBIMU YTUJIMTAMU, TAKUMH KaK YTUJIUTHI TIEPEKPECTHOI
[POBEPKH, ¥ MOJIEJISIMU, OT HAUBHOTO GaileCOBCKOro KiaccupuKaTopa 10 JOrHCTH-
YeCKOU Perpeccum.

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 UCIIONB30BATH KaK SK3EMILIAP eMHON MOIEN.
Bbi30oB model. fit B JaHHOM ciydae OyIeT paBHOCHJIEH IIOCJIEA0BATEIbHOMY BHI30BY
MEeTO/IOB fit 0OBEKTOB B CITUCKE, KAK/bIil U3 KOTOPBIX TPEOOpa3yeT BXOHbIE TaH-
Hble U IlepejaeT UX CAeAYIONeMY dTally. ,/]pyrlxle METO/Ibl, TaKne KakK fit_transform,
peficTByIoT anasornano. Kpome toro, 00beKT KoHBeiiepa Oy/1eT UMeTh BCe METO/IBI
nocseHero oobekTa B Kouseiiepe. Eciu nmocsiennnii o6beKT siBisieTcst mpeodpaso-
BaTeJieM, TOrJ[a ¥ Bech KOHBelep Oyzer JeiicTBoBaTh Kak IpeoOpasoBateb. Ecin
MOCTIeHII OOBEKT ABIAETCS KIacCu(UKaTOPOM, KaK B IIPUMeEPE BbIIlle, KOHBEHep
ABTOMATUYECKH TTOJIYIUT METO/IBI predict U score, M €10 MOKHO Oy/IET UCITOJIB30BATh
Kak KJyaccudurarop.

OO6beKTHI B KOHBelepe XpaHsATCs B CIIUCKE U JOCTYIIHbI 110 wHAeKcaMm. Hampumep,
model.steps[1] BepHET KOPTEXK ('vectorizer', GensimVectorizer (path = None)).
OpHako yaiie A0CTyn K 00beKTaM OCYIIECTBISIETCS 110 Ha3BaHUSIM 9TAIOB, C 10-
MOIIIBIO CBOMCTBA-CJIOBapsI named_steps 0O0bekTa Pipeline. Camblil TpocToii crioco6
TTOJIYYUTD JIOCTYIT K MOJIEJTH IIPOTHO3NPOBAHUSA — UCITOJIb30BaTh BBIpAsKeHNE model.
named_steps["bayes"] 1 U3BJeUb OOBEKT OIIEHKH HETIOCPe/ICTBEHHO.

Mouck no ceTke Asig ONTUMU3ALUMN TrMNeprnapaMeTpoB

B ritaBe 5 MbI 1101po6HEEe TIOTOBOPUM O HACTPOKe U 00yYeHUI MOJIETIEN, a TOKA ITPO-
CTO IIO3HAKOMUMCS C paclliupeHueM Pipeline 1101 Ha3BaHUEM GridSearch, KOTOpoe
YIOOHO MCIOIBb30BATH [IJIsT ONTHMHU3AIUN THITepnapaMerpoB. C MOMOIIBIO TIOUCKA
T10 CeTKe MOKHO Pean30BaTh N3MEHEHNE TapaMeTPOB BceX 00HEKTOB B KOHBelepe,
KaK ecJin Obl 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 IapaMeTpoB, pa3jieJIeHHbIE IBOMHBIM TTO[dePKUBaHNIEM, HATIPH-
Mep: estimator__parameter.

[Ipeamnomnoxum, 4TO HAM HYKHO BBIIIOJIHUTD TIPSIMOE KOAMPOBAHUE TOJBKO CJIOB,
MOSIBJISIONINUXCS B KOPITyce He MeHee TpeX pa3. /[y 3Toro Mbl MOTJTH OBI U3BMEHNTD
Binarizer, KaK ITOKa3aHO HUXKE:

model.set_params(onehot__threshold = 3.0)

Wcrnonb3yst 9TOT TPUHITUII, MBI MOKEM BBITTOJHATH MMOUCK TI0 CETKE, ONPeesiss
HMCKOMBIE TTapaMeTPhl ¢ TPUMeHEHNEM CTHTaKCHCA ABOMHBIX IO {9epKuBaHuii. Pac-
CMOTPUM CJIELYIOITU T TIOUCK JIJIsT OTIPe/IeIEH NS HAUJTY UTIIEro TIPSIMOTO KOJIMPOBAHUST
TekcTa 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],

D)

[Touck ompezesisiet st 00beKTa CountVectorizer TP BOSMOMKHbBIX 3HAUEHHS TTapa-
MeTpa analyzer (CO3/IaHME 72-TPAMM 110 TPAHUIIAM CJIOB, TIO TPAHUIIAM CMBOJIOB WJIH
TOJIBKO 110 CUMBOJIAM M€Ky TPAHUIIAMU CJIOB) U HECKOJIBKO JIUAIIA30HOB 7-TPAMM
IS IeKceMM3aIni. Takske MBI OTIpe/Ies NN pa3Hble TOPOTH /114 TTPSMOTO KOJUPO-
BaHUs1, TPEOYIONTIE, YTOOBI 7-TPaMMa MOSIBIJIACH B TEKCTE ONMPEIETEHHOE KOIMIe-
CTBO pas, mpesk/ie YeM oHa Oy/er jobasieHa B Mojiesib. HakoHelt, orpe/iesieHbl 1Ba
BapuaHTa criuaxkuBaHus (apaMeTp bayes__alpha): 6e3 criuaskuBanus (0.0) UK CO
crraxnBanuem Jlamaca (1.0).

B pesyJisraTe orpeiesieH1s OMCKA 110 CeTKe Oy/IyT CO3/IaHbl KOHBEIePbI 17T KaxK/I0i
KoMOuHaIu mapamerpos. [locsie 3TOro Mbl CMOKEM BBITIOJHUTH TIEPEKPECTHYIO
OIIEHKY MOJieJieil ¥ BIOpaTh HAUIYUIIYI0O KOMOMHAIMIO apaMeTpoB (B AaHHOM
carydae Jrydiiieit OyzetT KoMOMHAIINST, MAKCUMU3UPYIoIias oieHKy F1).

YcoBepLueHCTBOBaHME U3BJIe4YeHU S NPU3HAKOB C MOMOLLbIO
ob6bekToB FeatureUnion

Kownseitepbl He0Os13aTENbHO JOJKHBI OBITH TPOCTHIMK, JUHEHHBIMU MOCIE0BA-
TEJIbHOCTSIMU 3TAIIOB; HA CAMOM JleJie UX MOJKHO C/I€JIaTh CKOJIb YTOJIHO CJIOKHBIMU,
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peas3oBaB obsedunenue npusnaxos. OObeKT FeatureUnion 0ObeMHSIET HECKOJIBKO
00bEKTOB TIpeobpasoBaTesiell B eINHbII TPpeodpa3oBarTeib, MOX0KNUNA Ha 0OBEKT
Pipeline. TosbKo peoOpa3oBarei, BKJAIOUEHHBIE FeatureUnion, IEfiCTBYIOT He
MOCJICZIOBATEBHO, @ HE3ABUCUMO, U UX PE3YJIBTaThl B KOHIIE 006€0UHSIOMCSA B CO-
CTaBHOI BEKTOP.

Pacemorpum ipumep na puc. 4.7. [Ipencrasore, uto y nac umeerca HTML-tmapeep,
KOTOPBIN ¢ oMoIkio 6ubimnorexn BeautifulSoup mam XML npousBoanT cHHTaK-
cuyeckuil ananus, nian napcur pasmetkn HTML 1 BozBpaiiaet teso Kask10ro J0-
KyMEHTa. 3aTeM BBITIOJTHSETCS 3Tall KOHCTPYUPOBAHUS TPU3HAKOB, B X0/I€ KOTOPOTO
13 JIOKYMEHTOB U3BJIEKAIOTCS CYIIHOCTU U KJII0UeBble (hpasbl, U Pe3yJIbTAThI TIepe-
JAI0TCS MEXaHU3MY 00beIMHEHMsI IPU3HAKOB. [[JIst CyIHOCTEH TIPeIoYTUTEIbHEE
HCITOTb30BaTh YaCTOTHOE KOJAUPOBAHUE, TOTOMY YTO OHU OTHOCUTENbHO HEBETMK,
a [IJid KI049eBbIX (ppas aydiie ncnoab3oBaTh oreiky TF—IDF 3atem mexanmuszm
0ObeIMHEHNST TIPU3HAKOB 00beIMHSIET [IBa TIOJYYMBIINXCSA BEKTOPA TaK, YTO HaIlle
IIPOCTPAHCTBO PEUIEHU Iepejl JOrUCTUYeCKO perpeccueil oTaessieT pasMepHOCTH
CJIOB B 3ar0JIOBKE OT Pa3MEePHOCTEN CJIOB B TeJe.

.| W3BneueHne
Lad

. [ CountVectorizer
CyLHocTell

Mapcep HTML

\ 4

LogisticRegression

/3Bneyenme
Lad
KnioyeBbIX ppa3

—» TfidVectorizer

06beauHeHVe NPU3HAKOB

Puc. 4.7. NpuMeHeHne MexaHM3Ma 06beanHEHNS NPU3HAKOB
AN pa3fenbHoV BEKTOpM3aLmm

OO0bekThl FeatureUnion ONpeENsIOTCS TaK ke, Kak 00beKThI Pipeline — B BuUje
criicka map (key, value), Te key — aTo HazBaHHe peobpasoBaHus, a value — 00b-
exT npeobpasosaTeia. Takke CylecTByeT BCloMoraresbHas (pyHKIus make_union,
KOTOPasi MOKET aBTOMATUUECKU OIIPEEISITh Ha3BaHU IPe0OPa30BaHUI U UCIIOJIb-
3yeTcsl aHAJIOTUYHO BCTIOMOTATeIbHON (bYHKITUU make_pipeline — MJIT aBTOMATHU-
4eCKOro KOHCTPYMPOBAaHUsI MEXaHU3MOB 00beMHEeHNs TPpU3HaKOB. IlapaMmeTpbl
BCTparBaeMbIX 00bEKTOB IIPeoOpasoBaTeieii J0CTYIHBI C KCIOJIb30BaHIUEM TOTO Ke
CHHTAKCIICA C IBYMSI TOUEPKUBAHIISIMI, Pa3eIsioNIMU Ha3BaHUe TPeoOpasoBaHIist
1 M ITapameTpa.
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Eciu 1o1mycTuTh, 4TO y HAC YKe UMEIOTCST peain3alini npeodpasoBaresieil st n3-
BJIEUEHUS CYIIHOCTEN M KJIIOUYEeBBIX (Dpas, EntityExtractor u KeyphraseExtractor,
KOHBelep ¢ 00beIMHEHIEM TPU3HAKOB MOYKHO OTIPEETUTh 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()),

M,

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

))s

('clf', LogisticRegression()),

D

O6parure BHUMaHWE Ha TO, YTO B HACTOSALIUI MOMEHT OOBEKTHI HTMLParser,
EntityExtractor 1 KeyphraseExtractor He peajqn30BaHbl, U 3/1eChb OHU YIIOMUHAIOT-
ST MCKJIIOUUTENbHO 151 minnocTpanuu. O6begrHeHne NPU3HAKOB BhIIIOIHSIETCS
[OCJIEIOBATEIHHO 110 OTHONIEHHWO K JIPYTUM KOMIIOHEHTaM KOHBelepa, HO Bce
peobpa3oBaTesii BHYTPH JEHCTBYIOT HEe3A6UCUMO — B TOM CMBICJIE, YTO KaK bl
HIOJTyYaeT Te JKe JaHHbIE, YTO OBLIN TIepelaHbl Ha BX0/ 00beanHeHnst. Bee mpeobpaso-
BaHUSI IPUMEHSIIOTCS [TaPaJLIeIbHO, a BO3BPAILAEMbIe MU BEKTOPbI 00beUHSIIOTCS
B OJ{UH OOJIBIION BEKTOP, KOTOPDII IIPU HEOOXOJUMOCTH MOKET B3BEIINBATLCS, KAK
MoKa3aHo Ha puc. 4.8.

B atom mpumepe MbI mpujaeM pesyJbrataM mpeoOpasoBanus entity_feature
GOJIBIIINI BEC, YeM pesyJibrataM mpeodpasoBanust keyphrase_feature. KomOuHupyst
peobpa3oBaniisi, 00beANHEHNsI TIPU3HAKOB ¥ KOHBEIePhI, MOKHO YPE3BBIUAITHO
YJIYUIIATH M3BJICYEHNE W MPpeoOpasoBaHne MPU3HAKOB. A cOOPaB peayn30BaHHbIE
METOJMKH B O/IHY I10CJIEI0BATEIbHOCTD, MbI CMOKEM CHOBA ¥ CHOBA IIPUMEHATH IIpe-
o6pas3oBanust, 0COOEHHO K HOBBIM JIOKYMEHTaM, KOT/[a TOHAaJ00UTCST OPraHN30BaTh
IIPOTHO3MPOBAHNE B IIPOMBIIIIEHHOM OKPYKEHIH.



110 ImaBa 4. KoHBeliepbl BEKTOpM3aLMM 1 Npeobpa3oBaHust

The elephant sneezed Teddy was terribly lost
at the sight of potatoes. oo in the potato patch.
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] the sight of potatoes Ithe door to the studiol terribly lost | potato patch l

MopenupoBanue

Puc. 4.8. /13BneyeHne n o6beamHeHne npusHakoB

B 3aknroueHue

B aT011 rTaBe MBI KPaTKO PACCMOTPETH TIPUEMBI BEKTOPU3AITNN U BADUAHTBI UX TTPU-
MEHEHWMsI K Pa3HBIM JAHHBIM U aJITOPUTMaM MalimHHOro 00y4enust. Ha mpakruke xe-
JIaTeJIbHO BBIOUPATH CXeMY KOJMPOBAHUS, UCXO/IS U3 PEIaeMOii 33/1auil; HEKOTOPbIe
METO/IbI HAMHOTO JIy4llle IPYTUX HOXOST JIJIsI OTIpe/Ie/IEHHBIX 3a/1a4.

Hampumep, mis Mojeneil peKyppeHTHBIX HEHPOHHBIX CEeTEH 9acTo JIydIlie TTOIX0-
JWT IIPUEM IIPSIMOTO KOAMPOBAHUS, HO JUJISI Pa3/ie/IeHNsl TEKCTOBOIO IIPOCTPAHCTBA
MOJKHO CO3/1aTh 00beINHEHHbIN BEKTOP, BKIIOUAIOINI BEKTOPHbIE [TPE/ICTABIEHNS
OIMCAHUS IOKYMEHTA, €T0 3ar0JI0BKa, TeJa U T. JI. Pe3yJbraTsl 4aCTOTHOTO KOJIM-
pOBaHUSA JKeJaTeJbHO HOPMAJIN30BaTh, I Pa3Hble BU/IbI YACTOTHOTO KOJMPOBAHNS
MOTYT ITPUHECTH TI0JIb3Y BEPOSITHOCTHBIM METO/IAM, TAKMM Kak OaiieCOBCKIe Mojie-
sm. Konmposanne TF-IDF gacrto ¢ ycriexom mcmosb3yeTcst B MOJIeTMPOBAHNN, HO
He BCer/[a OKa3bIBaeTcs1 OGe3rpernHbiM. Paciipe/iesieHHble pe/IcTaBIeH s] — HOBBII
c11oco6, HabUPATOIINI TIOTYJISIPHOCTD, HO TIPEAbSIBISIONINN BbICOKHE TPeOOBAHMS
K MIPOM3BOANTETBHOCTU 1 C TPYIOM HOJIAIONIUICS MACIITAOUPOBAHUIO.

Moygesu THIIa «MeIoK CJI0B» UMEIOT OYeHb BbICOKYIO Pa3MePHOCTD, 4TO 00YCJI0OB-
JIBaeT OOJIBIIYIO Pa3PEKEHHOCTD U CJI0KHOCTD 0000IIEHIS IPOCTPAHCTBA JAHHBIX.
Onu yTpaunBaioT MOPSIIOK CJIOB U JAPYTHE CTPYKTYPHbIE MPU3HAKU U OCJIOKHSTIOT
nobaBJieHre HOBBIX 3HAHUI (TaKUX, KaK JIEKCUIECKUE PECYPCHI HJIH OHTOJIOTHYECKOE
KOAMpOBaHue) B mporiecc obydenust. JIokaapbHoe KoaupoBaHue (Halpumep, Hepac-
npejieieHHble MpecTaBieHns ) Tpebyer OOJbIION BHIOOPKU, UTO MOKET BHI3BATh
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ahdekT nepeobyueHust UIN HeJOOOYUEHsI, HO pacIipeieJIeHHbIE TIPeCTABIeHNS,
B CBOIO OY€PE/ib, CMITKOM CJIOKHBI U J00ABISIOT CJIOW «PEIPE3eHTAaTUBHOTO M-
CTUIU3MA>.

B koHeuHOM cueTe OCHOBHast paboTa MPUJIOKEHHIT Ha OCHOBE aHAJI3a €CTECTBEHHO-
TO SI3BIKA 3AKTI0YAETCST B aHATM3€ TTPEIMETHBIX MTPU3HAKOB, & HE TOJBKO B TIPOCTON
BEKTOpU3AIUU. B 3aKTI0UNTETHHOM Pasziesie 3TOU IIaBbl Mbl PACCMOTPEN UCTIOIb-
30BaHKe 00bEKTOB FeatureUnion ¥ Pipeline /ISl peajiM3aliui 3HAYMMBIX METO/IOB
U3BJIeYEH ST TIPU3HAKOB ITyTeM 00beInHeH s TipeodpasoBatedieil. V1 Bripeb mpakTu-
Ka KOHCTPYMPOBaHUsI KOHBEIepOB 13 peobpasoBaresieii n 06bEKTOB OIEHKH Gy /1eT
OCTaBaTbCd HalllUM OCHOBHBIM MEXaHW3MOM MallIMHHOI'O O6y‘-IeHI/IE[. B rnase 5 MbI
HCCeyeM MOJIeN I KIacCu(puKainy 1 X TpUMeHeHne, 3aTeM, B I1aBe 6, paccMOTpuM
MOJIeJIN KJIACTEPU3AIMN, KOTOPBIE B aHATM3€ TEKCTA YacTO HA3bIBAIOT meMamuue-
ckuMm modenuposanuem. B riase 7 Mbl TO3HAKOMUMCS ¢ H0JI€€ CTOKHBIMU METOIAMH
aHaJIN3a U UCCIIE0BAHUS TPU3HAKOB, KOTOPbIE OKA3bIBAIOT MMOMOIIb B TOHKON Ha-
CTPOIiKe MOJIeJIel Ha OCHOBE BEKTOPHBIX ITPEICTABJIEHWI /IS IOCTUKEHUS JIYUTITNX
pe3yabTaToB. TeM He MeHee TIPOCThIe MOJIENIN, YUUTHIBAIOIIIE TOJBKO YaCTOTY CJIOB,
JaCTO ITO3BOJIAIOT IIO6I/ITI)CH HEIJIOXUX PE3YJIbTATOB. ITo HallemMy OIIbITYy, MOJI€JIb
«METITOK CJIOB» JIA€T XOPOIIHE Pe3yIbTaThl TPUMEPHO B 85 % ciayvaes!



Knaccndpumkauma B TeKCTOBOM
aHanuse

[IpencraBbre, 4To ceituac kouer 90-x, Bl paboTaere B KPYMHONH KOMIAHUU —
HpoBaiiiepe JeKTPOHHOI MOYTH ¥ 3aHMMaeTech peaansalueii 06paboTku Bce
YBEJNYNBAIOIIErOCs MOTOKA THCEM C CEPBEPOB, Pa3dPOCAHHBIX MO BCEMY CBETY.
PacnipoctpanenHocTh U jlelleBU3HA 3JIEKTPOHHON TIOUTHI C/IEaiu ee OCHOBHOI
(hopMoii KOMMYHUKAIIMHU, U Balll GusHec rmpoiBertaet. K coxkanieHnio, pacteT u MOTOK
HeskesaareabHol moutel. Ha 6ostee 6€300MAHOM KPalo CIIEKTPa HAXOAATCS IIMCHhMA,
PeKJIaMUPYIONTHEe MHTEPHET-TIPOAYKTHI, HO X HACTOJBKO MHOTO, UTO OHU OKA3bIBAIOT
CYIIIeCTBEHHYIO HATPY3KYy Ha Balllu cepBepbl. KpoMe TOTo, MOCKOJIBKY MOYTAa HUKEM
He KOHTPOJIMPYETCS, TOCTOSTHHO YBEJIMYNBAETCA TTIOTOK BPEJIOHOCHBIX TTMCEM — BCE
GoJIbIlle TTHCEM COJIEPKAT JUKUBYIO PEKJIAMY, 3aBJieKast a[[pecatoB B (hpMHAHCOBbIE
nupaMuibl v (peiikoBble MHBECTUITMOHHBIE TPOTPaMMBbL. UTO fesaTh?

CHavajia MOKHO TI0ITpo0OBaTh 3aHOCKUTB ajipeca IouThl i IP-aapeca B uepHblii CIIMCOK
CIIAMEPOB WJIM OPTaHU30BaTh IOUCK TI0 KJII0YEBBIM pasaM, UAeHTUDUIUPYIONINM
criam. K coskasieHuro, mosryquTh HOBBIH ajipec movThl niv IP-aapec He mpeacTaBisier
TPY/Ia, TOATOMY ClIaMepbl OBICTPO HAXO/AT Iy TH 06X0/1a BAIIKX JasKe CaMbIX TOAPO0-
HBIX YEPHBIX CITUCKOB. XysKe TOTO, YePHBIE 1 OeJIble CIIUCKU MOTYT OT(UIBTPOBBIBATH
HOPMaJIBHYO TIOYTY U TeM CaMbIM BbI3bIBATh HEYIOBOJILCTBHUE BallX [0JIb30BATE eI,
Bam nyskHO gpyroe, 6osiee rHOKoe U CTOXaCTHYECKOe PelieHre, CIoCOOH0e MacIiTa-
6MPOBATHCS, U TAKOE PElIeHNe eCTh: MAIlIMHHOE 0OyYeHHe.

[TepemoTaem Bpems Ha Tapy AecaTueTul Briepe. Temeps (hpuasTparius criaMa mosry-
unsta GOJIBIIIOE PACIIPOCTPAHEHHE U MTPEBPATIIIACH B CAMYIO YCIICITHYTO, OKATYIi,
MOJIeJIb Kiaccu(uKaum Tekcta. [7TaBHbIM HOBIECTBOM CTaJIa KIacCUpUKAIIMS TTH-
CeM 10 UX COJIEPKMMOMY. ITO He TIPOCTO IIPUCYTCTBUE CJIOB BUarpa UJTH HUTepuitckmii
NpWHL, HO CaM KOHTEKCT, 4acToTa cJIOB U opdorpadudeckue ommbku. DopMupoBaHie
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KOPITyCOB ClTaMa 1 HOPMaJIbHBIX IICEM TI03BOJIMJIO CKOHCTPYMPOBATh HAMBHYO Oaiie-
COBCKYIO MOJIEJTb, KOTOPAst KCIIOJIB3YET eANHOOOPA3HYI0 METOIUKY JIJIsT OIIPE/I€TIEHIST
BEPOSITHOCTEN TIPUCYTCTBUSA CJIOB B CTTaMe U HOPMAJThHBIX TUChMaX 0 UX YaCTOTeE.

B nauajie 97Ol riaBhl MBI HCCTElyeM HECKOJBKO TIPUMEPOB KJIACCU(MUKAIINN 13
peasibHOI JKU3HU ¥ TOCMOTPUM, KaK MIPaBUIBHO C(HOPMYJIUPOBATH ITH TIPOOJIEMBbI
ISt pa3pabOTKU MPUJIOKEHUN. 3aTeM Mbl PACCMOTPUM TIPOIECC Kaaccuurammm
" paClIpyuM METO/10JIOTMN BEKTOPU3alli, PACCMOTPEHHBIE B I'JIaBE 4, LITO6]:>I CO31aThb
KOHBeephl TeMaTHUECKON Kiracc(UKaIluu ¢ UCIIOIb3oBanneM Kopiryca Baleen,
MIPEJICTABJIEHHOTO B TJiaBe 2. HakoHeI, Mbl IPUCTYTIMM K UCCIEIOBAHUIO CJAEYIONINX
IIaTOB B HAIIIEM TIPOIecce, KOTOPbIe CTPOSITCA HA (hyHIaMeHTe YPOBHS JaHHBIX, KO-
TOPBIN MBI CO3/TAJTA K HACTOSIIEMY MOMEHTY. Bee aTu citerytoniye maryu Mbl OTTHIIIEM
C TIO3UIIUU TPOUKU BBIOOPA MOJIENH, O KOTOPOIT PACCKa3bIBAIOCH B riiase 1.

Knaccudpukaumsa tekcra

Knaccudukanus spisieTcss o)cHOBHOU (hOPMOI aHA/IM3a TEKCTA U MTUPOKO UCTIOJTh-
3yercst B Pas/IMYHbIX 00sacTsX. B ocHOBe KiaaccubuKaiuu JeKUT TPoCcTast Uaest:
MU3YUYUTDH CYHIECTBYIOIIUE CBSI3U MEXKIY dK3EMILISIPAMHU, COCTOSIIIIUMU U3 He3aBH-
CUMBIX IT€EPpEMEHHBIX, U IeJIEBOI KaTeropuaibHON mepeMeHHO. 110CKOoIbKY 1ieb
U3BECTHA 3apaHee, Ki1accuPUKAIUIO Ha3bIBAIOT MAIIMHHBIM 00YUEHIEM C YyUUmene,
1 MOJjieJIb MOKHO O6y‘-H/ITb JUIST MUHUMU3AIUU OITUOKHT MEXKY MPeJCKA3aHHbIMU
U (haKTHIECKMMK KaTeropusiMu oO0y4Jaomux aanubix. [Tociae oOyyeHust Mojenb
KJIaccu(uKaImy CMOKET IIPUCBAMBATH KATETOPUU HOBBIM 9K3EMILISIPAM, OITUPAsICh
Ha 11a0JI0HbI, BBISIBJIEHHBIE B TIPOIEcce 00yUeHMS.

Jrtanpocras ujest UMeeT IUPOKUIA CIIEKTP IPUMEHEHUS [IPU YCJIOBUU, UTO TIPUKJIAJ-
HYTO 33/1a4y MOKHO C(DOPMYJINPOBATH B TEPMUHAX «/1a,/HeT» (JBOMYHAS KIacCudH-
KaIis ) WA TPYTIBI TUCKPETHBIX KaTeropuil (MHOTOKIACCOBAST KIACCUPUKAIIN ).
Camasi cJI03KHast 4acTh MPUKJIAJHOTO aHAJI3a TEKCTA — KypUPOBaHue 1 cOOP Mmpejl-
METHO-OPUEHTUPOBAHHOTO KOPITYCa JIJISI TOCTPOeHUs Mojiesieil. BTopast 110 cJ1osKHO-
CTH 4aCTh — BBIPAOOTKA aHATMTHYECKOTO PEIIeHNsT KOHKPETHOM PUKJIaIHOM 3a/1a4H.

NpeHTndmkauma sagau knaccupukaumm

He Bcerpa oueBuiHO, Kak chOPMUPOBATH PellieHne KAacCUMUKAIIH JIJIsT TTPUKJIA -
HBIX 3a/1a4, HO TaKasi CJIOKHOCTH MOMOTAeT MOHSITh, 4YTO GOJIBITUHCTBO MPHUIOKEHUI
JAHHBIX Ha OCHOBE aHAJIN3a €CTECTBEHHOI'O sI3bIKA B JIEUCTBUTEIbHOCTH COCTOUT
13 MHOKecTBa Mozeeil. Hampumep, crcreMa pekoMeHannii, nsobpakeHHas Ha
puc. 5.1, MOJKeT BKJIYATh KJIacCU(PUKATOPDI, OIPEIEISIONINE IeJIeBOI BO3pacT
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Puc. 5.1. MexaHu3M pekoMeHAaUmin U3 HECKOMbKUX MOAEeNeN

N1 ToBapa (HampuMep, TOPOCTKOBBIE U B3POCIbIE BEJIOCUTIENBI ), TTOJ (;KEHCKAs
U MYJKCKasi OJIE’K/Ia) MU KATeropuio (9JIEKTPOHUKA M BUIEO(DUIBMBI), OTTPASICh
Ha OMKCaHue Wi JApyrue aTpubyTel ToBapa. OT3bIBBI O TOBAPaX MOTYT 3aT€M KJlac-
cuUIUPOBATHCS TS OTIPE/IESIeHNs UX KAuecTBa UJIM CXOXKUX MPOAYKTOB. /lanee
ITU KJIaCCbl MOT'YT UCITOJIb30BATbCA KaK HPU3HAKU JIJIA TOCJIEAY O X MOI[GJIBfI NJIn
CO3/IaHu4 Pa3eyioB B aHcaMOJIeBBIX MOJICIIX.

OO6benrHeHe HECKOIBKUX KIACCH(UKATOPOB MOKa3aio cebst ¢ caMoi Jiydiineit
CTOPOHBI, 0COOEHHO B ITOCJIETHUE TOJBI M B HEKOTOPBIX KOHKPETHBIX IIPUMEHEH X
KkaaccuUKAIUY TEKCTA: OT KIMEHTOB 3JIEKTPOHHON TTOUTHI ¢ MOAAEPKKON (DUIIb-
TPAIK CIIaMa /[0 TPUJIOKEHHI, CIOCOOHBIX MTPEICKAZBIBATH TIOJUTHYECKYTO TPE/I-
B3SITOCTh HOBOCTHBIX cTareil. O6aacTh MpUMeHeHUsT KaacCu(pUKaIUu HaCTOIBKO
JKe IMUPOKA, HACKOJBKO MbI MOKEM cebe IIPe/ICTaBUTh, a JII0N 00JIa[al0T XOPOITHM
BooOpakenuem. HoBefimue npuioxkenus 00beIUHSAIOT 00yUeHne Ha TEKCTaX
U n300pakeHUsIX JIJisl COBEPINEHCTBOBaHUsT (hOPM Tepeadn nHOpMaIlum — oT
ABTOMaTHYECKOTO CO3JIaHMsI MOAINNCEN /10 paciio3HaBaHusl 0OPA30B, UCIOJIb3YsI
MPUEMBI KJIacCU(PUKAINN.

[Tpumep kiraccudurannu crnama HeJIlaBHO 3aMEHUJI0O HOBOMOJIHOE yBJI€UEHIE:
aHaJIN3 SMOITMOHAJIBHON OKpacKku. MoJiesi 9TOTO BU/la aHAJIN3A ITBITAIOTCS ITPeJ-
cKasaTh MoJIokuTeNbHbIe (<5 060 mucats ko Ha Pythons ) uan orputiatesn-
Hple («Mens pasgpaxaer, KOT/a JIOAU TOBTOPAIOTCS» ) AMOIINH, ONAPASCh HA
COZIEPKUMOE, ¥ TIPUOOPEITH 3HAUUTEIBHYTO TIOMYJISPHOCTD OJIaroxaps BhIpasu-
TEeJIbHOCTHU COIMAIbHBIX Mezina. [T0ocKo/IbKy KOMITaHNH y4acTBYIOT B oJiee 0011ieM
Jasiore, Tie OHU He KOHTPOJIMPYIOT MH(MOPMAIIMOHHbIE KaHAJbI (HAlIPUMeEp, OT-
3bIBbI 06 X TOBapax u yCJIyrax), BO3HHMKJIO MHEHHNE, YTO aHaJI13 SMOHHOHaﬂbHOﬁ
OKPACKH MOJKET IIOMOYb MM C 11eJIeBOH MOJIEPKKO KIMEHTOB U JIaske TIOBBICUTD
addexTuBHOCTD MX paboThl. HO, Kak MbI KpaTKO paccMoTtpesin B riiase 1 u 6osiee
oPOGHO etie 06Cy UM B riaBe 12, CJI0KHOCTH ¥ HIOAHCHI, TIPUCYIIIE €CTeCTBEH-
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HOMY A3bIKY, A€JIaI0OT aHaJIn3 3MOHI/IOHaJIbHOIL/'I OKpaCKu bomee CJIOKHBIM, YEM
olpejaeqeHne ciramMa.

Eciin aMo1IMy MOKHO OIIPEIEISATD IT0 TEKCTOBOMY COAEP:KUMOMY, TO Kak OBITH C Ta-
KVMU ITOHATUSIMU, KaK IIOJIMTUYECKas IPeAB3aTocTh? Ha ocHOBe BHICKA3bIBAHUIA,
ClleJIaHHbIX B Xoze usbuparenpnoil kamnanuu 8 CIIIA, B negaBuux paborax ObLin
CO3/IaHbl MOJIEJIH, CIIOCOOHBIE OTIPE/IE/ISATh IPUBEPKEHHOCTD (MJIN €€ OTCYTCTBUE)
OIpeIeIEHHBIM MTOJUTUYECKNM B3IJIsAAaM. B pesyibrare aTUX yCUIIHii ObLI OJTyYeH
UHTEPECHBII pe3yJIbraT: Kak OKasalocCh, I0JIb30BaTEIbCKIE MOAEIH (TO €CTh 00yYeH-
HbI€ Ha JJaHHBIX KOHKPETHBIX [T0JIb30BaTe el ) obecreunsaior 60see 9 PeKTUBHBIN
KOHTEKCT, 4eM TJI00aibHast, 00001ieHHast Moesb (00ydeHHast Ha 0ObeIMHEHHBIX
JaHHBIX OOJIBIIIOTO KOJIMYECTBA MOJIb30BaTe eit)!. J[pyruM npakTHYeCKUM MprMe-
POM MOJKET CJIY;KUTh aBTOMaTHYECKash TeMaTHyecKast KJaacCupuKaius TeKCTa: Ha
OCHOBe 0JIOTOB, MYOJUKYONIUX CTaThU B OJHON IIPeAMeTHOI obacTi (Harpumep,
B KyJIMHAPHOM 0Jiore 0OBIYHO He 00CY:KIai0TCs HOBUHKN KiHeMarorpada), MOKHO
CO3JaTh KJIacCU(UKATOPHI, CIIOCOOHbIE OMPEAENITh TEMATUKY HEKJIaCCU(pUIIIPO-
BAHHBIX MICTOYHUKOB, TAKMX KaK HOBOCTHbBIE CTaTbU.

Tak 4To ke 0ObeanHsIeT Bee 9T npuMepbi? [Ipeskie Bcero, yHUKaIbHast BHEIITHSIS
1eJib, onpezessieMast 00J1acThio IPUMEHEHUS: YTO Mbl COOMPAaEMCs OIlEHUBATH?
HesaBucumo ot Toro, cobrpaeMcst it Mbl (GUIBTPOBATD CIIAM, OTIPEIEJISITH HMOTINO-
HAJIbHYIO OKPACKY WJIM NMPUBEPKEHHOCTD MOJUTUYECKAM B3TJIA/IaM, KOHKPETHYIO
TEMY WJIH SI3BIK TEKCTA, TIPIIOKEHIE TOJKHO OMPEIesIUTDh KIacchl. Bropas obimast
yepTa — BO3MOKHOCTD CY/IUTh O KJIacce JOKYMEHTa WJIN BBICKA3bIBAHUS 110 €TI0 CO-
nepxxuMomy. C 9TUMU ABYMST OMITUPUIECKUMU TTPABUIIAMH TTOSBIISIETCS BO3SMOKHOCTD
OpraHM30BaTh AaBTOMATHYECKYIO KJIACCU(UKAIIMIO B Pa3HbIX 00JIaCTSIX: BbISIBJICHUE
TPOJLJIEN, OTIPE/IeIEHIE CTENIEHH YA0004NTaeMOCTH U KaTErOPUN TOBapa, PeiTHH-
ra pas3BJeKaTeJIbHBIX YUPEKIEHUI, OTpejiesieHne UMeHHU, UeHTU(PUKAIIS aBTOpa
1 MHOTUX JIPYTUX.

Mopenu knaccudpmkaumum

B kmaccuveckoii 3asadye KiraccuuKaiuy criaMa UCIOJIb3yeTcsl HauBHBIN Oaiie-
COBCKHI METOJ, KOTOPBIl TOKA3BIBAET BBICOKYIO MTPOU3BOIUTEIBHOCTD ¥ TP TTO-
crpoeHuu Mojiesint (TpeOyst BBITIOJIHUTD TOJBKO OJMH TIPOXOJL TI0 KOPITYCY ), ¥ IIPU
MPOTHO3UPOBAHUHN (BBIYUCIEHUN BEPOSITHOCTH ITyTEM YMHOKEHUS BXOJHOTO
BEKTOpa Ha BHYTPEHHIO TaOJINIly HCTHHHOCTH ). BhICOKast IPOU3BOAUTEIHHOCTD
QJITOPUTMA O3HAYAET BO3MOKHOCTD UCITOIH30BAHNUST MOJIEJTU MATITTHHOTO 00y YeHUST
11t paGoThI ¢ DJIEKTPOHHON MOYTOH. TOYHOCTH TaKOiT MOAEIN MOKHO TIOBBICUTD,

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

HawHbIii 6ailecOBCKUIT aITOPUTM TI03BOJISIET CO3/IaBATh ONEPAMUBHBLE MOJIEIIH, TO
€CTb MOJEJIN, CIIOCOOHBIE OOHOBJIATHCS B PEKUME PEaIbHOIO BpeMeH! 6e3 IIOBTOPHO-
10 0OYYeHUS ¢ cCaMOro Havasa (TIpOCTO OOHOBIISISI BHY TPEHHIOW TAOIUITy HCTHHHOCTH
1 BEPOSITHOCTH JIEKCEM ). DTO O3HAYATIO, UTO TIOCTABIIKH YCIYT 3JIEKTPOHHOI TIOUTDI
MOTJIM He OTCTaBaTh OT CIIAMEPOB, ITPOCTO TTO3BOJISIS TTOJIb30BATEISIM OTMEYATh OCKOP-
OuTesIbHBIE TIMChMa KaK CllaM 1 OOHOBJIsIS OOIILYI0 BHYTPEHHIO MOJIEJb JIJIsT BCEX.

CymectByet 6oJbioe pasHooOpasue Mojesell U MeXaHU3MOB KJaccu(uKaium,
KOTOPbIE MaTeMaTiyecku GoJiee pasHOOOPA3HBI, YeM JTUHEHHbIE MOJIEJIH, UCTIOJb3Y-
eMble B OCHOBHOM JIJIst perpeccui. [Ipuiiokernst aHamsa TeKCTa MMeoT BbIOOP 13
IIUPOKOT0 KPyTa ceMeHCTB MojieJiell — OT METOJI0B Ha OCHOBE 9K3EMILISPOB, UCIIOJIb-
3YIOIMX AUCTAHIIMOHHOE CXOACTBO, CXeMbI pas/ie/ieHns i 6aileCOBCKUE BEPOSTHOCTH,
710 IMHEWHBIX W HEJWHEHHBIX alllIPOKCUMAIINN U HEUPOHHOTO MOJIEJNPOBAHMUS.
OxHaKo B OCHOBE BCEX ceMelcTB Mojesiell KiaccuMUKAIUK JIEKUT OJUH U TOT ke
6a30BbIl TIpoliece, u Orarogapst o0bekTaM Estimator u3 6ubanorexu Scikit-Learn
UX MOKHO MCITOJIb30BaTh MIPOLELYPHBIM CIIOCOOOM U CPaBHUBATD IIyTEM IIPUEMOB
[IePEKPECTHON MTPOBEPKH /st BbIGopa HanboJiee s heKTUBHBIX.

[Iporiece kraccuUKaum JeJTUTCSA Ha JBa dTana: 00yYeHus ¥ SKCIIyaTallii, Kak
nokaszaHo Ha puc. 5.2. Ha stame o0y4eHus: KOpIyc JOKYMEHTOB peodpasyercs
B BEKTOPBI MIPU3HAKOB. 3aTeM MPU3HAKK JJOKYMEHTOB BMeCTe C UX MeTKaMu (Ka-
TETOPUSIMU WJIH KJIACCAMMU, PACTIO3HABAHMIO KOTOPBIX MbI XOTUM OOYUYHUTH MOJIEJD)
nepesaoTcs B aITOPUTM KiaccbUKaIMN, KOTOPBIH oIpe/iesisieT cBoe BHyTPeHHee
COCTOSTHUE ¥ BBIsIBJIEHHbBIE Ta00HbBI. [Toce 00ydeH st MOKHO BEKTOPU30BATh HO-
BBIH IOKYMEHT B TO K€ TPOCTPAHCTBO MPU3HAKOB M TIEPEATh PE3yJIbTaT alTOPUTMY
[IPOTHO3UPOBAHMSI, KOTOPBII BEPHET METKY KaTErOpUM JJOKYMEHTA.

JIBonuHbie KaacCH(BUKATOPI PACITIO3HAIOT TOJBKO /Ba KJacca, 1 00a CIUTAIOTCS
MTPOTHUBOMOJIOKHBIMU JIPYT APYTY (KaK, HATPUMeP, BKIIOUEHO /BBIKIIOUEHO, /1a/HET
u T. 1.). Eci TOBOPUTDH B TePMUHAX BEPOSATHOCTEH: ABOMYHBIN KIaccuuKaTop
C KJlaccaMu A 1 B IIpefiiiosiaraet, 4to P(B) = 1 - P(A). OHaKo B peajbHOCTH TaKasi
OJIHO3HAYHAS CBSI3b BCTPEUaeTcs JOBOJIbHO pe/iko. BodbMmeM /71 TpuMepa aHaans
9MOIIMOHATBHON OKPACKH; €CJIU JOKYMEHT He MOJOKUTEeNbHBIN, 3HAYUT JIU 3TO, UTO
OH OTpHUIIATEIbHBIN? Eci Kakue-To JOKyMEHTHI HOCSAT HEUTPATBHYIO OKPACKY (KaK
9TO YacTO OGBIBAET Ha CAMOM JIeJie), 100aBJIEHUE TPETHETO Kracca B KIACCH(PUKATOP
MOJKET 3HAYUTEJIHHO YIYUITUTh PACTIO3HABAHUE TTOJOKUTEIbHBIX U OTPUIIATETbHBIX

! CTunmsoBaHHOe HAIMCAHWE CJIOBA «viagra». — [Ipumeu. nep.
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JOKyMeHTOB. B pe3ysibraTe 9Ta 3a1a4a CTaHOBUTCA 3a/Iaueli MHOTOKJIACCOBOM KJac-
cudukanun — Hapumep, A u -A (He A) u B u -B (ae B).

J1an 06yuyeHuna
> BekTopbl
NpY3HaKoB
Anroputm
Knaccudukanum
MeTkn
JTan aKcnnyaTayumn
v
HoBbiit . | Bexopbi Mopenb
JOKyMeHT ”|npuHakos POTHO3/IPOBaHMA Knaccudurauua

Puc. 5.2. Mpouecc knaccudmkaumm

Co3paHue NpuioXKeHUn Knaccuukaumm TeKcra

B riaBax 2 1 3 pacckasbiBaIoch, Kak co6path, 00paboTaTh U COXPAHUTH JOKYMEHTHI
HTML na sucke, 4to6bi co3zaTh Kopiryc. J[Buzkok coopa maHubix Baleen morpebosas
oT Hac HacTpouTh Gaii YAML, B KoTopoM MBI OpraHn3oBaiu KaHaibl RSS B ka-
TETOpUHU IO TUIIAM TOKYMEHTOB, KOTOPbIe B HUX cozepkatca. Karassl, nuMmeronue
OTHOIIIEHKE K KOMITBIOTEPHBIM MIPaM, ObLIM CIPYIITMPOBAHBI B CBOIO KATETOPUIO;
KaHAaJTbl, IMETOTIIIe OTHOIIEHNE K TEXHOJOTUSIM U KHUTaM, — B CBOW, U T. 1. B pe3yJib-
TaTe TMOJYYHUJICSI KOPITYC, JOKYMEHTHI B KOTOPOM TMOJYYUJIN METKH, TIPUCBOEHHbBIE
YeJIOBEKOM. DTU METKH, TI0 CYTH, COOTBETCTBYIOT Pa3HbIM KaTErOPUIM YBJIEUEHHUI,
a 3HAYMT, MOJKHO IIOIIPOOOBATH CO3AaTh KIaCCU(pUKATOP, CIIOCOOHDII OIPeIeIsaTh
HOBOCTH U CTaThH, HanboJiee COOTBETCTBYOIINE HHTEPecaM TT0JIb3oBaTeis!

B caenytomem paszerne Mbl TOKaskeM OCHOBHYIO METO/IOJIOTHIO KIaccuduKamm
JIOKYMEHTOB Ha TIPUMeEpPe CO3IaHus KJaaccudukaTopa TeKCTa Ui Mpe/icKa3aHus
METKU JJAHHOTO JJOKYMEHTA («KHUTU», «(DUIbMbBI», «KYJIUHAPUSI>, <PYKOJIETIUES,
<UTPBI», «CTIOPT» WJIN «TEXHOJIOTHH ) TI0 eTo cofiepkuMomy. [Ipenmomaraercs, yto
B KaK/IOM KJIacCe eCTeCTBEHHBIHN I3bIK MCTIOIb3YETCS T0-CBOEMY, I MBI CMOSKEM T10-
CTPOUTH HAMEKHBIN Kaaccu®UKaTop, KOTOPBIN Oy/leT pasandaTh 1 PAaCcIiO3HABATD
KaTeropuu JOKyMEHTOB.
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B KOHTEKCTe Hallen 3aAaum Kaxabli AOKYMEHT — 3TO ak3eMrisp, 0byyatoLmi
anroputM knaccubmkaumm. KOHeYHbIM pe3yibTaToM LaroB, ONUCaHHbIX B FiaBax 2
N 3, SBNSIETCA KOMNEKUMs halinioB, XpaHUMbIX Ha AMCKe onpeaeneHHbIM obpa-
30M — MO OAHOMY AOKYMEHTY B chaiine; dalinibl XpaHsTCs B KaTanorax, ¢ MUMeHa-
MM, COOTBETCTBYHOLUMMM Ha3BAaHUAM MX KaccoB. Kaxxablil JOKYMEHT npeacTaB/ieH
Kak 06beKT Ha a3blke Python, BkovaloLwmii B cebsi HECKOSIbKO BIOXKEHHbIX APYr
B Zipyra C1CKOB: HamnpuMep, JOKYMEHT — 3TO CMMCOK ab3aLes, Kaxabli ab3al —
3TO CMUCOK MPEASIOXKEHWI, @ KaXKAoe MPeAsoXKEHWE — 3TO CTMCOK KOpTeXei
(token, tag).

NMepekpecTHasa npoBepka

OHOT 13 caMbIX OOJIBIIUX TIPOGJIEM B MAITMHHOM O0YYEHUH SIBJISIETCS OTIPEIETICHIEe
KPUTEPUsI OCTAHOBKM JaJbHelIero o0y4eHusl — Kak y3HaTh, KOT/la Hallla MOJIEIh
CTaHeT roToBa K pa3BepThiBanuio? Koraa cienyet mpekpaTuTh HacTpoitky? Kakas us
MoJIeJIell, IMEIOTIMXCS Ha BBIOOD, JIyulile MOAXOAUT Il KOHKPETHOTO crydas? Ort-
BETUTH HA BCE DT BOIIPOCHI HAM TIOMOJKET TepekpecTHas nposepka. [lepekpecthnas
[POBEPKa TO3BOJIMT CPABHUTD PE3YIBTATHI PabOTHI MOJIEJIEN € UCTIOJIb30BaHUEM 00yud-
10Uell U KOHMPOLLHOU 6blO0PKU, W OTIEHUTH X KA4eCTBO B JAHHOM KOHKPETHOM CJIy4Jae.

Hamma rmaBHast 1iesib — 00y4nTh KIaccupUKaTOP, yCIEeIHO 0OHAPYKUBAIOLIIIL Ipa-
HUIIBI B 00YYAIOIHMX JJAHHBIX 1 0O00IIAONIMIICS Ha IIPEK/Ie HE U3BECTHBIE eMY JlaH-
HbIE. YCIelnHoe 0GHApY KeHIe TPaHKIL 00ECTIeYMBACTCS TPABUIIBHBIM OITPEIEICHUEM
[POCTPAHCTBA IPU3HAKOB, HA OCHOBE KOTOPOTO €CTh BO3MOKHOCTH IIOCTPOUTD MPO-
CTPaHCTBO PelIeHNH Jist pasrpaHrndeHust KiaccoB. [Tox 060611aeMOCThIO HOHUMAETCST
CII0COOHOCTb MOJIEJIN ¢ BBICOKOH TOYHOCTHIO IPOTHO3UPOBATH IPUHAJIEKHOCTD
[PEesK/Ie He U3BECTHDIX €l JaHHbBIX, He ABJIAIONMXCS YaCThio 00yJaioleil BIOOPKML.

Best XuTpocTh B TOM, YTOOBI IPOIITH 1O TPAHU, paseistiolleil Hedoobyuenue v nepe-
obyuenue. HepooOydenHast Mojiesib UMeeT HU3KYIO Oucnepcuio 1 0ObIYHO BbIJaeT
OJTHY ¥ T€ K€ MTPOTHO3BI, HO € OOJIBITUM CMEUEHUEM, OTKIOHSISICH OT MPABUIBHOTO
OTBEeTa Ha 3HAYUTENIbHYIO BesnunHy. HemooOyueHe siBsieTcst IPU3HAKOM HEJI0-
CTaTOYHOCTH TOYEK JAHHBIX /st 00yUeHUsT CI0KHON Mozenn. [TepeobydeHHast
MOJI€JIb, HAIIPOTHB, 3aIIOMUHAET 00yJarolire JaHHbIE 1 TTOKa3biBaeT Ha HIUX OYEHb
BBICOKYIO TOUHOCTb, HO /IaeT HEYIOBJIETBOPUTENbHBIE TTPOTHO3BI Ha TIPEXKIE He
U3BECTHBIX eil JanHbIX. Heoo0yuentbie u nmepeodydeHHble MOAEH He CIIOCOOHBI
K 0000UieHu10 — TO €CTh He CIIOCOOHDI IaBaTh HaJIEXKHbIE TIPOTHO3bI HA HOBBIX, MTpe-
JK/Ie HEU3BECTHBIX JaHHBIX.

Mexay cMmelnenneM u ARCTepcreil CyIecTByeT B3aNMOCB:A3b, KaKk TTOKa3aHo Ha
puc. 5.3. C pocToM umc/Iia MPU3HAKOB, TAPAMETPOB, IIyOUHbI, KOJIMYECTBA 310X 00y -
YEHWS W T. JI. YBEJIUIMBAECTCS CJI0KHOCTh. C yBeJIMUYeHUEM CJIOKHOCTH U CTETIEHU
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nepeodydeHust MoJIeJI OMMOKa Ha 0OyJaoINX JaHHBIX YMEHBIIAETCST, @ Ha KOH-
TPOJIbHBIX JIaHHBIX YBEJIMYMBAETCS M3-3a TOTO, YTO MOJIEh CTAHOBHUTCS BCE MEHEE
06001IEeHHOII.
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CnoxHocTb Mmogenu (0T HegoobyyeHus Ao nepeobyyeHuns)

Puc. 5.3. CBsi3b MEX/Y CMELLEHNEM W AUCrepcueit

CoOTBETCTBEHHO, HAIIIA I1eTh — HAUTHU ONTUMAJIBHYIO TOYKY C I0CTATOYHON CJI03KHO-
CThIO, YTOOBI U36EKATh HEL00OYUeHNUsT (M YMEHBITUTH CMelieHne) 6e3 yBeTndeHust
OMUOKHU M3-32 BLICOKOM incriepenu. YToObl HATH 3Ty ONTUMATBHYIO TOUKY, HY/KHO
OIIEHWTD MOJIEJTh Ha JAaHHBIX, He yY4aCTBOBABIINX B ee oOyueHnn. Perenre aToii 3a/1a-
YU 3aKJTI0YAETCA B TIEPEKPECTHOM TTPOBEPKE: 9KCIIEPUMEHTATLHOM METOJIe, OCHOBAH-
HOM Ha pas/ieIeHIH JaHHBIX Ha 00YYaIoIIyI0 1 KOHTPOJIBHYIO BBIOOPKHU, TTOCIE THSIS
U3 KOTOPBIX MCIOJIb3YETCsI TOJIBKO JIJIst IPOBEPKH U HE yYACTBYET B OOYUYEHUH.

[TepexpecTHast IPOBEPKA HAYMHAETCS C TIEPEMEITUBAHYIS ITAHHBIX (7SI TIPEI0TBPa-
1eH st OMMOOK, BHI3BAHHBIX YIIOPSIOYEHHOCTHIO) U UX pa3jieJieHrs Ha R GJIOKOB,
KaK M0Ka3aHo Ha puc. 5.4. 3areM npousBoauTcst odydenue k mozeneii va (k — 1)/k
MaHHbIX (Ha3bIBAETCST OOyUaromieil BBIGOPKOIT) ¢ olleHnBanueM Ha 1/k naHubix (Ha-
3BIBAETCSI KOHTPOJIBHOI BHIOOPKOIT). Pe3ysibraThl OMEHKH YCPEIHSAIOTCS, 1 MOy -
J4aeTcst OKOHYATEIbHAS OIEHKA, TIOCJIE ATOr0 Ha BCeM Habope MaHHBIX 00ydaeTcst
OKOHYATEJbHAST MOJIEJTb [IJIsT 9KCILITyaTaI[IH.
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Puc. 5.4. MNepekpecTtHas nposepka no k-6nokam

TUNUYHBINA BOMPOC — KakKoe YMcio k BbibpaTb 4SSt NMepekpecTHOM NpPoBEPKM MO
k-6nokaM. Mbl 06bIYHO pa3buBaeM Habop AaHHbIX Ha 12 6510KOB, Kak NMokasaHo
Ha puc. 5.4, 0OAHAKO Ha MpaKTMKe TaKXe YacTo WUCMosb3yeTcs pasbueHne Ha
10 6nokoB. YeM 6onbLue uncno 6510KOB k, TEM BbILE TOYHOCTb OLIEHKM Ha Npexae
HEN3BECTHbIX AaHHbIX U TeM 6onblle BpeMeHn TpebyeTcs ans obydyeHus, nHoraa
C YMEHbLUEHNEM OTAauM.

MoTokoBbIN AOCTYN K k-6n0kam

Kpaiitie BaKHO B3STh B PUBBIYKY BBIOJHSATH IEPEKPECTHYIO IPOBEPKY, YTOOBI
rapaHTHPOBaTh BHICOKOE KaueCTBO MOJIe/ieii, 0COOEHHO B Ipoliecce BbIOOPa U3 He-
CKOJIBKMX MoJieJiell. MbI CYuTaeM 9TO HACTOJIBKO BasKHBIM B aHAJIU3€ TEKCTa, YTO
00OBIYHO HAYMHAEM C CO3/1aHust 00beKTa CorpusLoader, KOTOPbI 06epThIBaeT 00HEKT
CorpusReader 1 0GecIIeYnBaET IIOTOKOBBII TOCTYI K k-Orokam!

Omnpenennm 6a30BbIii Kiacc CorpusLoader, KOTOPBIA WHUIIHATIU3UPYETCS K-
3eMILIIPOM CorpusReader, KOJTMYECTBOM OJIOKOB M MPU3HAKOM HEOOXOAMMOCTH
repeMelnBaHus KOPITyca, KOTOPBIN 110 YMOJYaHUIO IPUHUMAET 3HaUYeHue True.
Eci umcsio 6;10KOB He paBHO HYJIIO, CO31auM 00BeKT KFold 13 GUOIMOTEKN
Scikit-Learn, koTopbiii 3HaeT, Kak pasbéUTh KOPIYC AJOKYMEHTOB Ha 3aJlaHHOE
qucyo 6JI0KOB.

from sklearn.model_selection import KFold

class CorpusLoader(object):
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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))

CJieyonum marom 106aBUM METOJ JIJIs1 IOCTYTIA K CIIUCKY nMeH (hailyioB 1o 1ieH-
tudukaropy 60ka 1y 00ydeHus win nposepku. [Toayuns umena (haiisos, Mbl
CMOKEM BEPHYTb JJOKYMEHTBI U COOTBETCTBYIOIINE UM MeTKU. MeTo documents ()
peajiusyer reHeparop, 00palialonuiics K JOKyMeHTaM B KOPILyCe 1 BO3BPAIIAION il
JUIS KayKJI0TO M3 HUX CITMCOK MapKUPOBaHHBIX JiekceM. MeToj1 labels () UCITOJIB3YET
corpus.categories(), 4TOObBI IIOJIYYUTD BCE METKU 13 KOPILYCa, 1 BO3BPAILlAET CIIUCOK
METOK /I 33/IaHHOI0 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])[@]
for fileid in self.fileids(idx)

Haxkomner, 106aBUM CBOIl METO/-UTEPATOP, BLI3BIBAIONIMIT METOJ split() oObeKkTa
KFoldl M BO3BpAIIAOIINii 0OYYaOIIy0 1 KOHTPOJbHYIO BRIOOPKHU [IJIST KAsKIOTO
OJ10Ka:

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», aiee B 9TOH TJ1aBe, Mbl Oy/I€M KCIOJIb30BaTh 9TOT
METO/ JIJIs CO3[IaHUsI PEIIEeHNs ePEKPECTHOI TIpoBepKu ¢ 12 GokaMu, KOTOpoe
obydaeT Mo/esib 12 pa3 U HAKATIMBAET OIEHKH VIS TTOCTEAYIONIErO YCPeIHEHUS
U BbIsIBJIEHUsT HanboJIee KaueCTBEHHOI MO/IEIH.



122 maBa 5. Knaccudukaumsi B TEKCTOBOM aHanmse

KoHcTpyupoBaHue Mmogenu

Kaxk BbI yananu B rinase 4, 00bexTbl Scikit-Learn Pipeline us 6ubanorexu Scikit-
Learn moMoraioT CKOOpJAMHUPOBATD TIPOIECC BEKTOPUIAIIUHU C ITPOIIECCOM MOJIEJIU-
poBanusi. Haunem ¢ KoHBeiiepa, KOTOPbIil HOPMAJINU3YeT Halll TEKCT, IpeobpasyeT
€T0 B BEKTOPHOE TIPEJICTABJIEHNE U 3aTeM TepeiaeT kiraccuduraropy. Takoit moaxos
MIOMOJKET HaM CPaBHUTD PasHbIE MOJIEJTN KIACCH(DUKAINI, TaKie Kak HanBHast Gaiie-
COBCKas MOJIEJIb, JOTUCTUYECKAs PETPECCUs U METOJI OMOPHBIX BEKTOPOB. 3aT€M MBI
CMOJKEM TIPUMEHUTD TIPUEM YMEHbIIEHWS PAa3MEPHOCTH IIPOCTPAHCTBA MMPU3HAKOB,
TaKOH Kak MeTOJ| cutzyasprozo pasioxcenus (Singular Value Decomposition), 4to6br
yOeUuTHCS B €r0 CIIOCOOHOCTH WJTH HECTIOCOOHOCTU YIYUIIUTD HAIILY MOJIETb.

B KomHIle KOHIIOB, MBI CKOHCTPYUPYEM IIIECTb MOJIesIel KIacCu(pUKAIIUH: 110 OJTHOI
KaykK/IOTO U3 TPEX TUIIOB B JIBYX KOMOMHAIMSX KOHBEHEPOB, KaK IIOKA3aHO Ha PHC. 5.5.
Ucnonp3oBanue zunepnapamempos o yMOJTIAHUIO 75 KKAONU U3 MOZeNel 1o-
MO’KEeT HaM HadyaTh MOJy4aTh Pe3yIbTaThHL.

HavnsHasa

6ariecocka
mozenb
3arpy3unk o| Hopvanuzaus . | BekTopusauus —
Lal Lal
JaHHbIX Teca TF-IDF
JNorncrnyeckas
perpeccua
3arpy3unk | Hopvanzauys _ | Bektopuauua | G
—P » TF-IDF » CIHTYTIAPHOTO
[aHHbIX TeKCTa Pa3NoxKeHva Knaccudukatop
METOAO0M CTOXaCTUYeckoro

TPaANEHTHOrO Crycka

Puc. 5.5. MpocToit KoHBelep knaccudmkaumm

Nrtak, 1o6aBUM (GyHKIUIO create_pipeline, IPpUHUMAIONIYIO 00BEKT OIlCHKU
Estimator B IIepBOM apryMeHTe U JIOTHYECKU (iar HeoOXOANMOCTH TPUMEHEHMS
CUHTYJISIPHOTO Pa3JIosKeHUs JIJIsl YMeHbIIIeHUsl uncia npusHakoB. Hain konseliep
3aIeCTByeT IpenuMyInecTBa TextNormalizer, CO3JaHHOTO B IJaBe 4, KOTOPBIN UC-
noJb3yet JemMatusannio WordNet ji1st yMeHbIeHUsT 001ero KOJIMYecTBa KJIacCOB
csioB. Tak Kak Mbl yzke 06paboTagn 1 HOPMAJIU30BAIN TEKCT, B KauecTBe (DyHKIMN
tokenizer MBI TOJCKHBI TEPEAATh 9K3EMILIAPY TfidfVectorizer yHKIINIO identity,
KOTOPas IIPOCTO BO3BPAIlaeT CBOM apryMeHThl. KpoMe ToTro, cieryeT npeaoTBpaTuTh
MOBTOPHYIO TIPEIBAPUTENBHYIO 00pabOTKY U peodpasoBaHue B HUKHUNA 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 CBOU 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))

Teneps B crincke models €CThb IMECTh MOJIeJIEl — 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 orpeesieHo B Oubimoreke Scikit-Learn).

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

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

Boi3oBoM MeTOa Fit () KaskA0i MOJIe/IH TOKYMEHTbI U METKH 13 00ydaiolero Habopa
MepeIaloTcst B HAYaI0 COOTBETCTBYIONIEro KoHBeliepa. KouBeliephbl BBI3BIBAIOT METO-
1Bl Fit () cBoux peobpasoBaTesieil 1 nepefaioT JaHHble UX MeTogaM transform(). Ha
KasKJIOM dTalle nIpeodpasoBaHHbIe JaHHbIE I00YEPESHO IIEPEJAIOTC B MeTox Fit()
caeyorero peobpasosareis. Hakorelr, mpeobpasoBaHHbIe JaHHBIE MTEPEAAIOTCS
Metoy fit() oObeKTa OLEHKH B KOHIIE KOHBeiiepa, B JaHHOM cJlydae aJrOpuTMy
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kiaaccudukaii. Bei3os fit() nmpeobpasyer mpeaBapuTesbHO 06paboTaHHbIE TOKY-
MEHTBI (CITICKY a03aII€B CO CIIICKAMHE MTPEITIOKEHU T, KOTOPbIE COCTOST 13 CIIICKOB
KOPTEXKEN € JIeKCeMaMU U TeraMi) B JIBYMEPHBIN YHUCIOBOIT MAaCCUB, K KOTOPOMY
3aTeM IPUMEHSTIOTCS aJITOPUTMbI ONITUMU3ALINN.

OueHka Mmopaenum

Ho kak onpeesith sryutiyio Mojiesib? Tak e, Kak B ciydae BEKTOPU3AIH, BBIOOP
MOJIeJIM BO MHOTOM 3aBUCHUT OT OCOOEHHOCTEN TaHHBIX U KOHTEKCTA TPUMEHEHMUSI.
B manHOM ciyyae HaM HY’KHO y3HaTh, Kakasi KOMOMHAIUST 1acT OoJiee TOTHBII
MIPOTHO3 MPUHAAJIEKHOCTH JJOKYyMEHTA K TOW WJIM MHOU KaTeropuu yBJieUeHUH,
ONupasich Ha ero TekcT. Tak Kak B KOHTPOJIbHOI BHIOOPKE YiKe eCTh PaBUIbHbIE
1[eJIeBble 3HAUEHUS, Mbl MOKEM CPAaBHUTb OTBETHI MOJIEJIN C 3TUMU 3HAUEHUSIMHU,
BBIYUCJIUTD MPOIEHT IPaBUIbHBIX OTBETOB M OIIEHUTH II00ATHHYI0 TOYHOCTD
KaK/IOU MOJIEJIN.

JlaBaiite cpaBHUM Haiu Mojesu. VlcrnonbsyeMm 00beKT CorpusLoader, CO3JaHHbII
B pasjesie «IT0TOKOBBIN 0CTYI K k-O10KaM» BbIlIle, YTOObI TIOJYYUTh 00yYaroIine
1 KOHTPOJIbHBIE BBIOOPKH JIJIsI TIEPEKPECTHOM TIPOBEPKH. 3aTeM JIJIsT KasKI0TO OJI0KA
HATPEHUPYEM MOJIEJIb Ha 00YYAOIINX JaHHBIX U COMYTCTBYIOMINX METKaX, 3aTeM
MOJIYINM BEKTOP TIPOTHO30B JIJIsI KOHTPOJIbHBIX JAHHBIX. 3aTeM IepeiaiuiM IIpeicKa-
3aHHbIe M (PAKTUIECKUE METKH B OIIEHIBAIOILY 0 (DYHKIIMIO 1 JOOABUM ITOJTYYeHHYIO
OIEHKY B KOHeI[ criicka. HakoHell, yepeHuM pe3yJIbraThl o BceM 0JI0KaM, 4To0bI
HOJIYYUTH OOIIYIO OIEHKY MOJIEJIH.

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 ¢ IecTbio KJIaccaMu,
TOYHOCTH — 3TO CyMMa TIPABUJIBHO OTIPEIETIEHHbIX KIACCOB, TO/IeJIeHHast Ha o0Iiee
YHCII0 IK3EMILISIPOB KOHTPOJIbHBIX MaHHbIX. OHAKO 00IIasi TOUHOCTH He JaeT rIIy-
GOKOTO MOHNMAHMST TPOMCXOJISIIETO B MO/IeTH. BO3MOKHO, /U151 HAC BaskHee OBLIO
ObI 3HATH, YTO OTIPEAETCHHBIN KIACCU(DUKATOP JIyUIIle OMPE/IEIISIET «CIIOPTUBHbIEY,
YeM «KyJIMHapHbIE» CTATbU.

EcTb /111 KJ1acChl, ¢ KOTOPBIMU MOJIETH PabOTAOT JIydliie, 4eM ¢ ApyruMu? Mosker
OBITh, €CTh KaKOI-TO OINH «IIOXOW» KJIACC, KOTOPBIil CHIZKAET TI00AIBHYIO TOU-
Hocth? Kak yacto 00yueHHbIH Kiaaccuduratop omubaeTcst B MoJIb3y OJHOTO KJIac-
ca 3a cuer apyroro? Ytobbl MOTyYUTh NpeAcTaBaeHne 06 9TUX (HaKkTopax, HysKHO
B3TJISHYTDb Ha OIIEHKU JIJIsI KJIACCOB: MATPUILY HECOOTBETCTBUI.

B oruere kiaccuduKkanum BEIBOAUTCS OI[EHKA KauecTBa MOJIEH T10 KiaccaM. Tak Kak
OTYET COCTABJISIETCS IIYyTEM COIMOCTABJIEHHSI MCTUHHBIX METOK C IIPEICKA3aHHBIMH,
OH 00BIYHO UCIIOJIb3YeTCs Oe3 esieHnsT BBIOOPKH Ha OJI0KH, a HEITOCPEICTBEHHO Ha
obyuaroleit 1 KOHTPOJIBHOIN BRIOOPKaX, 4TOOBI TOUHEe MACHTUHHUIIMPOBATH TIPO-
6JIeMHY10 00J1aCTh 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 oTyeT Opranu30BaH Mog0OHO MATPHUIIE HECOOTBETCTBHIA, TIOKa3bIBast Pa30UBKY TI0
tounoctu (precision), mosHote (recall), onernke F1 1 momaepskke (support) kasxaoro
KJIacca, Kak MoKa3aHo 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 juig Kyacca A BLIUNCAETCS KaK OTHOIIEHNE YHCJIa JOKYMEHTOB, /IS KO-
TOPBIX MPABUJIBHO MTPEICKA3aH Kaace A (MCTHHHBIX A), K 00TIEMY YUCIY TOKYMEH-
TOB, JIJIT KOTOPBIX TTpe/icKa3al Kiaacce A (MCTHHHBIE A TITIOC JIOXKHBIE A). TogHOCTD
[IOKa3bIBAET, HACKOJIbKO TOUHO MO/JIEJIb IIPE/ICKA3bIBACT JIAHHBII KJAcC, COTJIACHO
KOJINYECTBY pa3, KOTr/la OHa BEPHO OIIPE/IesINIIa ero.

Hoanoma niis Kj1acca A BBIYUCISIETCS KAK OTHOLLEHUE YU/ JOKYMEHTOB, /151 KOTO-
PBIX MTPABUIBHO MPEICKA3aH KIacc A (MCTHHHBIX A), K O0IIEMY YHCIY TOKYMEHTOB
KJlacca A (MCTUHHBIX A + JIOKHBIX -A). IloTHOTY Takke Ha3blBalOT YyBCTBUTEIBLHO-
CTBIO, OHA TIOKA3bIBAET, KK YACTO BBIOUPAIOTCS PEIEBAHTHBIE KITACCHL.

IToddepacka nist Kaacca MOKA3bIBAET KOJUYECTBO KOHTPOIBHBIX HK3EMILISPOB,
YY9aCTBOBABINUX B BBIYUCIEHUH OTIEHOK. Kak MOKHO CyINTH TI0 OTYETY BHITIIE, KJIacc
cooking (KyJIMHAPUST) HEOCTATOYHO MTPE/ICTABJIEH B HAIIEH BBIOOPKE, TO ECTH MOJIENb
MOJTYYMJIa HEJIOCTATOUHOE KOJIMYECTBO JJOKYMEHTOB JJAHHOTO KJIACCa JIJIsl HA/IEXKHOM
OIIEHKHU.

Haxkormer, oyenka F1 — 9T0 cpeniiee TapMOHUYECKOE M3 TOYHOCTH ¥ TIOJIHOTBI; OHA
aBistercs 6oee MHPOPMATUBHOIL, YeM IIPOCTast TOYHOCTD, IIOTOMY YTO YYUTHIBAET
BKJIQJI KaJKJIOTO KJracca B OOIIHiT Pe3yJibTar.

B NpunoXeHUsX YacTo XenaTerbHO UMETb BO3MOXXHOCTb MOBTOPHOMO 06y4eHus
MOAENN MO MEPE MOCTYMNIEHNSI HOBbIX AaHHbIX. STOT NMPOLECC MOBTOPHOIO 06yye-
HWS NPOTEKAET 3a Ky/IMCaMU U B KOHEYHOM UTOre [I0/HKEH OBHOB/ISATL Pa3BEPHY-
Tyl0 Mogenb, Bbibupas Hanbonee 3hdEKTUBHYIO Ha AaHHbLIA MOMEHT. o 3Tol
MpUYKHE NOME3HO BbIBOAUTL NOAOGHbLIE pe3yNbTaThbl OLEHKHM B XXYpHas NpuUioxe-
HUSI, YTOBbI MOTOM MOXHO 6bI/10 MOCMOTPETD, KaK U3MEHSIHOTCS TOYHOCTb, MOJHO-
Ta U oueHka F1, 1 BpeMs OT BpeMEHW NPOBOAWTb NMOBTOPHOE 06yYeHMe.

MbI MO’KEM CBECTH BCE OIEHKU MOZIE/IU B TaGJIMILY M OTCOPTUPOBATH MX 110 orjeHKe F1,
4T0OBI TIPoIIle OBLIO BHIGPATH JIYUIIYIO0 MOZETH Yepe3 HEKOTOPOE YHUCIIO UTePaIlHil
OIEHKH.

import tabulate
import numpy as np

from collections import defaultdict
from sklearn.metrics import accuracy_score, fl_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 ouUeHKM AnA TeKyluei monaenu
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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 Mogenu no oueHke F1l B nopaake y6biBaHUA
table.sort(key = lambda row: row[-1], reverse = True)
print(tabulate.tabulate(table, headers = fields))

3J1eCb MbI U3MEHIJIH ITPE/IBILYIILY 0 OIIEHKY 110 R-6JI0KaM 1 UCIOJIb30BasM defaultdict
JUUIST XPAHEHWUsT OIIeHOK TOUHOCTH (precision), mosHoTer (recall), kauectsa (accuracy)
u F1. ITocsie 06ydenust MOfiesin Ha KaskoM GJI0KEe MbI BBIYHCIISIEM CPEJIHEE TI0 BCEM
OlleHKaM 1 106aBJIsieM UX B TabJIMIly. 3aTeM Mbl COPTUpPYeM Tabsuiry 1o orenke F1
U BBIBOIMIM €€ C TIOMOIIbIO MOJYJIs tabulate, Kak MOKa3aHO HUXKE, UTO MTO3BOJISIET
OBICTPO OTIPEIETUTD JIYUIITY IO MOJIEb:

model precision recall accuracy fi

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 O3BOINIA HaM OBICTPO BBISICHUTD, YTO JIYUIIEH SBJISIETCS MOJIEIb, UC-
HOJIb3YIOIIAst METO/I OTIOPHBIX BEKTOPOB, 00yUYeHHAs C MCIIOJIb30BAHUEM AJITOPUTMA
CTOXACTUYECKOTO TPAJUEHTHOTO CITycKa 6e3 YMEHBIIEHUsT Pa3MEPHOCTH TIPOCTPaH-
crBa npusHakoB. OOpaTUTe BHUMAHIE, YTO NMPH BHIOOPE HEKOTOPHIX MOJIENEH, Ha-
nmpuMep LogisticRegression, MpeAOYTUTEIbHEE PYKOBOICTBOBATHCS O1leHKOM F1
BMecTo KadecTBa (accuracy). [Togo0OHoe cpaBHeHe MOIeIell MO3BOJISIET JIETKO
[POTECTUPOBATH Pa3Hble KOMOWHAIINY TPU3HAKOB, THIIEPIIAPAMETPOB U AJITOPUTMOB,
U HAWTU JYUITYI0 MOJIEJIb IJIs TAaHHOW CUTYaIuN.
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JKcnayartauma Mmoaenm

Teriepb, BBISIBUB JIyYIILyI0 MOJIEJIb, CAMOE BPEMSI COXPAHUTD €€ Ha IUCK VST IIOATOTOB-
KU K 9Kcnayamayuu. MeTo bl MalnHHOro 00y4eHusi OpHEHTHPOBAHBI HA CO3/[aHNE
MOJIeJield, CITOCOOHBIX BBIIABATH TPOTHO3BI 10 HOBBIM IAHHBIM B PEKUME PEATHHOTO
Bpemenn Oe3 poBepku. YToObI 3a/1€HICTBOBATD MOIEND B IPIJIOKEHIH, €€ CHAYaIa
HY’KHO COXPAaHUTb Ha JUCK, 4TOOBI TOTOM 3arpy3uTh U UCMOJIB30BaTh. JIJist aTOTO
JIydIlle BCETro UCII0Ib30BaTh 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)

MOIIG]IB COXPaHAETCA C MEHEM, BK/IIOYAIOIINM /IaTy €€ CO3/JaHUA.

BMecTe ¢ MOAenblo BaXXHO Takxke COXpaHUTb €e MeTaAaHHble, HanpuMmep, B CO-
nyTCTBYtOLLEM chaiine unu B 6ase AaHHbIX. ObyueHne Moaenm — psiioBOM NpoLiecc,
1, BOO6LLE roBOpsl, OHO AO/MKHO NMPOM3BOAUTLCS Yepe3 perynsipHble MHTepBasbl
BPEMEHW, COOTBETCTBYIOLLME CKOPOCTU HaKOMIEHUS fiaHHbIX. [locTpoeHwe rpadu-
KOB M3MEHEeHWs1 KayeCTBa MOAEeNM C TEYEHWEM BPEMEHU W NMPUHSITUE peLLeHus
O COKpalleHN AaHHbIX N KOPPEKTUPOBKE MOAENN ABNAETCA Ba)XKHEMLLEN YacTbio
COMPOBOXAEHWSI NMPUNOXKEHUI MALUMHHOIO 06yYeHuUs.

Yrobbl 3a1eiCTBOBATh MOJIE/Ib B IIPUJIOKEHUH JJIsl IPOTHO3UPOBAHUS 10 HOBOMY
TEKCTY, TIPOCTO 3aTrpy3uTe 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 BEKTOPU3AIUKM MHTETPUPOBAH B MOJIEJTh Yepe3 Pipeline, HO-
Bble BXOJHBIE JIaHHbIe HEOOXOANMO TIOATOTOBUTD, UCIIOJIb3Ysl B TOYHOCTH TY Ke
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[POLIELYPY, YTO MPUMEHSLIACH JJIST TIOATOTOBKU 00YYaIONIUX AaHHbIX. [109TOMY MbI
OGABUIIN TIPOIIELYPY TIPEABAPUTETHHON 00pabOTKHU U TPe0OPa30BaHUs CTPOK B TOT
ke popmart. Temeph MOKHO OTKPBITD (haiiyl apxXuBa ¢ MOJENbIO, 3aTPy3UTh MOJIEIb
U BbI3BATh ee MeTo/ predict (), YTOObI OJIYYNUTh METKH.

B 3akroueHue

Kax 6b1710 TOKa3aHoO B 3TOIi IJ1aBe, BBIOOP ONMTHMAILHON MOIEN — CIIOKHBII HTepa-
TUBHBIN TIPOIIECC, HAMHOTO O0JIee CJOKHBIN, YeM, CKaKeM, BBIOOP MEKLY METOI0M
OTIOPHBIX BEKTOPOB ¥ KJIaccUKATOPOM Ha JiepeBe perrenuii. J[uckyccnu, mocss-
IEHHbIE MAITUHHOMY 00YYeHUT0, 4acTo (hOKyCUPYIOTCs Ha BbIOOpe Mozesun. Crieru-
QJINCTBI, MPAKTUKYIOIIME IPUMEHEHIE METOI0B MAITMHHOTO 0OYYEHUSI, 4acTO MOYTH
cpasy BBIPAKAIOT CBOM MPETMOYTEHHUS B BIOOPE MEK/LY JIOTUCTHYECKON PErpeccuei,
CJIy9aiiHbIMU JiecaMi, GaileCOBCKMMU METOIaMK W KCKYCCTBEHHBIMI HEHPOHHBIMI
cersimi. BeiGop mMojiesi, KOHEeYHO, 04eHb BaskeH (0COOEHHO B KOHTEKCTE KJIacCH-
(buKkanmm Tekcra), OHAKO MalIMHHOE 00YyYEHIEe OTMPAETCsT Ha 3HAYUTETBHO HoJiee
IUPOKUI KPYT (haKTOPOB, YeM MIPOCTON BBIOOP MEKIY «IIPaBUIbHBIM» U «HETIpa-
BUJIBHBIM» aJITOPUTMOM.

B oTHOMEHNM TPUKJIATHOTO aHAIN3a TEKCTA MOMCK MOJEIN OCYIIECTBIISAETCS TI0
ob1iemMy 1mabJOHY: CO3/IaeTCsi KOPIYC, BBIOUPAETCS TIPUEM BEKTOPU3AINH, BbI-
HOJTHsIETCS1 0OyUYeHre MOJIEIN 1 €€ OIleHKa ¢ IPUMEHEHUEM MTpreMa MepeKpecTHON
npoepku. Hamblibre, cMoiiTe, moBTOpuTe! 1 cpaBHute pedysbratsl. Ha ocHoBe
PE3yJIBTaTOB TIEPEKPECTHON TIPOBEPKU BHIGEPHUTE JIYUIITYIO MOIETb U UCTIOIb3YHTE
ee JIJIsI TIPOTHO3WPOBAHMS.

Baxxno otMeTuTh, UTO KiIaccuUKAIINAS MpejiaracT TakKue OIleHOTHBIE TTapaMeTPHl,
KaK TOYHOCTB, ITOJIHOTA, KA4eCTBO 1 o1leHKa F'1, KoToppIMI MOKHO PYKOBO/ICTBOBATD-
cst ipu BIOOpe anmroputMa. OHAKO He BCe 3ajla4i MAIIHHHOTO OOYYEHHSI MOKHO
copMyIMpoBaTh Kak 0OyueHwe ¢ yunuTeseM. B ciemytoreii riase Mbl 00Cy MM eliie
OJIMH BayKHBIIT TPHEM MAIIUHHOTO 00YYeHUs Ha TEKCTOBBIX TAHHBIX — KAACMEPU3a-
4ut0, KOTOPBIN SIBJIsIETCsT 0OydeHneM 6e3 yuuresist. Mbl TIOKakeM, 4TO HECMOTPSI Ha
6oJiee BHICOKYIO CIOKHOCTD, TIPHEM KJIACTEPU3AIIIHU TOKE MOKHO OIITUMHU3UPOBATh
1 Ha €70 OCHOBE CO3/[aBATh BIIEUATIISIIOIINE IPIIIOKEHIST, CTIOCOOHBIE 0OHAPYKIBATH
YIMBUTEIBHBIE U MOJIE3HBIE 3aKOHOMEPHOCTH B GOJIBITIX 0OheMax TaHHBIX.

! Vmeercs B BULy aHEKOT PO IPOTPAMMUCTA, HAIOJITO 3ACTPSIBIIIETO B yIIle H3-3a CII0BAHUS

MHCTPYKIMK Ha (py1akoHe ¢ IaMITyHeM: «HaMblIbTe, CMOIiTe, oBTOpuTe». — IIpumeu. nep.



Knacrepusauusa ansa BbiiBJIEHUS
CXOACTB B TEKCTe

Kax 6b1 BbI OCTYMHIIN, €CJii OBl BAM BPYUHJIN Ky4y JOKYMEHTOB — KyJHHAPHBIX
PETIENTOB, 3JIEKTPOHHBIX TTUCEM, TYPUCTUYECKUX TTYTEBOANUTEECH, TPOTOKOJIOB 3a-
CellaHuil — W TPEJJIOKUIIA PACCOPTUPOBATH MX? [[Jist 9TOr0 MOKHO TIOTIPOOOBATD
[POYKMTATh KasK/bIil JOKYMEHT, BHIIEINTH HanboJiee XapakTepHble CI0Ba U (hpasbl
U PasJIOKKUTh UX 110 CTONKaM. Ec/in Kakasi-TO CTOIMKA MOJIyYaeTcst CIAUIIKOM 00JTh-
I0#i, MOJKHO 1MONPoGoBaTh PasOUTh ee Ha JBE CTONKKM MeHbIero pasmepa. ITocie
IIPOCMOTPA U TPYIIUPOBKH JOKYMEHTOB MOKHO MOTIPOOOBATH NCCIIE0BATD KAKIYIO
crorky 6osiee BHUMATETbHO. MOKET OBIT, BBl CMOKETE UCTIOJIB30BATh KJIIOYEBbIE
(bpasbl W CI0BA M3 KAKIO0I CTOIKH, 4TOOBI 0XapaKTEPU30BATh MX U JaTh KayK 101
YHUKAJbHOE Ha3BaHUe — TeMY CTOIIKU.

DaxkTnueckn, 3agaun 1006HOTO po/ia IPaKTUKYIOTCA BO MHOTUX JAUCIUTIINHAX, OT
ME/IUITMHBI /10 IOPUCIIPYJIEHIIMN. B UX OCHOBE JIEKUT Hallla CIIOCOOHOCTD CpaBHU-
BaTh JOKYMEHTBI U OIIPEIENSITh UX CX00cmB0. JIOKYMEHTBI, MOXOKUE APYT Ha IPYTa,
00OBEIUHSIOTCST B TPYIIIBI, KOTOPbIE OMUCHIBAIOT TEMBI U 3aKOHOMEPHOCTH BHYTPU
KOpITyca. DTH 3aKOHOMEPHOCTH MOTYT ObITh AUCKPETHBIMU (HApUMeEp, KOT/Ia
IPYIIIBI BOOOIIE HE MePeceKalnTcst) WM HeYeTKUME (HApruMep, KOT/a JOKYMEHTBI
HACTOJIBKO CXOKH, YTO WX TPYIHO Pa3indnTh). B M060M ciydae, moIydaonmecst
TPYIIIIbL IPEACTABISIOT COO0N MOJEb COAEPKUMOTO BCEX JOKYMEHTOB, KOTOpast
MTO3BOJISIET JIETKO OTHECTU HOBbIE JIOKYMEHTBI K TOW WJTM UHO TPYIIIIE.

B nacrogree Bpems Takast COpPTHPOBKA IOKYMEHTOB YaCTO BBITIOTHAETCS BPYYHYIO,
OJTHAKO JTY 3aj1a4y BIIOJIHE MOKHO PEIIUTH 32 MEHbBIIee BPEMsI TPUMEHEHNEM 00y -
uenus 6e3 yuumeisi, 0 KOTOPOM PACCKa3bIBAETCS B 9TOI TJIaBe.
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Ob6yuyeHMe Ha TEeKCTOBbIX AlaHHbIX 6e3 yuutens

[Tpuembt 06yuerus 6e3 yIuTesist MOTYT OKA3aThCsT BECbMa MOJIE3HBIMIU JIJIsT AHAJII3a
TEKCTa B IIpoIiecce rccaenoBannii. 4acTo KOpITychl He CHaGKAIOTCSI METKAMU, TTPH-
TOJIHBIMU JIJIsT KiIaccudukarui. B Takux cirydasix 0cTaeTcst e[MHCTBEHHDINA BBIGOP
(KpOMe TeperopyyeH st KOMY-TO ITPUCBOUTH METKH JOKYMEHTAM ) HJIH, 110 KpaitHeil
Mepe, 00s13aTe IbHbIIT TTPeIBAPUTEBHBII 9TAll BO MHOTHX 33/1auaX 06paboTKY ecre-
CTBEHHOTO sI3bIKa — OOyuYeHue 6e3 yIuTeisl.

[esb anropuTMOB KJIaCTEPU3AIMHU — BBIABUTH CKPBITYIO CTPYKTYPY HEMapKHUPO-
BaHHBIX JIAHHBIX C MCIIOJb30BAaHUEM MPU3HAKOB JIJIsI OPTAHU3AIUN HK3EMILISIPOB
B CYIIECTBEHHO Pa3JIMyatoninecst rpynibl. I[Ipu paboTe ¢ TEKCTOBBIMU TAHHBIMU MOJT
AK3EMILISIPOM TIOHMMAETCS €/[MHCTBEHHbBIN JIOKYMEHT WJIM BbICKA3bIBaHUE, A 110/
MPU3HAaKaM¥ — JIEKCEMBI, CJIOBaph, CTPYKTYpa, METaJlaHHbIE 1 T. [I.

B riiaBe 5 MblI co3mann ¢BOI KOHBelep KaacCU(UKAIUN [JIs1 CPABHEHMST U OLIEHKU
MHO’KECTBa Pa3HbIX MOJIeJieil 1 BhIOOpa HarboJjiee KaueCTBEHHON U3 HUX JJIST TTOJTY-
YeHUs TIPOTHO30B Ha HOBBIX JaHHBIX. MeTobl 00yueHus 6e3 yunuTesisi B KOpHe OT-
JIMYATOTCS; BMECTO BBISIBIICHUS TIPEIOIPEETeHHbIX MTa0J0HOB MOJIE/b 0e3 yunTe st
MIBITACTCST HANTH 3a8e00MO CYuyecmsyioujie 3aKOHOMEPHOCTH.

—
3 .| BexTopbl Anroputm
K3emnaApbl >
MPU3HaKoB Knactepu3aumum
v v v
TemaA Temab TemaB
HoBbiii Bextopbl
> (xoAcTBO

JKk3emnaAp MpU3HaKoB 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 npeodpasyercsi B BEKTOPbI IIPU3HAKOB U MEPEJaeTCsl aJlTOPUTMY
KJIaCTePU3AIUU /IS ONpeieIeH s KJIacTEPOB IPYIIT WU TEM C MCTIOJb30BAHUEM
METPUK PACCTOSHHUSL, COIJIACHO KOTOPBIM JIOKYMEHTBI, GoJiee GIM3KIEe B IIPOCTPAHCTBE
[PU3HAKOB, CYUTAIOTCS GoJiee TOX0KUMU. [Tocse 9TOro MOKHO BbIIIOIHSATH BEKTO-
PH3AIMIO HOBBIX IOKYMEHTOB ¥ IIOMEIIATh UX B Ouivkaiiimmii kiaacrep. /laiee B 910t
TJIaBe MBI UCIIOTh3YeM JAHHBIN KOHBeWep /s CKBO3HOTO KJIACTEPHOTO aHAIM3a Ha
BBIOOPKE 13 Kopiyca Baleen, o koTopoMm pacckasbiBasoch B riiase 2.

[Ipesk e Bcero Ham HY>KE€H METO/I OTIPEIeJIEHUSI CXO/ICTBA IOKYMEHTOB, U B CJI€[YT0-
IIeM pas/iesie Mbl UCCJIE/IYEM CIIEKTP METPUK PACCTOSIHUSI, KOTOPbIE MOXKHO UCIIOJTh-
30BaTh JIJIs1 OTIpe/ieJIeHUs CXOICTBA JIBYX IOKYyMEHTOB. /{asee MBI pacCMOTpUM /iBa
OCHOBHBIX OIX0/Ia K 00y4eHuIo Oe3 yuuTeis, TapTUTUBHYIO (partitive) u uepap-
xnueckyto (hierarchical) kimacrepusariuio, 1 KCIOTb3yeM METO/IbI, PEATN30BaHHbIE
B NLTK u Scikit-Learn. ITosyunBiinecst KiacTepbl Mbl 3aJeiCTBYEM B 9KCIIEPH-
MeHTaX M ucrosib3dyeM Gensim JJIsi TeMaTUYECKOTO MOJIETUPOBAHUS U OTTUCAHUS
KJ1acTepoB. B 3akitoueHme Mbl HCCJIELyeM /[Ba allbTePHATUBHBIX C1T0C0Oa 00ydYeHust
6e3 yuuTesist: MATpUYHOE PasJioskenue u JatenTHoe pasmertienne [upuxie (Latent
Dirichlet Allocation, LDA).

Knactepusauus QOKYMEHTOB N0 CXOACTBY

Cy1ecTByeT MHOKECTBO TIPH3HAKOB, KOTOPBIE MOTYT CBUIETETHCTBOBATH O CXOCTBE
JIOKYMEHTOB, OT CJIOB U (hpa3 10 TPAaMMATUKK 1 CTPYKTYPbL. M bl Moryin Ob1 00beu-
HUTh MEMIIUHCKUE 3aIMCH, OTIUCHIBAIOIIIE CUMIITOMBI, 3asIBUB, U4TO JIBa MallUeHTa
[IOX0KH, IOTOMY 4TO y 000MX HaOJIIOIAI0TCS «TOIIHOTA U yToMJIeHue. [liist copru-
POBKH TIePCOHAJIBHBIX BeO-CAliTOB U GJIOTOB MBI, BEPOSITHO, OY/IEM HCIIOJIb30BATh
UHOW TTO/IXO0/I, HAa3bIBasl MOXOKUMHU OJIOTH, €CJI B HUX OMyOJUKOBAHBI PEIIEIThI
BbITleyku. Eciii HOBBIN GJIOT COMEPIKUT PEIENThl CaJaTOB U3 CBEKUX OBOIIEH, OH,
BEpOSITHO, Gy/1eT GoJiee TIOX0K Ha GJIOTH ¢ PellenTaMu BBITIEYKH, 4eM Ha OJI0TH ¢ pe-
IeNITaM ¥ TIPUTOTOBJICHHUST B3PbIBYATKHU B IOMAITHUX YCITOBUSIX.

g abdekTUBHON KIacTepusanuyt Mbl TOJKHBI OTIPEIEUTD, YTO 3HATUT [IJIST JITO-
6I)IX ABYX JOKYMEHTOB M3 KOPIIyCa 6bITb TTOXOKMMU NJIN PAa3HBIMU. CyH_[eCTByeT
MHO’KECTBO Pa3HbIX METPUK, KOTOPbIe MOKHO HCIIOJIB30BATD JIJISI OTIPE/IeTeH ST
CXO/ICTBA JIOKYMEHTOB; HEKOTOPbIE U3 HUX MMOKaszanbl Ha puc. 6.2. [To cytu Bce onn
OIMMPAOTCA Ha BOSMOKHOCTD IIPEACTABJIATD IOKYMEHTDI KaK TOYKHU B IIPOCTPAHCTBE,
OTHOCUTEJIbHAA 6JII/ISOCTI) KOTOPLIX OIIpeAe/IAeT UX CXOACTBO.
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MeTtpuueckoe CxopacTeo
CxXoAcTBO CTPOK paccrosHme OTHOLICHMI Apyrue MeTpuku
AncTtaHuma EBknngoso Ha ocHoBe Yncnosoe paccTosiHue
PEAAKTUPOBaHUA MaHX3TTeHcKoe MHOXECTB JNornyeckoe cxoacTBo
JleBeHwTENHA (paccTosHve Kybuka HeueTKoe COOTBETCTBUE
— rOPOACKMX KBap-
CmuTa — BaTtepmaHa TaElog) P~ | Tanumoto (Kakkapa) | CreumanusuposaHHble
AddrHHOE [lo 0bwmx cocepnent METPUKU
MwHKoBCKOro
B3BelueHHoe paccTo-
BbipaBHMBaHue A aHve Anapa Faserbl
— HaNu3 TeKCcTa
Poxapo — BuHknepa Jlekcuueckoe conocTas-
Soft TF-IDF Xakkapaa F'pynnupoBka neHne
MOHF — nKaH TF-IDF Cpeanue 3HaqeHns /MeHOBaHHble CylLLl-
KocuHycHoe MakcvmanbHble/Muy- HocTn (Named Entities
doHeTUKa CXOACTBO HVManbHble 3HaveHns | Recognition, NER)
CosByuvne MeamaHa
MNepeBoa YacroTa (Moaa)

Puc. 6.2. MeTpukuM NpoCTpaHCTBEHHOIO CXOACTBA

MeTpuKM paccTossHUA

Paccy:kaast 06 M3MepeHUU PACCTOSTHIS MESK/LY IBYMsI TOUKAaMHE, Mbl 00OBIYHO KMeEEeM
B BUJLY COEIMHSIONLYTO UX TIPSIMYIO JINHIIO, UJIH e6KAUO0B0 PACCTNOSHIUE, N300PAKEH-
HYIO Ha puc. 6.3 Kak AuaroHaJbHas JTUHUS.

Manxammenckoe paccmosiue, n300paskeHHOE Ha PHC. 6.3 TPEMSI CTYIEHYATBIMI JIH-
HISIMU, BBIYMC/ISIETCST KAaK CyMMa abCOTIOTHBIX PA3HOCTEN [IEKapPTOBBIX KOOP/IHAT.
Paccmosinue Munxoeckozo — 310 06001IeHIEe €BKINI0BA U MAHXITTEHCKOTO Pac-
CTOSTHUI, OHO OIIPEJIEJISIET PACCTOSHIE MEK/TY JABYMST TOUKAMU B HOPMAJTM30BAHHOM
BEKTOPHOM TIPOCTPAHCTBE.

OmHako ¢ pOoCTOM CI0Baps KOPITyca TaKKe PAcTeT ero pa3MepHOCTh — U OHA Peji-
KO ObIBaeT paBHOMEPHO paciipejesiera. 110 aToil mpuynHe nepedncaeHHbIE MEpPbI
PaCCTOSTHIS HE BCET/A OKAa3bIBAIOTCS 3((MEKTUBHBIMU, TIOTOMY UTO TIPETIOIATAI0T
CUMMETPUYHOCTD JAHHBIX U PABEHCTBO PACCTOSIHUI BO BCEX U3MEPEHUSX.

Paccmosmnue Maxaranobuca, uaobpaxennoe Ha puc. 6.4, HAIPOTUB, ABJISETCI
MHOTOMEPHBIM 00001IEHNEM KOJIMYECTBA CTAHIAPTHBIX OTKJIOHEH U, OTAeSIONINX
KOHKPETHYIO TOYKY OT paclpe/eseHus Touek. B pesybrate MpouMcXOauT CABUT
1 MaciITabupoBaHKe KOOPAMHAT ¢ YI€TOM XapaKTepPUCTHK pacupeeaetus. To ecTb
paccrosinne MaxamaHoOuca jaeT HeMHOTo OoJjiee THOKUI ¢1moco6 ompeaeeHust
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PACCTOSIHUI MEXKIY TOKYMEHTaMU; HAIIPUMED, [TO3BOJISIET ONPEEISATh CXOACTBO
BBICKA3BIBAHUN PA3HON JJIMHBL.
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Puc. 6.4. PacctosHne MaxanaHobuca
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Paccmosinue JKaxkapoa onipeiesisieT CXOACTBO MK/ KOHEYHBIMU MHOKECTBAMU KaK
YaCcTHOE OT UX Iepecedenns U 00beJuHeH s, KaK [ToKasano Ha puc. 6.5. Hampumep,
paccroguue yKakkapaa MeXAY IBYMS JOKYMEHTaMU A 1 B MO;KHO U3MEPUTh, pasjie-
JIMB KOJIMYECTBO OOIIUX YHUKAIBHBIX CJIOB, IPUCYTCTBYOIINX B 000MX JOKYMEHTaX,
Ha KOJIMYECTBO BCEX YHUKAJIBHBIX CJIOB B 9TUX JOKYMeHTax. JHaueHre @ 03HaYaeT
[IOJIHOE OTCYTCTBHUE Y4ero-aubo obIIEero B ABYX JOKYMEHTaX, 1 — uTo 06a 9K3eMILIs-
pa TPEJICTABISIIOT OJMH W TOT K€ JIOKYMEHT, 2 3HAUEHUS MEXK/Y © U 1 OIPe/IeIsIioT
CTereHb OTHOCUTEIBLHOTO CXO/ICTBA.
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Puc. 6.5. PaccTosHue Xakkapaa

Jlucmanyus pedaxmuposanusi ONpeesIsieT yAATeHHOCTb IBYX CTPOK JIPYT OT JApyTa
KaK KOJIMYeCTBO U3MeHeHU  (TIPaBOK ), KOTOPBIE HYKHO ITPOU3BECTH, YTOOBI 13 OTHOM
MOy4YuTh /pyryio. CyliecTByeT HECKOJBKO peau3aiii n3MepeHus AUCTAHINN
pellakTUPOBAaHUS, BCE OHU OCHOBaHbI HA paccTosiHuu JleBeHnirelina u pa3anyaoT-
csI pa3HbIMU pazMepamu mrTpada 3a BCTABKY, yAaJeHUE U TOJCTAHOBKY, a TaKKe
HOTEHI[UATBHO YBEJIMYMBAIOIIUMICS mTpadaMu 3a podesibl 1 nepemerienus. Ha
puc. 6.6 mMoKazaHo, YTO AUCTAHIMST PEIAKTUPOBAHMS MEKLY cIoBaMu «woodman»
u «woodland» Brouaer mrpadbl 32 OHY BCTaBKY U OJIHY MOJCTAHOBKY.

woodman

woodland

Puc. 6.6. PaccTtosiHne peaakTvpoBaHus
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Taxske ecTh BOBMOXKXHOCTbh U3MEPSTh PACCTOSTHUE MeX1y BekTopamu. Harpumep,
CXOJICTBO BEKTOPHBIX TIPEICTABICHUN ABYX TOKYMEHTOB MOXKHO OIPENEJUTh KaK
paccmosinue TF—IDF, uHbIMU CJIOBaMH, KOJIMYECTBO OOIIMX YHUKAJbHbBIX CJIOB
OTHOCHUTEJIBHO 00IIEro KOJUYecTBa cJoB B Kopiyce. ONpesenTh 9T0 paccTosIHIe
MozkHO ¢ Tomotrbio oreHkn TF—IDF, kak onuceiBasioch B riase 4. Takske MOXKHO
BBIYUCJIUTD KOCUHYCHOE PACCMOsHUe, NCTIONb3YsT KOCHHYC YIJIa MEXKIY BEKTOPAMH,
1 UHTEPIIPETUPOBATD €r0 KaK CTeleHb CXOACTBA UX OPUEHTAIlNH, KaK IT0Ka3aHo Ha
puc. 6.7. To ecTh, 4eM MEHbIIIE YTOJI MEK/LY ABYMSI BEKTOPaMU, TeM GoJiee CXOKUME
CUNATAIOTCS JOKYMEHTHI (C YIeTOM UX BEJNYNHBI).

dist(A, B)

Puc. 6.7. KocnHycHoe cXoacTBo

[To ymomganuio B rumepmapaMeTpax MOAENN KJIACTEPU3AINN B KAYeCTBE METPUKHI
CXOJICTBA YACTO BBIOWPAETCST €BKJIMIOBO paccTosinue (Kak OyIeT MoKa3aHo B cJre-
AYIONIKMX pasjesiax), HO HEPEIKO KOCHHYCHOE PACCTOSIHIE MO3BOJISIET HOOUTHCS
JIYUTINX PE3YJIbTATOB.

MapTuTUBHaRA KNacrepusaums

Tenepb, y3HaB, Kak KOJTMYECTBEHHO OIEHUTDb CXOJICTBO JIBYX JIOKYMEHTOB, MOKHO
IPUCTYIATh K UCCIIEIOBAHUIO METOIOB 0OydeH s Ge3 YIuTeJst JIJis TIOUCKA TPYIII
MOXOKUX IOKYMEHTOB. /[ByMs OCHOBHBIMH TOJIXOAAMU ABJISAIOTCH NAPMUMUBHASL
Kaacmepusauus i aziomepamusnas kiacmepusayusi. O6a pasaessiior J0KyMeHTbI Ha
IPYIIIBI ¢ MAKCUMAJIBHBIM CXOJICTBOM BHYTPH B COOTBETCTBHH C BHIOPAHHOI METPH-
Koii. B aTOM pasjiesie MbI cOCPEZIOTOYMMCS HA TAPTUTUBHBIX METO/IAX, KOTOPBIE Pac-
MIPEJIEJISTIOT 9K3EMILJISIPBI 110 TPYIIIAM, [IPE/ICTABJISEMbIM IIeHTPAIbHBIMU BEKTOPAMMU
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(LleHTpOUIAMHI ) UJIH OTTHCBIBAEMBIM ILJIOTHOCTBIO IOKYMEHTOB B kKiiactepe. LleHTponibt
MIPENICTABAIOT arpeTUpOBaHHOE 3HAUEHNE (HATIPUMED, CpeHee WIN MeANaHy ) BCeX
JIOKYMEHTOB-YJIEHOB ¥ [AI0T YAOOHbI CII0COO OMUCAHMSI JOKYMEHTOB B KJIaCTEPeE.

Kax 6b110 mokasano B riiaBe 5, kopiyc Baleen yske kimaccuduiimpoBan HEKOTOPbIM
06pa3oM — BCe JIOKYMEHTBI B HEM [TOMeY€eHbI (4eJIOBEKOM ) KATErOPUSIMI HCTOYHUKOB
RSS, orkyna onu 6oui n3Bedersl. OHAKO HEKOTOPbBIE M3 ATUX KATETOPUN YETKO
pa3InunMBbI (HAIIpUMep, «TeXHOJIOTUN» M «UTPhI» ), a IpyTHe Oosee pa3mbITol. Ha-
IpuMep, KOPITyC «<HOBOCTH» COJICPSKUT HOBOCTH B IIMPOKOM CIIEKTPE TeM, BKJIIOYast
HOBOCTH ITOJIUTUKH, HOBOCTU MH/LyCTPUY Pa3BJiedeHU i, HOBOCTH HAYKU U OIIMICAaHWe
JIPYTUX TEKYINAX cobObITHil. B aTOM pasjiesie Mbl NCIIOIb3YEM IIPHUEM KJIACTEPU3AITNNA
NI OTIpefieNIeHus MOAKATeTOPUil B KOPITyce «HOBOCTU», KOTOPbBIE TIOTOM MOKHO
OyZieT NCTI0Ib30BATh B KAYECTBE IIeJIEBBIX 3HAYEHNIT B 33/1a4aX KJIACCH(DUKAIIIHL

Knacrepusauua MeToaqom k-cpeaHux

Mertop k-cpeqHux peannsoBaH B 3HAKOMBIX HaM Oubanorekax, takux kak NLTK
u Scikit-Learn, moatomy Hautem ¢ Hero. [Tomy sipHbIil MeTOJL ISt 3a/1a4 00y YeHusT
6e3 y4uTeIst, AITOPUTM KJIACTePU3aIuu R-CPeIHUX HAYMHAETCSI C TIPOU3BOJIBHO BbI-
OGPaHHOTO KOJIMYECTBA KJIaCTEPOB, R, U pPas0MBaeT BEKTOPU30BAHHBIE 9K3EMILISIPHI Ha
KJIaCTePbI COIJIACHO UX OJIM30CTH K HEHTPOK/IaM, KOTOPble MUHUMUSUPYIOT CyMMbI
KBaZ[paToOB BHYTPHU KJIACTEPOB.

Haunewm c ompenenenus kmacca KMeansClusters, HacJaeQyIOIeTo BaseEstimator
1 TransformerMixin, 4TOOBI €r0 MOKHO OBLIO BKJIIOYNATH B Pipeline 13 OnbIMOTEKN
Scikit-Learn. [{yis Hareir Mojie/in UCIOIB3yeM peanusaiuio k-cpearnx us NLTK,
MIOTOMY YTO OHA [TO3BOJISIET OIIPEIEJIUTh CBOIO METPUKY PacCTOsSTHUA. VIHUInAMIu3u-
pyeM KMeansClusterer jKeJJaeMbIM KOJIMYECTBOM KJacTepoB (k) U cBOel METPUKOIL
pacctosiaus (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 sBnAeTcs peanusauueir Kmeans
self.k = k
self.distance = nltk.cluster.util.cosine_distance
self.model = KMeansClusterer(self.k, self.distance,
avoid_empty clusters = True)



138 naea 6. Knactepusaumsa ans BbISIBNIEHNS CXOACTB B TEKCTE

Tenepb mo6aBUM 1IycTOl MeTO fit() M MeTox transform(), BHI3BIBAIONIMIT METO/
cluster() BHyTpeHHeH Mojiesn KMeansClusterer, yKa3aB, 4YTO KaK/IbIH JOKYMEHT
JIOJIKEH TIoMeIraThes B kKaactep. Hamr meton transform() mpuHUMaET BEKTOPHBIE
MpPe/ICTaBJICHUS JOKYMEHTOB, ITOJTyYeHHBIE TIPSMBIM KOJMPOBAHUEM, H, COTJIACHO
mapamMeTpy assign_clusters = True, Oy/eT BO3BpAIIaTh CIIUCOK KJIACTEPOB IS
KaKJIOTO JIOKyMeHTa:

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

def transform(self, documents):

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

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

YT00BI MOATOTOBUTH IOKYMEHTBI JIJIs TIepeladr B KJacc KMeansClusters, UX HY;KHO
BEKTOPU30BATh 1 HOPMAIN30BaTh. /11 HOpMaIu3auu NCTIoJIb3yeM BEPCHIO KIacca
TextNormalizer, KOTOPYIO MBI OTIPEZICTTUIN B TJ1aBe 4, B pazzene «Co3nanme cBOETO
npeobpasoBaTelis 1Jisi HOPMAIU3AIMKI TEKCTa», ¢ OJHUM MaJeHbKUM U3MeHeHueM
B MeTo/ie tranform(). BMecTo Bo3BpaTa JJIoKyMeHTa B BUJIE «<MEIITKa CJIOB» 9Ta BEPCUS
TextNormalizer GyJeT yAaJsiTh CTOI-CJIOBA, TPOM3BOIUTH JIEMMATU3AINIO 1 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 KJIACTEPUBAIUHT U TIOCIEAYIONIEN KIacTepu-
3aIMK OIPELEIUM KJace OneHotVectorizer. BekTopusaliuio 6yaeM OCYIIECTBIATH
C IIOMOII[BIO KJjIacca CountVectorizer ¢ ImapaMeTpoM binary = True u3 OubIMOTEKN
Scikit-Learn, BoIIOJHSIONUI 4aCTOTHOE U JBOMYHOE Koguposanue. Hair meros
transform() OyeT 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-
TOPBIH MPOM3BEIET KJIACTEPUIAIUIO METOAOM k-cpemxuux. MHunuaainusupyem
PickledCorpusReader, Kak ONpeeIeHO B TJaBe 3, B pa3fene «UTeHne TpeaBapu-
TeJIbHO 0OPabOTAaHHOTO KOPITyca», YKa3aB, 4TO HAC MHTEPECYET TOJHKO KaTeropust
«News» B KOpPITyce. 3aTeM MHUIIMAJN3NUPYEM KOHBelep, BKJIIOUUB B HETO CBOU
KJIacchl TextNormalizer, OneHotVectorizer u KMeansClusters. 3aTeM BbI30BOM
MeToja fit_transform() KOHBelepa BBHITIOJHNIM CPa3y BCe ATH ITAIbI B YKa3aHHOM

II0CJIe10BAaTEIbHOCTH:
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 ITOJIYYUTb UMEHA Cball/)IJIOB

APXUBUPOBAHHBIX JJIOKYMEHTOB!

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
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assigned
assigned
assigned
assigned
assigned
assigned
assigned

to
to
to
to
to
to
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to
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cluster
cluster
cluster
cluster
cluster
cluster
cluster
cluster
cluster
cluster

NNOOUVTWONMAMUD
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I/ITaK, MbI ITOJIYUWJIX NPEABAPUTE/IbHYO MO/IEJIb JIJIA KJIIACTEPU3AllMN JIOKYMEHTOB 110
CXOJICTBY MX COJIEPKUMOTO; T€NEPh IIOCMOTPUM, YTO MOKHO C/IEJIATh JIJISI OTITHMHU-
3armu pe3yJibraToB. Ho, B oTiimune oT 3ajaun Kiaaccudukaium, y Hac HeT OleHKH,
KOTOpast MorJia GbI COOOTIMTH HaM, HACKOJIBKO TIPaBIJIBHO BBITIOJTHEHO Pa3/iesieHne
KOpITyca «News» Ha MOAKATeropun — B 00ydeHun 6e3 yUnuTess HeT dTaJoHa st
cpaBHeHust. [109TOMY 4acTo PUXOAUTCS TIOJIATATHCST HA TPOBEPKY Y€JIOBEKOM, 4TOOBI
OIIEHUTDb 3HAYMMOCTD BbIJC/I€HHbIX KJIACTEPOB — [[el‘/JICTBI/ITeJII)HO JIN OHU paSJII/I‘-IHbI?
JlocTaTo4HO JI OHKM CKOHIIEHTPUPOBaHbI? B cireytoriem pasjiesie Mbl 00CY UM, 4TO
MOJKET TIOIPA3yMeBAThCST IO/l «ONTUMUBAIINEIN > MOJIENTN KJIACTePU3AITUH.

OonTuMmM3auua Meroaa k-cpegHux

Kak MOKXHO «yIydmuTh» MOZIeNIb KJIacTepusauu? B HalieM ciydae o 3TUM BO-
IIPOCOM TIOHUMAETCSI: KaK C/IeJIaTh PE3yJIbTaThl O0JIee MOJIE3HBIMU U TIPOCTHIMU B MH-
TeprpeTanuu. Bo-1mepBeIX, yIIPOCTUTh WHTEPIPETAITNIO MOKHO, SKCTIEPUMEHTUPY
C pa3HbIMU 3HaUeHUAMHE k. B Klactepusaiuu MeTo0M R-cpeiHIX BbIOOp k — yacto
HUTePaTUBHBIHN MPOIECC; HECMOTPS Ha CYIIECTBOBAHNE HEKOTOPHIX dIMIUPUIECKIX
IIPaBILI, TePBOHAYAIBHBII BHIOOP YACTO JENaeTCs IPOU3BOJILHO 10 ONPeAeIeHHON
CTEIEeHN.

B rnaBse 8, B pa3gene «OueHKa cuyaTa U JIOKTEBbIE KpMBbIE», Mbl 06CYANM ABa
BU3YalslbHbIX MPpMeMa, KOTOpble MOXXHO UCMOb30BaTb B 3KCNEPUMEHTax C Bbl60p0M
yucna k: OLlEHKa C1nyaTa U NNOKTEBbIE KPUBbIE.

Taxke MOKHO HACTPOUTD JIPYTHE YaCTH KOHBelepa; HallpuMep, BMECTO TIPSIMOTO KO-
JIMPOBaHUS UCIIOIb30BaTh BekTopu3aiinio MmetosioM TF—-IDE BmecTo TextNormalizer
MOKHO 3a/I€fICTBOBATH CEJIEKTOP IIPUSHAKOB, BRIOUPAIOIIUI OrpaHINYEHHOE OAMHO-
JKECTBO U3 Bcero Habopa npusHakos (Harmpumep, 5000 Hanbosiee 4acTo UCHOJIb3Ye-
MBIX CJIOB, 32 UCKJTIOUEHNEM CTOTI-CJIOB).

HecMoTpsi Ha To YTO 60sIbLUME AaHHbIE HE SIBASIOTCS F1aBHOW TEMOW 3TON KHUTK,
cnegyeT OTMETUTb, UTO MeTOA K-cpefHMX 3 heKTMBHO MaclTabupyeTcs 40 YpoB-
Hs1 6ONbLUMX AQHHBIX C MPMMEHEHMEM HaBeCHOM (canopy) knactepusauunn. [pyrue
anropuTMbl Knactepusaumnmn TekcTa, Takne kak LDA, HaMHOro TpyaHee noaaatoT-
Csl pacrnapannenmeaHuio 6e3 NnpMMeHeHns AONONHUTENbHBIX MHCTPYMEHTOB (Ha-
npumep, Tensorflow).

WwmeiiTe B BULY, YTO QJITOPUTM k-CPEHUX HE SIBISIETCS JIETKOBECHBIM U MOJKET
paboTaTh JOBOJBHO MEIJIEHHO Ha JaHHBIX € GOJIBIIMM KOJIUYECTBOM U3MEPEHUH,
TaKUX Kak TeKcT. Ecau KoHBeilep KJacTepu3aliy MOJIyUYnJICs CAUIIKOM Me/lJIeH-
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HBIM, CKOPOCTb MOYKHO IIOBBICUTD, IIEPEKIIOUNBIINCH C MOAYJIA nltk.cluster Ha
peanm3anuio MiniBatchkMeans 13 sklearn.cluster. MiniBatchKMeans — 9TO BapuaHT
aJITOPUTMa k-CPeTHIX, KOTOPBII HCIIOIB3YEeT CTyYailHO BHIOPAHHDIE TIOIMHOKECTBA
(MM «MUHK-TIAKETBI» ) U3 BCErO 00ydaoIero Habopa st ONTHMU3AINK TOW JKe
1eJIeBoil (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 TsKeJTOBECHOE PellieHne, OTOMY 4To OoJiee ObicTpast peajinsa-
M5t MiniBatchKMeans MCIOJIb3YeT €BKJIMIOBO paccTosiine — MeHee ah(HEeKTUBHYIO
Mepy CXOACTBa JJist TeKcTa. Ha MOMEHT HallMcaHus 9TUX CTPOK peasnsannu KMeans
1 MiniBatchkMeans B Scikit-Learn e moauepkuBaim Ipyrux Mep CXOJACTBA, KPOMe
C€BKJINA0BA PACCTOAHMA.

O6paboTka HepaBHOMEpPHOI reomMeTpumn

AJIropuTM™ k-CpeHuX Jies1aeT HECKOJIBKO YITPOIIEHHBIX TIPEITOIO0KEHII O TaHHbBIX:
OHU PaBHOMEPHO pacipee/ieHbl, SBISIOTCS TPUHIMIUATBHO chepuuecKuMu 1Mo
CBOEIT IpUpoe, 1 KJIacTepbl UMEIOT COTIOCTaBUMble auctiepcun. Kak pesynbrat, Bo
MHOTHX CJIy4asiX KJIaCTePU3alisi METOAOM R-CPEIHUX He JaeT XOPOIINX Pe3YJIETaTOB;
HAIPUMEDP, KOT/Ia PE3KO BBIAEAIONIMECS TOYKU OTPULATEIbHO CKAa3bIBAIOTCS HA CO-
IJIACOBAHHOCTH KJIACTEPOB U KOT/IA KJIACTEPhI UMEIOT 3aMETHO MHYIO, HeC(hepuuecKyIo
IJIOTHOCTD. VICTIPaBUTh CUTYAIMIO B TAKMX CJyYasiX MOKET IIOMOYb IIPUMEHEHHUE
aJITEPHATHBHBIX MEP CXOJICTBA, TAKMX KaK KOCHHYCHOE PACCTOSTHUE WK PACCTOSTHIE
Maxamnanobuca.

B 6ubnunoteke Scikit-Learn ecTb peanusaumm Apyrux NnapTUTUBHBIX METOAOB, TaKuX
Kak MeToz pacnpocTpaHeHusi 61IM30CTU, CneKkTpanbHas KnacTepusaums 1 raycco-
Ba CMeCb pacrpefenieHuii, KoTopble MOryT oka3aTbcsi 6onee 3deKTUBHBIMU
B CNy4asix, Koraa Metoq k-CpefiHvMX OKa3blBaeTcsl 6eCCUbHbIM.
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B 1iesiom, npenmyiiectBa MeToa R-CpeHUX JETA0T €r0 Ba)KHBIM WHCTPYMEHTOM
B chepe aHAIN3a eCTECTBEHHOTO sI3bIKA; OH 00JIa/IaeT KOHIENITYaIbHON IIPOCTOTOH,
POUBBOAUT IJIOTHBIE chepudecKre KaacTepbl, yA00HbIE EHTPOUIbI, KOTOPbhIE
O6eCHeI{I/IBaIOT IIPOCTOTY MHTEPIIPpETALIUN MOJAEJN, U TAPAaHTUPYET CXOXK/IECHUE.
B ocrasineiics yacTu 9TOM r1aBbl Mbl PACCMOTPUM HEKOTOPbIE IPYTHE, GOJIee CI0K-
HbIE METO/IbI, KOTOPbIE, KAK HAM KaKeTCsl, MOTYT IIPUTOANTHCS JIJIsI aHAIM3a TEKCTa,
HO HET IaHaller OT Beex Oefl, 1 POCTO MeToJ R-CPeIHIX 4acTO OKa3bIBAETCS CaMOii
yI0OHOI OTIIPABHOI TOYKOIA.

Uepapxuueckan knacrepmsauus

B npezbipyiiem pasjese Mbl HCCIEA0BAJIN TTAPTUTHUBHBIE METO/IbI, KOTOPbIE pac-
[pefesTioT TOYKK TI0 KJaactepaM. Vepapxudueckast KJacTepusaliust, HalPpOTHUB,
[PE/IIoJIaraeT co3laHne KJIacTepoB ¢ IPEIOTIPeeTIEHHBIM MOPSIIKOM CBEPXY BHUS.
Wepapxudeckrie MOAETH MOTYT ObITh 00 aziomepamusivimu (00beANHSIONINE ),
KOTZla KJIacTepbl HAYMHAIOT (DOPMHUPOBATHCS ¢ OTAEIbHBIX 9K3EMILIAPOB M 3aTEM
UTEPATUBHO OOBEAUHSAIOTCS TI0 MOA00OMIO, TIOKA BCE HE OKAKYTCST B OJIHOM TPYIITIE,
60 OueusuMHbIMU (TETSIIINE ), KOT/Ia CHAYasIa CO3/[aeTCsT KIacTep, 00 beANHSIIOIIHIT
BCIO BBIOOPKY, ¥ 3aTeM MOCJIE0BATEIbHO JEJUTCS Ha O0JIee MeJIKUe KJIacTepbl 10
JIOCTVKEHUST YPOBHST OT/IEIbHBIX 9K3EMILISPOB.

ITU METO/IbI CO3/IAI0T IPEBOBU/THOE TIPE/ICTABIEHNE CTPYKTYPHI KJIACTEPOB, KAK M0-
Ka3aHo BHU3Y cJieBa Ha puc. 6.8.

ArnoMepaTuMBHas Knacrepusauusa

Metoz arsioMepaTUBHOI KJIACTEPU3AINH 3aKII0YAETCST B OCJIEI0BATEILHOM 00D-
eIMHEHNT OJIVIKAMIIIIX 9K3EMILISIPOB, TOKA BCE OHU He OKasKyTCsI B OJ[HOI TPyTITIE.
B cydae ¢ TeKCTOBBIMU ITAHHBIMU PE3YJIBTATOM SIBJISIETCS MEPAPXUST PA3HOPA3Mep-
HBIX TPYIIII, ONTUCHIBAIONIAS CXO/ICTBO IOKYMEHTOB Ha PA3HBIX YPOBHSIX U C PA3HOM
CTEIEeHBIO TTOAPOOHOCTH.

M1 TeTKO MOKeM TIEPEKTIOUNTD HAIITy PEATU3AIINIO KJIACTePU3AINN Ha NCTI0Ih30Ba-
HUe arJJoMepaTUBHOTO Toaxoa. CHavyasa ompeeuM Kiaacc HierarchicalClusters,
UHUIMATN3UPYIOLIMI MOozeb AgglomerativeClustering us 6ubaorexu Scikit-
Learn.

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

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

Puc. 6.8. Nepapxnyeckas knactepmsaums

JlobaBuM nycTtoit Mmeton fit() u MeTox tranform(), KOTOPbII BbI3BIBAET METO]
fit_predict BHYTPEHHEN MO, COXPAHSIET TIOJyYUBIINECS aTPUOYThI children
" labels /IS JaJbHEHUIIIETO UCIIOJb30BAHMS U BO3BPAIlAcT KJIaCTePhI.

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

def transform(self, documents):

O6yqaeT araomMepaTuBHyr Moes/lb Ha YKa3aHHbIX AAaHHbIX.

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 4IEHCTBO KaKOTO TIOTOMKA B KaK/[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 pe3yJbrare 1MmoJiydyaeTcda CaeayIollee:

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/56d63ael1c1808113ffb886b5.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

CORRORRLRRLROR

Opna u3 mpobjieM arJToMepaTUBHON KJIacTepU3allii — OTCYTCTBHE BO3MOKHOCTH
HCIOJIB30BATDh LIEHTPOU/IBI JIJIsI MAPKUPOBKU KJIACTEPOB JOKYMEHTOB, KaK MbI Jl€-
JIaJId 3TO B NPUMeEpPe peannsaiiuu Metoaa k-cpeanux. [1oaTomy, 4TOObI TTOTYYNUTH
BO3MOJKHOCTbh BU3yaJIbHOI'O UCCJIELOBAHU KJIACTEPOB, IIOJIYUYEHHDBIX MOIEJbIO
AgglomerativeClustering, onpe/ie/iuM MeTo/] plot_dendrogram, CO3/IAIOIUIN BU3Y-
aJIbHOE IIpe/ICTaBJIeHIE.

Harr metox plot_dendrogram GyaeT UCIIOIb30BaTh MeTO/ dendrogram u3 SciPy,
a TakKe MOAYJIb pyplot u3 6ubsorekn Matplotlib. Mcmonbszyem NumPy st Bbi-
YUCJIEHUI PACCTOSHUS MEKY JOUEPHUMU JIMCTOBBIMU Y3JIaMU U OIIPEJIeSIUM PaB-
Hble UATIa30HbI 3HAYEHUT /1T TPEACTaBAEeHUS MO3UIINN KasKIOTO TOTOMKA. 3aTeM
CO3/IaJINM MATPUILY CBSA3€H /11 XpaHeHU MO3UITNI TTOTOMKOB M PACCTOSTHUI MEKLY
Humu. Hakonerr, BbizoBeM MeTo/ dendrogram 13 SciPy, mepeiaB eMy MaTpUILy CBsi3ei
1 JiI0Oble IMEHOBaHHbIE aPTYMEHTBI, KOTOPbIE TTO3/IHEE MOKHO OY/IET TIepeiaTh st
KOPPEKTUPOBKU M300Pa/KEHHUSI.

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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# PaccToAaHMA mexay napamu MOTOMKOB
distance = position = np.arange(children.shape[0])

# Co3paTb mMaTpuuy cBsA3eld M CcHoOpMMpOBaATbL 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)

[Monmyuusryoca quarpaMMy MOXKHO BUeTh Ha puc. 6.9. B ximacTepst ¢ kpaTyaiiimm-
MU BETBAMUIN O6’be[[I/IHHIOTC$I JOKYMEHTbBI C HAUMEHbITNMU PA3JINYUAMUN. KJIaCTepr
C CaMbIMU JUTMHHBIMU BETBSIMU OObEIUHSIOT HanboIee pasindaioniiecs: TPYIIbL
U CO3/IAI0TCS HA TIOCJIEIHUX HTAIAX TPOIeCca KJIACTEPUIAIIH.

1200

Puc. 6.9. [leHgporpamma

CymtecTByeT 60JIbIIOE KOJTUYECTBO CIIOCOOOB KOJIMYECTBEHHOMN OIEHKH Pas iy uii
MEKAY JOOBIMU JABYMS JOKYMEHTAMHU, U TOYHO TakK jKe CYIIECTBYeT OOJIbIIOe
KOJIMYeCTBO KPUTEPHUEB OTpe/iesieHns cBa3eil Mexxay numu. /s arimomepaTns-
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HOU KJIacTepusaiuu TpeOyeTcst ONpeIesuTh He TOIbKO (MYHKIIMIO PACCTOSIHII,
HO Tak)ke Kputepuil cBsisbiBanms. [1o ymomrganuio B Scikit-Learn ucnosb3yercst
kpurepuii Bapaa (Ward), KoTopblit MUHIMU3HUPYET AUCIEPCUIO BHYTPH KIacTepa.
Ha xask1oMm 1mare 00beIHHEH ST AITOPUTM OTBICKUBAET APy KJIACTEPOB, KOTOPbIE
BHOCSIT HAMMEHDBIINN BKJIAJ B OOIIYIO IUCIIEPCHIO BHYTPH KJacTepa 1ocJe 00b-
e/INHEeHUS.

B uncne gpyrux kputepves, AOCTYMHbIX B 6ubnnoTeke Scikit-Learn, MOXXHO Ha3BaTb
"average", UCMOJb3YIOWMIN CpeaHME PACCTOSHUS MEXAY TOUYKaMU B KacTepe,
n "complete", NCNOMb3YOWMIA MaKCUMarbHbIE PACCTOSIHUSI MEXAY BCEMU TOYKaA-
MU B Knacrepe.

Kaxk MosxHO 3amMeTuTb 110 pe3yJibrataM KMeansClusters 1 HierarchicalClusters, map-
TUTUBHbBIE U arJIOMEePaTUBHbIE METO/IbI KJIACTEPU3ALINN HE JAI0T II0JIHOIO IIOHUMaHUI,
nouemy ToT NJjan WHO JOKYMEHT OKa3aJICSI B KOHKPETHOM KJlaCTeEpPE. B cjeayrouiemM
pasiesie MbI HCCJIELyeM JPYTOi HAOOP METOIOB € TIOIEP/KKOIT CTPATETHIT, KOTOPbIE
HEe TOJIbKO MO3BOJISTIOT OBICTPO CIPYIIIUPOBATH JOKYMEHTBI, HO TaK/Ke OMHICHIBAIOT
X COJEPKUMOE.

MopenupoBaHMe TeMaTUKN OKYMEHTOB

Terepb, paccOPTUPOBAB JOKYMEHTHI 110 CTOTIKAM, TOCMOTPUM, KaK BBITIOJHUTH Map-
KHUPOBKY ¥ OTIHNCATh UX COAEPKUMOe. B aTOM pasjiesie Mbl 3aiiMeMest memamuueckum
MOOenUposanuem, TIPUEMOM MAIIMHHOTO 00yYeHMs 03 YUUTE s LISk OIPEeIeICHIIsT
TeM KOJJIEKIIUH TOKYMeHTOB. EcJiu 11eJb Kiactepusaiiiy — pas3aenTh KOPIyc 10-
KyMEHTOB Ha IPYIIIIbI, TO I1€JIb TEMATHYECKOTO MOAETUPOBAHUS — BBIAEINUTH OCHOB-
HbIE TeMBI 113 HaGopa BbICKA3bIBAHWI; KJIACTEPU3ALINS OeOYKMUBHA, A TEMATHIECKOE
MOJIEJIUPOBAHIE — UHOYKMUBHO.

MeTobl TeMaTHYECKOTO MOIETUPOBAHYS 1 YA0OHDIE PEATU3AIINHN C OTKPBITHIM HC-
XOJIHBIM KOJIOM JIOCTUTJIU CYIIIECTBEHHOTO MTPOTrpecca 3a TMOCJeHee TeCTHIETHE.
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 MATPUYHOE PA3IOKEHITE
(Non-Negative Matrix Factorization, NNMF).

JlaTeHTHOe pa3MelyeHue [inpuxne

Briepssoie npepnoxennsiii Jasugom Baeem (David Blei), 9uapio blnom (Andrew
Ng) u Maiikiom [Ixxopaanom (Michael Jordan) B 2003 r., meTox 1amenmuozo
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pasmewenus Jupuxie (Latent Dirichlet Allocation, LDA) sBasieTcst MmeTomom
orpeziesiennst tembl. OH MPUHAMJIEKUT CEMERCTBY MOPOKIAIOINX BEPOSTTHOCTHBIX
MOJieJIell, B KOTOPBIX TeMBI TIPEICTABIEHBI BEPOSATHOCTSIMU TIOSIBJICHUST KAKIOTO
cJioBa U3 3aaHHOTO Habopa. JIOKYMEHTBI, B CBOIO OY€pe/lb, MOTYT OBIThH MPeE/-
CTaBJIEHbI KaK COYETAHWsS ITUX TeM. YHUKaJbHass 0coOeHHOCTh Mojesneil LDA
COCTOUT B TOM, 4TO T€MbI He 0OS3aTEJbHO JOJKHBI ObITh PA3JUYHBIMU U CJIOBA
MOI'YT BCTPEYaThCs B HECKOJBKHUX TEMax; 9TO MPUAAET HEKOTOPYIO HEYETKOCTh
OIPE/IEITEMBIM TEMAM, YTO MOJKET TIPUTOIUTHCS JIJIST COBIAJIAHUST ¢ THOKOCTHIO
a3bika (puc. 6.10).

[JlokymeHTbI 13 Kopnyca Tema — 3710 OnvH LOKYMeHT OXBaTblBaeT
BK/IKOUAOT KOMMIEKC TeM pacnpefenexue gios HeCKOJIbKO TeM
monu oAwaAanutk Anut 0 | e e e e
ailonn 06xapuTb 67MHbI :
Kobe Kpem YecHoK -—-) 7
— | T )
BbI00PbI MeyaTb Gexarb }
Mpe3nAeHT MpaKcKuil { ) (]]II]]]) soeees
([ kobeHBApexops )} | 0 ...~
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Puc. 6.10. JlateHTHOe pa3mMelleHne Jupuxne

Buaeii (Blei) ¢ komreramu (2003) ycranoBuim, uto pacupeesienue Jupuxie,
ceMelCTBO HeTIPEPBIBHBIX pactpeeneHuil (cmocob n3MepeHns TPYIITHPOBKH 0
pacipeneseHusiM), — 9T0 YAOOHBINA ¢110c00 BBISBJIECHUS TEM, TIPUCYTCTBYIONIMX
B KOPITyCe, a TaK)Ke TIPOSBJISTIONTIXCS B PA3HBIX COYETAHUSX B KAJKIOM JIOKYMEHTE
B Kopmyce!. Daxtuueckn, Mmeton tamenminozo pasmewenus Jupuxae (LDA, Latent
Dirichlet Allocation) maer Ham HabJFOaEMOE CIIOBO MJIU JIEKCEMY, IO KOTOPOMY
MO>KHO TIOTTBITATHCS ONIPEIETUTH BEPOSITHYIO TEMY, PAaCTIPe/ieJIeHre CJIOB B KaXK /IO
TeMe U COUeTaHue TeM B IOKYMEHTE.

Yr065! 3a4€HCTBOBATD METOABI TEMATUYECKOTO MOJECIUPOBAHUS B IPUJIOKCHIMN,
HY’KHO CO3/[aTh HACTPauBaeMblil KOHBeIep, KOTOPBIN OyIeT 9KCTParoJupoBaTh
TEMbI U3 HECTPYKTYPUPOBAHHBIX TEKCTOBBIX JIAHHBIX, U CIIOCOO COXPaHEHUs JTydIieit

! David M. Blei, Andrew Y. Ng, and Michael I. Jordan, Latent Dirichlet Allocation (2003), https://
stanford.io/2GIBHR1
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MOAeJ I, I-ITO6I:»I IIOTOM €€ MOJKHO 6bIJIO HCITOJIb30BaTDh [1JId aHaJIN3a 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 peanusanmein
LatentDirichletAllocation u3 Scikit-Learn. Mbl OJKHBL OIIPEAEIUTD KOJTUYECTBO
teM (3z1ech BbIOpaHo yncyio 50), B TOYHOCTH KaK MPY 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 4ucno 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 6y1eM WUCMONb30BaTh OPUrMHAMBHYIO
Bepcumio TextNormalizer u3 pazgena «Co3aaHue CBOero npeobpasosatens Ans
HOpManu3aumu TEKCTa» B raBe 4, KOTopasi BO3BPALLAEeT NnpeacTaBneHne AoKy-
MEHTOB B BMJIE «MELLKA CIIOB»,

3areM ompesesuM MeTo] fit_transform, BBI3BIBAIONINI BHYTPEHHNE METO/BI fit
1 transform Ha KasKJIOM 9Talle KoHBeiepa:

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

return self.model

Terepb, 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 IPUMeEpPE KJIaCTePU3alni MeTOA0M R-cpeanux. [loatomy Gynem
IIPOBEPSITH KAKIYIO TEMY ¢ TOYKHU 3PEHUsT HarOoiee BEPOSITHBIX CJIOB.

OnpesesiM MeTO/ get_topics, KOTOPbIiT IoJrydaeT 13 00beKTa KOHBeiiepa BEKTOPHOE
IPeCTaBICHUE U U3BJIEKAET JIEKCEMBI 13 ero aTprubyTa get_feature_names (). MeToz
BBITIOJTHSIET 0OXO0/[ COAEPKUMOro aTpubyTa components_ Mozesn LDA v st Kaskioit
TEMBI 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, KIIOUaMU B KOTOPOM CJIY3KaT
uHIeKChl 13 yrcia 50 TeM, a 3SHaueHUsAMU — HarOoJIee 4acTo BCTPEYaIOIMecs CJI0Ba,
CBI3aHHBIE C TAHHOW TEMOT.

def get_topics(self, n = 25):

n -- YUCNO NeKceM C Haubo/NbWMM BECOM B Kaxaoh 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 CO37aTh 2K3eMILIISIP SklearnTopicModels U IiepesiaTh KOPITYC JOKYMeH-
TOB B KoHBeliep. [IprcBomM pe3yasraT MeTofa get_topics() (cIoBapb) mepeMeHHOH
topics ¥ BBIBEJIEM €T0 COJEPKMMOE Ha 9KpaH, 4ToOBI YBUAETh TEMbI U HanboJee
UHGOPMATUBHbBIE JIEKCEMBI, COOTBETCTBYIOITHE FIM:

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

lda SklearnTopicModels()
documents = 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 pe3yibraT 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 npuMmeHeHuneM Gensim

B 6ubsimoreke Gensim Toxe eCTh peannsaiust JaTeHTHOTO pa3merieHust JTupux-
Jie, obJIaaroast psiJioM MHTEPECHBIX aTpUOYTOB, OTJMYAOIINX €€ OT Peaynu3aliui
B Scikit-Learn. HaunHas ¢ Bepcun 2.2.0 6ubnnoreka Gensim Br/ogaet B cebst y100-
HYIO 00ePTKY /IS CBOeii peaynsaliy LDAModel ¢ nMeHeM ldamodel.LdaTransformer,
KOTOpas yIpollaeT HHTerpaiuio ¢ konseiiepamu Scikit-Learn.

YT00BI BOCIIOJIB30BATHCS KJIaccoM LdaTransformer n3 Gensim, Hy;KHO CO3/1aTh CBOO
06epTKy 17ist 00BbEKTOB TfidfVectorizer us Gensim, 4ToOBI KX MOKHO OBIJIO UCITIO b=
30BaTh BHYTPH KOHBeliepa Pipeline u3 Scikit-Learn. Kiacc GensimTfidfvectorizer
BBITIOJTHAET BEKTOPU3AIINIO IOKyMeHTOB Tiepest LD A, a Takike coxpaHsieT u 3arpyskaeT
CIIEITAJIBHO TTO0OPAHHBIN JIEKCUKOH JIJIST TIOCJIEYIOIIETO UCTIOTb30BAHMSI.

class GensimTfidfVectorizer(BaseEstimator, TransformerMixin):

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

MNepepaite tofull = True, ecnan cnepywwmMm >Tanom ABNSEeTCA 06bekT
Estimator u3 Scikit-Learn, wuHaye, ecnu cnepywwum >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
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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/ICTaBJIEHUEM, 3aTPY3UB UX C IMCKa BBI3OBOM METO/1a
load. MBI Tak)ke TIperycMOTPesd MeTOT save (), YTOOBI TOJIYYUTH BO3MOKHOCTD CO-
XpaHATh BEKTOPHOE MIpe/icTaBIeHNeE.

Janee peannsyeM MeToz fit(), B KOTOPOM co3aauM 00beKT Dictionary 13 GuG/IMO-
Texn Gensim, mepesaB KOHCTPYKTOPY CIIMCOK HOPMATU30BAHHBIX JOKYMEHTOB.
3areM cozmaauM 0ObeKT TfidfModel Ha OCHOBE CIIMCKaA JIOKYMEHTOB, KayK/Iblii U3 KO-
TOPBIX npeo6pasyeTCH B MEIIIOK CJIOB C TTOMOIIBIO lexicon.doc2bow. BersoBem MeTO/T
save, YTOOBI COXPAHUTD JIEKCUKOH U BEKTOPHOE ITPeJICTaBIeHIe Ha [VCK, U, HAKOHEII,
BepHEM CCBIIKY 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

Terepn no6aBuM MeTOx transform(). OH co3aer reHepaTop, KOTOPbI B IIUKJIe
06XOUT BCEe HOPMAJIM30BAHHBIE JIOKYMEHTBI M BEKTOPU3YET UX, UCIIOJIb3yst 00y-
YEeHHYI0 MOJIeJIb U IIpe/iCTaBIeHue «MelloK CJIOB». Eciau ciaeayoinmnM aTanomM
B KOHBeliepe siBJsieTcsd Mojieb Gensim, BEKTOPU3AaTOP MHUTIMATIU3UPYETCS TapaMe-
TpoM tofull = False 1 B pe3yJibTaTe BO3BpAIlacT pa3peKeHHbIC BEKTOPIHbLIE IPE-
CTaBJICHUS JOKYMEHTOB (B BH/IE TIOCJIEIOBATETHBHOCTH 2-3JIEMEHTHBIX KOPTEXKei).
Ho eciu coreytonim atarnom siBiisieTcst 00beKT Estimator us 6ubsmorexu Scikit-
Learn, 06beKT GensimTfidfVectorizer M0JKEH MHUIUATU3UPOBATHCS TTAPAMETPOM
tofull = True, M TOT/Ia METOJ transform IIpeoOpas3yeT pa3pesKeHHOe MIPEe/ICTaBIeHNE
B IUIOTHOE JIJIS COXPAHEHUST B MACCUBE 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, koTopbril mpeictaBieH aTpu-
GyTOM gensim_model IOCJIE/THETO ATalla KOHBeepa. BhIBECTH TEMBI U JIECATH CAMBIX
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BJINATEJIbHBIX JICKCEM C UX B€CaMM MOJKHO C ITIOMOII[bIO METO/1a ShOW_tOpiCS KJiacca
LDAModel u3 6ubanorexn Gensim:

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

Taxke MOJKHO OTIPEIESTUTD CBOIO (DYHKIIHIO get_topics, MPUHUMAIOILYIO O0YYEeHHY O
MO/IeJib LDAModel ¥ BEKTOPU30BAHHbBII KOPITYC, M BO3BPAIIAIOILYIO CITUCOK TEM C Hau-
GOJIBIINME BECaMHU JIJIST KasKIO0TO 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)

Busyanusauyusa tem

[Ipu ncmop30BaHNN METOIOB 00yUeHNs Ge3 YIUTEIST YaCcTO TT0JE3HO UMETh BO3-
MOKHOCTb BU3YaJbHOTO MPE/ICTABIEHNS Pe3yJIbTaTOB MOJIEJNPOBAHNUS, TOTOMY
4TO TPAIUIIMOHHBIE CIIOCOOBI OIIEHKU KAueCcTBA MOJIETIEll XOPOIIIH TOJIbKO B 33/1a4aX
obyuenust ¢ yunteseM. bosee moapoOHO METO/bI BU3YAIN3AIUH, UCTIOJIb3yeMbIe
[IPU aHAJIU3E TEKCTA, 6y/:[yT 06cy>1</:[aTbCH B TJIaBe 8, a 3/1eCh MbI JINIIIh KPATKO pac-
cMoTpuM mpumenenue 6ubanoreku py LDAVis, peaHasHaueHHON 15T CO3/IAHMST
BU3YyaJIbHOTO I/IHTep(l)ef/)Ica C IIeJIbIO TTIOMOYb B MHTEPIIPETAIIUN TEM, TTOJTYUEHHBIX
B pe3yJibTaTe TeMaTHYeCKOTO MO/IeJTNPOBAHNSL.

PyLDAVvis uspiekaer nabopmanuio nu3 oOydeHHol TeMatudeckoit mogen LDA
1 otoOpakaer ee B MHTEPAKTUBHOM BeO-uHTepdeiice, KOTOPbIii JIETKO MOKHO OT-
KpbITh BHyTpH Jupyter Notebook i coxparuts B dhaitn HTML. [{is Busyaimsarmn
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TeM JIOKyMeHTa ¢ momMotbio py LD Avis MOKHO BBITIOTHUTH KOHBeliep BHYTpH Jupyter
Notebook, kax 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 OCHOBHOM MeTO[ pyLDAvis.gensim.prepare, KOTOPBII
npunnMaeT Mozesab LDA, BEKTOPHU30BaHHBIN KOPITYC U TIOPOKAEHHBIN JTEKCUKOH,
a 3aTeM BbI3BaTh METOJ display, YTOOBI CO3/aTh BU3YATIbHOE MPEICTABJIEHIE, 110~
n06HOEe M306pakeHHOMY 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 * loglelt | wiOl] for josca 1 see Chuacg oL al (20123
2. smimsancedtenm w | iopic 1= b " plw | 1]+ (1 - A) " plar| Dindwl: son Savert & Shirey (201£)

Puc. 6.11. IHTepaKTMBHOE BM3yaslbHOE MPeACTaBNeHNE TEMATUUYECKOW MOLENN,
NosTly4YeHHoE C nomoLLbio 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
Jlupsecrepom (Deerwester) ¢ kosmeramu B 1990 r.!

B orsmmume ot rateHTHOTO pasmernteHust npuxiie, n3BIEKAOIIEro TeMbI U3 JOKYMEH-
TOB, KOTOPBIE 3aTeM MOKHO NCIIOJIb30BATh JIJIS KJIACCU(MUKAIINHT IOKYMEHTOB 10 J10JIe
TeMaTUYeCKUX CJIOB B HUX, JJATEHTHO-CEMAHTUYECKIH aHATN3 TTPOCTO OTBICKUBAET
TPYTIIBI IOKYMEHTOB € OJIMHAKOBBIME cioBamMu. Metoq LSA ma tematnyeckoro
MOZIETTMPOBaHUS (TaKKe M3BECTHBIN KaK JAMEHMHO-CEMAHMUUECKOE UHOEKCUPO -
sanue — Latent Semantic Indexing) omnpesesisier TeMbl BHYTPH KOPITyca, CO3/1aBast
PaspeReHHYI0 MaTPUILY «JIEKCEMBbI/IOKYMEHTDI», T/l CTPOKAMHU SIBJISIIOTCSI JIEKCEMDI,
a crosbiamMu — oKyMeHTbl. Kask/ioe 3Hauenne B MaTPHIle COOTBETCTBYET YaCTOTE
BCTPEYAEMOCTH JIAHHOM JIEKCEMBI B IAHHOM JIOKYMEHTE 1 MOKET HOPMaJIM30BaThCs
c momotpio TF-IDFE 3atem k MaTpuite MO;KHO TPUMEHUTD METOT CUH2YAAPHOZ0 PA3-
noxcenust (Singular Value Decomposition, SVD) miist ee pasiioskeHust Ha MATPHUILI,
[PECTABIISIONTIE COG0I KOMOMHAIINHU «JIEKCEMBbI/TEMBI», BAKHOCTD TEM ¥ «TE€MbI/
JIOKYMEHTDI».

Kopnyc MoxHO MpeiCTaBuTh B Bie 3aTeM METOF0M CUHTYAPHOTO PasoXeHH
MaTpHLIbl <T1eKCeMbl/ZIOKYMeHTbI VI3BTIEUb 13 Hee TPV MaTpULbl
JOKYMEHTI TeMbl
JOKYMEHTBI

o)

5 z BaXHOCTb 5
2 =g X X 2
= £ Tem &

=

Puc. 6.12. J1aTeHTHO-CEMAHTUYECKMI aHau3

ITo mpon3BOAHON AMAarOHAJLHON MaTpPUIlE BaKHOCTEH TeM MOKHO OIPENETHTD,
KaKue TeMbI SIBJISIOTCS HanboJiee BasKHBIME B KOPITYCe, U YaJIUTh CTPOKH, COOTBET-
CTByIOHII/Ie HanMeHee Ba)KHbIM TEMaTUYCECKUM JIEKCEMaM. HO OCTaBIINMCS CTpOKaM
(71ekceMbl) 1 cToOIaM (JIOKYMEHTBI) MOKHO OTIPEAEUTh TEMbI, UMEIOIINe Hau-
OOJIBIINI BeC BaXKHOCTHU.

U 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 npumeHeHueM Scikit-Learn

YTo6B! BBITOJIHUTD JIATEHTHO-CEMaHTUUECKUI aHammn3 ¢ noMouibio Scikit-Learn,
CO3/IaINM KOHBeliep, KOTOPBIIT HOPMaJIU3YEeT TEKCT, CO3/IA€T MATPUILY «JIEKCEMbBI/
JIOKYMEHTBI» C IIOMOIIIbIO CountVectorizer u mepejaeT ee Kaaccy TruncatedSVD
peanusyioneMy CUHTYJIsIpHOE pasJioxenue. Peanusarnus B Scikit-Learn Borauciisiet
TOJIBKO R HAMOOJIBITNX CUHTYJISIPHBIX 3HAYEHNUH, T/ie B — 9TO rutiepnapameTp, KOTo-
PBII MBI IOJIZKHBI OTIPEIeTUTh yepe3 aTpuOyT n_components. K cuacTbio, Ham 1TouTH
HUYETO He TIPUIETCS MeaTh, MbI JTUITh M3MEHNM HEMHOTO MeTOJ __init__ Hamero
KJ1acca SklearnTopicModels!

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

n_topics — xenaemoe Konu4yecTBO TeMm

YTO6bl BHIMONHUTL NIATEHTHO-CEMaHTUYECKWUIA aHaNn3, HYXHO NMPUCBOUTL
napameTpy estimator cTpoky 'LSA', moTOoMy 4TO MHa4ye MO YMONYaHWI0
6yneT BbINOSIHEHO NaTeHTHoe pa3MmelleHue [upuxne ('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 [7isT HOPMAJTbHOU PabOThI B OOHOBIEHHOM KJIacce
SklearnTopicModels. biarojiapsi 9ToMy JIerkO MOXKHO [EPEKJII0YATHC MEXK/TY ABYMS
AJITOPUTMaMHU, YTOOBI OIIPEIETUTD, KAKOI N3 HUX [AeT JIyUIlie Pe3yIbTaTbl B KOH-
TEKCTe HaIlero IIPUIOKEHN U KOPITyca JOKYMEHTOB.

C npuMeHeHuneM Gensim

Jlobasienue MOJAEP/KKY JIATEHTHO-CEMAaHTUYECKOTO aHan3a B KjIacc GensimTo-
picModels oCyIIeCTBJISIETCS TIOUTH Tak ske. M bl CHOBa 3ajielicTByeM TextNormalizer
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1 GensimTfidfVectorizer, KOTOpbIE UCTIOJIH30BAJINCH B KOHBEEPE JATEHTHOTO pa3-
Mmerenust J{upuxiie, u B KoHerr 106aBiM 00epTKy LsiModel u3 Gensim, ZOCTYITHYIO
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 YMONYaHWI0
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, MEH:IsI 3HaUeHNe
MMEHOBAHHOTO apryMenTa estimator.

HeoTpuuaTenbHoe MaTPUUYHOE pPa3/ioKeHue

Eue ogun npuem obydenust 6e3 yunuTesist, KOTOPbIi MOKHO MPUMEHSITh JJIsI Te-
MaTHYECKOTO MOJIETUPOBAHUS, — HEOMPUYAMENbHOE MAMPUUHOE PALOICEHUE
(Non-Negative Matrix Factorization, NNMF). Briepsbie nipesioskennbiii [leHTTn
[MTaatepo (Pentti Paatero) u Yurto Tammepom (Unto Tapper) B 1994 r.! u oty isipro
onucanHbiil B ctatbe Nature [lanuenom Jlu (Daniel Lee) u Cebacthsinom 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 (DUJIBTPAITIIO
JUISl PEKOMEH/IaTeIbHBIX CUCTEM U n3BJedeHre teM (puc. 6.13).

I[Tpumenenne NNMF n1g TemMaTrdeckoro Mo/ie TMpOBaHUS Mbl HAUHEM C TMIPEJI-
CTaBJIEHUS KOPITyCa B BU/I€ HOPMAJIU30BAHHON MaTPUIIbI «JIEKCEMbI/TOKYMEHTBI»,
KaK 9TO [1eJIaJIOCh B JJATEHTHO-CEMAHTUUECKOM aHaju3e. 3aTeM Pa3JI0KUM 3Ty
MaTPUITy Ha JBe, MPOU3BeeHNE KOTOPHIX alllPOKCUMUPYET OPUTUHAJ, TaK ITO-
ObI Kask/J0€e 3HaueHne B 06enx MaTpuIiax OblI0 HeoTpuiaTeIbHbIM. [ToyueHHbIe
MaTPHUITBI UTIOCTPUPYIOT TEMBI, UMEIOTIHE TIOJIOKUTETbHbBIE CBSA3U C JIEKCEMaMHU
U IOKYMEHTaMHU B KOPIIyCe.

Kopnyc moxHo npeactaBuTh 3aTem METOZI0M HEOTPULIATENLHOTO MaTPIUHOrO
B Buze TF—IDF-Hopmanu30BaHHoi Pa3/OXKEHVIA U3BNIEUb 1BA MHOXUTENS,
MATPULIbl <TIEKCEMbl/IOKYMEHTb I MPOVI3BEAICHIAE KOTOPbIX AMMPOKCAMMPYET OPUTMHAN
JIOKyMEHTbI Tembl
JIOKYMEHTbI
z _
=S ~ % ]
&

Puc. 6.13. HeoTpuuaTtenbHoe MaTpMyHOE pasnoXeHune

C npuMmeHeHuemM Scikit-Learn

HeotpumnarenpHoe MmaTpuuHoe pasioxkenne B 6ubsoreke Scikit-Learn peamusyer
KJ1acc sklearn.decomposition.NMF. HeMHOro Mm3MeHMB MeTO/I __init__ HaIero Kjac-
ca SklearnTopicModels, MbI Jierko MOkeM peasinzoBaTb NNMF B Haniem koHBeiiepe
6e3 Kakux-J100 JAPYrux U3MEHEHUIT B KOJIE:

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

def __init_ (self, n_topics = 50, estimator = 'LDA'):
o
n_topics — xenaemoe Ko/nM4ecTBO Tem
YTO6bl BbINOMHUTL NIATEHTHO-CEMAaHTUYEeCKUA aHaNWU3, HYXHO MPUCBOUTH
napameTpy estimator cTpoky 'LSA'.
YTo6bl MCNONBb30BaTb HEOTpULATENbHOE MAaTpPUYHOE 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

Wrak, kakoii aaropuT™M TeMaTUIeCKOTO MOIEUPOBAHM Jryuniie? Kak moka3piBaeT
OH]:)IT1, METO/L LSA WHOT' DA JydIlle IMOAXOAUT JIJIS BbIABJEHUA OIIMCATEJbHBIX TEM,
YTO MOJIE3HO B CJIyYasix, KOI/a ecTh OoJiee AJIMHHBIE JOKYMEHTBI U O0JIee paccestHHbIe
kopirychl. C Ipyroii CTOPOHBI, JIaTEHTHOE pa3MelieHre /luprxJe u HeoTpHUIaTeIbHOE
MaTpUYHOE Pa3JIoKeHIe MOTYT JIaBaTh O0Jiee KaueCTBEHHbBIE PE3YJIBTATDI B BbISIBJIE-
HHHW KOMIIAKTHBIX TE€M, 9YTO IIOJIE3HO AJIAd CO3JaHUA KOPOTKUX METOK.

B xoneunoM cueTe kKauecTBO MOZIeJIN BO MHOIOM 3aBUCUT OT KOPILyca U IieJsieil IIpu-
noxkenust. Terepb y Bac ecTb Bce He0OOXOIMMbIe HHCTPYMEHTBI [IJIsT 9KCIIEPUMEHTOB
C HECKOJIbKUMU MOJIEJIAMU, U Bbl CAMM CMOZKETE OIPE/E/IUTD, KaKasd U3 HUX JaeT
JIy4IIve pe3yJibTaThl B BaleM ciyydae!

B 3ak1roueHue

B aT0ii ritaBe Mbl yBuUzIEIH, 4TO 00y Uerie Oe3 yUUTes MOJKET OKA3aThCsI HETPOCTHIM
JIEJIOM 13-32 OTCYTCTBUSI HAJIE)KHOTO CIIOCO0A OIEHUTh KauecTBO Mojiesu. Tem He
MeHee CYHIeCTBYIOT METO/IbI, II03BOJISIONINE KOJTUYECTBEHHO OIIEHUTD CXOJICTBO J10-
KYMEHTOB, KOTOPbIE MOTYT OBICTPO 1 9(h(heKTHBHO 06pabaThiBaTh GOJIBIIHE KOPITYCHI
U [IPEJICTaBJISATh NHTEPECHYIO U aKTyasIbHY10 HHGOPMAIHIO.

Kax yske roBopusioch, Metos k-cpeaaux — 970 3(hHEKTUBHDII 1 yHUBEPCATHHDII
METO/I KJIACTEPU3AITIH, KOTOPBIH XOPOIIIO MACIITaOUPYeETCst 1171s1 00pabOTKU OOTBIITIX
KOpITycoB (B 4acTHOCTH, ecyin uctnomib3yetcst peasnsannss NLTK ¢ kocunycHpim
paccTrosHeM Win MiniBatchkMeans u3 Scikit-Learn), oco6eHHO ecin KJIacTepoB He
OY€Hb MHOTO 1 TEOMETPHSI HE CJIMIITKOM CJI0KHA. B cirydasix ¢ GOJIbIITIM KOJMYECTBOM

! 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 XOPOITei aJbTepHa-
THBOI MOXKeT 0Ka3aThbCs arJoMepaTHBHAs KIacTepu3aliusl.

MbI TaksKe y3HaIH, 4TO 71 3HHEKTUBHOTO 0600IIEHNsT KOPITyca JTOKYMEHTOB Oe3
METOK 4acTo TpebyeTcsi He TOJIbKO MpeBapuTeIbHast KJaacCu(puKaIus, HO U METO/
OTIMCAaHUs KaTerOpuiil. TO JeJaeT TeEMATHIYECKOe MOJIeJIMPOBAHIE — METOIOM
JIATEHTHOTO pa3Merenus /[upuxie, TaTeHTHO-CEMATUIECKOTO aHAMN3a UJIN HEOT-
PUTIATETHLHOTO MATPUIHOTO PA3JI0KEHUI — ellle OJHUM BaKHBIM MWHCTPYMEHTOM
B apceHase MPUKJIAIHOTO aHAIN3a TEKCTOB HA €CTECTBEHHOM SI3BIKE.

Kiactepbl MOTYT €TaTh OTJIMYHON OTIIPABHOM TOYKOI 11T aHHOTUPOBaHUsT Habopa
JaHHBIX C TEJIIO TATbHEHIIeT0 MPUMEHEHUsT METO0B 00yueHus ¢ yuanteaeMm. Cos-
JaHne KOJJIEKITUH MOX0KUX JOKYMEHTOB MOXKET TIPUBECTH K CO3MIAHUIO CITOKHBIX
CTPYKTYP, TAaKMX KaK OTHOIIEHUS B rpacde (KOoTopble MBI YBUJUM B TJaBe 9), crio-
COOCTBYIOIINX YBeINYeHII0 9(hheKTUBHOCTH TOCIEYIONIEro aHau3a. B riraBe 7 Mbl
1opoOHee PaCCMOTPUM HEKOTOPbIE GoJiee COBEPIIIEHHbBIE CTPATET I KOHCTPYHPOBa-
HIS KOHTEKCTHBIX MPU3HAKOB, KOTOPbIE TIO3BOJISAT HAM BBISIBUTH HEKOTOPBIE U3 9TUX
CJIOJKHBIX CTPYKTYP ¥ CllesiaTh MojeupoBanie 6osiee a(hHeKTUBHBIM.



KOHTeKCTHO-3aBUCUMbIN
aHaJIM3 TeKCTa

Moyjesn, KOTOpbIE BbI BUJIEJU BBIIIIE B ATOM KHUTE, UCIIOJb3YIOT METO/] aHAJIN3a
TEKCTa KaK MEeUKa C108, KOTOPbIIA MTO3BOJISIET UCCAEI0BATH OTHOIIEHUS MEXKILY JI0-
KyMEHTaMH, CO/IEP/KAIIUMU OJIMHAKOBbIE HAGOPHI U3 OTAENbHBIX CJIOB. ITO OYEHb
MTOJIE3HO, I MBI IEHCTBUTENBHO BUIEN, UTO OIIEHKA YaCTOTHI BCTPEYAEMOCTH JIEKCEM
MOsKeT ObITb 0YeHb a(hPEeKTUBHA, KOT/Ia CJI0Baph TEPMUHOB KOHKPETHON 06J1acTH
WJTA TEMBI JI0CTATOYHO O0OraT, 4TOOBI MOKHO OBIJIO OTIPENEUTh TIPUHAIEKHOCTD
WJIN HETTPUHAJJIEXKHOCTD K HEll JIPYTOoTo TEKCTa.

OIIHaKO [0 CUX ITOP MbI HE YUYUTBIBAJIN KOHMEKCN IT0ABJIEHUA CJIOB, KOTOprIL/,Iy KaK MbI
3HAEM I10 OIIBITY, UTPAET BaKHY1O POJIb B II€PpE/lad€ CMbICJIA. PaCCMOTpI/IM ciaeayromnie
(l)paSI)II «OHa JIIOOUT 3a1max PO3» U «OHA ITaXHET PO3aMu1». Ecin ncnosb3oBaTh IIpUEMbI
HOpMaJ/I3allnuu, IpeACTaBJI€HHbIE B IPEAbLIYIINUX I'JIaBaX, TAKNE KaK ya/IEHUE CTOII-
CJIOB 1 JieMMaTu3ald, 3TN /IBa BbICKa3bIBaHUA IIPEBPATATCA B UACHTUYHBIE BEKTOPbI
MEIIKOB CJIOB, XOTA B JENCTBUTEIbHOCTH UMEIOT COBEPHIEHHO paBHbIﬁ CMBICJI.

JTO He 3HA4YUT, 4TO MOo/JeJin, pa6OTaIOHII/I€ C IIpeACTaB/JICHUAMUN THUIla MEIIOK CJIOB,
MOJKHO TIOJTHOCTBIO COPOCHUTD CO CYETOB — Ha CAMOM JIeJIe TaKUe MOJETH OOBIYHO
OUYeHb TOJIe3HbI Ha HAYaJbHOM 3Talle aHaau3a. Kpome Toro, kauecTBO Heahek-
THUBHBIX MOZLeJIefI HEPEeAKO MOKHO 3HAYUTEJIbHO YJIYUYIIUTD, lIO6aBI/IB n3BJjIeHeHNEe
KOHTEKCTHBIX MPU3HAKOB. OUH MPOCTOH, HO d(D(DEKTUBHBII TIOXO 3aAKTI0YAETCS
B JIONIOJTHEHUT MO/IEJIEN 2pamMmamuxami J7ist CO3aHs iabJIOHOB, KOTOPbIE TIOMOTYT
AKIEHTUPOBATHCS Ha OIPEeJeHHbIX THIIaX (pas, Iepejalonux OoJIblie HIOAHCOB,
YEeM OT/ZEJIbHbIC CJI0OBA.

9Ty Ty1aBy Mbl HQUHEM C MCITOJIb3OBaHUWA I'PAMMaTUKU JI U3BJI€YEHUA U3 JOKYMECH -
TOB KJltlo4esvblx @11%13. 3aTeM MbI uccJjiefyemM mpuMeHeHune n-2pamm s BbIsABJIICHUA
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BAIICHBLX CIOBOCOUEMANUL, KOTOPbIE MOKHO UCTIOJIB30BATh JIJIs1 PACIINPEHUS MOJIENIN
Melnka cj0oB. Hakonerl, MbI TOCMOTPUM, KaK MOKHO PACITUPUTH MOJIETb HA OCHOBE
7-TPaMM C NCTIOJIb30BAHUEM OIIEHKH YCI08HOZ0 PACNPEOCNeHUS UACTOM, C2IANCUBAHUSL
1 6036PamMO8, ITOOBI TIOJIYIUTH MOJIENb, CIOCOOHYIO TeHEPHPOBATH SI3BIK, — BAKHBII
9JIeMEHT MHOTHX IIPUJIOKEHNH, BKITIOUast MAIIMHHBIN TIEPEBO/I, YaT-O0ThI, HHTEJLIEK-
TyaJIbHOE aBTO/IOIIOJIHEHUE U MHOTHE JIpYTHE.

U3BneuyeHue NnpusHaKoB Ha OCHOBe
rpaMMaTUKM

I'pamMmaTmueckue Mpu3HaKM, TaKue KaK YaCTU PEUH, MMO3BOJSIOT 3aKOAUPOBATH
JOMOJHUTENbHY0 WH(MOpMaInio o s3bike. OxHnuM u3 Harbosee 3(HhhHeKTUBHBIX
CII0COOO0B yJIyUIIeHUsT Ka4eCTBA MOJIEJIU SIBJISIETCS] BHEAPEHWE ZDAMMAMUK W Nap-
cepos ISt CO3/IAaHsT O0IETIEHHBIX CHHTAKCUIECKUX CTPYKTYP, HETIOCPEICTBEHHO
3aTparuBaloONNX AMHAMIYECKIE KOJIEKITUHI TEKCTa, KOTOPbIe MOTYT UMETh OOJIb-
Ioe 3HaYeHue.

Y1066l OMYIUTHh MHGOPMAIIMIO O SI3bIKE, Ha KOTOPOM HAINMCaHO MPEJIoKeHne,
HaM MoHaA00MTCss HAGOP TPAMMATHYECKUX MIPABUJI, OMPEAETISIONIMX KOMIIOHEHTBI
BepHO O(hOPMJIEHHBIX TTPEIOKEHIH Ha 3TOM SI3BIKE — BOT UTO JIA€T 2PAMMAMUKA.
I'pammarika — 910 HAGOP MPaABII, ONIUCHIBAIOIINX, KAK CHHTAKCUYECKIE €NHUIII
(nipeptoskenus, hbpassl U T. JI.) B SI3bIKE JIOJCKHBI JIEIUTHCS HA COCTABJISIONINE X
asieMeHTBL. BOT HeCKOJIbKO MPUMEPOB TaKUX CHHTAKCUYECKUX KaTeTOPUIi:

Cumson CuHTaKCH4YecKas KaTeropums

S Mpepnoxenue (Sentence)

NP MmeHHoe cnoBocoyeTanme (Noun Phrase)
VP InaronbHoe cnosoco4eTaHune (Verb Phrase)
PP MpeanoxHoe cnoBocoyeTaHue (Prepositional Phrase)
DT Onpepensiowee cnoso (Determiner)

N CywecrsutensHoe (Noun)

\ Inaron (Verb)
ADJ] MpunaratensHoe (Adjective)

P Mpepnor (Preposition)

TV MepexoaHbii rnaron (Transitive Verb)

v HenepexoaHbiin rnaron (Intransitive Verb)
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KOHTeKCTHO-CBO60AHbIE FPAaMMaTUKH

C HOMOII[BIO0 TPAMMAaTHK MOKHO OIIPEIE/INTh Pa3HOOOpa3Hble paBuia st COOPKH
(dbpas wau GpparMeHTOB U3 yacreil peun. Konmexcmmo-ceo600nas epammamura —
9TO HabOP MPaBUJI OObEAMHEHUST CHHTAKCUYECKUX KOMIIOHEHTOB B OCMbICJICHHbBIE
crpoku. Hampuwmep, nmenHoe cioBocoderanme «the castle» (3amok) BriIowaer
onpepessioniee caoBo (obo3zHauaemoe terom DT u3 Habopa Penn Treebank)
u cymectBurenabtoe (N). Ipemnoxuoe caosocoderanue (PP) «in the castle»
(B 3amKe) BrJouaeT npeasor (P) U uMeHHoe cioBocodetanue (NP). ItaronbHoe
cioBocoueranue (VP) «looks in the castle» (3aryisiHys B 3aMOK) BKJIOYa€eT riaroJi
(V) u npemsioskuoe ciaoBocouetanue (PP). ITpemnoxkenue (S) «Gwen looks in the
castle» (I'Ben 3arisiHyJia B 3aMOK ) BKJIIOYaeT UMsi co6cTBeHHOE (NNP) U TJIaroJibHOe
croBocodetanwue (VP). Vcrmonb3ys aTh Tern, MOKHO OTTpe/iesIITh KOHTEKCTHO-CBO-
6OHYI0 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, ONPeIeISIONNI KOHTEKCTHO-
CBOOOTHYIO rPAaMMATHKY M B3aMMOCBSI3U MEK/Y Pa3HbIMU CHHTAKCHUYECKUMU dJIe-
MeHTaMU. MbI MOKEM UCIIOJIb30BATh 9TOT OOBEKT /ISl APCUHTA HAILEH IPaMMATHKU:

from nltk import CFG
cfg = nltk.CFG.fromstring(GRAMMAR)

print(cfg)
print(cfg.start())
print(cfg.productions())

CvHTaKcuuyeckue napcepbl

Tenepb, KOT/1a y HAC UMEETCS TPAMMATHKA, HAM HYKEH MEXaHU3M, BBITTOJHSIOIIHIT
CUCTEMATUYECKU MOUCK OCMBICTEHHBIX CUHTAKCUYECKUX CTPYKTYP B KOPIIYCE;
MeXaHW3M, UTPAIOIIIH 3Ty POJIb, HA3BIBAIOT napcepom. Ecam rpaMMaTiKa ompe/ie-
JIeT KPUTEPHUIT MOMCKA «OCMBICJIECHHOCTH» B KOHTEKCTE HAIIETO SA3BIKa, TO Mapcep
BBITIOJIHAET TIoUCK. Cunmarxcuyeckuil napcep — aTo MPOTPaAMMHBIN KOMIIOHEHT, KO-
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TOPBIiT TpeoOpasyeT MPe/IoKEHUs B IEPEBO CHHTAKCUIECKOTO aHAJIN3a, COCTOSIIIEE
13 NepapXuIecKuX 2JIEMEHTOB, UJIN CUHTAKCUYECKIX KaTeTOPUiA.

Korma mapcep BcTpeuaeT IpeiyioskeHne, OH IIPOBEPSIET COOTBETCTBUE €0 CTPYKTY-
PBI U3BECTHOI TPAaMMAaTHKE 1, €CJIN TAKOE €CTh, BBIIIOJIHSIET MAPCUHT TIPE/IJIOKEHUS
COTJIACHO TIPABUJIAM ATOI rPAMMATHKH, TPOU3BO/IS IEPEBO CHHTAKCHYECKOTO aHa-
ausa. Ilapcepsl 4acTo UCHONL3YIOTCS JUJIsL BbISBJIEHUS BasKHBIX CTPYKTYP, TAKUX
KaK CyObeKT 1 0OBEKT IENHCTBUS B MPEATIOKEHNH N OCAE0BATENBHOCTH CJIOB,
KOTOPbIE JIOJKHBI OBITH CTPYIIITMPOBAHDI B KaXK/I0i CHHTAKCUIECKON KaTeropum.

Cnauama onpeielTMM TPaMMaTUKY GRAMMAR [1715T BBISIBJICHUS B TEKCTE TTPEIJIOKEHUT,
COOTBETCTBYIOIINX MTa0JIOHY CJICIOBAHS ACTEN PEUH, a 3aT€M CO3/[a M IK3EMILIISIP
RegexpParser u3 NLTK, ucrosb3yionuii Haliy rpaMMaTUKY 715 leJIeHUS TeKCTa Ha
dparmenTsr:

from nltk.chunk.regexp import RegexpParser

GRAMMAR r'KT: {(<3I>* <NN.*>+ <IN>)? <JI>* <NN.*>+}'
chunker = RegexpParser(GRAMMAR)

B manHOoM ciiyuae GRAMMAR — 39TO peryJisipHOEe BbIpakeHue, KOTopoe OymeT uc-
MOJIb30BAThCS TAPCEPOM RegexpParser JUIsT CO3/IaHust iepeBbeB ¢ MeTkoil KT (key
term — BaxkHbIil TepmuH). Hanr axseMiuisap chunker Gyaer uckath (pasbl, Ha-
YMHAIONIMECs ¢ Heo0sA3aTeIbHOTO KOMIIOHEHTA, BKJIIOYAOIIEr0 HOJIb WIu Oojiee
[pUJIaraTeJbHbIX ¢ OJHUM MU HECKOJbKUMHE CYIIECTBUTENbHBIMUI PA3HOTO BUAA
u npessioramu. Beses 3a HeoOs13aTeIbHBIM KOMITOHEHTOM MOTYT CJIE[OBATH HOJIb
wtn GOJTBIIE MPUJIATATEbHBIX U OTHO UK GoJiee CYIeCTBUTETbHBIX JTI0O0T0 BUJIA.
IToii rpaMMaTHKe COOTBETCTBYIOT Takue (Gpasbl, Kak «red baseball bat» (kpacmas
Geiicbonbras 6urta) uan «United States of America» (Coenunennbie IItaro
Amepukn).

PaccMoTprim mpumMep mpeioKenus u3 HoBocteit o beiic6oie: « 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,
IpecsenoBaBinx KoManay «Bammunrron Hatricy B Havasie ce30Ha, 1 OHO He CBSI-
3aHO C eT0 TPYTIION PACKPUTUKOBAHHBIX MTUTYEPOB).

(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)
/)

o TpeuIoKeHre OBLTO pasjiesieHo Ha mecTb (Gpas, Briouast: «Dusty Bakers, «early-
season bullpen troubles Monday afternoon» u «group of relievers».

N3BneueHune knoueBbix ¢pas

Ha puc. 4.8 usobpasxken KoHBeliep, BKIIOYAOMIII Taln 0ObeAMHEHNs TPU3HAKOB
C UCMOJb30BAHNEM KJIACCOB U3BJIEUEHUS KJIOUEBBIX (hpas U CYIIHOCTeH — Key-
phraseExtractor u EntityExtractor. B aToM paszesne MBI peasnsyeM KJacc Key-
phraseExtractor, IpeoOpas3yIoIHil JOKYMEHTHI B TPE/ICTABIEHIE BUA «METIOK (hpas».

Kmouesvie mepmunol v ppasovt, coyepsraiimecs: BHyTPU KOPILyCa, 4aCTO TO3BOJISIIOT
MOJIy4aTh Mpe/CTaBIeHe O TeMe aHAIN3UPYEMBIX IOKYMEHTOB MJIN O CYNITHOCTSX,
cofiepskammxcs B HUX. V3Bieuenne KioueBbIX (hpas 3aKIII0uaeTCs B NACH TH(DUKATTN
U BbijieJIeHnN (ppa3 AMHAMUYECKOTO pa3Mepa, YT0ObI OXBATUTh KaK MOKHO OOJIbIIe
HIOAHCOB B TEMaX JIOKYMEHTOB.

Haw knacc KeyphraseExtractor co3gaH nog BAUSHUEM NMPEBOCXOAHOW CTaTby
bapTtoHa [e Bunbae (Burton DeWilde)'.

[lepBbiii mar B u3BJeUEeHNN KJIIOYEBBIX (hpas — orpe/ieieHre KaHAuaToB Ha (pasbl
(HammpuMep, Kakue cI0Ba UK (DPa3bl 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 ¢ UCIOJIb30BAHNEM I'PAMMATUKHI
U 1apcepa, BbIABIISIONIETO UMEHHbLE CLOB0COUEMAHUS B TEKCTE, MAPKUPOBAHHOM
Teramu yacTell peuu.

GRAMMAR = r'KT: {(<J3>* <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 OyeT BBIIIOJIHATHCS HEPBbIM
B KOHBeiiepe IocJie JeKceMusaluu, 100aBiuM MeTO/ normalize (), BBITOJIHSIONIMIA
HEKOTOPYIO TPOCTYI0 HOPMaJIM3aI[HIO TEKCTA, YA 3HAKK TPEMUHAHNS U TIPeos-
pasys Bce OYKBBI B HUKHUIL PETUCTP:

from unicodedata import category as unicat

def normalize(self, sent):

YpanaeT 3HaKuW MpenuHaHus M3 JIeKCeMM3MPOBAHHOI0/MapKUPOBAHHOTO
npeanoxeHusa u npeobpasyeT 6yKBbl B HWKHWI 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/1 extract_keyphrases(). ITOT METO IPUHUMAET JOKYMEHT
1 CHavyajia HOPMaJIU3YeT €ro TEKCT, a 3aTeM MCII0JIb3yeT Halll Tapcep JJIs1 CHHTaKCH-
4ecKoro aHaimsa. PesyibraroM paGoThl apcepa sIBJASETCS IePEBO ¢ HECKOJIbKUMM
HarboJiee MHTEpeCHbIMU BeTBAME (KiaiodeBbiMu (pasamu!). UToObI U3BIEUb OTH
(dpasbl, ucrob3yeM QYHKIMIO tree2conlltags /s IpeoOpaszoBaHus gepesa B hop-
Mmat pazmetku CoNLL IOB — crucox kopTeskeil (word, tag, I0B-tag).

Ter IOB coobiiaet oJI0KeHIe TeEPMIHA B KOHTEKCTE (hPasbl; TEPMUH MOKET HAUU-
Hamo KJ04eByio ¢hpasy (B-KT), HAXOAUTHCs 6 cepedune (1-KT) uiu 3a npedenamu (0)
kI09eBOi hpasbl. [lockoabKy HAC UHTEPECYIOT TOJBKO TEPMUHBI, SBJSONIAECS
YaCTBIO KII0UeBOU (hpasbl, UCoib3yeM (PYHKIMIO groupby () U3 TakeTa itertools
cTaHAapTHON OMOJIMOTEKH, YTOOBI HAIKCATD JAMOIA-(DYHKIIIO, 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 MpennoXeHuid U3 [OKYMeHTa, WCMo/Mb3yA Haw napcep
C rpaMmaTuKOW, npeobpasyeT AepeBO CUHTAKCUYECKOro aHanusa B
MapKUPOBaHHY MNOC/eA0BaTENbHOCTD.
BosBpawaeT 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

IMTockobKy Hall Kiace hakTHUECKU sBJISeTCs MpeodpasoBarTesieM, 3aBEPIIUM €T0
omnpejieJieHe IMYCTbIM MeTO/IOM fit M MeTOMOM transform, KOTOPBII BbI3bIBAET
extract_keyphrases() AJIs1 Ka’KI0I0 JOKYMEHTa 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 mpeo6pasoBaHus 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 IPYTOH TPAaMMaTHKOH,
¥ CO3/I/IFIM CBOH TTPe0Opa3oBaTesib BUA «MEIIOK KITI0YeBbIX (hpas» 11st Kiaaccubi-
KaTopa 3MOILMOHAJIbHON OKPACKU HAa OCHOBE HEIPOHHOI CeTH.
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N3BneueHme cyuiHoCTeN

[To anasoruu ¢ u3BIEYEHUEM KJIIOUYEBBIX (Dpa3 MOKHO TaKKe Peayn30BaTh CBOU
MEXaHU3M U3BJICUEHUS CYITHOCTEH, Hpeo6pa3y101u1/1171 JIOKYMEHTBI B «<MEIIKN CyII-
HoCcTel». Vcnosb3yeM 1711 9TOTO YTUIIUTY ne_chunk paclio3HaBaHNS MMEHOBAHHBIX
cymrHocTteit 3 NLTK, xoTopas co3zmaer BI0OKEHHYIO IPEBOBUAHYIO CTPYKTYPY
€ CUHTAKCHMYECKUMU KATETOPUSIMU U TETAMK YaCTel PeUr, COAEPIKANTMMUCS B KaK-
JIOM TIPeJITIOKEHU N,

Haunewm co3manue kiacca EntityExtractor ¢ MHUIMAIN3AIUN €70 MHOKECTBOM
METOK CYTITHOCTEN. 3aTeM J00aBIM METO/ get_entities, MCIOTB3YIOMIUIT yTHIATY
ne_chunk /IS TIOJIy4eHUS iepeBa CHHTAKCHYECKOTO aHAIN3a JJAHHOTO JI0KYMEeH-
Ta. 3aTEM 9TOT METO/][ BBIIOJIHIET 00X0/I MOJ/[EPEBbEB, N3BJIEKAET CYIHOCTH
€ MEeTKaMH¥, IPUCYTCTBYIOIIUMHU B HAIlleM MHOKeCTBe (MMeHa JIto/ieil, Ha3BaHMs
OopraHmu3aiui, 00BEKTOB, reOIOJUTUYECKIE CYIIHOCTHU U T€OCOIMAJbHBIC IO~
auTrdeckue cymroctn). Haiiennbie cymuocTu 100aBISIOTCS B KOHEI CIIUCKA
entities, KOTOPBIN BO3BPAIAETCS METOJOM IO 3aBepUIEHNN 00X0/a BCEX MOJI-
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 noxkymenTa 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 enite BepHEMCS K U3BJI€YEHUIO TPU3HAKOB HA OCHOBE TPAMMATHK B TJiaBe 9, re
HCITOJTh3yeM Halll KTacce EntityExtractor COBMECTHO ¢ TpadaMu 1T MOJETNPOBAHUST
OTHOCUTEJBHON BA)KHOCTU PA3HBIX CYIIHOCTEN B TOKYMEHTAX.

U3BneueHue Nnpu3HakKoB Ha OCHOBE n-rpaMmm

K coskanenmio, mogxop! Ha OCHOBE TPAMMATHK, /1ake caMble a(heKTUBHbIE, He BCET-
71a TAI0T XOPOTINIT pe3yasTaT. Bo-mepBbIX, OHU B 3HAYNTETHHON CTETIEHN 3aBUCAT OT
YCIIENTHON MapKUPOBKH CJIOB TETAMU YaCTEIl PEUH, TO €CTh MbI JIOJIKHBI OBITH yBe-
PEHbI, YTO HAIll MEXaHNU3M MapKUPOBKH ITPaBUJIBLHO OIIPe/IeIseT CyIeCTBUTENbHEIE,
IJIaroJibl, MpUJIaraTeabubie U Apyrue dactu peun. Kak Oyzer mokazaHo B riase 8,
MEXaHM3MBbI PA3METKHU YaCTel PEYH ¢ HACTPOIKAMU 110 YMOJIYAHHIO JIETKO OTITHOAIOTCST
[P aHAJIM3€e HECTAHAAPTHOTO UK 6E3TPAMOTHOTO TEKCTA.

3BiieyeHre MPU3HAKOB Ha OCHOBE IPAMMATHKH CTPaaeT HEKOTOPOIl HErMOKOCTHIO,
Tpebyst peBapUTETHHO OTIPEIEUTh TpaMMaTuKy. OTHAKO 4acTo 04€Hb TPY/IHO 3a-
paHee MOHSTh, KAKOU rpaMMaTHYeCKUi mabJIoH M03BOUT Hanbosiee ahhekTuBHO
BBISIBUTh B TEKCTE 3HAUMMbIe TEDMIHBI U (hPa3bI.

Itu npobeMbl MOKHO peliaTh UTEPATUBHO, IKCIIEPUMEHTHPYSI ¢ MHOKECTBOM
PasHbIX TPAMMaTHUK UK OOYYMB CBOIO MOJEJb JIJIsl PACCTAHOBKHU YacTeil Pevm.
Ho B aTOM pasnesie MbI iccaeayeM APYTOH TTOAXO/, OCHOBAHHBIN HAa TPUMEHEHUHN
n-zpamm, naouuii 6osee 00600IEHHbII CII0CO0 MACHTH(MUKALUN TOCAe10BaTE b-
HOCTEN JIEKCEM.

Pacemotpum mipemiokenue «The reporters listened closely as the President of
the United States addressed the room» (JKypraaucTsl BHUMATEIBHO CIYLIANN
obpamienne npesugenta Coennnennpix [1taToB k 3amy). CKaHUPYsT BCIO OCJIEN10-
BaTEJbHOCTH OKHOM (QPUKCUPOBAHHON ITMPUHBI 77, MOSKHO COOPATh BCE BO3MOKHbIE
HerpepbIBHbBIE TIOCJIEI0BATEILHOCTH JieKceM. /1o cuX mop Mbl paboTajii ¢ yHUTPaM-
MaM# — n-TpaMMami ¢ 7 = 1 (To ecTb OTAeNbHBIME JiekceMaMn ). C MupuHOIT OKHA
n = 2 MBI TIOJIy9aeM 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, JJis Jnoboro 3HaveHus n. Ha
puc. 7.1 mokasaHa 1ocJIe0BaTeIbHOCTh OKOH JIJIST BBIIEIEHUS] 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

T‘ITO6I)I BbIJEC/INTD U3 TEKCTA BCE 7-TPpaMMbI, JJOCTATOYHO IIPOCKAHMUPOBATDL CIIMCOK
CJIOB CKOJIB3SITIIM OKHOM (buKkcupoBarHO# mputbl. Cesats 910 Ha Python moskHO
CJIEYTONTM 06Pa3oM:

def ngrams(words, n = 2):
for idx in range(len(words)-n+1):
yield tuple(words[idx:idx+n])

Ira QyHKIMs nepedrpaeT 3HAYCHKsT MHIEKCA OT @ JI0 TIO3UIMU, HaXOSIIeHcst OT
KOHIIA CITHCKA CJIOB TOYHO HA PACCTOSTHUU IIUPUHBI OKHA. 3aTE€M 1T0CJIe/[0BATENbHO
BBIOMPAET U BO3BpAIlaeT 7-TPaMMbl B BUjie HEM3MEHSIeMbIX KopTexkeil. Ecim mpu-
MEHUTH ATy PYHKITUIO K TPUMEPY TPEIJIOKEHNUS BBITIE, MBI TOTYIUM:

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! Opnaxo aT pe3yasTaThl BBI3BIBAIOT HECKOIBKO BOITPOCcoB. IlepBorit: kak
06pabaThIBaTh HAUAJIO 1 KOHEIl Ipe/ioskeHuii? 11 BTopoil: Kak onpeesanTsb OnTh-
MaJIbHBIN pazmep n-rpamm? OTBeThI Ha 062 BOIIPOCA MBI PACCMOTPUM B CJIE/[YIOIIEM
paszueue.
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YreHue Kopnyca C NnoaaepIKKoOn n-rpaMmm

W3Bjieyenne n-rpaMM — 9TO YacTh IPOLEAYPh 00pabOTKU TEKCTa, BBIIOIHIAEMON
niepet MozieipoBanueM. [10aromy Ob1I0 OB y100HO BKIIIOUUTH METOJL ngrams () B CO-
CTaB KJaccoB CorpusReader 1 PickledCorpusReader. DTO MTO3BOJIUT JIETKO BBIJIETUTH
n-TPaMMBI 113 BCETO KOPTIyca U M3BJIEKaTh 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

HOCKO.HI)Ky HaC MHTEPECYET B IIEPBYIO OUYEPECb KOHMEKCM, 1 KayK/10€ IIPEIJIOKEHNE
IIpeaCTaBIAET 3aKOHYEHHYIO MbICJIb, €CTb CMbICJI IDUHUMATb BO BHUMaHWE TOJIbKO
n-TrpaMMbI, HeE TIepeCEeKalole rpadull MeXy NpeaIoKeHUAMU.

Camblii IPOCTOii Iy Th 00eCTIeYnTh COOIOIEHNE CITOKHBIX ITPABUJI 0TOOPA 7-TPAMM —
BOCIIOJIb30BAThCS METOAOM ngrams () n3 6ubanorekn NLTK, KoTOpbIi MOKHO COueTaTh
¢ MeToIaMu (DparMeHTUPOBAHIST 1 BBIIETICHUST JIEKCEM 13 9TO# ske Grnbmmotekn. Metoz
ngrams () MO3BOJISIET J0OABIATH CIEIMATbHBIE MAPKEPBI 0 U TIOCTIE TIPEIIOKEHHUIA,
4TOOBI 72-IPAMMBbI TAK/KE BKITIOYAJIN TPAHUIIBI MEK/LY TIPETIOKEHUSAME. ITO IACT BO3-
MOJKHOCTb OTIPE/IEIUTD, KAKKE 7-TPAMMbI HAUMHAIOT U 3aKaHUYNBAIOT MTPE/I0KEHNS.

3aecb A5t 0603HaYEeHMs Hauana v KOHLA NPEAIOXKEHWIA Mbl UCTIONIb3YEM CUMBOJTbI
XML, NOTOMY YTO OHM NErko MAEHTUPULMPYIOTCA Kak pa3MeTka U MoYT Hasep-
HSIKa He SIBNSIOTCSA YHMKaNbHbIMU flekceMaMu B TekcTe. OfHaKo Haw Bbibop BO
MHOIOM MPOU3BOJIEH, U C HE MEHbLUMM YCNEXOM MOXHO MCMONb30BaTb Apyrue
CUMBOJIbI. HanpuMep, Mbl YacTo Ucnonb3ayeM * ("\u2605") n * ("\u2606") ans
napcuHra TEKCTOB, He coAepXalumx 3TUX CUMBOJIOB.

Cuepsa ompeeauM KOHCTAHTBI /It 0003HAYEHMS HAyajla U KOHIA IIPEIJIOKEHI
KaK <s> 1 </s> (TaK KaKk B aHTJIUICKOM SI3BIKe CJI0OBA 3aMIUCHIBAIOTCS CJIeBa HAIPABO,
Ha30BeM KOHCTAHTHI left_pad_symbol U right_pad_symbol COOTBETCTBEHHO). B s13bI1-
Kax C IMChMOM CIIPaBa HaJIeBO 9TH KOHCTAHTHI MOTJIN ObI UMETh IIPOTUBOIOJIOKHBII
CMBICIL.

Bo BTopoii wactn koma onpesengeTcs GyHKINUA nltk_ngrams, ICTIOAb3YoMasd QyHK-
1110 partial, 4TOGBI CO31aTh CBOIO 00EPTKY /Uist (DYHKIMM nltk . ngrams, KOTOpast MO~
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CTaBJISIET 3HAYEHUS] B UMEHOBAaHHbBIE aPTYMEHTBL. JTO TI03BOJIUT HAM TaPAHTUPOBATh
TpebyeMoe MmoBejieHre nltk_ngrams TIPH KaskJOM BBI30BE, HE MTOBTOPSIST MOJTHOCTHIO
CUTHATYPY BBI30Ba Be3/ie B HAIIEM KOJIe, TAle 9TU BBI30BBI TPOU3BoAATCA. Hakowmerr,
Hala HoBas Trepeonpeaenentasd GYHKINA ngrams TPUHUMAET CTPOKY C TEKCTOM
Y pa3Mep n-TpaMM. 3aTeM OHA ITPUMEHSIET K TeKCTY (yHKIIUN sent_tokenize 1 word_
tokenize u miepeIaeT pe3yJIbTaT B BbI30B nltk_ngrams /i TOJIYYEHUS 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, ans 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-
CcJIeIoBaJIo HECKOJIbKO BOIIPocoB. Peroprep us New York Times cripocuu, Korga Oyaer
HOMKICaH 3aKOH ) OYLyT TOJTyYeHbI CJIE/IYIOIINE 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>, Tk/s>!h)
('<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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O6parurte BHUMaHUE, 9TO (DYHKIMS T0OABJISET MapKePhl BO BCe BO3MOKHBIE 110-
CJIEIOBATEIBHOCTH 7-TPaMM. JTa ee 0COOEHHOCTD MPUTOIUTCST HAM TTO3’Ke, KOT/a
MBI OyzieM 00CYKIATh 6036pambl, HO, €CJIM BaM JIOCTATOYHO 3HATH, T/I€ HAXOIATCS
HAYaJI0 W KOHEI] TOCJIeZI0BATETbHOCTH, MOKETE TIPOCTO OT(UIBTPOBATH N-TPAMMBI,
cozepskarire 6osee OHOTO MapKepa.

Bbi60op pasmepa n-rpamm

A terniepb 3aiiMeMcst BLIOOPOM pasmepa n-rpaMM. PaccMoTpuM IIpUIIOKEHe, KOTOPOe
HCIIOJIb3YET N-TPAMMBbI JIJIsl BbISIBJIEHUS KAH/IUATOB HA UMEHOBAHHbIE CYITHOCTH.
Ecau BoiOpaTh pasmep n = 2, Mbl mostyunm B pedyabrare «The reporters», «the
President», «the United» u «the room». Xorst aTa MOjIeH JAIEKO HE HeaTbHA,
OHa yCIENTHO UAeHTH(DHUITMPOBATIA TPU COOTBETCTBYIONINX CYITHOCTEN Oe3 0COOBIX
BBIYMCJINUTETHHBIX 3aTPAT.

C pyTOii CTOPOHBI, MOJIEJTH C Pa3MEPOM OKHa 2 JIJIsI BbIIEJICHUS 7-TPaMM He CIIOCOOHA
YJIOBUTh HEKOTOPbIE HIOAHCHI KCXOAHOTO TekcTa. Hampumep, ecim npeaioxenne
B TEKCTe YIIOMUHAET HECKOJIbKUX IJIaB TOCYAapCTB, Toraa Ourpamma «the President»
MOJKeT OKa3aTbhCs HeoHo3HauHoil. YToObl 0XBAaTUTDL BCe cjIoBocodeTanue «the
President of the United States», Mbl 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, Kak MOKHO CY/INTD IO PE3yJIBTaTaM BBIIIIE, OU€Hb MATOBEPOSITHO, YTO
PE3YIIBTAThI MOZIEJT Ha OCHOBE 7-IPAMM CJIMIIKOM OGOJIBIIOTO pa3Mepa Oy /Ly T BKIIOYATh
HOBTOPSIIONIMECS CYIIHOCTH. DTO 3aTPYAHUT OIIpe/ieJieHre BEePOSITHOCTEH, TI03BOJISI-
IOIIUX BBIIBUTH 11/ aHAIM3a. Kpome ToTo, ¢ yBeJMueHUEM 7 YBEJINIUBACTCS YUCII0
BO3MO’KHBIX TPABUJIbHBIX 71-TPAMM, M3-32 4E€TO CHIKAETCS BEPOSITHOCTD OTIPe/Ie/IeHUsT
BCEX MTPABUJIbHBIX 72-TPaMM B Kopityce. CIUITKOM GOJIbITOe 3HAYEHUE 72 MOJKET YBEJIU-
YUTD TITYM, TIEPEKPBIBAIOINI HE3aBUCUMBbIE KOHTEKCTBI. ECiii OKHO GOJTbIIe pa3MepoB
IPEVIOKEHHIT, OHO BOOOIIE MOJKET HEe BEPHYTh HU O[HOU 72-TPAMMBbL.

Bb160p 7 MOKHO TaksKe pacCMaTPUBATH KaK KOMIIPOMUCC MEKLY CUCMEMAMUUECKUM
omxnoHeHueM i ducnepcuei. TIpr MasoM 3HAYEHUH 72 TIOJTydaeTcst Gosiee TipocTast (cJra-
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6ast) MOJIe/Ib, BHI3bIBAIOIIAS GOJIbILE OUIMOOK U3-32 CUCTEMATUYECKOIO OTKIOHEHMSL.
[Tpu GOJIBIIIOM 3HAYEHUH 72 TTOJIydaeTcst Oosiee CIoKHast MOJesb (MOJIEb BBICOKOTO
HOPSIZIKA), BhI3bIBatoIas OoJIbIie oGOk n3-3a auctepcuit. Tak jke, Kak B cJIydae ¢ 3a-
JlaYaMK MAITHHOTO 00YYEeHMUs ¢ YYUTEIEM, Mbl JI0JIZKHbI HATH TIPaBUIBHbII Oasiac
MEK/Y 4yBCTBUTENBHOCTHIO M CHEU(BUUHOCTBIO Mogean. Yem GoIblle 3aBUCHMBbIX
CJIOB HAXOUTCS Ha OOJIBIIOM PACCTOSIHIN OT TJIABHOIO CJIOBA, TeM OOJIbIIAS CIOKHOCTD
HeoOXOIMMA JIJIsT CO3/[aHuUsT TPOTHO3MPYIOIIEN MOJIE/IN HA OCHOBE 71-TPaMM.

3HauMMblie CJZIOBOCOYETaHUsA

Ternepb, KoT/ia HAIll OGBEKT YTEHUST KOPITyCa MOJJIEPKUBAET 7-IPAMMBI, MbI MOKEM
BHEJPUTH 3TU PU3HAKH B TTIOCJIEYFOIIIAE MOJIEJIH [Ty TeM BEKTOPU3AIIUH TEKCTa C UC-
MOJIb30BAHMEM 7-TPaMM BMECTO MTPOCTOTO ¢JIoBapst ¢oB. OIHAKO NCTIOIH30BAHIIE
UCXOAHBIX 7-TPAMM TIOPOAUT MHOTO, CJIUIIKOM MHOTO KaHAMUAATOB, OOJIBITHHCTBO
U3 KOTOPBIX He ABJSIOTCA pesneBanTHbiMEU. Harpumep, npepoxenue «I got lost
in the corn maze during the fall picnic» (g 3abaymuics B 1abupruHTe KYKYPy3bl Ha
OCEHHEM TUKHUKE) COMEPKUT TpUrpamMmy ('in', 'the', 'corn') (B KyKypy3e), He
SIBJIAIONYIOCS TUTTMYHOUN HpG,Z[JIOH(HOﬁ 1eJbI0, TOrIa KaKk Tpurpamma ('I', 'got’,
"lost"') (s1 MOTEPSIIICS) UMEET CMBIC caMa 1o cebe.

Ha npaktuke 06paboTKa JIUIITHIX 72-IPaAMM MOKET OOXOAUTHCS CIIUIIKOM JA0POTO ISk
MIPOCTBIX TTPUJIOKEHUH ¢ TOYKU 3PEHUST BBIUUCIUTETBHBIX PECYPCOB. ITY Hp06JIeMy
MO>KHO PEITUTh BBIUNCJIEHUEM YCA08HOU 8eposmuocmu. Hampumep, KakoBa BepOsIT-
HOCTb IIOSIBJIEHUSI B TEKCTe JieKceM ('the', 'fall') BMecTe ¢ JeKceMOu 'during'?
Mosxno HafiTH SMOUPUYECKHIE 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 Kak ('corn’,
'maze '), OTHOCUTEJIBHO PEJIKO UCII0JIb3YEMbIX KOM61/1Hau1/11?1, KOTOpble MeHee 3Ha4NMBbL.

Wpest o 6osiee BBICOKOM IIEHHOCTH HEKOTOPBIX 72-TPAMM BEJIET K €Ille OJTHOMY WH-
CTPYMEHTY B cepe aHaiu3a TEKCTa: 3HAUUMbIM clogocouemanusm (significant
collocations). Cioso collocation — 910 060061IeHHbIIT CHHOHWM /IS #-TpaMMbl (6e3
YTOYHEHHUsT pa3Mepa OKHa) 1 IPOCTO 0O03HAYAET MOCAeJ0BATEIbHOCTD JIEKCEM, Be-
POSITHOCTH COBMECTHOTO TIOSIBJIEHISI KOTOPBIX 0OYCIOBJIEHA HE TOTBKO CIYYAHBIM
conagenneM. C IIOMOIIBIO YCIOBHBIX BEPOSTHOCTEH MOKHO IPOBEPUTH IMIIOTE3Y
0 3HAYNMOCTH BBIOPAHHOTO CJIOBOCOYETAHUSI.

B 6ubmmoreke NLTK ecth /1Ba MHCTPYMEHTA 7SI BBISIBICHUST 3HAYMMBIX CJIOBOCO-
yeTaHuii: CollocatioFinder, OTBICKUBAIOIIMUI 1 OIIEHUBAIONIUI 7-TPAMMbI CJIOBO-
COuYeTaHU, U NgramAssocMeasures, COJlepKAIIMN KOJIEKIIUIO METPUK /IS OLIEHKU
3HAUYUMOCTH cJI0Bocouetanust. O6e yTHIINTDI 3aBUCSIT OT BEJIUUNHBI 77, & KDOME HIX
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B MOJYJISIX MMEIOTCST YTUJINTHI OIIEHKH [T paboThl ¢ OUrpaMMaMu, TPUIPaAMMaMK
u reTparpamMmmamMu. K coskasieHuIo, yTHINTBI st 06pabOTKHU 7-rpaMM U3 5 U 00JIb-
IEro KOJIMYECTBA JIEKCEM BaM ITPUIETCST PEATM30BATH CAMOCTOSITETbHO, PACTITUPSIST
COOTBETCTBYIOIIHIT POAMTEIBCKUN KIACC M UCTIOJIB3YsI KaK MIAGJI0H OINH U3 HHCTPY-
MEHTOB 06PabOTKM CJIOBOCOYETAHUI.

A Temiepb TOCMOTPUM, KaK TPOU3BOJIUTCS 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 aqucke. Hanumem dyHKImo
rank_quadgrams, KOTOpast IPUHUMAET KOPITYC, OTKy/a OHa Oy/eT YUTaTh CJIOBA,
a TaKKe MeTPUKY 13 QuadgramAssocMeasures, OTBICKMBAET 1 OII€HUBAET TeTPArpaMMBbl,
3aTeM 3aIMUChIBAET PE3yAbTAThI B (haiis 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 YyKa3aHHOM KOpryce C MpUMeHeHUeM
3afaHHON 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 CNOBOCOYETaHUs B COOTBETCTBUM C 3afJaHHOW MeTpUKOM
scored = ngrams.score_ngrams(metric)

if path:
# 3anucaTb pe3ysnbTaTbl B $aitn 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 OTHOIICHU A HOZ[O6I/ISII

rank_quadgrams (
corpus, QuadgramAssocMeasures.likelihood_ratio, 'quadgrams.txt’

)

Otma BepHET TeTparpaMMbl 3 KOPITYCa ¢ OI[eHKaMU O00MsI, 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 TPEATONIATAIOT, UTO MEK/LY CJIOBAMU
HET cBsi3U (OCHOBHAs TUIIOTE3a), @ 3aTEM BBIYUCJISIOT BEPOSITHOCTH aCCOIUAIINH,
€cJIM OCHOBHAs TUTIOTe3a BepHa. Ecyiin ocHOBHAd rumoTe3a nMeeT HU3KUH YPOBEHD
3HAUYUMOCTH U ee MOKHO OTBEPTHYTH, MbI MOKEM MPUHSATH aJbTePHATUBHYIO TH-
MOTE3Y.

Knacc QuadgramAssocMeasures u3 6ubnunoteku NLTK BKIIOYAET psif, MUHCTPYMEH-
TOB NPOBEPKM 3HAYMMOCTM C UCMOSIb30BAHUEM TaKMX KPUTEPUEB, KaK t-KpUTEPUii
CrblogeHTa, xu-kBagpat MNMpcoHa, noToyeyHas B3aMMHas nHdopMaums, hyHKLMS
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 nnu koahdrumeHT cxoacTea [aiica.

Terepb MOKHO TIPECTAaBUTH MpeoOpasoBarTesb SignificantCollocations, Tpe/Ha-
3HAYEHHBIH /111 NCII0JIb30BaHMsI B KOHBelepe, TAKOM Kak Ha puc. 7.2.

06beKT uTeHus

KTOpbI
e p| 3Hauumble BexTopb!
OEPKKOTin-Tpati 10BOCOYETAHNA MpUHaKoB

Knaccudukaums
WM Knactepu3aups

—»  TF-IDF

Puc. 7.2. KoHBelep 13BieYeHns: NpM3HaKoB B BUAE N-FpaMM

B meToze fit() MOKHO HAWTH U OIIEHUTH 3HAUMMBbIE CJIOBOCOUYETAHMSI, & B METO/IE
transform() CTeHEPUPOBATH BEKTOP, KOAUPYIOIINI OIIEHKU BCEX 3HAYUMBIX CJIOBO-
coYeTaHuil, HAIEHHBIX B JJOKYMEHTE. DTH IPU3HAKK 3aTEM MOKHO OOBEIUHUTD
C IPyTUMHU BEKTOPaMU 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 aTOrO0 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 TOJIBKO 3arOTOBKa KO/la, HO €€ MOKHO MCIIOJIb30BaTb
Kak nrabJon JJIA BRJIIOUEHUA aHaJM3a KOHTEKCTa B CTaHAAPTHYIO MOJEJb THUIIA
<«MEIIOK CJIOB».

Mopaenu sa3biKka n-rpamMm

PaccmoTtpum npusiokerre, KOTOpoe IPUHIUMAET OT [T0JIb30BATEJIS HECKOJILKO TEPBBIX
¢J10B U3 (hpasbl, a 3aTeM TIpeIaraeT 3aBepiieHre 9Toi (hpas3bl 13 HanboJiee BeposiT-
HBIX CJI0B (KaK 3TO JesaeT nonckosast cucrema Google). lyist mpunsiTUst perenuii
MO/IEJIH Ha OCHOBE 72-TPAMM HCIIOJIb3YI0T CTATUCTUYECKYIO YacTOTY 7-rpamm. UTo0b!
MOJIYYUTH MOJIETTH SI3BIKA 1-TPaMM, TIPEICKA3BIBAIOIIYIO CJIOBO, CJIEYIOIIee 3a cepueit
CJIOB, MOJKHO CHA4aJsa MoJICYNTATh KOJTUUYECTBO BCEX 71-TPAMM B TEKCTE U 3aTE€M UC-
M0JIb30BATh UX YACTOThI JIJIs1 TIPEJICKA3aHUsT BEPOSITHOTO MPO0JKeHust. Tereps y Hac
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€CTb IIpUYMHA UCII0JIb30BaTh 3HAYMMbIE CJIOBOCOYETAaHMA HE TOJbKO KaK CPe/ACTBO
N3BJICYEHUA IIPU3HAKOB, HO TaKKe€ KaK MO EJIb s13bIKal

YT006BI IIOCTPOUTH MOZEIb A3bIKa, CIIOCOOHYI0 TeHEePUPOBATH TEKCT, CO3AaAUM
KJ1acc, O0BEUHSAIONINN BCe KOMITOHEHTBI, KOTOPBIE MBI PACCMOTPEJH B TIPEIbILY-
WX pasziesiaX, 1 Peau3dyoniuil 10MOJTHUTETbHBIN ITPUEM: BBIYUCTIEHUE YCA0BHOU
uacmomol.

Korpa-to B 6ubnuoteke NLTK 6bin1 MOAynb, NO3BOMSBLUMIA FEHEPUPOBATHL TEKCT
Ha ecTeCTBEHHOM £13blKe, HO OH yAasieH nocne nosiBneHus npobnem B MeToae
co3faHusi Moaenen n-rpamMm. Maes knaccos NgramModel n NgramCounter, KOTO-
pble Mbl peanu3yeM B 3TOM pasjene, nosisunace noA snuvsiHnem setsu NLTK,
peluatoLLeii MHorue M3 3TUX HEAOCTAaTKOB, HO Ha MOMEHT HamnucaHust 3STUX CTPOK
Ta BETBb BCE elle HaxoAwnacb Ha cTaaum pas3paboTku u He bbina obbeauHeHa
C rNaBHOW BETBbIO.

YacroTa 1 ycnoBHas yacroTta

BriepBbie moHsITHE YACTOTBI JIEKCEM MbI PACCMOTPEJTH HA PUC. 4.2, TIIe UCTTOIb30BAJIH
YaCTOTHDbIC ITPpE/ICTaB/JICHWA B MOIECJIN THUIIA «MEIIOK CJIOB», IIpe/AIloIaras, 4YTo 4aCTOTa
CJIOB B JIOKYMEHTAX MOJKET CJIYKUTh 3HAYMMON XapaKTEePUCTUKON COEPKUMOTO
JIOKYMEHTOB JIJISI BBISIBJICHUS Pa3Inumuil Mexk1y HUMU. HacToTa TakKe sABIdeTcs
MOJIE3HBIM TIPU3HAKOM JIJTs1 MOJIeJiell Ha OCHOBE 72-TPaMM — MOYKHO TIPEATIONIOXKNTD,
4TO 7-TPaAMMBbI ¢ OOJIBIION YaCTOTOM TIOSBJIEHKST B 06yJaiolieM Kopiryce OyayT mo-
SIBJIATHCS U B HOBBIX JIOKYMEHTAX.

[IpencraBbTe, UTO MBI YNTaEM KHUTY, CJIOBO 32 CJIOBOM, U HaM HY’KHO OTIPEEeINTh
BEPOSITHOCTD TIOSBJIEHUS cienyioniero ciaoBa. Camblii TPOCTON M HAUBHBIH CITO-
co6 — BBIOpATh CJI0BO, Yallle [PYTUX MOSBJSIONIEECS B TEKCTE, KaK MOKa3aHO Ha
puc. 7.3.

OmHako MBI 3HaeM, YTO TaKOTO MPOCTEHIIEro TI0X0/1a Ha OCHOBE YaCTOT HEIOCTa-
TOYHO; HEKOTOPBIE CJI0Ba HarboJiee BEPOSITHBI B HaYaJle TIPEJIOKEHNN, a IPyTHE
Yaiie MosIBJSIOTCS MOCJIe ONPe/IeJIEHHBIX TIPEIIECTBYIONUX UM cJioB. Harpumep,
JlaBaiiTe OIpeIe/ MM, HACKOJIBKO BEPOSITHOCTD cJie[loBaHus cjioBa «chairs (cryir)
3a CJIOBOM «lawn» (Ta30H) OTJIMYIAETCS OT BEPOSITHOCTH CJIeI0BAHMsI cJIoBa «chairs
(cryan) 3a cioBom «lavas (naBa) nimu «lampy (1amra). T BEPOSITHOCTH COOOIAIOT-
CS YCILOBHBIMU BEPOAMHOCTAMU ¥ 0003HAYAIOTCS KaK P(chair|lawn) (4nTaercs Kak
«BEPOSITHOCTD TIOSIBJIEHUsT ¢JIoBa chair 3a ciioBom lawns ). YToObl cMoies1MpoBaTh
5T BEPOSITHOCTH, HY’KHO UMETH BO3MOKHOCTH BBIUUCJICHUS YCLOBHBLY UACON JIIIS
BCEX BO3MOKHBIX 71-IPAMM.
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Puc. 7.3. l'padvk pacrnpeaeneHunst 4actoT B KOpryce TeKCTa

HaunewMm c onpenenenus kiacca NgramCounter, KOTOPBI CMOKET OTIPENENUTH YCIOB-
HbIE YaCTOThI BCEX CyOrpaMM, OT YHUIPaMM /[0 72-TPaMM, C KCIIOJIb30BaHueM FregDist
u ConditionalFreqDist. Hamr kiace takike peasiMsyer JOMOJHEHUE TPe/IOKEHUT,
Kak OBLJIO TIOKA3aHO BBIIIIE B IJIaBe, M OTIPE/IEJISIET CJIOBA, OTCYTCTBYOIINE B CJIOBAape
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 33[JaHHOrO C/loBapa WM pa3mepa
OKHa.
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def __init_ (self, n, vocabulary, unknown = UNKNOWN):

n -- pa3smep 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(ConditionalFreqgDist)
self.ngrams = FreqgDist()

self.unigrams = FreqDist()

Jlanee 1o6aBuM B Kaacc NgramCounter METOJI, KOTOPBIii TIO3BOJIUT CUCTEMATUYECKH
BBIYUCIISITH pacIipesiesieHre YacTOT U YCJIOBHOe pacIpeiesieHre YacToOT JJIs 3a/1aH-
HOTO pasMepa 7-TpaMM.

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 w3 6ubnuotekum NLTK

return ngrams(sequence, self.n, **self.padding)
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Tenepsb onpeniesium pyHKINIO (32 TpeieaMu Kaacca NgramCounter ), KOTOPast CO3/1a€T
AK3EMILISIP KJlacCa U BBIUUCJISIET pejieBaHTHbIe 4acTOThl. DyHKIMS count_ngrams
MPUHUMAET MapaMeTp C JKeJaeMBbIM Pa3MepoOM 7-TPaMM, CJI0Baph U CITHICOK TIPEI-
JIOKEHUN B BUJE CTPOK, Pa3/IeIEHHBIX 3aTISITBIMIL.

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)

PacripeziesieHre 4acToThI 111 YHUTPAMM MOKHO TIOJTYYHUTh U3 aTpubyTa unigrams.

print(trigram_counts.unigrams)

Jlust n-rpamm GoJiee BBICOKOTO MOPSIIKA YCIOBHOE PACIIPeNeIeHIe YaCTOT MOKHO
HOJIYYUTh U3 aTpuOyTa ngrams.

print(trigram_counts.ngrams[3])

Kioun YCJIOBHOTO paclpeaeseHruA 4aCTOT ITOKa3bIBalOT BO3MOKHbBIE KOHTEKCTDI,
IpeAmecTByonme Kax/ioMmy CJI0BY.

print(sorted(trigram_counts.ngrams[3].conditions()))
Harma Mmoiesib Takske cIrocoOHa BO3BpAIaTh CIIMCOK BO3MOMKHBIX CJIELYIONINX CIIOB:

print(list(trigram_counts.ngrams[3][('the', 'President')]))

OueHKa MaKCUMaJiIbHOW BEpPOSATHOCTHU

Kiacc NgramCounter aeT BO3MOKHOCTD 1peoOpa3oBaTh KOPILYC B YCJIOBHOE pac-
HnpejeIeHre 4acToT #-rpaMM. B naimem BooOpaskaeMOM IMPUIOKEHUN, PELCKa-
3BIBAOIIEM CJIEAYIOIIeE CJIOBO, HAM MMOHAZO00UTCS MEXaHU3M OLEHKU BO3MOJKHBIX
KaH/MIaTOB Ha POJIb CJIOBA, CJIEAYIOIIEro 3a 7-TPaMMOii, YTOOBI Mbl MOTJIM BbIOPATh
HarboJIee BEPOSTHOTO U3 HUX. MTHBIMY CJIOBaMU, HaM HY KHA MOJIEJIh, OTIPE/Ie/ISIONast
BEPOSITHOCTD JIEKCEMBI t TI0 TIPEANIECTBYIONIEH MOCIe/[0BATETHHOCTH S.

OmiTH 13 caMbIX TIPOCTHIX CITIOCOGOB OI[EHKU BEPOSATHOCTH #-TPAMMBI (s, t) OCHOBaH
Ha BBIYUCJIEHUN OTHOCUTEIHHON YaCTOTBL. JTO KOJNYECTBO ITOSIBJICHUI t BCJIEL 3a S,
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JleJIeHHOE Ha 001iee KOJMYECTBO MOSIBJIEHUH s B KOpITyce. ITO OTHOIIEHUE JIaeT

OTIEHKY MaKCUMAJTbHOU BEPOITHOCTH JIJISI -TPAMMBI (s, t).

HayneMm c co3manus kiaacca BaseNgramModel, KOHCTPYKTOP KOTOPOTO IIPUHUMA-
eT 00BEeKT NgramCounter ¥ CO3/1aeT MOJEJb si3biKa. VIHUIIMAIU3upyeM MOJeb
BaseNgramModel aTpuGyTamMu JJist XpaHEHUsT 7-rpaMM OoJiee BBICOKOTO TOPSI/IKa 13
06y4eHHoTo 00beKTa NgramCounter, CAMUX 7-TPaMM, WX YCJIOBHBIX Pacpere/eHuil

YaCTOT U CJIOBap.

class BaseNgramModel(object):

BaseNgramModel co3pgaeT mMogenb A3blKa N-rpamm.

def

3areM 106aBUM B Ki1acc BaseNgramModel METO/] score BBIYMC/AEHUsT OTHOCUTENbHOI
YaCTOTHI CJI0BA B JJAHHOM KOHTEKCTE, KOTOPBIN CHAadyasa IPOBEPUT, YTO KOHTEKCT
KOpoue 7-rpamMM 6oJiee BBICOKOTO Mopsiika u3 NgramCounter. Tak Kak arpulOyT ngrams
B BaseNgramModel sBJsieTcst 00beKTOM ConditionalFreqDist us 6ubanorexu NLTK,
MBI MOKEM ITOJIYIHUTh FreqDist st IF0OOT0 JaHHOTO KOHTEKCTA 1 €r0 OTHOCUTE -

__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 [aHHOro CTPOKOBOMO MpeAcTaB/ieHUA C/loBa U CTPOKU C KOHTEKCTOM
BO3BpallaeT OUeHKY MaKCUMaNbHOWM BEpOATHOCTU, HTO [aHHOEe CN0oBO
NPpOAONKUT OTOT 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, KOTopasa AO/XHA 6bITb MeHblle AJ1HbI
N-rpaMMmbl 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 ITOJIYIal0TCsT HEOOIBITUMHE, TOITOMY UX YaCTO
HPEJICTABJISAIOT Kak JorapudMbl BepositHocTeil. [Toatomy gobaBiM MeTo/[ logscore,
peoGpasyIoNHii pe3yJIbraT METO/Ia score B TOrapr(M, ecJIi OlleHKa He paBHA HYJIIO
U He MeHbIIe er0, MHa4Ye BO3BPAIIAIOIINN OTPHUIIATEIbHYI0 GECKOHEYHOCTH:

def logscore(self, word, context):

JnAa [aHHOro CTPOKOBOrO MpeAcTaB/ieHMA C/ioBa U CTPOKU C KOHTEKCTOM
BblHUCNnAeT norapm])M BEepOATHOCTU NOABNIeHMA C/10Ba B OaHHOM KOHTeKCTe.

score = self.score(word, context)
if score < = 0.0:
return float("-inf")

return log(score, 2)

Tenepp, Korja y Hac eCTb METO/Ibl OLIEHKHU 3K3eMILISIPOB 7-TPaMM, peaii3yeM MeTo/|
OIIEHKH MOJIEJI SI3bIKA B I[EJIOM, KOTOPBIN Gy/IeT BBIYUCIISITH aHmponuio. JlobaBum
METO/I entropy B BaseNgramModel, OTIpeIeISIONTNAMN CpeIHUH JorapudM BepoSTHOCTEH
BCeX n-TpaMM U3 NgramCounter.

def entropy(self, text):
BolyncifaeT NpUBANKEHHYH MepeKkpecTHY SHTPOMUK MOAENU N-rpaMMm
ONA 3afaHHOro TekcTa B ¢opMe CMUCKA CTPOK, pasfesieHHbIX 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 TIPUIILIN K BBIBOJLY,
YTO JIJIST IAHHOTO BBICKA3bIBAHMUST IOCTATOYHO 3HATH HECKOJILKO MEPBBIX CJIOB, 4UTOObI
MIPE/ICKA3aTh HECKOJIBKO MTOCJIELYIONINX ¢JI0B. CyTh COCTOUT B TOM, UTO CMBICJI OYEHb
OrpaHUYEH U SIBJISIETCS Bapualeil MapkoBekux gomymiennii (Markov assumption).
B ciygae ¢ Mmogenpio n-rpaMM HaM HY>KHO MUHUMHU3UPOBATH HEOMPEIETEHHOCTD,
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BbIOpaB HanboJsiee BeposTHYIO (7 + 1)-rpaMMmy jist JaHHON BXOJHOM 72-IPaMMBbl.
JLJist OIEHKY TIPOTHO3UPYIOIIEH MOIIHOCTH MOJAETH OOBIYHO TIPUHSTO 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
HeonpeneseHHOCTb TeKCTa.

return pow(2.0, self.entropy(text))

HeOHpeI[eﬂeHHOCTI) — 9TO HOpMaJIM30BaHHaA OL€HKA BEPOATHOCTU; YEM BbIIIIE yC-
JIOBHasA BEPOATHOCTD ITOCJIE/I0OBATEC/IBHOCTU JIEKCEM, TEM HUKE HEOIIPE/IEJTEHHOCTD.
Kax IIpaBMJIO, MOJIEJIN 6oJiee BBICOKOTO TMopAazaKa JEMOHCTPUPYIOT MEHBIITYIO HE-
OIIpeeJIEHHOCTb!

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/10Ba: BO3BpPaAThbl U CriiakmnBaHue

EcrecTBeHHbIe SI3BIKM 0YeHb THOKH, TI09TOMY OBLJIO OBl HAMBHO OKU/IATh, YTO JIAsKe
BecbMa GOJIBIIIE KOPITYChI OY/IyT COAEPKATh BCE BOBMOKHbBIE 72-TPaMMBbl. A 3HAYWT,
HAIU MOJEJN TOXKE JOJKHBI ObITh JOCTATOYHO IMOKIMM, YTOObI 0OpabaThiBaTh
n-rpaMMBbl, KOTOPbIE TIpesk/ie HUKoTAa He Bugesan (Hanpumep, «the President of
California» (npesuznent Kamndopmumn), «the United States of Canada» (Coexunen-
ubie [IItarer Kanazsr)). B cHMBOIMUYECKUX MOJIEISIX 9TY TIPOOJIEMY MOKHO PEITUTD
C MCIIOJTb30BAHUEM 8036PAMO8 — €CJIM BEPOSITHOCTD JIaHHOM 72-TPaMMbl HEU3BECTHA,
MO/IeJTb TIBITAETCST OMPEAETUTh BeposTHOCTD (7 — 1)-Tpammbr («the President of»,
«the United States of») u tak gasee, oka He A0MIET 0 OAMHOUHON JIEKCEMBI, HJIN
yaurpamMmbl. Kak 1mpaBuiio, Bo3BpaThl K MEHBIINM 7-TPaMMaM BBITIOJIHSIOTCS, TIOKa
He Oy/IeT MOJIYY€eHO J0CTaTOUHO HH(MOPMAIIUH /IS OIIEHKH BEPOSTHOCTH.

[TockonpKy BaseNgramModel MCTIOJB3YET OIEHKY MaKCUMAJbHON BEPOATHOCTH,
HEKOTOpbIe (BO3MOKHO, MHOTHE) 7-TPaMMBbI OY/IyT UMETh HYJIEBYIO BEPOSITHOCTD
TOSIBJIEHUSI, B Pe3YJIbTaTe score () Oy/eT BO3BPAIIATh HOJIb, ¥ OI[EHKA HEOTIPe/IeIeH-
HOCTH Oy/IeT MOJTy4aThCs PABHO + 1K - GeckoneuHocTH. J{Jist petenust mpobieMbl
HYJIEBBIX BEPOSATHOCTEH 72-TPaMM MOKHO OPTaHnu30BaTh caaaxcusanue. Craakupanue
3aKJllo4aercs B Ilepejade HEKOTOPOU 10J1M BEPOATHOCTU 4acTO BCTPEUAIOLINXCS
n-TpaMM TIpesK/ie He BCTpeYaBImMcd n-TpamMMam. [IpocTeiimy BuoM criasknBanms
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sBisiercst cruaskuBanue Jlammaca («add-one smoothings), korza HoBoMy TepMIHY
IPUCBAUBAETCS YacTOTA | ¥ TPOU3BOAUTCS IEPECYET BEPOSITHOCTEN, HO CYIECTBYET
MHOTO IPYTUX BUJIOB CIIIQKUBAHMST, TAKUX Kak 060011eHHOe criaxuBanue Jlarmaca,
i «add-k smoothing».

O6a Bua CriaskuBaHus JIETKO peaii30BaTh, ONPeesiB Kiaace AddKNgramModel, Ha-
CJIelYIONIUIT Hall KJIace BaseNgramModel 1 Iiepeolpe/iesIsioninil MeTo/| score, KOTO-
pblit OyeT 106aBIATh CrIaKIBaolee 3HaYeHUE R K CYETUNKY N-TPAMMBI U JICJTUTh
Ha 3HaYeHne cyeTdnKa (1 — 1)-rpaMMbl, HOpPMAJTN30BaHHOE CYETINKOM YHUTPAMMBI,
YMHOKEHHBIM Ha k:

class AddKNgramModel(BaseNgramModel):

PeanusyeT obobweHHoe crnaxuBaHue Jlannaca (add-k).

def __init_ (self, k, *args):
MpuHuMaeT 3HaveHue k, Ha KOTOpPOE [OJMXHbI YBeM4UMBaATbCA
CYETYUKU CNIOB B MpoLeCcce OLeHKHU.

super(AddKNgramModel, self). init__ (*args)

self.k = k
self.k_norm = len(self.ngram_counter.vocabulary) * k

def score(self, word, context):
B o606buweHHOM crnaxuBaHuu Jlaniaca ouLeHKa HopmanusyeTca
3HayeHuem 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 OTIpeNesIUTDh Kaacc LaplaceNgramModel, KOTOPBIM MHUITNATU3UPYET
AddKNgramModel 3HaueHueM k = 1:

class LaplaceNgramModel(AddKNgramModel):
Peanusyet crnaxuBaHue Jlannaca
CrnaxvBaHue Jlannaca agnsaeTcA 6a3oBbiM ciyyaem 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-
YKCJIEHUS] BEPOSITHOCTH, BK/II0YAsl PASHOBUHOCTH METO/a MAKCUMAJILHOIO IOA00US
u 06061eHHor0 craaxkubanus Jlamaca (add-k), a raxxe:

O UniformProbDist IprcBaMBaeT PaBHbIE BEPOSTHOCTU BCeM obOpasiiaM, UMeo-
IUMCST B 33/[AHHOM 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, MOJICUYUTHIBAST BEPO-
SITHOCTH 7-TPaMMBbI 110 Yyucy (7 — 1)-rpamMm, BCTpeYeHHBIX TIPU 00YYEHIH.

CraaxuBanne Knecepa — Hest (Kneser—Ney) BcIo/ib3yeT 4acTOTy YHUTPaAMMBbI He
camy 110 cebe, a B OTHOIIIEHUH K 7-TpaMMaM, KOTOpble oHa 3aBepiaet. OHM cI0Ba
MOSIBJISTIOTCST B CAMBIX Pa3HBIX KOHTEKCTAX, HO IPYTHE MOIBISIIOTCS 9acTO U TOJIHKO
B OTIPeIeJIEHHBIX KOHTEKCTAX; MBI TOJKHBI MHTEPIPETUPOBATH UX TI0-PA3HOMY.

Mbi MosKeM co3iaTh 00epTKY /Jist peanu3aiuu criuakuBanust Kinecepa — Hest us
NLTK, ompenenus kmacc KneserNeyModel, Hacjeytomuii BaseNgramModel 1 mepe-
OTIPEZICNIAIONINI METOJ score, B KOTOPOM HCITOJIb3yeTcs nltk.KneserNeyProbDist.
O6parure Banmanue Ha To, 4o NLTK-peanusarus, nltk.KneserNeyProbDist, pa-
6oTaeT TONBKO ¢ TPUTPAMMAMYL

class KneserNeyModel(BaseNgramModel):

Peanusyet crnaxuBaHue KHecepa — Hea

def __init_ (self, *args):
super(KneserNeyModel, self). init__ (*args)
self.model = nltk.KneserNeyProbDist(self.ngrams)

def score(self, word, context):

Ucnonb3yeT KneserNeyProbDist u3 NLTK gnAa nonyyeHusa oOueHKH

trigram = tuple((context[@], context[1], word))
return self.model.prob(trigram)

leHepaums A3bika

BMmecTe ¢ BO3MOKHOCTBIO ITPUCBABATD BEPOSITHOCTU 72-TPAMMaM MbI ITOJTYUUIIN MeXa-
HU3M IIPUMEPHOIA reHepainu si3bika. UToObI IPUMEHNTH HaIll KJacc KneserNeyModel
JUIST IOCTPOEHUS TeHEPaTOPa CJAEAYIONIETO CI0Ba, T0OABUM JIBa TOTOJHUTEIHHBIX
MeTo/Ia, samples ¥ prob, YTOObI MOJYYUTH JOCTYII K CIIMCKY BCEX TPUIPAMM C He-
HYJIEBBIME BEPOSATHOCTSAMHK ¥ K BEPOSITHOCTH KasKI0r0 06pasiia.
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def samples(self):
return self.model.samples()

def prob(self, sample):
return self.model.prob(sample)

Teriepb MOKHO HamKcaTh IPOCTYIO (PYHKIINIO, KOTOPAs IPUHUMAET TEKCT, U3BJIEKAET
BEPOSATHOCTU BCEX BO3MOKHDIX TPUTPAMM IIPOAOJIKEHUA I ABYX ITOCIEIHUX CII0B
u o6aBiisieT Harboee BEpOsITHOE cJie/Iytoliee cioBo. Eciiu meperano Membiiie 1ByxX
CJIOB, 3AITPOCUM JIOTIOJTHUTENbHBIH BBOJI. Ecai 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, PETIaloliee MPOCThIE 33191 BEPOSTHOCT-
HOIT reHepaIiy A3bIKa, HO, KaK MbI BUJIEJIU, YTOOBI CO3/[aTh YTO-TO HoJiee CJIOKHOE
(HampuMep, MPUJIOKEHNE, TeHEPUPYIOIee 11eJble MPEJIOKEHN ), B MO He-
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00X0UMO 3aKOAUPOBATH O0JIblle MHGOPMALMK O SI3bIKE. DTOTO MOKHO TOOUTHCS
¢ IPUMEHEHHUEM 72-IPAMM BBICOKOTO MOPSIAKA U OOJIBIIUX IIPEAMETHO-OPUEHTIPO-
BaHHBIX KOPITYCOB.

Ho xax orpeiesinTh, HACKOJILKO XOPOIIIa Hata Mo/ieJib? Mojiesin Ha 0CHOBE #-TPaMM
MOJKHO OLIEHUTDb ABYMS CHOCO6aMI/I. BO-HGpBbIX, Ka4eCTBO MO/€JI Ha KOHTPOJIbHbIX
JAHHBIX MOKHO OIEHUTH C UCIIOJIb30BAHNEM BEPOSTHOCTHON MEPHI, TAKON KakK He-
OTIpeNIeTEHHOCTh WJIW AHTPOTIH. B aToM cirydae Jydireil MOKHO CIMTATh MOJIEJb,
MaKCUMUBUPYIONIYIO SHTPOIUIO WU MUHUMHU3UPYIOIIYIO HEOTPEAETeHHOCTD JIJIst
KOHTPOJIHOTO Habopa. KauecTBO CHMBOIMYECKUX MO/IENEI TIPUHSITO OTUCHIBATD UX
MaKCUMaJIbHbIM KOHTEKCTOM (pa3MepoM 7-TpaMM) U TTPUMEHSIEMbIM MEXaHU3MOM
criaknBanus. Ha MoMeHT HammmcaHus 9TUX CTPOK JIy4HIMMU CUUTAJIMCh CUMBOJIN-
JecKue MOJIENTH ¢ S-TpaMMamiu u criaaskuBanrem Kuecepa — Hes!.

C npyroii cTopoHbl, 6oJiee HAEKHYIO OIIEHKY MOJIEJTN MOKHO TIOJTY4UTh, BCTPOUB
ee B IPUJIOKEHUE U TPOAHATU3UPOBAB OT3BIBBI 1T0Jb30BaTe e !

B 3akroueHue

B sTo0i1 T/1aBe MBI UCCHIEIOBAIIM HECKOJIBKO HOBBIX METOJ/IOB KOHCTPYUPOBAHMS
KOHTEKCTHBIX TIPU3HAKOB JIJIsI YJIYUIIEHUsT IPOCTBIX MOJIEJIEH TUIIA «MEIIOK CJIOB>.
Crpykrypa Tekcta nMeeT O0JIbIToe 3HaYeH e IJIsT eT0 TIOHnManus. Vlcrnorb3oBatne
KOHTEKCTa Yyepe3 N3BJIeYeHre KI0YeBBIX (Ppa3 Man 3HAUNMBIX CJIOBOCOUYETAHUT Ha
OCHOBE IPAMMATHK MTO3BOJISET CYIMIECTBEHHO YIYUITUTh KAYeCTBO MOJIEITH.

B aT0i1 rmaBe MBI NCTIOTB30BANN CUMBOIUUECKUL TTOAXO K AHATU3Y TEKCTA, TO €CTh
CMOJIETUPOBAJIM SI3bIK KaK HAaOOP AUCKPETHBIX ()PAarMEHTOB ¢ BEPOSITHOCTSIMU UX
nogsyieHus. [[ONOJHUB 3Ty MOJIEJIb MEXaHU3MaMU 8038PaAMA N C2LANCUBAHUS I
06pabOTKM HEU3BECTHBIX CJIOB, MBI ITOJIYYMIN MOJIEb SI3bIKA Ha OCHOBE 7-TPaMM,
CIIOCOOHYIO TEHEPUPOBATh TEKCT. TaKOil MOAX0/ K MOAETMPOBAHUIO SI3bIKA MOKET
IMOKa3aThCsI U3JINUIITHE aKaJeMUUYeCKIM, OJTHAKO BO3MOKHOCTH CTATUCTUYECKOM
OIIEHKM OTHONIEHWH B TEKCTE HAILIa IMMPOKOE TTPUMEHEHNE B CAMbIX Pa3HBIX KOM-
MePUYECKHX MTPUIIOKEHUSX, BKJII0Yast COBPEMEHHbBIE CHCTEMBbI ITOMCKA B CETH, YaT-O0ThI
1 MaIlIMHHBIN TIEPEBO/I.

Bropoii oaxoz, He 06CYKAABIINNCS B 9TOI TJIaBe, HO 3aCIyKMBAIOIIAN YIIOMH-
HAaHUS: HeHPOHHASA, UTU ACCOUUAMUBHAS MOJEb I3bIKa, KOTOPas UCIOJb3yeT
HEWPOHHBIE CETU B KAYECTBE aCCOIMUATUBHBIX €AMHUIL C HETIPECKa3yeMbIM TTOBe-
nenueM. B HacTosIee BpeMst HeiPOHHbIE CETH CTAIU MIMPOKOAOCTYITHBIMU GJ1aro-

U Frankie James, Modified Kneser—Ney smoothing of n-gram models (2000), http://bit.ly/2JIc5pN
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Japsi MOSIBJIEHIIO TAKUX HHCTPYMEHTOB, Kak word2vec, SpaCy u TensorFlow, Ho nx
obyueHre MoKeT TpebOBaTh 3HAYMTEIbHBIX BBIYUCIUTENBHBIX PECYPCOB, a OT/IaIKa
Y MHTEPIIPETAINS PE3YJIBTATOB COTMPSIKEHBI ¢ OOJBITIMHU CJIOKHOCTSIMU. 10 3TOi
[PUYUHE MHOTHE IIPUIOKEH IS KCIIOIb3YIOT O0JIee HOHATHbIE CUMBOJIMYECKIE MOJIE-
JI, KOTOPBIE YACTO JIETKO MOJUMDUITPOBATD C MCTIOTb30BAHNUEM TTPOCTHIX ABPUCTHK,
Kak Oyzer nokasato B raase 10. B riase 12 MbI MCIIOJIb3YeM acCOIMATUBHbII O/
XOJI JLJIST CO3/IaHMsT MOJIENTN KJIAaCCU(MDUKAIINH SI3bIKA U 00CYIUM CJIy4au, KOT/la TaKue
MOJIEJTH MOTYT OKa3aThCst O0JIee TIPEAOYTUTETbHBIMU.

Ho npexae yem nepeiditu Kk aTiM 6oJsiee IPOABUHYTHIM MOJIEISIM, PACCMOTPHM
B TJIaBe 8 TpreMbl BU3yaIM3alMK TEKCTA U IUArHOCTUKU BU3YaJIbHBIX MOJIEJIEN,
HCIOJIb3YIONINE CTATUCTUYECKUE BBIYUCIIEHUS JIJIsl BU3YaIU3AI[UU IIPOUCXO/ISIIETO
B MOJICJISX.



Busyanusayusa Tekcra

MarmHHOe 06ydYeHre 4acTo aCCOIMUPYETCS C aBTOMATH3aIlMel TIPUHSTHS PEIEeHUT,
HO Ha MPAKTHKE MPOIIECC CO3aHUsT MPOTHOCTHYECKON MOETH OOBIYHO TpebyeT
yJacTus yesoBeka. KoMIbIOTepbl MPeKpacHO CIIPABJISAIOTCS C TOYHBIMU MaTeMaTH-
YECKUMU BBIYNCIEHUSIMHE, & JIIOU CIIOCOOHBI OBICTPO BBISIBJISITH 3aKOHOMEPHOCTH.
OOGbeIMHNUTD ATH IBA BaKHBIX ACIIEKTA TIOMOKET MEXAaHU3M BU3YAIUAUUL, TOUHO
U aKKypaTHO OTOOPasKaroNIMiA JaHHbIE Ha 9KPaHe KOMITbIOTEPa B HEKOTOPOM BU3Y-
AJILHOM TIPE/ICTABJIEHIH, KOTOPOE MO3BOJIUT YEJIOBEKY OBICTPO TIOHSTD UX CYTh.

B rimaBax 5 1 6 MBI paCCMOTPEJIM HECKOJIBKO MPAKTHYECKUX IIPUMEPOB IIPUKJIAIHBIX
MojiesIell MallinHHOTo 00y4YeHwst. B Xo/1e peasin3aiiu aTuX MPUMEPOB MbI 3aMETHIIH,
YTO MHTErpallysi MAIIMHHOTO OOYYEHUST YaCTO OKa3bIBAETCSI HAMHOTO CJIOKHEE ITPO-
cToro oOyudeHust Mojes . Bo-1iepBbIX, epBast MoJIe/Ib PEAKO ObIBaeT OIITUMAIbHOII,
4TO O3HaYaeT HeoOXOAMMOCTh OPraHU3aIMK UTEPATUBHOTO TIpolecca 0OyYeH s,
OIIEHKU U HACTPOWKU MOJIETIEH.

Kpome Toro, olieHKa, WHTEPIIPETAIUs U IPEACTABIEHUE PE3YIBTATOB MPUKJIAJIHOTO
aHAJIMN3a TEKCTA OCYIIECTBISIOTCS ¢ GOJIBIIUMU CJIOKHOCTAMMU, YeM B CJIydae ¢ YHC-
JI0BbIMU faHHbIMU. Kakoii crioco6 noncka nHaubosee nHGOpMaTUBHBIX TPU3HAKOB
JIydllie — KOIJla IPU3HaKaMU SBJSIOTCS CJI0Ba, (hparMeHTsl ¢10B man ¢paspi? Kak
OTIPEIEJINTD, KaKast MOJIEJTh KIaCCU(PUKAIIMY JIyUIle TIOJXOMUT JIJIST HAIIErO KOPITY-
ca? Kak y3Hath, kKakoe 3HaueHue k maeT HanOoabIui ahdeKT B KIacTepusainm
MEeTOIOM k-CpesiHux?

Nmento st BOIIPOCBI BMECTE C HCO6XO[[I/IMOCTI)IO UTEPATUBHOI'O ABUKEHUA K /10~
CTYKEHUIO HarboJiee ONTUMAIbHOTO PElIeHUs TIPUBEJN HAC K Mpolike avibopa
MoOenu, Kak OIicaHo B pasjiesie < Tpoiika Bpibopa Mojiesin», B TiiaBe 1. B aT0ii riraBe
MbI YBU/INM, KaK 8U3YAIbHASL OUAZHOCMUKA TOTIOJHSIET ATOT TIPOIECC MEXaHU3MaMU
BU3YaJIM3aI[1H JIJIsT BbISIBJICHUSE TPOOJIEeM WK J1J1st GoJiee IPOCTOI OIEHKH KayecTBa
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MoJIeJiell OTHOCUTEBHO APYT Apyra. Mbl uccieayeM Habop HHCTPYMEHTOB BU3ya-
JI3AIUH, KOTOPBIE MOTYT TIPUTOIUTLCS [T YNPABIeHUsI MOJIEJISIMU MATITTHHOTO 00-
yuenust, momorast aexTnBHEe BMENTMBATHCS B IIPOIIECC MOIETNPOBAHIST OJ1aroapst
HAIIIM BPOKIAECHHBIM CIIOCOOHOCTSIM BBISIBIISITH 3aKOHOMEPHOCTH B H300PAKEHUSIX.

CHauasia Mbl peaji3yeM PasJMYHble METO/Ibl AHAIN3A ¥ KOHCTPYUPOBAHMSI TIPH-
3HAKOB [IJIs1 TEKCTOBBIX IAHHBIX, OT TPAUKOB BDEMEHHBIX PSIZIOB 72-TPAMM JI0 CTOXa-
CTHYECKOTO aJITopuT™Ma BioKeHust cocesiell (Stochastic Neighbor Embedding, SNE).
3arem mepeiiieM K BU3yaJibHOMY aHAJIMU3Y TEKCTOBBIX MOJIEJIE U MHCTPYMEHTaM
BBISBJICHUS ONTMOOK B MOJIEJISIX, TAKMM KaK MaTPHIIbl HECOOTBETCTBUIT U rpadukn
onmbOK MPOrHO3UPOBAHKS KIacCOB. HaKOHEII, Mbl pPACCMOTPHM HEKOTOPbIE BU3Yyallb-
HbIE METO/[bI, KOTOPbIE MOKHO MCIIOJIb30BATh /ISl ONTUMU3AIMHI THIIEPIAPAMETPOB
C LEJIBIO YIIYUIIeHUsT KaueCcTBa MO/ el

Busyasinsauusi NpoCcTpaHCTBa NPU3HAKOB

KoncTpynpoBanue nmpu3HakoB, OIleHKa M HACTPOIKA Mojiesiell B TPATUIIMOHHOM
MpoIecce YMCIOBOTO TTPOTHO3NPOBAHUS BBITTOTHAIOTCS OTHOCUTETHHO MTPOCTO. BoI-
ABUTD Hanbosiee nHGOPMATUBHbIE IPU3HAKU B IIPOCTPAHCTBE € HEOOJIBIIUM YHCIOM
U3MEPEHMIT MOKHO MyTeM 0OydeHUsT MOJIEIM W BBIYUCIIEHUS 0T HAOJII01aeMOii
aucrepeuu, 00bsICHSIEMON KaK/[bIM TPU3HAKOM. [TosrydeHHbIE Pe3yJIbTaThl MOKHO
BU3YQJIU3UPOBATh C MCIIOJb30BAHUEM CTOJIOUATHIX [UATPAMM WJIM [BYyMEPHBIX Te-
TIOBBIX KapT MOTIAPHBIX KOPPEJIAINAL.

B cayudae ¢ TekcTOBBIMU JAHHBIMU BU3YaJU3UPOBATh IPOCTPAHCTBO IIPU3HAKOB
HAMHOTO cJokHee. OTYacTu 3TO CBSI3aHO € TeM, YTO BU3YaJIN3al[isl MHOTOMEPHBIX
JAHHBIX TI0 CYTH CJIOKHEE, a TAK)Ke MMOTOMY, UTO BU3YaTN3aINS TEKCTOBBIX TAHHBIX
B Python tpeGyer momosHUTEILHBIX BRIYUCAEHUIT B CPABHEHIN C BU3yalnu3aluein
YUCTO YMCJOBBIX JAHHBIX. B aTOM pasjiesie Mbl pacCMOTPHUM TIPUEMbI BU3YaJIN3aIIN
¢ npumenenreM Matplotlib, koTopbie MOTYT BaM pUTOIUTHCS IPU aHAIU3E W KOH-
CMPYUpPOBaAHUU NPUSHAKOB.

BusyanbHbIA aHa/IM3 NPU3HAKOB

I[To cyTu, anaiu3 MPU3HAKOB CBOIUTCST K 3HAKOMCTBY € OCOOEHHOCTSIME TAHHBIX.
AHaTM3UPYsT YUCTOBbIE JAHHbBIE C HEOOBITNM YUCIOM H3MEPEHUH, MOKHO HCITOJIb-
30BatTh OJIOYHbIE U «CKPUTIMYHBIE» (Violin) AuarpaMMbl, THCTOTPAMMBI, IHATPAMMBI
paccesiHUS, paJiajibHble MArPaMMBbl U JUarpaMMbl I1apajljle/IbHbIX KOOPJAUHAT.
K coskanenunio, BbICOKask pa3MepHOCTb TEKCTOBBIX JJAHHBIX JIeJIAET 3TH IIPUEMbl He
TOJIBKO HeYTOOHBIMHU, HO U He BCEeT/[a aKTyaTbHBIMI.
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B xonTexcTe TEKCTOBBIX HaHHbIX aHaJIN3 TPU3HAKOB CBOJAUTCA K U3YUYEHUWIO COAEP-
JKUMOTO Kopiyca. HampuMep, HacKOJIbKO BeTUKHU JOKYMEHTHI U cJIoBaph? Kakue
3aKOHOMEPHOCTHU MJIN KOMOUHAIIUN 7-TPAMM MO3BOJISIIOT TIOJTy4aTh HAnOOIbITNI
o6bem nHdopmaruu o gokymenTax? M BooOIe, HACKOJbBKO TPaMMaTHYEeCKU
[paBujieH Hall TeKCT? SIBJsieTcs i OH cyryb6o TeXHUYECKUM, COCTOSIIUM U3
MHOJKECTBA Y3KOCTEITMATbHBIX COCTABHBIX MMEHHBIX CJIOBOCOYeTaHUIT? ABIsieTcs
JIN OH IE€EPEBOJAOM C APYyIroro sa3pika? Hackoibko IIPpaBUJIbHO UCIIOJIb3YETCA IIYH-
KTyaIus?

Bce 3TH BOIPOCH! OMOTAIOT TPUCTYITUTH K (HOPMYJTUPOBAHUI0 0OOCHOBAHHBIX
TUIOTE3, MO3BOJSIONNX 3(P(PEKTUBHO IKCIIEPUMEHTUPOBATH U CO3/1aBaTh MPO-
TOTUTBL. B 2TOM paszesie Mbl TO3HAKOMUMCS C HECKOJBKUMU CIIETTNATN3NPOBAH-
HBIMI TIPHEMaMF aHAIN3a TIPU3HAKOB, KOTOPbIE 0COOEHHO XOPOIIO MOAXO/SAT JIJIsI
TEKCTOBBIX IAHHBIX: BDEMEHHBIE PS/IbI #1-TPAMM, CETEBOI aHAN3 U TTPOEKITUOHHBIE
JlarpaMMbl.

BpeMeHHble psaabl N-rpaMm

B rmaBe 7 MbI riccsieioBai TpUeMbl U3BIEUEHUS TPU3HAKOB HA OCHOBE TPAMMATHUK
C 11eJIbI0 BBISIBJIEHUSI 3HAYMMbIX 3aKOHOMEPHOCTEH C/IeJOBAHKS JIEKCEM B OOJIBIIIOM
KOJIMYECTBE JOKYMEHTOB. DTHUM 9TATioM pabovero mporiecca mpolie YIpaBIsaTh, IMest
BO3MO’KHOCTh BH3Ya/IbHO UCC/IE0BATh YaCTOTY KOMOMHALINI JIEKCeM Kak (hyHKITHIIO
oT BpeMeHU. B aTOM paszzesie pacckasbiBaeTcs, Kak peajn30BaTh BU3YaTU3AIUIO
n-TpaMM JIJIs1 TIOJIEPKKY aHAIN3a IPU3HAKOB TaKOTO BUJIA.

B 06bekTax YTeHUst KOprnyca, CKOHCTPYMPOBaHHbIX HaMK B rnaeax 3 U 4, oT-

CYTCTBYET MeToA dates, OAHAKO 3TOT MPUEM BU3yanu3aLmMm TpedyeT HEKOTO-

pOro MexaHu3Ma, KOTOpbIi MO3BOJISN 6bl MOTYUNTb BPEMSI CO3AAHUS AOKYMEH-
| Ta no ero fileid.

[lotycTum, 4To KOpIyc aHHBIX c)OPMUPOBAH KaK CJIOBAPH, KIIOUYaMU B KOTOPOM
SIBJITIOTCS JIEKCEMBI, 2 BHAUCHUSIMHI — KOPTEKH (CYETYNK JIEKCEMbI, BPEMSA CO3AaHUA
pokymenTa). /lomycTrM Takke, 4TO y HAC UMEETCS CITMCOK terms CTPOK, Pa3iieIeHHbIX
3aIATHIMU, KOTOPBIE COOTBETCTBYIOT #-TPaMMaM JIJisI TOCTPOEHN I BPEMEHHBIX PSIOB.

[Toctpoente rpaduka 3aBUCHMOCTH YACTOTHI 72-TPAMM OT BPEMEHU HAUYHEM C MHU-
rmasusarny purypsl Matplotlib u oceit, ykazas mupuny u BbicoTy B atoiimax. J{uist
Ka/K/[Or0 TeEPMUHA B CIUCKe MOCTPOUM TpaduK, B KOTOPOM OCh Y COOTBETCTBYET
4aCcTOTe N-TPAMMBbI, a 0Chb X — BPEMEHU CO3/IaHusI JTOKYMEHTa, B KOTOPOM BCTpe-
waercst TepMuH. [[06aBUM Takke 3aroJl0BOK rpaduKa, JereHay IIBETOB U METKU Ha
ocsix Y u X. Takyke MOKHO 3a/1aTh IHAIa30H [T [JIS1 TIOJIEPKKY MACIITaONPOBAHUS
1 uabTpanuy 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, Iokas3bIBaeT 4acToTy
YIIOMMHAHUH MTOJINTUYECKIX KaHIU/1ATOB (3/1eCh OHU IIPe/ICTAaBJIeHbI yHUTPAaMMaMu )
B HOBOCTSIX Iepejl BBIOOpaMHL.

— trump
— dinton
bernie

100

word count

] B Al -
o i \B.Q*ﬁl K o Fiad o
» ® ° »
publication date

Puc. 8.1. paduk 3aBUCUMMOCTY YacTOTbl N-rpaMM OT BPEMEHU

Kak BUaAnTE, I‘pa(l)I/IK 3aBUCUMOCTU YaCTOThI OT BPEMEHU MOJKET OKa3aTbCA I10JIE3~
HbIM MHCTPYMEHTOM M3Y4YE€HUA N CPaBHEHUA YUCJIA BXO)KI[GHI/II;,I n-rpaMM B KOPILYC
C TEHEHHMEM BPEMEHMU.

CeTteBble guarpamMmmbi

CereBble AnarpaMmbl IOJIb3YIOTCA OOJIBIION TIOIIYJIAPHOCTBIO B HaAlll /THU, O YEM
CBU/IETEJIbCTBYET UX HpeO6JIa,Z[aHI/Ie B HEJaBHEM o630pe METO/I0B BU3yaJIin3allun
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TEKCTOBBIX JaHHBIX!. ITO OOBSICHIETCS TEM, YTO CETEBBIE TUATPAMMBbI TIO3BOJISTIOT
0TOOPA3UTH CJIOKHBIE B3AHMOOTHOIIEHHSI, KOTOPbIE MHAYE MOKHO BBIPA3UTh TOJIb-
KO Ha eCTeCTBEHHOM si3bike. OHU 0COGEHHO MIMPOKO UCTIOMB3YIOTCS JIJIsT aHAN3a
CONMANBHBIX ceTel. Takne puarpaMMBbl MOKHO MCTOJB30BATD [T UILTIOCTPAITAN
CBA3eil MeX/y CYIIHOCTSIMH, JOKyMEHTaMU U JIa’ke UeSMH B KOPITyce, KOTOPbIE
MbI IOJIPOOHO PacCMOTPHUM B TJiaBe 9. B aTOM pas/esie Mbl CO3/aIUM JIHATPAMMY,
npeacraisiontyto kaury The Wizard of Oz («Bommebuuk crpanbl O3») Opanka
Bayma B Bujie conmanbhoil cetu. Ilepcoraxku us KHUTK OYLyT UTPATh POJIb Y3JI0B,
a UX OTHOIIEHUs OyIyT N300pakaThCst peOpaMu, IIMHA KOTOPbIX TEM MEHbIIIE, YeM
TecHee CBA3D.

B 3TOM pa3aene Mbl nocTpouM rpad B3anmogenctaus cun (force-directed graph),
CMOAENMPOBaHHLIV B BUAE CETU COBXOXAEHWS NepcoHaxel Les Misérables («OT-
BepXXeHHble») Maiikom BoctokoMm (Mike Bostock)?. Takue rpacbl npotle oTobpa-
XaTb ¢ nomoLlbto D3 1 apyrux dhpenMBopkoB Ha JavaScript, HO Mbl NOKaXeM, Kak
3TO Aaenaetcs Ha Python ¢ npumeHeHnem Matplotlib 1 NetworkX.

Jlist mocTpoenwst rpaca MCIoab3yeM 00paboTaHHYIO BEPCHUIO U3 OGUOJINOTEKH MTPO-
exta [yrenbepra, xpansiiiytocst B haiisie JSON, KOTOPbIN COAEPIKUT CTIOBAPb C IBYMST
aJIeMEHTAMU: TIEPBBI — CIMUCOK UMEH TIePCOHAXKEN, OTCOPTUPOBAHHBIN B TIOPSIIKE
yOBIBAHUS MX YaCTOT B TEKCTE, U BTOPOIl — CJIOBaph MIEPCOHAKEN ¢ TapaMu KJIH04/
3HaUeHNe {Ha3BaHue rnasbli: TekcT rnasbi}. /1718 MPOCTOTHI 13 T1aB y/1aIeHBI Ty CTHIE
cTpoKu (TO €CTh Kak/asi CTPOKA TPeCTABIISIET OTAETbHBIN ab3all) U Bce JABOITHbIE
KaBBIYKH B TEKCTe (HATIPUMEP, B IUAJTIOTaX ) 3aMEHEHBI OJ[MHOUYHBIMY KaBbIUKAMH.

Tak Kak MepcoHaKM U3 KHUTU UTPAIOT POJIb Y3708 B Tpade, HaM TpebyeTcst ycTaHo-
BUTD CBA3U MKy y3aamu. J[yig atoro HammieMm ¢hyHKIIAIO cooccurrence, KOTOpas
CKaHWPYET TJIaBbI 1 JIJTs1 KaXKIAOH Tapbl IIePCOHaXeH MpoBepseT, Kak 4acTo OHU 110-
SBJIAIOTCS BMecTe. VIHUInanusupyeM cjaoBapb, KI0YaMy B KOTOPOM SBJISTIOTCS BCE
BO3MOJKHBIE TTapbl. 3aTeM 71T KK I0U TJIaBbl UCIIOJIb3yeM MeTOJI sent_tokenize u3
NLTK, 4T0o6bl BBIAETUTD MPEJIOKEHUST B TEKCTE, M JIJIST KAsKIOTO TIPEIJIOKEHNS],
COZepIKAIIEero MMeHa 000X TIepCOHasKel, OyeM YBEJNUNBATH COOTBETCTBYIONIEE
3HAYeHNeE B CJI0Bape HA eINHUILY:

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 Bxoje cnoBapb text c rnaBamu {Ha3BaHue: TekcT}
M cast — CMMCOK MMEH MepcoHaxei, pa3feneHHbX 3anATbIMM.
Bo3BpalwaeT cnoBapb CYETYUKOB COBXOXAEHWUN 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 aiin JSON, 3arpy3uM TEKCT, U3BJI€UEM CITICOK TIEPCOHAKEH 1 MHU-
ruasmsupyem rpad NetworkX. s kaskmaoil mapbl, CreHepupOBaHHON (ByHKIIMeHR
cooccurrence, UMEOIIEI HEHYJIEBOE 3HAYEHME, T0O6ABUM PebpO, XpaHsIIIee CYETINK
COBXOXKEHUN KaK CBOHCTBO.

3aTeM BBITIOJHUM U3BJICUCHHE ego_graph, 4T0oObI moMecTHTh MMst Dorothy B enTp.
Vcnonb3yeM spring_layout, 4TOOBI 100aBUTH Y3JIbI C CUJION OTTaIKUBaHsI, 0OPATHO
[POMOPIMOHAIBHOI BecaM UX pebep, yKazas jKelaeMoe PACCTOSTHIE MESKLY Y3JIaMu
uepes mapameTp k (4ToObI n36eKaTh 0OPA3OBAHUST «<KOMKOB IIEPCTH» ) ¥ KOJIMYECTBO
uTepaluii ypaBHOBEIIMBAHNS CHUJI OTTAJIKMBAHUS Yepes3 mapaMerp iterations. Ha-
KOHEII, UCTI0JIb3yeM MeTo 1 draw 13 Orbanorekn NetworkX, uToObI creHepupoBaTh
dburypy Matplotlib ¢ skesraempivu 1iBeTaMu 1 pasmepami Y3708 u pebep, U pa3sMepoM
mpudTa 171 oAnIceit (¢ UMeHaMK IIepCOHaKeN ), 00eCTIeTMBAIOTIIM JOCTATOUHYTO
YUTAEMOCTb:

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[0], 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, HATJISAHO WILTIOCTPUPYET CBSI3U
Dorothy ([lopoti) B KHUTE; GJIHIKE BCETO K HEll PACTIONIOKEHDI Y3JIbI, TIPEICTABJIS-
fone GKaiimx apyseit — ee codaky Toto (Toromiky), Scarecrow (Crparnuy)
u Tin Woodman (JKenesnoro [IpoBoceka), a gajblie — IIePCOHAKU, C KOTOPBIMU
Dorothy cBsizana menee TecHo. ConumasbHblil Tpad Takke MoKa3biBaeT GJIU30CTH
Dorothy k Oz (Bosme6nuKy O3) 1 Wicked Witch (31011 BezibMe), ¢ KOTOpbIME Y Hee
TOKE CIOKIINCH 3HAYNMbIE, XOTSI U H0JIee CIIOKHbIE B3AMMOOTHOTIIEHSI.

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 B3aumonencTaus cun ans kHuru «Wizard of Oz»

Co3pgaHue rpadoB 1 X CBOMCTBA, @ Takxke MeToabl add_edge, ego_graph u draw
n3 6ubnmotekn NetworkX nogpobHo 6yayT obcyxaaTtbcs B rnase 9.

OnarpaMmmbl COBXO)XAEHUMN

[TocTpoenwe ararpaMMbl COBXOKIEHUIN — ellle OJ[MH TIPUEM, TIOMOTAOIUIA OBICTPO
Pazo0dpPaTHCS B CBA3SIX MEXK/LY CYITHOCTSIMIE FJIU IPYTHMHU 7-TPaMMaMU B TEPMUHAX
YaCTOTBI MX COBMECTHOTO TOsIBJIEHUsI. B aTOM pasiiesie Mbl HCIOb3yeM OubinoTe-
ky Matplotlib ms cosnanust tnarpammbl cOBXOKIeHUs TIepcoHakell B kuure The
Wizard of Oz.
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Crauvana HanumieMm GYHKIINUIO matrix, KOTOpas TPUHUMAET TEKCT KHUTH U CIIUCOK
nepcoHaskell. IHMIamsupyeM MHOTOMEPHbIIT MacCHB, KOTOPBIH OyIeT UrpaTh POJIb
CIUCKA, COIEPIKAIIETO /I KaKOTO MEePCOHaKa 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 TTOCTPOUTH TUATPAMMY Ha OCHOBE Hateil MaTputibl. /[y narssaaocTn
0TO6PA3VM JIBE AMArPaAMMBI € TOMOIIBI0 D3; B 01HO# TTlepcoHaski 6Ly T OTCOPTHPOBA-
HbI B aJ1(DaBUTHOM TOPSIZIKE 110 UMEHAM, a B IPYTOii — 10 00I1eil 4acToTe MOSIBJIEHUsT
B TekcTe. Unuimanusupyem Gburypy u ocu, 100aBUM Ha3BaHUeE, YBETHINM OTCTYIIbI
MEKJTY InarpaMMaMi, 4T0ObI OCBOOOAUTD IOCTATOYHO MECTA JIJIs BBIBO/IA UMEH TIepPCo-
HasKeH, ¥ yBeJIMUYNM pa3Mephl IeJTeHIH Ha ocsiX X 1 Y, COOTBETCTBYIONINX TIEPCOHAKAM.

3areM Ompe/IenM IUArpaMMy, KOTOPYIO Oy/IeM U3MEHSITh, COCJIABIINCD HA €€ MH/EKC
(121) — HOMep cTpok# (1), Homep crosbIa (2) u Homep auarpaMmbl (1). Onpeneaum
mapaMeTpsl fiesieHuii Ha ocax X 1 Y ¥ TOATNCH 7S IeJIeHUH ¢ UMeHaM1 TlepcoHa-
JKel, yMEHBITUM MpUdT MOAIICEd 1 yroJl HOBOPOTA TO/IHceid, paBHBIH 90°, 4TOOBI
UX OBIJIO MIPOIIE YUTATh. YKaXKeM, 4TO JAeIeHus 7ist 0cu X JOJIKHBI 0TOOPasKAThCsT
cBepXy, U 106ABUM TOJIIUCH K OCSAM TepBOil auarpamMmbl. Hakorerr, BbI3oBeM Me-
TO/L imshow, YTOOBI TIOJIYYUTH TEIUIOBYIO KApPTY, Mepe/iaB mapaMeTp interpolation,
JKEJITO-0PAHKeBO-KOPUYHEBYIO IIBETOBYIO MATUTPY U YKa3aB HEOOXOIMMOCTD JIOTa-
pudMIIECcKOit HOPMATM3AMNT YaCTOT COBXOKIEHUT, YTOOBI PEIKUE COBXOKIEHIS
He 0TOOPAKATNCH CJUITKOM SIPKUMU I[BETAMU:

# CHavana co3paAvM MaTpuubl C COPpTUPOBKOM
# Mo 4acToTe
mtx = matrix(text,cast)

# Tenepb co3gagum Auarpammbl
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 CO3AATh AUArPAMMY COBXOKIECHUI EPCOHAKEN ¢ COPTUPOBKOM 110 UMEHaM,
CHaYaJIa CO3/1a/IMM COPTUPOBAHHBIN CITUCOK TIEPCOHAKEN U OTIPE/IETIM BTOPYIO [nua-
rpamMmmy, ¢ KOTopoii GyiemM paboTath, (122). Jlo6aBuM 37IeMEHTbI OCEll, KaK B IEPBOM
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 cryuae ¢ ceTeBbIM TpadoM, JaHHOE TIPECTAaBIeHNE ABISIETCS JUIID atl-
MPOKCUMAIIIEH, TTOTOMY YTO MBI pACCMATPHUBAEM TIEPCOHAKEHN KaK MOCJIe0BATEh-
HOCTH CUMBOJIOB, TOT/Ia KaK B IECTBUTENBLHOCTH TEPCOHAKU 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 OTPAsKAeT TECHOTY CBSI3€U MEXKIY TIePCOHAKAMU B KHUTE.
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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
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Uncle Henry

Sterk |
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Monkey King Tow o
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King Craw Wicked Witeh < | |
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Green Girl china Princass -
By Frequency Alphabetically

Puc. 8.3. CoBMeCTHOe MnosiBfieHWe nepcoHaxeli B kHure «The Wizard of Oz»

PeHTreH Tekcrta U AgMarpaMmbl paccesiHus

CereBble fUarpaMMbl U IHATPAMMBI COBXOJK/IEHUI JIEHCTBUTETHHO TIOMOTAIOT BbI-
SIBUTD CBSI3U MEK/LY CYIITHOCTSAMU (MJIH ITIEPCOHAKaMK ) B TEKCTE, a TakKe Hanbosree
Ba)KHbIE CYIIIHOCTH, HO OHU HE OTPAYKAIOT PA3JINIMI MEXK/Y UX POJISIMU B TIOBECTBO-
Banuu. /[y TOTO HAM HYKHO YTO-TO BpO/Ie AarpaMM paccessans /xxedda Krapka
(Jeff Clark)' u Tpesopa Crusena (Trevor Stephen)?.

JlrarpamMma paccestHusl TOMOTAET MOJIYYUTh CBOeOOPA3HBIN «PEHTTEHOBCKUI CHU-
MOK» TEKCTa, pacrioyaras mepcoHaxkeil BOIb ocu Y 1 yITIOMIHAHUSA O HUX B TTOBE-
CTBOBAHUU B/I0JIb OcH X TaK, UTO PSAIOM C KaK/bIM ITEPCOHAKEM Ha [arpaMMe OTO-
GpaskaeTcsi TOPU30HTAIbHAS JIMHUSI TOYEK, COOTBETCTBYIOIINX MECTAM YITOMUHAHUST
MepPCOHaKA B TEKCTE.

Cospaaum auarpamMmy paccesiiinst ¢ omolinbsio Matplotlib, ucronbsosas texer The
Wizard of Oz. CHauasa HOCTPOMM CITHCOK 0z_words BCEX CJIOB B TEKCTE B MOPSI/IKe
ux nosipennst. Takke OyeM 3allOMUHATD JJTMHY M Ha3BaHUE KaKI0M! TJ1aBbl, 4TOObI
[IOTOM KCIIOJIb30BaTh MX JJIs OTOOpasKeHWs Hayaaa 1 KOHIA IJ1aB Ha ocu X:

from nltk import word_tokenize, sent_tokenize

# Tpaduk ynomuHaHUi mMepcoHaxei B rnaBax
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():
# [ob6aBWTb Ha3BaHWe rnaBbl B CNUCOK
headings.append(heading)
for sent in sent_tokenize(chapter):
for word in word_tokenize(sent):
# [obaBuTb Kaxaoe CJIOBO
oz_words.append(word)
# 3anoMHUTb AJIMHY TnaBbl B C/OBaX
chap_lens.append(len(oz_words))

# OTMeTUTb Ha4vana 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, U J10-
GaBUM UX B CIIUCOK TOYEK JIJIsi OTOOpAXKEHMsT Ha Marpamme. B Haiem ciydae y He-
KOTOPBIX MEPCOHAKEN UMeHa 13 0HOro cioBa (Harnpumep, «Dorothy» ([lopoTn),
«Scarecrow» (Crparmiia), «Glindas (Tnmumma)), ay apyrux u3 isyx («Cowardly Lion»
(Tpycuserii JleB), «Monkey King» (Koposb 06e3bsit)). YauTsiBast 910, IMeHa 13
OJTHOTO CJI0Ba GyJIeM ITPOCTO CPABHUBATD C OYEPETHBIM CJIOBOM U3 TEKCTA, a UMEHA 13
JIBYX CJIOB — CO CJIOBOM U3 TEKCTA, 00bEIHEHHBIM C ITPE/IIIIECTBYIONINM eMY CIOBOM:

cast.reverse()
points = []
# [lobaBnATb TOYKY, KakK TO/NIbKO 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=1(Q

Cospaaum hurypy u ocu, caesaeM ochb X mupe, 4eM 10 yMOJTYaHKT0, YTOObI [ra-
rpamMMy OBLIO Jierde yuTaTh. Jlo06aBUM TaksKe BEPTUKATIbHBIE JIMTHITH, OTMEYATOTIIe
HAYAJIO KQJKIOH TJIaBbl, U UCIIOJIb3YeM HMEHA TJIaB B POJIU METOK, TIOMECTUB UX HeTo-
CPeICTBEHHO 1101 0chbio X ¢ moBopoToM Ha 90° 1 yMEeHBIIMB HEMHOTO MIPUDT. 3aTeEM
0TOOPA3UM TOUKY X U y U UBMEHUM tick_params, 4TOOBI OTKIIOUUTH OTOOPaXKeHUe Je-
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JIEHUH ¥ MOJIIUCei 1o yMoJdanuto BHU3Y. [Tocsie aToro 106aBuM METKH BI0JIb OCH Y
UL BCEX MEePCOHAKEHN M MOAINCH ¢ UX UMEHAMU U, HAKOHEL[, 10OaBUM 3ar0JI0BOK:

# Co3paTb Auarpammy
fig, ax = plt.subplots(figsize = (12,6))
# [lo6aBUTb BepTUKaNbHbIE JIMHUM, OTMEYawlue Hayvana rnaB, C UX HaA3BAHUAMU
# B nognucax
for chap in chap_marks:

plt.axvline(x = chap[@], linestyle = '-',

color = 'gainsboro')

plt.text(chap[@], -2, chap[1l], size = 6, rotation =
# BbiBECTM TOYKM YMOMWHAHUI MepcoHaxei
plt.plot(x, y, "|", color = "darkorange", scalex = .1)
plt.tick_params(

axis = 'x', which = 'both', bottom =

90)

‘off', labelbottom = 'off'
)

plt.yticks(list(range(len(cast))), cast, size = 8)

plt.ylim(-1, len(cast))

plt.title("Character Mentions in the Wizard of 0z")

plt.show()

[MosryumBIIasicst [rarpamma, H306pakeHHas Ha puc. 8.4, 1aet obiiee mpecTaBieHne
0 cTpyKType Tekcta. OHa He TOJBKO TO3BOJISIET YBUJIETD, I/l YITOMUHAIOTCS MEPCO-
Hasku (uiiu, B 6oJiee 001IeM CiTydae, 7-TpaMMBbl ), HO TaKsKe SICHO ITOKa3bIBAET, KaKie
MEePCOHAKY UTPAIOT TJABHYIO POJIb, U JIasKe MOICBEYNBAET HEKOTOPhIE MHTEPECHDIE
06JacTH B TeKcTe (HATIPUMED, T/I€ YIIOMIHAETCSI CPa3y HECKOIBKO MePCOHAKET HITH

T/le YacTOTa YIOMUHAHUS TOTO WJIM MHOTO TIEPCOHAKA PE3KO N3MECHSETCS).

Dorathy 4
arecrow 4

Oz 4 1E - e T
Tin Woodman 4 LT LT 1 ' [
o U i ' 1
Wicked Witch o L | ] [ '
Winkies I 55 1
Winged Mankeys 4 1 1 i 1
Auni n 1 !

t Em
Cowarcly Lion +

a]
Manikey King
Hammar.Heads -
King Crew
Mr. Joker
china Princess -
Green Girl -

13.The Bescue
! Humbe
—

24 ome dgan |

e Tin Wosdeman

&.The Cowandly Lisn

18wy 1o the South

T.The juimey ta the Geeat 0
£ The Deasty Peppy Fiedd
9.The Duser of the Field Mice
10.The GuanSan of the Gates
11.The Emeraid Gty of 0T

14 The Wisqed Moskeys
20.The Dty China Ceurnry

4 The Rsat Thiegh 15 Feeent

g
g
H

19.Attacked by e Fighting Trees

1 b Dusrsthy Saved the Seareeron
12 The Search Sar the Wicked Wi
13.The Discavery of 02 the Terribie

A7 How the Balisen Was Laus

5The Rescue of

21.The Lion Becomes fie King of Beasts
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Puc. 8.4. lnarpaMmma paccesiHusi yNmoMUHaHWI nepcoHaxen B kHure «The Wizard of Oz»
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YnpaBnieHne KOHCTPyUMpOBaHUEM NPU3HAKOB

[Tosryuns GoJiee TIOJTHOE TIPeICTaBIeHIE 00 UCXOIHOM COAEPKUMOM KOPITyCa, HYKHO
CIIPOEKTUPOBATH MUHUMAJIbHBIA HAOOP IPU3HAKOB, 00/1a1a0MIMX HANOOIbIINMU
HPOTHOCTUYECKUMHE CBOMCTBAMHU JIJIsT HCTIOJIB30BAHUS B MOZIEINPOBAHIN. DTOT HAOOP
JOJIKEH OBITh KaK MOJKHO MEHbIIIE, TTOTOMY YTO KasK/I0€ HOBOE n3MepeHue OyeT BHO-
CHTb JIOTIOJIHUTEIbHBII [ITyM U 3aTPYAHATH MOAEJUPOBAHKE IIPOCTPAHCTBA PEIIEHMUI.

[Tpu paGote ¢ TEKCTOBBIMU JJAHHBIMU OCOOEHHO Ba)KHO HCIIOJIb30BATH TBOPYECKUI
MO/IXO/T, YTOOBI MAKCUMAIBLHO CHU3UTH PA3MEPHOCTH (€3 3HAYUTETBHOI TTOTepH
KauecTBa curHasma. B umcie ahekTHBHBIX cmocO6OB CKATHUS Pa3MEPHOCTH UCXO/I-
HBIX JJAHHBIX MOKHO HasBaTh MeTOJ IiaBHbIX KoMmmoHeHT (Principal Component
Analysis) u nmuHeNHBIA AUCKPUMUHAHTHBIN aHanu3 (1 Doc2Vec B ciydae ¢ Tek-
CTOBBIMHU JIaHHBIME ). OIHAKO 3TH METO/[bI MOTYT BBI3BATH MPOOJIEMBI TIO35KE, €CIIN
H0JIb30BATEJISIM IOTPEOYETCsI BOCCTAHOBUTH OPUTMHAJIbHBIE TIPU3HAKY (HAIIPUMEp,
KOHKPETHbIE TEPMUHBI 1 (hPa3bl, HA OCHOBE KOTOPBIX OBLIO OMPEIEIEHO CXOACTBO
IIBYX TOKYMEHTOB).

B aTom paszesie MbI pacCMOTPUM HECKOJIBKO BU3YaJTbHBIX IIPUEMOB yIIPaBJICHUSI
KOHCTPYHMPOBAaHKEM [TPU3HAKOB, KOTOPBIE, 10 HAIIIEMY MHEHUIO, 0COOEHHO XOPOIIIO
MOJXOJAT JIJIs1 TEKCTOBBIX JJAHHBIX: BU3yaJibHAd pa3MeTKa YacTsAMU pedd U 1J10T-
HOCTb paclpejiesIeHUsI.

Pa3MmeTka yacTaMu peum

Kak mMbI y3Ha/u B rnaBe 3, yacTu peun (TJIar0Jbl, CYIICCTBUTEIbHbIE, TTPEJIOTH,
MpuJaraTeJbHbIE U JIP.) YKA3bIBAIOT HAa POJb CIOBA B KOHTEKCTE TIpemioskerus. Bo
MHOTTX SI3BbIKaX OJTHO U TO JKe CJIOBO MOKET UTPATh pa3Hble POJIN, U HaM HY>KHA BO3-
MOKHOCTD Pa3Jjinyath UX (HaIPUMeD, CJI0BA «I1€Ub» U «KMJIa» B Pa3HbIX KOHTEKCTAX
MOTYT OBITH TJIATOJIAMU WJIU CYIIECTBUTENbHBIMNI ). PagmMeTka (M MapKUPOBKaA)
JaCTSIMU PEYH MO3BOJISIET 3aKOAMPOBATH MH(MOPMAIIHMIO HE TOJIBKO 00 OIPeIeIEHIH
CJI0BA, HO TAaK’)Ke O €T0 PO B TAHHOM KOHTEKCTE.

B raBe 7 Mbl MCITOIB30BAIN TETU YACTEN PEUYN BMECTE C TPAMMATHUKOM /1715 U3BJIe-
yeHust KIo4eBbix (hpa3. OpHa u3 npobjeM TaKoTo MOAX0/a K KOHCTPYHUPOBAHUIO
MPU3HAKOB 3aKTI0YAETCS B CIOKHOCTHU OTIPE/IEIEHUST TPAMMATHKN, KOTOPAST JTydIITe
HOZOMIET JIJIs MOMCKa KJII04YeBbIX (hpas. B obIem ciryyae crpaterusi COCTOUT B UC-
HOJIb30BAHUK 9BPUCTUK U MPOBEAEHUHN 9KCIIEPUMEHTOB, TIOKa He OyAeT MoJydYeHo
peryJsipHOe BbIpaXKeHue, XOPOII0 CIPABJISIONIEECS C U3BJIeYeHNEeM BbICOKOWH-
(dhopmaruBHBIX KiI0UeBBIX (hpa3. Ha camom Jieste, ata cTpaTerusi Xopoiio paboraer
€ TPAMMATHYECKH TIPABUJIBHBIMU TeKcTaMu. Ho 4To, ecii aHam3upyeMblil TEKCT
Harucan 6e3rpaMOTHO WK U3001IyeT opdorpaduyecKUMHU 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/CyIeCTBUTEbHOEe>. Harpumep, BO MHOTHX CJIydasix
cyIecTBeHHast THHOPMAIIUS MOXKET TIepe/laBaThCs He Yepes MpuiaraTeIbHble, a ue-
p€3 TJIaroJIbHbIE WA HAPEYHbIE CIOBOCOYETAHNUS MM NMEHa cOOCTBEHHbIE. B aTOM
caydae, axke eCii MEXaHU3M Pa3MeTKU YacTsIMU Pedr paboTaer 6e3yKOPHU3HEHHO
1 Halll Iapcep BBIIVIANAT KaK-TO TaK...

grammar = r'KT: {(<3J3>* <NN.*>+ <IN>)? <JJI>* <NN.*>+}'
chunker = nltk.chunk.regexp.RegexpParser(grammar)

...MBI IEHCTBUTEILHO MOKEM TIPOITYCTUTD BasKHBIN CUTHAJ B HallleM Kopiryce!

Bblio 6bI 10J1€3HO CcHayYasia BU3YaJbHO OIEHUTh paclpeesieHue yacTeil pedu
B TEKCTE, ¥ TOJBKO IIOTOM TIE€PEXOANTH K HOPMAIU3AINH, BEKTOPU3AIMN U MOJEIH-
poBaH1IO (BO3MOKHO, B KAUeCTBE AMarHOCTHYECKOTO MHCTPYMEHTA TIPU BBISICHEHUT
[PUYMH HEYIOBJIETBOPUTEIbHBIX PE3YJIBTaTOB MojiepoBanus ). Harnpumep, o6Ha-
PY’KUB, 4TO 3HAYUTEJBHAS 0JIST TEKCTAa OKa3aaach HEKIACCU(UIIMPOBAHHON (MIH
KJTacCU(GHUIMPOBAHHON HETIPABUIIBHO ) UMEIOIIIMCS MEXaHU3MOM Pa3METKU YaCTSIMU
Peun, Mbl CMOKEM Peajin30BaTh CBOI MEXaHU3M Ha OCHOBE PEryJIiPHBIX BbIPAKEHUI
U151 06pabOTKHU HAIIIEro KOHKPETHOTO Kopiyca. Takske 9TO MOKET TOBJIMSITh Ha BBIOOP
crocoba HOpMATU3AINH TeKCTa (HATIPIMED, €CJIH B TEKCTE TPUCYTCTBYET MHOJKECTBO
3HAYMMBIX BapUallii CJIOB ¢ OAHUM KOPHEM, Mbl MOTJIN ObI IIPEANIOYECTh 3aMEHUTh
CTEMMUHT JIeMMaTHU3aIiel, HeCMOTPS Ha TO Y4TO 9TO YBEJIUYHUT BpeMs 00pabOTKH ).

Bub6muorexa Yellowbrick npemmaraer Bo3sMoKHOCTD BHIBOAA TEKCTA PA3HBIME LIBETA-
M, 0003HaYaomMMU YacT pedn. OObeKT PosTagVisualizer pacKpalinBaeT TEKCT,
[O3BOJISST TI0JIb30BATE/I0 BU3YaJbHO OIEHUTH IIPOMOPIIMOHAIBHOE COOTHOIIEHE
CYIECTBUTENbHBIX, [JIATOJOB U T. JI. ¥ UCIIOJb30BaTh 9Ty WH(MOPMAIKIO [IPU IIPH-
HATHH PEIIeHNH, KaCAIONMXCsl Pa3METKH YaCTSAMU PeU, HopMaausaun (Harmpumep,
[P BIOOPE MEK/Y CTEMMUHIOM M JIeMMATU3allMeil) U BEKTOPU3aIHH.

Mertoz transform mpeobpasyeT NCXOIHBIN TEKCT, OATOTaBIMBAs €70 K BU3YaIn3aIlini
vacreii peun. O6paruTe BHUMaHUE: OH TpeGyeT, YT0ObI TOKYMEHTHI ObLIN TIPE/ICTaB-
JIEHBI TIOCJIEIOBATEIBHOCTSIMUA KOPTEXKel (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")

EcJiu BBITOJIHUTD 9TOT KOJI B KOMaH/IHO#T cTpoke uin B Jupyter Notebook, o mpo-
U3BeJIeT BBIBOJI, M300pasKeHHbIIT 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. TekcCT peuenTa nocne pa3MeTku YacTsMu peym

Kak mokazano Ha puc. 8.5, TEKCT 13 TOBaPEHHOI KHUTH OKa3aJICsl JOCTATOYHO XO-
POIIIO pa3MeyeH YacTsIMU PEUH, ¥ JIUIITb B HECKOJIBKIX MECTAX MEXAaHU3M Pa3MEeTKH
obCst WM He CMOT OIPEIeINTD, KAKOH Ter moctaButTh. OQHAKO, KAK II0KA3bIBAECT
caepyromwmii ipumep (puc. 8.6), 6a30BbIil MEXaHNU3M Pa3METKH YaCTSIMU PEYH 13
6ubmmorexkn NLTK formyckaer cauimkoM MHOTO OMIMOOK B HEKOTOPBIX 00JIACTSIX,
HallpuMep B AE€ETCKUX 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 YacTsaMU peun



Bu3ayanusaums nNpocTpaHCTBa NpU3HAKoB 205

Kax Bunmure, BU3yasbHYI0 MAPKUPOBKY YacTell peur MO>KHO UCII0JIb30BaTh KaK MH-
CTPYMEHT JIJIst O1IeHKU 9(h(PEeKTUBHOCTH HHCTPYMEHTOB ITPEIBAPUTELHOI 00pabOTKI
(kak omucaHo B T1aBe 3), a TaK:Ke s KOHCTPYUPOBAHUS MTPU3HAKOB U TUATHOCTUKH
MO/IeJIeN.

Haun6onee nHpopMaTMBHbIE NMPU3HAKU

BoisiBiienue vanbosiee nHGOPMATUBHBIX (TO €CTh MPOTHO3UPYONINX) MTPU3HAKOB
B HabOpe JIAHHBIX — BasKHAsI YaCTh B TPOiTKe BEIOOpa Mojiesin. TeM He MeHee MeTO/IbI,
XOpOTITO 3HAKOMBIE HaM TI0 YNCJIEeHHOMY MofennpoBannio (Harmpumep, L1- n L2-
peryssipusaitust, yruauTbl 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. [locie
BEKTOPHU3AIINM JJAHHBIX, KAaK PACCKa3bIBAJIOCh B IJIaBe 4, KOJMPOBaHNe 3aTPyAHAeT
n3BJedeHne NHPOPMAIUN ¢ OTHOBPEMEHHBIM COXPAHEHNEM eCTEeCTBEHHOTO MOBe-
CTBOBAHMS HETPOHYTHIM.

OZ[I/IH 13 METO/I0B BU3YaJIbHOI'O UCCJIEN0OBAaHUA TEKCTA — OIIpeAe/I€eHUE TIJIOTHOCTU
paciipeaejieHusd. B xonTexcre TekcTOBOrO Kop11yCa IJIOTHOCTDb pacIlipeeJieHuA 110~
MoOTaeT OIeHUTH Hp€O6JIa/IaHI/Ie HEKOTOPOTIO 3JieMEHTa CJI0BapA U JIEKCEMbI.

B cremayommx HeCKOJIBKUX MpUMepax Mbl ¢ momolisio 6ubimnoreku 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 HeckobKo HaOOPOB TAHHBIX, MTOJTYYEH-
ubix u3 periozuropust UCI Machine Learning Repository. Yto6Gbr 3arpysurthb
HaOOPbI JaHHbIX, u3BJIeKkuTe 6ubanoreky Yellowbrick u samycrure sarpysky,
KaK MOKAa3aHO HITKE:

$ git clone https://github.com/DistrictDatalLabs/yellowbrick.git
$ cd yellowbrick/examples
$ python download.py

OO6parure BHUMaHKE Ha TO, YTO B pe3yJsbraTe OyJAeT cO3[AaH Kartajior data
C IOJKATAIOTaMU, COAEPKAIUMU JAHHDIE,
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I[Tocite 3arpysku UCIob3yiiTe 00beKT sklearn.datasets.base.Bunch, 4T00OBI
3arpysuTh KOPIyc B aTpuOyThl features ¥ target COOTBETCTBEHHO, OA0OHO
TOMY, KaK CTPYKTYPHPOBaHbl HAOOPHI 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):

3arpyxaeTt u usBnekaeT yKaBaHHbIVI Kopnyc no UMeHu name.

# MonyuYuTb 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 ¢aitloB OTHOCUTENIbBHO KOPHEBOrO KaTasora
data = [] # TekcT, NpoYUTaHHbIN M3 Qaiina
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 WUCMNONb30BaHWA, Kak B Npumepe C rpynnamu
# HoBOCTEMN
return Bunch(
categories = categories,
files = files,
data = data,
target = target,
)

corpus = load_corpus('hobbies")
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[Tocute 3arpysku kopiyca «<hobbies» mosxHo ¢ momorsio Yellowbrick mposectu nc-
cJieloBaHue CI0BaPs IIyTeM aHa/IN3a IIOTHOCTH pactipenesenust. bubanorexa NLTK
TaKsKe MpeiaraeT BO3MOKHOCTD MTOCTPOUTD HATPAMMY IIJIOTHOCTH PACTIPeIeTeHUST
50 HanboJiee 4acToO BCTPEYAIOIUXCS JIEKCEM, HO 3/1ech Mbl uctionbayeM Yellowbrick,
HIOTOMY 4TO OY/IEM €€ UCITOJIb30BATh B CJIELYIONIIX HECKOJIBKUX TTprMepax. ObpaTute
BHUMaHMeE Ha TO, YTO HU MeToJI FreqDist m3 NLTK, au MeTo1 FreqDistVisualizer us
Yellowbrick He BbIIOIHAIOT HOpMATU3AIIMIO UK BEKTOPU3AIIIO; 00a IIPEAII0JIaralor,
YTO TEKCT YK€ BEKTOPM30BaH.

Jlsr Havasta co3iaiuM 00BEKT BU3yann3alnu FreqDistVisualizer 1 3aTE€M BBI30BEM
€ro MeTOJT fit() ¢ BEKTOPU30BAHHBIMU TOKyMEHTAaMU U IIPU3HAKaMu (TO €CTh CJIOBA U3
KOpITyca), KOTOPBII pacCYMTaeT IMIIOTHOCTD pactipesesieHrst. OH OCTPOUT CTOJIOUYATY O
JmarpamMmy JiJist HanboJiee 4acTo BCTPeYatouxcst TepMIHOB (50 110 yMOJIYaHHIO, HO 9TO
YUCJIO MOKHO U3MEHUTH C TIOMOIIIBIO TTapaMeTpa N), B KOTOPOIl TEPMITHBI pacioJiara-
I0TCST BIIOJTB OcH Y, a UX 9acTOThl — B0Jb ocu X. [lociie TOro MoOsKHO creHeprupoBaTh
OKOHYATEIbHOE BU3YaAJIbHOE TIPE/ICTABIEHNE 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 B3rJIsSTHYTh Ha CIIMCOK CJIOB, PACTIOJIOKEHHBIX BIOJIb OCH Y,
MOKHO 3aMETHUTb, UTO OOJIbIIAS YACTh U3 HUX HE MPEACTAB/ISCT HUKAKOIO HHTEPeca
(manpumep, «the», «<and», «to», «that», «of», «it»). To ecTh, HecMOTPsT Ha GOJIBIITYIO
YaCTOTY, 5TU TEPMUHbBI OIPEIETEHHO HE ABJISIOTCA MH(OOPMAaTHUBHBIMK PU3HAKAMM.

B riiaBe 4 Mbl UCIIOJIB30BAJIM yAJ€HUE CTOI-CJOB KaK CIOCOO YMEHbIIEHUS Pas-
MEPHOCTH U TIOJIyYeHMsl TIPU3HAKOB, HECYIIUX 3HaYMMYyto nHpopmanuio. laBaiite
OCMOTPHM, KaK HOBJIMSIET yaJeHHe U3 KOPITyca PacipoCTPaHEeHHbBIX aHTJIMACKUX
CJIOB Ha pe3yJIbTaThl BU3YaIM3allUK, IepeaB apaMeTp 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. M10THOCTb pacnpeaeneHns TepMUHOB B Kopryce Baleen
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Tenepb, Kak MOJKHO 3aMETHUTh Ha puc. 8.8, Tociie yaajeHust CTOTI-CJI0B MbI TOJIyYH-
s GoJiee MHTEPECHBII pe3ybraT (HalpuMmep, «games, «seasony, «teams, «<world»,
«film», «<book», «week» ). Ho Takske cTajia o4eBHIHOI Pa3sMbITOCTh aHHbIX. B riase 1
MbI Y3HAJIM, YTO MPHU CO3AAHUN MPUIOKEHIIT /I aHAIN3a eCTECTBEHHOTO S3bIKa
cJIe[lyeT OIUpaThCs Ha ClelUaJu3ipoBaHHble, a He Ha 0000IEeHHbIe KOPIYCHI.
[ToaTomy Terepb npoBepuM, sBjsiercs i kopiyc <hobbies» pocrarouno cnenu-
AJU3UPOBAHHBIM /11 MOZEIUPOBaHUs. MbI MOKEM MIPOJOJIKUTH UCIIOAb30BATh
JIMarpaMMBbl TJIOTHOCTH PacIIpe/ieIeHusT JIJIst TOMCKa B KopIryce OoJiee Y3KHX MOATeM
U IPYTUX 3aKOHOMEPHOCTEH.

Kopmyc «hobbies», paciipoctpansiemblii BMecte ¢ 6ubaunorekoii Yellowbrick, yske
kiaccudunmrposan (monpodyiiTe mpounTaTh corpus| ' categories']). Ha puc. 8.9
n 8.10 mokazansl [rarpaMMBbl IJIOTHOCTU PacIIPe/ie/IeHns /g IBYX KaTerOpui,
«cooking» (kyauHapus) u «gaming» (MTpbl) COOTBETCTBEHHO, MOCJIE YAATCHUS
CTOII-CJIOB.

CpaBHUB ATH IUAarpaMMbl, MOXKHO CPa3y 3aMeTUTh, HACKOJbKO OHU Pa3INyaloTCs;
B KOpIIyce «cooking» gartie BCEro MCIoJMb3yIOTCS CI0Ba «pastar (Tmacra), «pans»
(nporusens), «<broccoli» (6pokkosnn) u «pepper» (1epeir), a B KOpIyce «gaming» —
caoBa «players» (urpoxn), «developers» (pazpaborunkn), «character» (repconasx)
" «supporty» (Mmojaeps:KKa).

I
i

28
Lo
il
i
3
g
I|

Puc. 8.9. M0THOCTb pacnpeseneHns TEpPMMHOB B nogkoprnyce «cooking»
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vocab: 7,564 COTPU
words: 30102
hapax: 3.711
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Puc. 8.10. N10THOCTb pacnpeneneHns TEpMUHOB B NOAKOPMYyCe «gaming»

AvnarHocTuka moaeneun

[Tocsie koHCTpYyMpPOBaHUA U aHAJN3a MPU3HAKOB HACTYTAET CIEAYIOMMUHN dTaIl
B IIpoIiecce TPOHKHU BIGOpa Mojies i — BbIOOP Mojtesiv. Ha npakTuke Mbl BbIOMpaem
Y CPAaBHUBAEM MHOKECTBO MOJIeJIEH, TOTOMY UTO CJIO3KHO TIPEJICKA3aTh HAIlepe/l, Ka-
Kast MOJIeJIb OKaskeTcst HanboJiee a(hheKTUBHOIA 17ist HOBOTO Kopiryca. To ecThb Haia
CJIEIYIONIAsT 32/[a9a — OIPEIEJTUTD, KOT/Ia MOJIEI pabOTAIOT XOPOIIIO HJIH TLIOXO.

B TpagniinoHHOM KOHTEKCTE MAITMHHOTO 00YYeH s MOKHO MOJIOKUTHCST Ha TaKue
oreHKH 3(hHEKTUBHOCTI MOJIEJIH, KaK CPeHEKBAIpaTHYHas OITHOKA 1 KO dUImeHT
CMEIIaHHON KOPPEJISIUY B CJIydae PErpecCuu UM TOUHOCTD, KauecTBO U F1 B coryuae
KJIacCu(pUKaIIm, ¥ ¢ MX TTOMOTIBIO ONPE/IENTh, KaK1e MOJIEJH SABJSIOTCS CAMBIMU
OMTUMAJbHBIMU. JTU METOIBI TAKKE MOKHO TOTIOTHUTH CPEACTBAMU BU3YaJIbHOTO
aHanm3a. Perpeccust peske mpuMeHseTcs JIJIT aHaIu3a TeKCTa, BIpoyeM, B T7aBe 12
MBI PACCMOTPUM ITPUMEP TIPEICKA3aHMsI OTIEHKN aIbOOMOB B BU/IE BEIECTBEHHOTO
YUCJIa UCKIIOYNUTETHLHO HA OCHOBE TEKCTOB OT3BIBOB O HUX. Kak pacckasbiBaioch
B rylaBax 5 1 6, B MaITMHHOM 0Oy4YeHUH Ha TEKCTOBBIX JaHHbBIX Yallle TPUMEHSIIOTCST
KJIacCU(DUKAINA 1 KJIACTePU3AIIN, U B 3TOM Pas/iesie Mbl TO3HAKOMHUMCS C HECKOJTb-
KUMU TTPUEMaM7 OTIeHKHU MOJIesIell B 3TUX KOHTEKCTax.
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Busyanusaumsa knacrepos

Korza nesio 1oXoauT 10 aJIrOpUTMOB KJIACTEPU3aIlig, OLeHKa MO/IEIN OKa3bIBAeTCs
He TAKOM TIPOCTOI, KaK B CJIyUae MAITUHHOTO 00yY€eH s C yUUTeIeM, KOT/Ia Y HaC eCTh
MPENMYIIeCTBO 3HaHUS TPAaBUJIBHBIX 1 HETPABUJIBHBIX 0TBeTOB. Ha camom zeue,
B KJIACTEPU3AINH HEeT KOJNYECTBEHHON OIIEHKN — OTHOCHUTEIbHBIN YCIeX MOJIeNH
0OBIYHO 3aBHICHT OT TOTO, HACKOJIBKO OJIATOTIONYYHO OHA OOHAPYKIUBAET 3aKOHOMEP-
HOCTH, pa3jIn4MMble U 3HAUYUMBbIE 71 YyesoBeKa. 11o aToil mpuunHe mpuMeHeHue
METO/I0B BU3YQJIU3AINN JIJISI OTIEHKHU IPHOOPeTaeT 0cOOYIO BasKHOCTb.

[Too6HO TOMY, KaK C TIOMOIIIBIO AUATPAMM TLIIOTHOCTH PACTIPEAEEHUS] MBI HCKAJIN
MeJIKIEe TIPU3HAKK Pa3sTPaHUUYEHUST U PA3MBITOCTH, MBI MOKEM UCCJIEIOBATH CTEIIEHb
CXOJICTBA JOKYMEHTOB 110 BCeM TIpu3HaKaM. [IJist 9TOil eIl 4acTo MCHOIb3yeTCst
OYeHb MOTYJISIPHBIN METO/I £-PACIIPEIEIEHHOTO CTOXACTUYECKOTO BJIOKEHMS COCEIelt
(t-distributed Stochastic Neighbor Embedding, t-SNE).

bubmuoreka Scikit-Learn peanusyer merton pasioxkenus t-SNE B Buze npeobpa-
30BateJisi sklearn.manifold.TSNE. Metoj t-SNE criocobeH crpymnmupoBarh CXOKHe
JIOKYMEHTBI ITyTeM Pa3JI0KeHUsT BEKTOPHBIX MTPEACTABIEHIH JOKYMEHTOB € OOJIBIITNIM
YUCJIOM U3MEPEHUH B JIBa U3MepeHNs (C UCITOTb30BaHNEM paCIpeieIeHUil BEpOsIT-
HOCTeH 13 OPUTHHAJIBHON W Pa3I0KeHHON pagMepHocTeil). Pa3noskennem Ha 1Ba
MJIA HA TPU U3MEPEHUS MOXKHO ITOCTPOUTH AUATPAMMBI PacCesTHUs.

K coxanennto, meros t-SNE tpebyeT ciMIKoM MHOTO BBIYHCTUTEIbHBIX PECYPCOB,
[I09TOMY Ha TIEPBBIX ATAIAX Yalle MPUMEHSIIOTCsT 00JIee POCTBIE METObI PA3I0IKe-
Hus, Takue kKak SVD (cunrynsgproe paznoskenne) uian PCA (MeTos TIaBHBIX KOM-
nonent). B 6ubsmoreke Yellowbrick ectb kinace TSNEVisualizer, KOTOPBIN CO31aeT
BHYTPEHHII KOHBelep mpeobpa3oBaHust, IPUMEHSIONNI cHavata pasjioxenne SVD
¢ 50 KOMITOHEHTAMH 110 YMOJTYaHHIO, a 3aTeM BbITOJIHsToIn i BiioxkeHue t-SNE. O6b-
€KT TSNEVisualizer IpUHUMAET JOKYMEHTBI B BEKTOPHOM IIPE/ICTaB/IEHNH, ITI0O9TOMY
OyzieM ncnob30Bath TfidfVectorizer us Scikit-Learn nepes mepemayeii 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
(mokymeHTamMK) U JI00OBIE IPYTHE 3aMeTHbIe 3akoHoMepHocTH. Ha puc. 8.11 nokasana
JIByMepHast MPOEKINsT BEKTOPU30BAHHOTO Tojikopityca «<hobbies» u3 kopryca Baleen,
nosrydeHnast MetofioM t-SNE. Pesyisratom siBiisiercst iuarpamMma paccestHisi BEKTOpH-
30BaHHOTO KOPITYCA, T/l KayK/[ast TOYKA IIPEICTABJISIET IOKYMEHT HJIH BHICKA3bIBAHNIE.
Paccrostaue Mesk/Ly IByMsi TOYKaMU B BU3YaJIbHOM [IPOCTPAHCTBE BBIYUCIISIETCSI C UC-
MOJIb30BAaHUEM paclipejieieHusl BEPOSTHOCTEN MOMapHBIX CXOJICTB B TIPOCTPAHCTBE
6oJee BLICOKOI pasMepHOCTH; TO €CTb TSNEVisualizer IIOKa3bIBAET KJIACTEPHI CXOKUX
JIOKyMeHTOB B Kopiryce «hobbies» 1 OTHOTIIEH ST MeK /Ty TPYTITIAME TOKYMEHTOB.

TSNE Projection of 448 Documents

Puc. 8.11. [lnarpamMma t-pacnpeaeneHHoro CToxacTM4ecKkoro B/IOXKEHUS coceaen
ans noakopnyca «hobbies» ns kopnyca Baleen

Kax ynomunasoch Bbilie, TSNEVisualizer MIPUHUMAET BEKTOPHOE TIPEJICTABIIEHIE
TEKCTa, ¥ B IAHHOM CJlydae MbI HCII0JIb30oBasu 1peobpasoBanre TF—IDF xoTs Mbr
MOTJIH OBl UCIIOJIB30BATH IPYTHE CIOCOOBI BEKTOPHU3AIINH, OIUCAHHBIE B TJIaBe 4,
a 3areM creHepupoBaTh fuarpamMmy ¢-SNE 1 cpaBHUTS pedyabratel. 1 yekopenus
0TOOpasKEHMS TIEPET CTOXACTUYECKUM BJIOKEHUEM coce/iei TSNEVisualizer BBITION-
HSET pa3JioKeHue, UCIOJIb3Ysl 10 YMOTYaHUIO TruncatedSVD; Mbl MOTJIN Obl TaKKe
MO9KCTIIEPUMEHTHUPOBATH C METO/IOM CKaTust, TaknuM Kak PCA, /17151 uero 1ocTatouyHo
nepenarb napaMeTp decompose = "pca” B KOHCTPYKTOP TSNEVisualizer() Ha oTaile
MHUATNAJIA3AIIH.

OO6beKT TSNEVisualizer MOJKHO TaKsKe MCIIOJIb30BATD /LISl BU3YATM3alliy KJIACTEPOB
MIPU UCIIOJIb30BAHUU €T0 COBMECTHO C aJTOPUTMOM KjacTtepusaiuu. C moMoIbio
3TOTO TIpreMa MOKHO OTIeHUTD 3(P(HEeKTUBHOCTD Pa3HBIX METOJIOB KIACTePU3AIIU.
B caenytomem mpuMepe MBI MCTOJIb3yeM sklearn.cluster.KMeans C 4HCJIOM KJa-
CTEPOB 5, a 3aTeM IePelajiiM TTOJTyYeHHbIN aTpUOyYT cluster. labels_ B lapameTpe y
meronay fit() obbexTa 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()

Ternepb Bce TOUKH, IPUHALJIEKAIIIE OHOMY KJIacTepy, GY/IyT He TOJBKO CIPYIIITHPO-
BaHbI, HO M pacKpailleHbl B COOTBETCTBUM ¢ Koadduimentom cxoacrna (puc. 8.12).
B mannoM cirygae MOJKHO TIO9KCTIEPUMEHTHPOBATH C PA3HBIMI METOIAMHU KJIACTEPH3a-
[IUY VTN 3HAYEHUSIME R, HO O0J1ee TI0[pOOHO MbI TIOTOBOPUM Yy Th T1037Ke, B pasjielie,
MTOCBSIIEHHOM HACTPOITKe TUITePIIapaMeTpoB.

TSNE Projection of 448 Documents
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Puc. 8.12. narpamma -SNE ansa nogkopnyca «hobbies» u3 kopnyca Baleen
nocne Knacrepusaumm MeETOA0M K-CpefHuX

Busyanusaumsa knaccos

[Ipu pemenun 3a1a4 KraccuUKaUU MOXKHO TIPOCTO MOJICTABISATD I1€JIeBOE 3HAYE-
Hue (XpaHsIeecs B corpus . target) B TSNEVisualizer, uToObI MOJIyYUTD JUarpaMmy,
Ha KOTOPOI! IIBET TOUEK ITPEICTABJISIET METKU KaTeTOPUil, KOTOPBIM COOTBETCTBYIOT
noKyMeHTBI. OTpesie;TMB MeTKH KJIaCCOB KaK apTyMEHT B BbI30Be fit() BU3yann3a-
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 MoKHO 3aMeTUTD Ha [UarpaMMe paccessHust, n300paskeHHoit Ha puc. 8.13, aTor
MIPUEM ITO3BOJISIET JAOMOJTHUTD BHEIPEHNE COCEIEl OTTOTHNUTENbHON HH(pOpMaIneil
0 CXOJICTBE U YITPOCTUTH MHTEPITPETAINIO KJIaccoB. Eciin Gbl HAC MHTEPECOBAJIM JIUIITh
HEKOTOPBIE U3 KATEropuii B HAIlleM KOPILYCe, Mbl MOTJIM Obl MPOCTO MepPeiaTh UX
00beKTy TSNEVisualizer B mapameTpe classes Kak CIIMCOK 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/IOYKeHUs coceaen
ans noakopnyca «hobbies» 13 kopnyca Baleen ¢ MeTkamu kaTeropui

HOOqepeZIHbeI O630p TaKUX JrarpaMm IMOMOJKET BbIABUTH HanboJIee IIOTHBIE KaTe-
ropumn 10KyMEHTOB WJIH, HaO60pOT, Pa3MbITbI€, KOTOPbI€ MOTYT YCJIOJKHUTD ITPOIIECC
MOZEJIMPOBaHMA.

AwvarHocTtuka owmnbok Kiaccupukaumm

B tpagunmontom moaxo/e K Kiaaccuukanuu 00y4eHHbIe MOIENN MOKHO OTITH-
MU3HUPOBAThH U 3aTE€M OINPENENUTh UX TOUHOCTD, MOJHOTY U BEJTMUUHY OorleHKH F1.
ITU 3HAYEHUS MOKHO BU3YAJIU3UPOBATH, UCIOIb3YST MATPUITBI HECOOTBETCTBHIH,
TemnsoBbie KapThl 1 kKpuBble ROC-AUC.

B rmaBe 5 MBI paccMOTpeN TIPHUEM TTEPEKPECTHOM TTPOBEPKU JIJIST TECTUPOBAHIS
KadecTBa MOJIEJIM C UCIOJb30BAHUEM OTHAENbHBIX 00YYaOMIMX U KOHTPOJIbHBIX
BBIOOPOK U3 Kopiyca. TaM jKe Mbl Peain30Bajii METO/| TECTUPOBAHUSA MHOKECTBA
PasHBIX MOJIEJIEN, YTOODI ITOTYYNUTh BO3MOKHOCTh CPABHUTD UX C TIOMOIIIHIO OTYETOB
KJIaccu(UKAIMU ¥ MaTPUIl HECOOTBETCTBMI. MBI HCIIOJIb30BAIN OIPEAeIeHHbIE
MCETPUKH, ‘-ITO6bI BbIABUTD 60]166 YaAadHbl€ MO/J€J/IN, HO OJHU TOJIBKO METPUKU HE
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0COOEHHO TIOMOTAOT MOHSITH, TOYeMY KOHKPeTHast MoJieJib (MJIH pa3bueHre Ha 00y-
Jalolre U KOHTPOJIbHBIE BBIOOPKH ) ICHCTBYET UMEHHO TaK.

B sTOM pasjene Mbl paCCMOTPUM JIBa HAIIKMX M3/I00JIEHHBIX TIPUEMa BU3yaJlbHOIO
aHaJIM3a U CPaBHEHUS KauecTBa KJIacCU(PUKATOPOB TEKCTA: TEIJIOBbIE KAPThl U Ma-
TPUIIBI HECOOTBETCTBUI.

OT1yeTbl KJ1laccupuKaLumm C TeNJI0BbIMM KapTaMm

Ortuer KimaccuuKaImm — 9TO TEKCTOBBIN MepevdeHb OCHOBHBIX METPHUK, TT0 KOTOPBIM
MOKHO CYIUTDh 00 YCIIEITHOCTH KraccubukaTopa: mournocms (precision) — croco0-
HOCTb HE OTHOCHUTD K JJAHHOI KaTerOpuy 9K3eMILISP, (DaKTUUeCKU TTPUHAIEKATIITI
apyroii kareropun; nomoma (recall) — ciocoOHOCTb OOHAPYKUBATH BCE 9K3EMILISIPBI,
NpUHAJIeKAIINe JaHHONW KaTeropuu; u oyenka f1 — B3BellleHHOe CpeiHee rapMOHK-
YeCcKoe TOYHOCTH Y TOJIHOTHI. [To/1yunTh oTuer KiaccuuKaium MOKHO ¢ TIOMOIIIBIO
MeTo/ia classification_report 13 MOLyJIst metrics B 6ubanorexke Scikit-Learn, oxHa-
KO, Kak HaM Kaskercst, Bepcust B Yellowbrick, coderarorast BIBO/L 4MCJIOBBIX OIIEHOK
C IIBETHOII TETIJIOBOM KapTOM, yIIPOIIAeT MHTEPIIPETAIIUIO 1 BBISIBJIEHUE TPOOIIEM.

Y106bI BOCIIONB30BATHCSA MEXaHU3MOM CO3aHus TerioBoii Kaptel u3 Yellowbrick,
3arpysuM KOpITyc, Kak OIKICaHo BO Bpe3Ke «3arpyska Habopos manHbix Yellowbricks
BBIIIIE, BHITIOJTHUM BEKTOPU3AIHIO T0KyMeHTOB MeTooM TF—IDF 1 cozmaanm oOyya-
[o1e 1 KOHTPOJIbHbIEe BbI60pKI/I. 3aTeM co3/IaINM 9K3eMILTISIp ClassificationReport,
HepeIaiM eMy sKeJlaeMbIi KJaccuprKaTop U MMeHa KJIacCOB, BHI30BEM METO/IbI fit
U score, KOTOpPbIe, B CBOIO OYepe/lb, BBI3OBYT BHYTPEHHUE MEXaHU3Mbl 00yYeHuUs
U OLIEHKKM MOJeJH, Haxodmuecs B 6ubanoreke Scikit-Learn. Hakonelr, Bbi3oBeM
MEeTOJI poof BU3yaIn3aTopa, KOTOPBIil J00aBUT B INATPAMMYy 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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[TonmyuuBmmasica TennoBast Kaprta nmokasana Ha puc. 8.14. OHa oTpaskaeT TOYHOCTb,
noJtHOTY 1 orieHKy F1 o6yduentoii Mojieniu, rje 6ojiee TeMHbIE 30HBI COOTBETCTBYIOT
06J1aCTSIM MOJIENTN ¢ HanbOJIBIINM KayeCTBOM. B 5TOM IipruMepe Mbl BUIMM, U4TO Ta-
yCCOBa MOJIEJTb YCIIENTHO KaacCH(pUIUpyeT OOMBITHHCTBO KATETOPHil, HO UMEET BbI-
COKYI0 OIMOKY BTOPOTO pojia (Hepacno3HaBaHue) st kKareropun «books» (kuurm).

GaussianNEB Classification Report
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Puc. 8.14. TennoBasi kKapTa HaUBHOro 6alieCOBCKOroO rayccoBa KaccudukaTopa
Ha kopnyce «hobbies»

MpbI MOXEM CPaBHUTD TayCCOBY MOJIEDb C IPYTOH MOJEJNBI0, TTIPOCTO UMITOPTH-
poBaB apyroii Kaaccuburatop us Scikit-Learn u mepemas ero KOHCTPYKTOPY
ClassificationReport. [Iis1 cpaBHeHus Ha puc. 8.15 nsobpaskeHa TernaoBas KapTa
Kkjaccuduraropa SGDClassifier, KOTOpPas rOBOPUT, YTO OH XYK€ CIIPABISETCS
¢ kiaaccudukaimein koprnyca «hobbies» u nmeer BbICOKYy0 ONMOKY TIEPBOTO poja
(JTO’KHOE pacro3HaBaHue) [Jisl 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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MaTpu1ubl HECOOTBETCTBUMN

ManI/IHa HECOOTBETCTBUU BKJIIOYAET ITOXOKYIO I/IH(I)OpMaL[I/IIO, KaK B OTUETE KJIac-
CI/I(I)I/IKaIII/II/I, HO BMECTO BbICOKOYPOBHEBBIX OLI€EHOK IIpe/jiaracTt 6osee HOleO6HI)Ie
cBeJeHuA.

Y100bI TOCTPOUTH TAKYI0 BU3YAIM3AIIMIO ¢ Ucnoab3oBanreM Yellowbrick, cosmamim
9K3EMILISAP ConfusionMatrix ¥ MepesajnM eMy KeJaeMblii Kaaccudukarop ¢ nme-
HAMU KJIACCOB, KaK MbI 9TO JIeJIa/li, Co3/aBast 9K3eMILIAp ClassificationReport,
U TI0CJIE0BATEJIbHO 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()

[TosryumBIIasicst MaTpHIla HECOOTBETCTBU, N300pakeHHast Ha puc. 8.16, momoraer
YBUIETh, KaKHMe KJIACCHI XYK€ BCETO PACIIO3HAIOTCI MOJENbIo. B aToM mpuMepe
MOJIeJb LogisticRegression IIpeKpacto CIIPpaBUIACh C PAcITO3HABAHIEM KaTETOPUI
«sports» (cropr) u «gaming» (Urpbi), HO UCHBITHIBAET OOJIbIINME CIOKHOCTH TIPU
pacrio3HaBaHUU JIPYTUX KATETOPUHL.

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 HECOOTBETCTBMIN NPUMEHEHNS KNaccudukaTopa, UCNONb3YHOLWEro
METOZ JIOrUCTUYECKON perpeccuu, k kopnycy «hobbies»

Mbl MOKEM CPaBHUTb KaueCcTBO MOJIeJIei, TTOJICTaBUB UX B BbI30B KOHCTPYKTOPA
ConfusionMatrix, Kak aTo /IeJIaJIoCh B ciiyyae ¢ ClassificationReport. /115t cpaBHEHUS
Ha puc. 8.17 mokazaHa MaTpuIla HECOOTBETCTBUH KJaccubrKraTopa MultinomialNB,
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MultinomialNB Confusion Matrix

- D
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Pradicted Class

Puc. 8.17. MaTtpuua HECOOTBETCTBUI NMPUMEHEHUS MOSIMHOMMUANBHOIO HAWBHOMO
6aiecoBckoro knaccudukaTtopa K kopnycy «hobbies»

KOTOPast MOKA3bIBAET, YTO OH TOXKE HEIOCTATOUHO XOPOIIO CIPABJISETCS C KIACCH-
(dbukanmeit 6oabIIMHCTBA KaTeropuil B Kopiyce <hobbies» u, moxoske, yacro myraer
kateropuu «books» n «gaming».

B o611iem cirydyae kauecTBO MOJIEJH CHIIBHO 3aBUCUT OT KOHTEKCTA, TI0ITOMY, OTTpe-
JTEJISIST QIEKBATHOCTD MOJIEJTH, Ba)KHO BBIOMPATH CIIEIMATU3UPOBAHHBIE OPUEHTHPBI
U He 110J1araThCsl Ha BBICOKOYPOBHEBbIE METPUKH, Takue Kak onlenka 1. Hanpumep,
€CJIM OT HAIIETO TUIIOTETHYECKOTO TIPIIIOKEHNST TPeOYeTCsT KIaccuduImpoBaTh
KOHTEHT, UMEIOIUI OTHOIIIEHUe K CIIOPTY, 3TUX Mojiesieil BroJiHe joctatouno. Ho,
€CJIH T[eJTIO SIBJISIETCSI TIOMCK 0030POB KHUT, HEYIOBJIETBOPUTETHHOE KAUECTBO ITHX
KJaccu(uKaTopoB IIpeAlloiaraeT, YTo HaM, BO3MOXKHO, IIPUAETCS I1epecMOTPeTh
OPUTUHAJIBHBINA HAGOP TAHHBIX.

BusyasibHasi HaCTpoMKa

Korzma BeI3bIBaeTca MeToJ fit 0ObeKTa Estimator us 6ubanorekn Scikit-Learn,
MOJIEJIb MTOAOMPAET MapaMeTpPhbl aJITOPUTMa, JIydIlle COOTBETCTBYIONIME UMEIOIIM-
ca ganabiM. OHAKO HEKOTOPBIE MTapaMeTPhl He CBA3aHbl HAPSMYIO ¢ 00ydYeHneM
B 0ObeKTe Estimator. Mbl Ha3bIBaeM UX 2UNEPRApaMempami i ONPeIeIsieM B MOMEHT
CO3/IaHUS IK3EMILISIPA MOJEJIN.

[umepmapaMeTpsl 3aBUCT OT KOHKPETHOM MOIENIN U BKJIIOYAIOT TaKKe XapaKTepH-
CTUKH, KaK BeJIMYnHa Mrrpada, UCIoab3yeMas 71 PETYIMPOBKHU, QYHKIIH Spa IS
METO/Ia OTIOPHBIX BEKTOPOB, KOJMYECTBO JIMCTHEB WU IIyOHHA JepeBa PeIleHui,
KOJIMYECTBO Coce/iell B KIaccudruKaTope MEeTOLOM OIMKANIINX COCeAei NN KOJIM-
YeCTBO KJIACTEPOB B KJIACTEPU3ALUN METOJOM R-CPEIHUX.

Mopenu Scikit-Learn yacto Ha yIuBJIeHHE YCIIENTHO CIIPABJSIOTCS CO CBOUMHU 3a-
Ja4amu ovTH 6e3 MI3MeHEHUsT TUTIEPITapaMeTPOB 110 YMOJIYAHII0. DTO He CIydaiHast
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Yaada, a lToKa3aTeJib TOTO, YTO CO3/4aTe/IAMU 6I/I6JII/IOTCKI/I HaKOILJIEH 3HAYNTEIbHBIN
OIIBIT 1 0OBEM 3HAHMIL B JaHHOi obnactu. Tem He MeHee 11ocie BhI6opa HECKOJIbKUX
MOIeJIEl, KOTOPbIE JIydIlie BCEro CIPABJISIOTCS ¢ OCTaBJEHHON 3aa4€eil, MbI JI0JIJKHbI
ClIeJIaTh CIIEYIONIHIT AT U TI0IKCIIEPUMEHTHPOBATD € THUIIEPIAPAMETPAMH, YTOObI
HaiiTh HanboJiee ONTUMAIbHBIE HACTPOKY JIJIsT KAsKIOH MOJIEJIH.

B aTOM paszesie Mbl pACCMOTPUM ITPUEMbBI BU3YaIbHOTO UCCIIE0OBAHKS THIIEpITapa-
METPOB 1, B YaCTHOCTH, pasbepeM BbIOOP 3HAYEHU & 1115t aJITOPUTMA KJTaCTePU3AIII
METOIOM R-CPEIHIX.

OueHka CUNY3Ta U JIOKTEBbIE€ KPpUBbIe

Kax mbI Buzeu B riiase 6, MeTos; B-CpeHIX — 9TO IIPOCTON aJITOPUTM MAIIUHHO-
ro oOyueHust 6e3 yuuTesist, FPyIIUPYONIil JaHHbIe B YKa3aHHOE KOJUYECTBO R
kactepoB. [ToCKOIbKY BBIOOD YMCIa kB OCYIIECTBISIETCS TI0JIb30BaTeIeM 3apaHee,
AJITOPUTMY OCTAETCST TOJBKO PACIPEEUTh BCE 9K3EMILISPHI TI0 k& K1acTepam, He-
3aBUCHMO OT TOTO, IBJISIETCS JIV IIPABIIbHBIM BBIOOP umcia R it Habopa JaHHbIX.
Bubsmoreka Yellowbrick peanusyer nsa Mexannusma BbIGOpa ONMITHUMAIBHOTO YKCTa k
JUIST IEHTPOMTHOM KJIacTepu3aliu, oyenka cunysma (silhouette scores) u ioxmesoie
kpusvie (elbow curves), KOTOpPbIE MBI PACCMOTPUM B 3TOM Pas/ieJie.

OueHka cunyaTa

B orcyteTBHe 1ocToBepHOit nHMOpPMAIUK 0 IpUpojie Habopa JaHHBIX BBIYNUCIISIETCS
KOa(hOUTMEHT CUITyaTa, OTPAKAIOININIA TIIIOTHOCTU KJIACTEPOB, TPOU3BOIUMBIX MOJIE-
Jbio. Jlasee, 171st Kask1oro oOpasiia ONpeesisieTesl OleHKa CHIIYaTa Iy TeM YCPeIHEHUsT
Koo puIMenTa CUIysTa, BRIYUCIIEMOTO Kak PAa3HOCTh CPEHETO PACCTOSTHUS BHY-
TPU KJIACTEPA U CPEIHETO PACCTOSHUS 10 OJIMKANIIETO KIacTepa OT 3TOro 06pasiia,
HOPMaJIM30BaHHAS MAKCUMAHbHBIM 3HAYEHHEM.

B pesymsraTe momydaercs snadenve B fuarmasonie ot 1 10 —1, e 1 TOBOPUT O TOM, UTO
KJIACTEPBI UMETOT OYEeHb BBICOKYTO MIJIOTHOCTD, -1 — YTO KJIACTEPU3aIlHs BBITTOJTHEHA
a0COJIIOTHO HEBEPHO, a 3HAUEHUST, OJIM3KUE K HYJII0, — YTO MPUCYTCTBYIOT TIEPEKPbI-
BalOIIUECs KJacTepbl. YeM BbIllIe OIEHKA, TEM JIydllie, IOTOMY UTO BBICOKast OIleHKa
MIPUCBANBAETCS IIJIOTHBIM U U30JIMPOBAHHBIM JIPYT OT IpyTa Kiaactepam. OTpuiiaTesib-
Hble 3HAYEHUS YKa3bIBAIOT, YTO 0OPa3Iibl OBLIM OTHECEHbI K HEBEPHBIM KJIaCTEPaM,
a TIOJIO;KUTETHHBIE — YTO B KOPITYCe IEHCTBUTEIBHO NMETOTCS IMCKPETHBIE KITACTEPHI.
3areM oIy YeHHbIe OIEHKH MOKHO OTOOPAa3UTh B BUJIE ANATrPAMMBI, YTOOBI TIOKA3aTh
Mepy OJIM30CTH KaxK/I0H TOYKH B OJHOM KJIACTEPE K TOYKaM B COCEAHUX KJIacTepax.

JLJist BU3yaIu3ainy OleHOK CUITYITOB KaKIOTO KJIacTepa MOKHO UCIOJIb30BaTh
00beKT SilhouetteVisualizer us 6ubanorexku Yellowbrick. TTockoabky Momenn
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KJIACTEPU3AINH C TPYIOM TIOIAI0TCST OlleHKe, Bu3yas3aTopsl 13 Yellowbrick obe-
pThIBatoT Mojean Kiaacrepusanuu us Scikit-Learn csoum metomom fit(). ITocie
00y4eHust MOJIeJIU MOKHO BBI3BaTh METOJ poof () BU3yaausaropa u 0TOOPasuTh
METPUKH OLIEHKH Pe3yJIbTaToB KaacTepusaiuu. YToObl co31aTh AnarpaMmy, CHadala
00yUnM MOJIeJIb KJIaCTEPU3ALINH, CO3/IaMM SK3EMILISIP BU3yaIu3aTopa, 00ydrM ero
Ha JJAHHBIX U3 KOPILyCca U BHI30BEM METO/ poof ():

from sklearn.cluster import KMeans
from yellowbrick.cluster import SilhouetteVisualizer

# Co3paTb MoAenb KjaacTepusauuu U BU3yannusaTop

visualizer = SilhouetteVisualizer(KMeans(n_clusters = 6))
visualizer.fit(docs)

visualizer.poof()

OO6mbexT SilhouetteVisualizer oToOpaxaer KOI(MMUIMEHT CUIYITA IS KasKIO0TO
06pasiia B KaskJ0M KJacTepe, I0Ka3bliBasl, KAKUe KJIaCcTepPhl IJIOTHbIE, a KaKUe HeT.
BeprukanbHas BbICcOTa KTacTepa Ha IarpaMMe COOTBETCTBYET eT0 Pa3Mepy, a Kpac-
Hast MyHKTUPHAs! IUHKs 0003HAYaeT r/100abHOE cpeiHee. DTy MHDOPMAIIIIO MOKHO
UCIIOJIb30BATh JIJIst OTIPE/IeIEHIUS CTeIleHN cOaTaHCPOBAHHOCTH KJIACTEPOB UJIU BbI-
Gopa 3HaYeHus k IryTeM cpaBHEHMs HeCKOJIbKUX Auarpamm. Hanpuwmep, ra puc. 8.18
BU/IHO, YTO HEKOTOPBIE KJIACTEPHI UMEIOT 3HAUNTEBHY IO BBICOTY, HO HU3KYTO OIIEHKY.
ITO TOBOPUT O TOM, YTO CJIEAYEeT MOPoOOBaTh BEIGpATh GoJibliee 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 BU3yasu3alii, KOTOPBI MOKHO HCIIOJIb30BATh Ui MoAO0pa 3Ha-
yenus k, — meroj JokTs (elbow method). OToT MeTo 0cHOBaH Ha OTOOPAKEHIIN
rpaduKa MI3MEHEHHUs KauecTBa MojieJiell ¢ u3MeHeHreM 3HaueHust k. Bei6op ornpese-
JIIETCA HAJIMYMEM TOYKH «JIOKTEBOTO cruba» Ha KPUBOii (TO €CTh KpUBast BBITJISIAUT
KaK PyKa, COTHYTAasl B JIOKTE, C SIBHBIM M3MEHEHUEM €€ HATIPABJICHUST ).
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OO6mbexT KElbowvisualizer B 6ubmoreke Yellowbrick peamusyer meton soxTst st
BBIOOPA ONTHMAJIBHOTO YKCJIa KIACTEPOB TP UCIIOJIb30BAHIK CIIOCO0A KIIacTepH-
3aIii METOJIOM k-cpeHuX. J[JIst 3TOT0 HYKHO CO3/1aTh HK3EMILISIP BU3Yyaln3aTopa,
epeziaB eMy HeoOyYeHHYI0 MOJIeTIb KMeans () ¥ IMAIa30H 3HaYeH il 1151 k (Harprmep,
o1 4 o 10). 3areM BbI3BaTh METO it () ¢ JOKYMeHTaMM U3 KOpITyca (B CJIeayonieM
IpUMepe MPeTIoJaraeTcs, YTo JOKYMEHTBI y3Ke BeKTopu3oBaHbl MeTo/loM TF-IDF),
B pe3yJIbTaTe BU3YyaJM3aTop BBIIOJHHUT KJIACTEPU3AIINI0 Habopa JaHHBIX METOIOM
k-cpeHuX JIJIst KasK0TO 3HAYEHMsT kB ¥ PACCUMTAET OIEHKY CUJIYydTa, CPEHUI KO-
ahdunmenT cuayasTa mo BceM obpasiam. IToceayonuii 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 BUl COTHYTOTO «JIOKTST», TOUKA epernba siBJIsieTcst JIyd-
UM 3HAUEHUEM k; JIJTsI HAC JKeJlaTeJIbHO NMeTh MUHUMAJIbHO BO3MOKHOE 3HAYeHHE k,
4TOObI KJTACTEPDI HE MEPEKPHIBAINCH. EC/ TaHHbIE HE MMEIOT YETKO BhIPAKEHHBIX
KJIACTEPOB, KPUBASI MOKET TIOJTYUUTHCSI CIIUTIKOM IJIA/IKOM UJTH UMETh HECKOJIBKO TOYEK
riepern6a, METO/T JIOKTSI OKa3bIBAETCs OeCTIOIE3HbIM. B TaKuX cJIydasx MOKHO TI0COBe-
TOBATb MCIIO/Ib30BATh BU3yaIn3aTOP SilhouetteScore MM TPUMEHNTH TAaPTUTUBHYIO
Kactepusanuio. [isis Ha rpaduk, usobpaskeHHbIi Ha puc. 8.19, 1ajke IPUTOM, 4TO OH
MMeeT HECKOJIBKO TOUYEK Meperrda, MOKHO MPENOJI0KITh, 4TO, BHIOPAB CeMb KlacTe-
POB, MBI CMOKEM YJIYUITUTh TWIOTHOCTD U U30JIUPOBAHHOCTbD KJIACTEPOB JIOKYMEHTOB.

Silhouette Score Elbow for KMeans C

[ IO

Puc. 8.19. MpaduK M3MEHEHUS OLIEHKM CUNY3Ta A1 KNacTepu3aLmnm METOA0M K-CpeaHuX
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B 3aknroueHue

C kakuMu ObI JaHHBIMU MbI HU PabOTald — YUCIOBBIMU WU TEKCTOBBIMU (TN
JlasKe C TTMKCeJIaMy UJIH HOTaM1 ) — eTMHCTBEHHON OIEeHKN NJTH JlaKe eZIMHCTBEHHOTO
rpaduka 4acTo HeJIOCTATOUHO JIJIsI IPOIlecca TPOMKHU BEIOOPA Mojiesii. MeTo/ibl BH-
3yasIU3aliuy IPUTOIATCS BaM /IS UCCIIeI0BATEIbCKOTI0 aHAIN3a, KOHCTPYUPOBAHUS
[PU3HAKOB, BHIOOPA MOJIENN 1 €€ OTleHKN. B KOMOMHAIINY C YMCTIOBBIMU OlEHKAMU
OHHU MOTYT TIOMOYb HOJIYYUTH GoJiee TToJIHOe TpecTaBieHie 00 a(h(HeKTUBHOCTH.
O/HaKO TEKCTOBBIE IAHHBIE MOTYT BBI3BIBATH HEKOTOPBIE CIIel(udecKue mpobIeMbr
JUUIST BU3YAJIU3AIHI, 0COOEHHO B OTHOTIIEHUH Pa3MEPHOCTH U HHTEPIIPETUPYEMOCTH.

ITo HateMy OTIBITY, yIIpaBJIeHNE BBIGOPOM ITOMOTAET TTOJIy4aTh KaueCTBEHHBIE MOJIE/TN
(HarpuMep, ¢ BBICOKOH O1leHKoii F 1, H30JMpoBaHHBIMU KJIACTEPAMU 1 T. 1I.) ObICTpee
U JIOCTUTATH HOJIee TOTHOTO OOIIETO MTPE/ICTABICHNS. 3PUTETbHAS KOPA HAIIETO MO3Ta
YacTO HAMHOTO JIYYIlle CIIPABJISAETCS C BBIABICHUEM 3aKOHOMEPHOCTEH, TTPe/ICTaB-
JIEHHBIX He B YNCJIOBOH, a B BU3yaJbHOI hopme. To ecTh, ICTIOIB3YsT METO/IBI BU3Y-
aIn3aIuu, Mbl MOKeM Gostee 3hhEKTUBHO YIIPABJISATH IPOIIECCOM MOIETUPOBAHMSI.

Hecmotrps Ha oTcyTeTBrE OOIBIIOTO MHOT00Opasust GUOIMOTEK BU3YaIbHO Iua-
THOCTUKH MOJE/IMPOBAHNA Ha TEKCTOBBIX JaHHDBIX, IIPUEMDbI, ITpeAjiaralolnie nure-
PaKTUBHBIN MHTEPdEIiC K MAITMHHOMY 00YUYEHUIO 1 [TPOJEMOHCTPUPOBAHHBIE B 9TON
IJ1aBe, MOy T OKa3aThCs XOPOIIMME HHCTPYMEHTAMHU, TIOMOTAIOIIMMK CHU3HUTH Gapbep
MEJK/Ly YeJIOBEKOM 1 MalllnHOW. B uncire 6ubimoTex BU3yains3ainu ecTh JBa OYeHb
yno6ubix nacrpymenta — Matplotlib u Yellowbrick, — kotopbie BMecTe 1103B0JISITOT
BBITTOJTHUTH BU3YaJIbHYIO (DUIBTPAINIO, arPeTHpPOBaHNe, HHAEKCUPOBaHUe U (op-
MaTUpOBaHUE, IzITO6bI IIOMOYb OTO6paBI/ITb 60.711)]_[[0171 KOpIyc ¢ MHOTOMEPHBIM IIPO-
CTPAHCTBOM IPU3HAKOB B G0JIee IPOCTOM JIJIsi TOHUMAaHKS M HHTEPAKTUBHOM BH/IE.

Oxnum u3 Hanbosee 3(HEKTUBHBIX CITOCOOOB BU3YATU3AINH, [TPEACTABICHHBIX
B 9TOH TJIaBe, SIBJSIOTCS Tpadbl, TTO3BOJSIONINE MPEACTABUTH OTPOMHBIN 00beM
uHbOpMaIMK B ITPOCTOM ¥ MOHSTHOM BH/e. B riiaBe 9 Mbl eTaibHee paccCMOTPUM
rpadoBbie MOJIENI — UX CIIOCOOHOCTD K 3(h(PEKTUBHOI BU3YATbHON TPYIITMPOBKE
Y MOJIEJTUPOBAHII0 MHMOPMAIINH, IJIS1 9€TO B MHOM CJIydae oTpeboBaIuch 6bi 6oJiee
cepbe3Hble YCUJIHs 0 KOHCTPYUPOBAHUIO ITPU3HAKOB.



'pacdoBblie MeToAbl
aHaJsin3a TeKcTta

IIO 9TOI'O MOMEHTA MbI UCITOJIb30BaJIN TPAJIUITUOHHDBIE AJITOPUTMbI KJIaCCI/I(l)I/IKaHI/II/I
U KJIACTEPU3AINN /IJI aHAJIN3a TEKCTA. DTU AJITOPUTMBI OTIPEICSISAIOT PACCTOSTHIE
MEXKIy TEPMIUHAMU, TPUCBANBAIOT BECA CJIOBOCOYETAHUSAM M BBIUYUCISIOT BEPOST-
HOCTH BBICKA3bIBAaHUI, IOMOTAsi HAM PACCY’K/JATh O CBA35X MEXK/Y JOKYMEHTaMU.
OnHako Takue 3a/1au¥, KaK MAaIlIUHHBIN TI€PEBO/I, TTOUCK OTBETOB HA BOTPOCHI
U1 BBIIIOJIHEHUE I/IHCprKHI/Iﬁ, qacTo TpC6yIOT 60]166 CJIOKHBIX CEMaHTUYECKUX
paccyRaeHui.

Harmpumep, ocHOBBIBasICh Ha GOJIBIIIOM KOJIYECTBE HOBOCTHBIX CTATEM, KaK ObI BbI
CMO/JIEJTUPOBAJIN COJIEePsKAIecs B HUX ONMMCAHUA: JIeMCTBUI KJIIOYEBBIX UTPOKOB
U OTBETHBIX AEHUCTBUN APYTHUX, MOCTEA0BATENBLHOCTEH COOBITUN, MPUIMH U CJIe/-
ctBuii? Vlcnonb3ysd nmpreMsl U3 TJIaBbl 7, BBl MOKeTe U3BJIEKATh CYINTHOCTH WUJIH
KJT04YeBbIe (hpasbl WU OTIPEIENIATh TEMBI C IPUMEHEHNEM METOJIOB TEMATHYECKOTO
MozesiupoBanus u3 raassl 6. Ho, uTo6b cMomenpoBath HHGOPMAIINIO O CBI3IX
MEXK/IY 9TUMHE CYIIHOCTSIMHU, hpazaMu U TeMaMu, HeOOXOIMM UHOM THIT CTPYKTYPbI
JTAHHDBIX.

PaCCMOTpI/IM, KaK MOJKHO BbIPA3UTb TaKMWE CBA3U MEK/y Ha3BaHUAMU crareit':

headlines = ['FDA approves gene therapy',
'Gene therapy reduces tumor growth',
'"FDA recalls pacemakers']

! TlepeBoj Ha3BaHUil cTATEN:

«YpasJieHue 000pIIO FEHHYIO TEPATIUIO»
«lennas Tepanus 3ame/JIs1€T POCT Oy XOJIN»
«Y1paBJieHue OT3bIBaeT KapANOCTUMYJISTTOPDI»
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TpaauimoHHo 0K00HbIE (GPasbl KOAUPYIOTCS ¢ UCTIOTIb30BAHUEM NPeOCasieHuil
cmvicna mexcma (Text Meaning Representation, TMR). IIpencraBienus cMbic-
Jla IMEIOT BUJ] TPOEK ('cybbekT', 'yTBepxaeHue', 'obbekT'), HanpuMmep ('FDA’,
'recalls’, 'pacemakers'), K KOTOPBIM MOJKHO IIPUMEHATH JIOTUKY IIEPBOTO ITOPSIAKA
1 JIIMOIa- UCYHCIIEHE JIJISE CEMAaHTHYECKOTO aHaJIH3a.

K coxasnenuto, koHcTpyuposanue mpezactasiaennii TMR yacto Tpebyet cyiiecTBeH-
HOTo 00beMa IpeiBapUTEIbHBIX 3HAHMIT. Harprumep, MbI I0JIKHBI 3HATh, 4TO abOpe-
Buarypa «FDA»! onpesiesisier 1eficTBYIOIILYIO CTOPOHY, a TAK)Ke 4TO c10BO «recalling»
(OT3bIBaeT) ONMUCHIBAET JIEHICTBUE, KOTOPOE MPEAITPUHUMAETCS OIHOH CYTTHOCTHIO
B OTHOIEHWH JAPYToii. [IJist GOJIBITMHCTBA MPUIOKEHUI aHAIN3a €CTECTBEHHOTO
sI3bIKa CO3/IaTh JIOCTAaTOUHOE KOoJan4decTBO mpeacTaBiaennii TMR ams moanep:xm
OCMBICJIEHHOTO CEMAHTHIECKOTO aHAIN3a TTPAKTUUECKU HEBO3MOKHO.

OpHaKO Ty e CTPYKTYPY «CYOBEKT-yTBEPKIAeHNE-00BEKT> MOKHO TIPEICTABUTH
B BUJIE 2paga, Tiie YTBEPIKACHS SIBJSTIOTCS pebpamu MeXIY ysiamu — cCyObeKTaMu
1 00beKTaMU, KaK moka3aHo Ha puc. 9.1. V3Biekasi mapbl CyIHOCTEN 1 KJIIOYEBbIE
(bpaser 13 3ar0I0BKOB, MOKHO CKOHCTPYHPOBATDH TPadoBOE TIPEICTABICHNE CBA3CH
MEXKIY «KTO», <4TO» ¥ JIakKe «TJIe», «<Kak» U «Koraa» coObiThii. Biraromgapst atomy
MBI [TOJTY9MM BO3MOKHOCTb KOHCTPYMPOBATh OTBETHI HA aHATUTHYECKHE BOTIPOCHI,
takue Kak «Kro 6osiee Bcero mpuyacTeH K 3ToMy cOOBITHS ?» mi «Kak MeHSI0TCsT
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 aHaIu3MpPOBATh TEKCTOBbIE TAHHBIE C UCIIOJIH30BAHUEM
rpacoBbIx anroputMoB. CHavyama MBI IIOCTPOUM Te3aypyc (CJI0Bapb CHHOHUMOB),
OCHOBaHHBIIT Ha Tpadax, U OIpe/Ie M HEKOTOPbIe HarboIee MoJIe3HbIe XapaKTepH-
cTUKY rpada. 3aTteM M3BJIEYEM COIMAIBHBIN rpad u3 Haiero kopmyca Baleen, cBsizas
CyOBEKTBI, MOSBJISIIONIIECS] BMECTE B OTHUX U TEX JKe TOKYMEHTAX, U UCIIOIb3yeM
HEKOTOPBIE TIPOCTbIe MTPUEMbI U3BJI€UEHNs 1 aHAINn3a nodepagos. B 3akiiouenne
MO3HAKOMUMCSI C TIO/IXO/IOM K Pa3peulenuro cyusHocmeti Ha OcCHOBe TpadoB, KOTOPBII
HasbiBaeTcst Heuemxum onoxuposanuem (fuzzy blocking).

NetworkX v Graph-tool — 310 ABe ocHOBHble 6ubnmoTekn ans Python, peanusy-
toLime rpadoBble anropuTMbl U Mofenb rpada CBOWCTB (KOTOPYHO Mbl UCCTieayeM
fanee B 3ToN rnaee). Graph-tool mMacwTabupyeTcsl CyLeCTBEHHO Nlyylle, YeM
NetworkX, Ho peanusoBaHa Ha C++ U JO/MKHA KOMMUINMPOBATLCS U3 UCXOAHOMO
koaa. [ins Bu3yanusauuy rpacdoB Mbl HacTO UCMOMb3yeM HamMCaHHbIE Ha ApYruX
A3blIKax MHCTPYMEeHTbI, Takme kak Gephi, D3.js n Cytoscape.js. OgHako paau npo-
CTOTbI B 3TOW rnaBe Mbl 6yaeM npuaepxusatbes 6ubnuotekn NetworkX.

BbluncneHme n aHanus rpacdos

[maBHOI 3aa4eil B anasm3e rpadoB siBJIsieTcs: onpeesienue y3ioB u pebep. OObraHO
POJIb Y3JI0B UTPAIOT CYIHOCTU PEATLHOTO MUPA, KOTOPbIE MbI XOTeJIH ObI TIPOAHAJII-
3MPOBaTh, a POJIb pedep — OTHOIIEHUSI MEK/LY Y3JIaMi Pa3HOTO BH/a (M BEJTHUHHbI ).

[Tocsie ompeseeHust cXeMbl KOHCTPYHPOBaHue Tpada He MpecTaBisieT GOJbIIoit
pobembl. PaccMOTpUM MPOCTON MpUMEpP MOJAETMPOBAHUS Te3aypyca B BHIE
rpada. TpaauinoHHBIA Te3aypyc 0TOOpakaeT OJHU CJIOBa BO MHOKECTBA JAPYTUX
CJIOB, UMEIOIINX TIOXO0XKUI CMBICJI, 3HAYEHUE U TTOPSIZIOK UCIOIb30BaHus. Tezaypyc
Ha OCHOBe rpaca, KOTOPbIiT IPECTABISIET CJI0BA KaK Y3JIbl, 2 CHHOHIMBbI KakK pebpa,
MOJKET TIPUHECTH CYIIECTBEHHYTO BBITOLY, MOJICTTUPY ST CEMAaHTHYECKOE CXO/ICTBO KaK
(DYHKIMIO JUIMHBL ¥ BEca IYTH MEKIY JIOOBIMU IBYMsI CBA3aHHBIMU TEPMITHAMHU.

Co3pnaHue Te3aypyca Ha ocHoBe rpada

Jl1st peanuzaiy TOJIbKO YTO OMUCAHHOTO Te3aypyca Ha OCHOBE Tpada UCTI0Ib3yeM
WordNet!, 60:ibIyio Jiekcnueckyio 6a3y TaHHbIX AHTJTMHCKIX CJIOB, CTPYTITHPOBAH-
HBIX BO B3AaMMOCBSI3aHHBIE cuncembl (Synset ), KOJTEKITNN KOTHUTUBHBIX CHHOHUMOB,
BBIPAKAIOIINX Pa3Hble MOHATHA. B Halrem Tesaypyce poJib y3J0B OyayT UTpaTh
cinosa us cutceroB WordNet (nocrynnbix yepes unrepdeiic WordNet 6ubsmoreku
NLTK), a pebpa OyayT peicTaBieHbl OTHOIEHUAME 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 GhyHKINIO graph_synsets (), KOHCTPYUPYIOMLYIO rpad U 106aBJISIONLY 10
B HETo Bee yaJibl v pebpa. OHa IPUHUMAET CIIMCOK TEPMIHOB, & TAK/KE MAKCHMAJIbHYTO
riyOuHY, co31aeT HeoprueHTUpoBaHHbIi rpad ¢ nomoribio NetworkX u nipucsamn-
BaeT €My CBOICTBO name JJist GBICTPON HMAECHTU(MUKAINE B TOCAEAYIONEM. 3aTeM
BHYTPEHHssT (DYHKIUS add_term_links() 106aBJIsieT CHHOHUMBI, TOJIyYasi MX C MO~
MoIibio GyHKIUN wn.synsets() u3 NLTK, koropas Bo3Bpaliaer Bce BO3MOKHbIE
oTIpejieJieHus JJAHHOTO CJIOBA.

Jlist Kasx 1010 onpeesieHns nepebepeM Bce CAHOHUMbI, BO3BpalllaeMble BHYTPEHHUM
METOJIOM lemma_names(), U 100aBUM y3JIbl U peOpa 3a OJMH IIar BI30BOM MeTO/a
G.add_edge () u3 NetworkX. Ec/iu 3asanHbliii mopor riryOuHbBI €llle He JOCTUTHYT,
PEKYPCUBHO 106aBUM CCBIJIKM Ha TEPMUHBI B cuHceTe. [locie aToro GyHKIms
graph_synsets BBITIOJHUT 00X0JI BCEX TEPMUHOB U C TOMOIIIBIO HaIllell peKyPCUBHON
dbyHKIMM add_term_links() M3BJe4eT CHHOHUMbI, CKOHCTPYUPYeET pedpa 1, HaKOHell,
BepHeT TOJYIUBIINIiCS Tpad:

import networkx as nx
from nltk.corpus import wordnet as wn

def graph_synsets(terms, pos = wn.NOUN, depth = 2):

CospaeT 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

YT0o6BI MOy YT OMHICATETbHYTO CTaTHCTHYeCKY 0 nH(opMmarmio o rpacde Network X,
MOJKHO BOCITOJIb30BaThes (hyHKITHEH info(), KOTopasi BO3BpaliaeT KOJIM4eCcTBO y3JI0B,
KOJINYeCTBO pebep U cpeiHioo crenelb rpada. Terepsb mpoBepuM Halry (hyHKITAIO:
HOJTYYUM C €€ TTOMOIIIbIO rpaca [71st cioBa «trinket» (6pesiok) u n3BieueM OCHOBHbIE
cTaTUCTUKHU Tpada:

G = graph_synsets(["trinket"])
print(nx.info(G))
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Bot kakne PpEe3yJIbTaTbl Mbl ITIOJTYyYWUJIN:

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 ToaKkcIIepuMeHTHPOBATD,
cosaBast Tpadbl ISt IPYTUX CJIOB, CIIUCKOB CJIOB MJIM U3MEHssT TyOuHy c6opa
CUHOHUMOB.

AHanus cTpykTypbl rpacda

IKcIepuMeHTUPYA ¢ (byHKIUEN graph_synsets U TiepeiaBasi eil pa3Hble TEPMUHBI,
MOKHO 3aMETHTh, 4TO MOJIydaoIiuecs: rpadbl MOTYT ObITh OYeHb GOIBIIUMU WJTH
OY€eHb MaJIEHbKUMU U IMETH OOJIee TN MeHee CJI0KHYIO CTPYKTYPY B 3aBUCUMOCTU
OT TOTO, Kak cBg3aHbl TepMuHbIL. [Ipn ananmse rpadbl OMUCHIBAIOTCS UX CTPYKTY-
poii. B aTom pasziesie Mbl paccMOTPUM HAOOP CTAHIAPTHBIX METPUK JIJIsT OTUCAHUST

CTPYKTYPBI TpacoB.

B nipenbinyiiiem pasjesie Bbi30B nx.info BbIBEJ KOJUYECTBO Y3JI0B (MU NOPSO0K)
B rpade, KonmdecTBo pebep (Miau pasmep) v cpeaHion cmenenv. Cocedsmu y3na
Ha3bIBAIOT HAOOP Y3JI0B, HAXOASIIMXCS OT HETO Ha PACCTOSIHUU OJIHOTO TIepexo/ia,
a KOJIMYECTBO COCE/Iel otpeiesisieT cmenets yaia. Cpeitsisi crerenb rpaca oTpaskaer
CpemHUH pa3Mep Beex cocenell BHyTpu rpada.

luamemp rpada — 910 KOJIMUYECTBO Y3JI0B, KOTOPbIE HY’KHO MHHOBATD, YTOOBI TIPOMTH
Kpamuatium 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
mUpoKoi uHTepnperamnueil (Hanpumep, «<building» ) nau 6osee mupokuM 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/IHOYEBbBIE BOIIPOCHI, OTBETbHI Ha KOTOPbIE HYKHO TTOJYyYUTH B IIPO-
1ecce anainsa rpada:

O Kakossl riry6uHa u guamerp rpada?

O dasiercst u rpad MOJHOCBSA3AHHBIM (TO €CTh UMEIOTCSI Jin B Tpade MyTH MesK-
1y JIIOOBIME TIapaMiU Y3JI0B)?

QO Ecum ectb HeCBsI3aHHbIE KOMITOHEHTbI, KAKOBbBI X Pa3M€EpPbI U IPYyTrue cBolicTBa?

O Moxno nm u3Bieub moarpad (M 320-2pag, 0 KOTOPOM MBI pacCKaKeM HITKE)
JIJis1 KOHKPETHOTO y3J1a?

QO MoskHO Jiu co3aTh noArpad, GUIBTPYIOIIUI ONpeeleHHbI 00beM MU THII
undopmarun? Harmpumep, MOKHO i 13 25 BO3MOKHBIX PE3YJIBTATOB BEPHYThH
TOJIBKO 5 CAMBIX BasKHBIX?

O MOJKHO JIH BCTaBJISITD Y3JIbI WK peOpa PA3HBIX TUIIOB [IJIs CO3/IAaHUsT PA3HOPO/I-
HBIX CTPYKTYp? Hampumep, MOXHO i OPraHN30BaTh TIPEICTABICHNE CHHOHM-
MOB U1 aHTOHUMOB B OJIHOM rpace?

BusyanbHbi aHanus rpados

Ipadnr Takske MOKHO TTOABEPTHYTH BU3YAJTBHOMY aHAJIN3Y, OTHAKO C HACTPOIKaMU
M0 YMOJIYAHUIO MOTYT TIOJYUYUTbCS «KOMKH»>, KOTOPbIE TPYAHO paciyTaTh (HIKe
MBI TI0IpOOHEE TTOroBOPUM 06 9ToM ). OIHUM 13 TIOTTYJISIPHBIX MEXaHU3MOB aHAIN32a
CTPYKTYPBI rpachoB SIBJISIETCST IPYKUHHAS MOJIeb OJI0K0B. [Ipy:kKuHHas MOIesh
6JIOKOB 0TOOpasKaeT KaskIblii y3es Kak Maccy (uim 6J10K), a pedpa — Kak MpysKUHbI
C CHJION TIPUTATUBAHUS U OTTAIKUBAHUS, ITPOTIOPITNOHATBHON X BeCy. TO TIPE0T-
BpaIaeT HaJOXKeHUe PYT Ha JAPYyTa y3JI0B, KOTOPbIE OHN COEJIMHSATOT, ¥ YaCTO T10-
MOTaeT MoJIyYuTh GoJiee yIpaBJisieMble H300pakeHus rpados.

C 110MOIIIbI0 BCTPOEHHOIT (DYHKIMHM nX. spring_layout 13 6ubmorekn Network X Mosk-
HO HaprcoBaTh rpad CHHCeTa Halero cioBa «trinkets. /[Jist 5Toro cHavaia morydmm
HOBUIIMH Y3JI0B € TIPYKMHHO KOMIIOHOBKOM. 3aT€M HApUCY€eM Y3JIbl B BH/IE GOJIBIINX
GeJIbIX OKPY/KHOCTEN ¢ 04€Hb TOHKUMHU JIMHUSAMM, YTOObI TEKCT ObLT unTaeMbiM. [lasee
HapUCYeM TEKCTOBBIE METKH U peOpa (OTIPEIE/IHB I0CTATOYHO OOJIBIIIOI pa3mep miprd-
Ta ¥ CBETJIO-CEPBIN IBET J1s1 pebep, 4ToOBI TEKCT JIerko unrtasicst ). Hakowerr, yaanum
JleTeHrs W TIOATNCH U3 AUarpaMMbl, TaK KaK OHM B KOHTeKCTe Tpacda Te3aypyca He
HECYT TI0JIe3HOI mHMOpMAIUK, 1 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', # u3meHAwTCs obe ocn, X n Y
which = 'both', # 3aTparvBawTCca 6osblMe U Manble AeneHus
bottom = 'off’, # CKpbITb AeneHuAa BAONb HUXHEro kpas
left = 'off', # CKpbITb AefeHua BAONb JIeBOro Kpas
labelbottom = 'off', # ckpblTb MoOANUCKM BAOJIb HUXHEro Kpas
labelleft = 'off') # CKpbITb NOAMWCU 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>xxuHHas Moaenb noMoraeT nony4nTb 6onee ynpaensemble

n3obpaxxeHuns rpacos

B caemyromem pasmesie Mbl uccyienyeM MeTOIbl U3BJIEUeHNS U aHAIu3a Tpados,
KOTOPBIE UCIIOJIb3YIOTCST TIPH PabOTEe KOHKPETHO € TEKCTOM.

N3BneueHne rpacdoB U3 TEKCTa

Wssieuenue rpada U3 TeKCTa — CA0KHAs 3aga4a. Ee perrenne 0ObIYHO 3aBUCUT OT
IpeAMEeTHON 001acTH, 1, BOOOIIE TOBOPSI, TIOMCK CTPYKTYPUPOBAHHBIX HIEMEHTOB
B HECTPYKTYPUPOBAHHBIX WU TMOJYCTPYKTYPUPOBAHHBIX JAHHBIX OTPeesIeTcs
KOHTEKCTHO-3aBUCUMBIMU aHAJTUTHUYECKUMU BOITPOCAMH.

Mbr mpeiraraeM pazobuTh ATy 3a1a4y Ha GoJiee MeTKIe Tari, OPraHu30BaB MPOCTOM
mpotiecc aHanan3a rpadoB, Kak Moka3aHo Ha puc. 9.3.



230 InaBa 9. MpadoBble MeTOAbI aHaIM3a TeKCTa

Onvcanme  [MopennpoBanme | W3Bneuenne N Ananu3
Lgd L Lgd
3apaun rpaga rpaga rpaga
Hactpoitka n
dunbTpauma

Puc. 9.3. Mpouecc aHanusa rpada, M3BMNeYEHHOro 13 TeKCTa

B aTom mpoiiecce Mbl CHavasa ONpeiesisieM CyIHOCTU U CBSI3U MeXkK/1y HUMMU, HC-
XO/Is1 M3 ONucaHust 3anadn. /lajee, Ha OCHOBE 9TOI CXEMbI OIPEAETISieM METOANUKY
BbIJlesieHUst Tpada U3 KOPIIyca, UCIOJIb3Ysl MeTaJlaHHble, JOKYMEHThI B KOPITyce
U CJIOBOCOYETAHUS MJIN JIEKCEMbI B IOKYMEHTAX JIJIsI U3BJIeYeHUsT JaHHbIX U CBSI3ei
Mesky Humi. MeTtoanka Bbijiesienns rpada — 970 IUKIMYECKHUIA IPOLIECC, KOTOPbIA
MO’KHO TIPUMEHUTD K KOPIIYCY, CTeHeprPoOBaTh rpad 1 COXPAaHUTh HTOT rpad Ha AUCK
WM B IAMATh /IS JadbHeleil aHaIuTHIecKoil 00paboTKu.

Ha sTare anasmsa npousBoisTCS BBIYUCTIEHNS HA U3BJIeYeHHOM Tpade, Harpumep,
KJIaCTePU3aIns, CTPYKTYPHBIN aHATN3, (GUJIbTPAIUS WA OTIEHKA, U CO3/IaeTCsI HO-
BBIII rpad), KOTOPBIN UCTIOIB3YeTCs B IpUIokeHusX. [1o pesynsraTam atama ananusa
MBI MOJKEM BEPHYTHCS K HAUATY UK, YTOUHUTh METOANKY U CXeMY, U3BJIeYb WJTH
CBEPHYTH IPYIIIIBI Y3JI0B WK pedep, YToObI TTOIpoOoBaTh 100U ThCs GoJlee TOUHBIX
Pe3yIBTaTOB.

CozpaHue couynanbHoOro rpacga

PaccMmoTpum Hal KOpIyc HOBOCTHBIX CTaTel U 3alauy MOJIeJTMPOBAHUS CBSI3el
MEXKIY Pa3HBIMHU CYNIHOCTSIMU B TeKcTe. Ecm paccMaTpuBaTh BOMPOC Pa3imumit
B OXBaTe MEXIY Pa3HbIMU WHGOOPMAITTMOHHBIMU ar€HTCTBAMU, MOXXHO TTOCTPOUTH
rpad U3 2JIeMEHTOB, TIPECTABISIONNX Ha3BaHUs MyOJIUKAIUil, IMEHA aBTOPOB
U MCTOYHUKHU WHMDOPMAIIUK. A eCJIH 1eJbI0 SBJIsieTcst O0beIMHEHNE YIIOMUHAHUIT
OJTHOH CYIIIHOCTH BO MHOKECTBE CTATEH, B IOMOJIHEHUE K IEMOTPAPUIECKUM JIETAJISIM
HAII ceTH MOTYT 3auKcrpoBaTh (hopmy obpariieHust (YBaKUTETbHYIO U IPYTHE).
WuTepecyrolnue HAC CYIMHOCTA MOTYT HAXOIUTHCS B CTPYKTYPE CAMUX OKYMEHTOB
WJTU CO/IEP’KaThC HETTOCPE/ICTBEHHO B TEKCTE.

IIOHYCTI/IM, Hallla I1€JIb — BbIFACHUTD ]IIOI[efI, M€ECTa 1 BC€ 4YTO YI'O/IHO, CBA3aHHbIE
APpYyT C ApYIroM B HalllUX NJOKYMEHTaXx. MapiMu CJIOBaMU, HaM HY’KHO ITIOCTPOUTH
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COIMAJIBHYIO CETh, BHITIOJIHUB CEPHUIO MPeodPasoBaHU, KaK MOKa3aHO Ha puc. 9.4.
Haunewm xonctpyupoBanue rpada ¢ mpuMeHeHus Kiacca EntityExtractor, co3maH-
HOTO B TJiaBe 7. 3aTeM 100aBUM TIpeoOPa3oBaTesn, OJWH U3 KOTOPHIX OTBICKUBAET
Mapbl CBSIBAHHBIX CYIHOCTEH, a BTOPOI mpeobpasyeT aTH maphl B Tpad.

Bbibopka /13Bneyenne BbisBneHue na 13Bneyenme
= — ap
Kopnyca CyWHocTeil CylHocTel rpaga

Puc. 9.4. KoHBeiiep n3BneyeHus rpaca CylHocTeln

Mouck nap cywHocTen

Harm cemyronuii irar — co3manue kaacca EntityPairs, KOTOPBIH MOTyYaeT JOKYMEeH-
TBI B BU/IE CITUCKOB CYIIHOCTEH (CO3/IaHHBIX KJIacCOM EntityExtractor U3 IJ1aBbl 7).
ITOT KJIacc J0JKEH JeiicTBOBaTh Kak peoOpa3oBaTesib 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, TOITOMY JI00ABUM METO/L pairs, UCIOJIb3Y IOl
(byHKIMIO itertools.permutations A1 CO3/IaHUS BCeX BOSMOKHBIX ITap CYIIHOCTEH
B OJ{HOM JIoKyMeHTe. Hatr MeTos; transform OyieT BbI3bIBATh pairs IS 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 TIOCTIETOBATETHHO N3BJIEYD CYIITHOCTU M3 JOKYMEHTOB U COCTaBUTh
nmapbl. Ho MBI TOKa He MOKeM OTJIMYUTH Maphl CYITHOCTEH, BCTPEYaIomuXCs JacTo,
OT TIap, BCTPEYAIONIUXCs TOAbKO OMUH pas. MBbI JOJIKHBI KaK-TO 3aKOJANPOBATD BEC
CBSI3W MEK/Iy CYIIIHOCTSIMU B Ka)KJIOM I1ape, yeM MbI U 3aiiMeMcs B CJIeYIONIEM
pasjee.
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Fpacbl cBOKCTB

MaremaTiueckast MoJieJib Tpada OIpeessieT TOJIbKO Habopbl y3J10B U pebep U Mo-
JKeT OBITh IIPeICTaBIeHa B BIE MaTPUIlbl cMeskHocTH (adjacency matrix ), KoTopoii
MOJKHO TOJTh30BaThCSI B CAMBIX Pa3HbIX BbIuncaeHusix. Ho ona He mojep:xuBaeTt
MEXaHU3M MOJIEJIUPOBAHUS CUJIBI UJIM TUTIOB cBsi3eil. [losiBaisiioTest jim /1Be cyil-
HOCTHU TOJTBKO B OTHOM JOKYMEHTE WJIU BO MHOTUX? BeTpedaioTes i OHU BMecTe
B CTaThsIX OTIPEIEIEHHOTO Kaupa? JIJist momepskKu moJOOHBIX PACCysKACHIIT HaM
HYKEH HEKHIl CII0co0, MO3BOJSIONINIT COXPAHUTh 3HAYMMBIE CBOWCTBA B y3J1ax
u pebpax rpada.

Modenv zpaga ceoiicme mo3BOJIsIET BCTPOUTD B rpacd 6osibie HHGOPMAIIH, TeM
caMbIM PaCIIUPsIsA HALIK BO3MOKHOCTH. B rpade cBOiiCTB y3maMu ABIAIOTCS 00b-
eKThI C BXOJAANIMMU Y UCXOASIIMMU pedpaMy 1, KaK IIPaBIJIO, COAepKalline moJe
type, HATIOMKWHAsT TAOJUILY B PEJSITUOHHON 6a3e MaHHBIX. Pebpa — 9TO 0OBEKTHI,
OIPEIEIAIONINE HAYAJbHYI0 U KOHEYHYIO TOYKH; 9TH 0OBEKThI OOBIYHO COAEPIKAT
nosie label, umeHTUMUIUPYIOIIEE TUT CBSI3U, U TI0JIE weight, Ompeesigioniee CUIy
cBsa3u. [IpuMensst Tpadbl 711 aHAIN3a TEKCTa, B POJIN Y3JI0B MBI 4aCTO NCTIOIB3YEM
CYILECTBUTEIbHbIE, a B PoJin pebep — riarosibl. [Tocste mmepexo/a K aTairy MOAEeJINpo-
BaHUsI 9TO MTO3BOJIUT HAM OIMCATD MUNbL Y3JI0B, MEMKU CBA3E U MPeIoaraeMyio

CTPYKTYpY Tpada.

Peanusauua nsneueHus rpacga

Terepb MOKHO OTIPEIESTUTD Kaace GraphExtractor, KOTOPBIiA TpeoOpasyeT CyIiHo-
CTHU B y3JIbl U TIPHCBOUT BeC peGpaM, UCXO/IS U3 YaCTOThl COBMECTHOTO TIOSIBIICHHMST
cymtHocTell B Kopiyce. Harr kimace nautmanusupyer rpad NetworkX, a ero metoz
transform epedupaeT JOKYyMEHTBI B KOPITyce (CITUCKY Map CYIHOCTEN ) U TIPOBEPSIET
Hasmuue B rpade pebpa Mesky Humu. Eciii pe6po cyliecTByeT, ero cBOiicTBO weight
yBesmunBaetcst Ha 1. Ecimi pebpo oTcyTeTBYeT, BBI30BOM MeTO/Ia add_edge cO3/1aeTcst
HoBoe pebpo ¢ BecoM 1. [To anasmoruu ¢ KoHCTpyHpoBaHueM rpada resaypyca, METO]I
add_edge TaksKe 100aBJIsSIeT HOBBIN Y3€JT, €CJIN KAaKOH-TO 3IEMEHT Haphl 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):



M3BneyeHne rpacoB 13 TEKCTa 233

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

Tenepb MOKHO OIpeAeIUuTh KOHBelep B Buje 00beKTa Pipeline, M3BJIEKAIOINIA
CYITHOCTH, OTBICKUBAIOIIUI UX TIAPbl U KOHCTPYUPYIONINH rpad:

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 cireryoniine Xapak TeprUCTHKH:

Name: Entity Graph

Type: Graph

Number of nodes: 29176
Number of edges: 1232644
Average degree: 84.4971

MccnepoBaHue coumanbHoro rpacda

Ternepp, Korza y HAC MOIBUIACh TpadoBas MOJETb OTHONIEHUN MEXKIY Pa3HBIMU
CYIIHOCTSIMH B KOPITYCe, MOKHO HAYMHATH 3a/laBaTh MHTEPECHBIE BOTIPOCHI 00 9THUX
otHOmeHNgGX. Hampumep, sBsercsa au Ha rpad coruanbHol ceTbio? Kak mpen-
roJiaraetcs, B rpade connasbHON CeTH MOKHO YBU/IETh HEKOTOPBIE OUYEHD CIIETH-
(dbuyeckure CTPYKTYPBI, TaKHe KaK 00JACTH KOHUCHMPAuUY TOYEK WIN HEKOTOPbIe
y3J1bl, UMetoIre 6osibiie pebep, YeM B cpeiHeM 110 rpady.

B aTom paszesie MBI TOCMOTPHUM, KaK /IJIs TIOAJIEPAKKH aHATN32 MOSKHO MCTIOTTh30BaTh
TaK¥e METPUKHU 13 Teopur rpadoB, Kak Mepa IeHTPaTbHOCTH, paciipe/ieJIeHIe Y3JI0B
TI0 YMCJTy CBSI3€il U KO3 DUITMEHT KIacTepU3aIlnH.
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LleHTpasbHOCTb

B konTekcre ob6cyskaeHUs ceTell Harnbosree BasKHbIE Y3JIbl 3AHUMAIOT UECHMPALLHOE
Mmecmo B rpade, TOTOMY YTO OHU MPSIMO MJIM KOCBEHHO CBSI3aHbI € OOJIBITHHCTBOM
y3J10B. Mepa IeHTPaJbHOCTH MOMOTAET MOHSIThH CBSI3b KOHKPETHOTO y3Jia ¢ 6JIu-
JKAUIIMMU COCEJIIMU B CETH U BBISIBUTH CYIIIHOCTH C HAUOOJIbITIEH TPECTUKHOCTHIO
U BiUsHEEM. B 3TOM pasjiesie Mbl CPaBHUM HECKOJIHKO CIIOCOGOB BBHIUMCTEHUS
MepbI TIEHTPATbHOCTH, BKIIOUast yenmpanvrocms no cmenenu (degree centrality),
yenmpanroHocmv no nocpednuvecmsy (betweenness centrality), yenmparornocmo
no 6ausocmu (closeness centrality), yenmpanvrnocms no cobcmeennomy sexkmopy
(eigenvector centrality) u mepy asmopumemmocmu, win BaskHocTn (pagerank).

Cnavasia HarmumieM QYHKITAIO, KOTOpast IPUHUMAET ITPOU3BOIBHYIO Mepy IeHTPaIb-
HOCTH B BUJIe MMEHOBAHHOTO apTyMEHTa 1 UCTIOJIB3YET €€ JIJIsl PAaHKMPOBAHUST HAnOO-
Jiee 3HAYMMBIX N Y3JI0B ¥ MPUCBAMBAHUS KaKJIOMY CBOWCTBA C OlleHKOI. Bubmorexka
NetworkX peanusyer aJropuTMbl BEIYUCIEHUST IIEHTPATBHOCTH B Bujie (hyHKIIUI
BEPXHETO YPOBHS, TPUHUMAONINX Tpad G B IEPBOM apryMeHTe W BO3BPAIIAIOIINX
CJIOBApH OIIEHOK IJI BCeX y3710B B Tpade. /I mprcBanBaHus BEIYUCIEHHBIX 3HA-
YeHUl 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 AJA KaXAOW BepumHbI
nbest = {}
for name, metric in metrics.items():
scores = metric(G)

# 3anucaTb OUeHKY B CBOWCTBO y3na
nx.set_node_attributes(G, name = name, values = scores)

# HailTu n y310B C HauBbiCWEN OLEHKOW U BepHyTb WX BMecTe C MHAEKCamu
topn = heapq.nlargest(n, scores.items(), key = itemgetter(1))
nbest[name] = topn

return nbest

3TOTHHT6p¢eﬁCNKDKHOHCHOHbSOBaTbHHHaBTOMaTquCKOFOHpHCBaHBaHHHOHEHOK
y3JjiaMm, YTOOBI TOTOM COXPaHUTDb UX Ha /IMCK NJIN UCIIOJIb30BATh /IJIF BU3YyaJaU3alluu.

[Tpocreiinas oleHKa MEHTPATBLHOCTH, yenmpaivnocms no cmenenu (degree
centrality), siBJisieTcst Mepoii MOMYJISIPHOCTH, KOTOPast ONMPEAESAETC KaK KoJIude-
CTBO coce/lell IaHHOTO y3J1a, HOPMaJIM30BaHHOE OOIINM KOJIMYECTBOM Y3JI0B B Tpade.
[leHTpasbHOCTH MO CTENEHU OTPAYKAET CTENEHb CBI3aHHOCTH y3JIa U MOXKET UHTEP-
MPETUPOBATHCS KaK YPOBEHb BIAUSHUS UJIN 3HAYUMOCTU. B oT/inyue oT 1eHTpasb-
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HOCTH TI0 CTEIIeHU, OTPAXKAIOIIEH CTelleHb CBI3AaHHOCTH Y3714, UeHMPAaIvHOCMb 1o
nocpednuuecmey (betweenness centrality) mokasbiBaet, HACKOJIBKO BaXKHYIO POJIb
WTpaeT JAaHHBIA y3es B cBA3aHHOCTH Tpada. IlenTpasbHOCTh 10 TOCpeTHTIECTBY
BBIUMCJIIETCS KaK OTHOIIEHNE KPpaTYalInuX MmyTeH, MPoeraiolnux yepe3 JaHHbIi
y3el, K 00IeMy YHCITY BCEX Kpamuauuux nymetl.

Bot xak MOKHO MCIOMB30BATh KOHBEHEP M3BJICUEHUS CYNIHOCTEH W (PYHKITUIO
nbest_centrality /st cpaBrenust 10 HanboJiee IEHTPATBHBIX Y3JI0B, OTIPEIEISTEMbIX
110 BeJIMYMHE CTEIeHU IEHTPAJIbHOCTU U IEHTPAJIbHOCTH 110 IIOCPETHUYECTBY:

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 pesysibraTaM, HaGOPBI Y3JI0B, TIOJYYEHHBIE METOAMU OTIEHKU CTEMeHM
MEHTPATBHOCTH U IEHTPATBHOCTH TI0 MOCPEAHUIECTBY, BKIIOYAIOT OHU U Te Ke
HanboJjiee IeHTpajbHble Y3Jbl (HapuMep, «american», «<new yorks, «trump»,
«twitters ). T BIUSATEIbHBIE U TECHO CBSI3AHHBIE Y3JIbI COOTBETCTBYIOT CYITHOCTSIM,
MOSIBJISIONUMCST BO MHOTHX JIOKYMEHTaX, U PACIIOJIATAIOTCS 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 HeHTPaJIbHOCTH 110 CTENEHU U [EHTPAIbHOCTD 110 MOCPEIHUYECTBY MOKHO
HCIIOJIb30BAaTh KaK M€PY M3BECTHOCTU, Mbl 4aCTO O6Hapy>KI/IBaeM, qTo HaI/I6OJIee
CBSI3AHHBII y3eJ uMeeT OOMUPHOe OKPYKEHHe, HO OT/EIE€H OT TO/ABJISIONIETO
GOJIBIIMHCTBA Y3JI0B B Tpade.

PaccMoTprM KOHTEKCT KOHKPETHOTO 920-2pagha, To ecThb noArpada, 3 Haliero moJ-
HOTro rpada, 00pasyoIero ceTh ¢ TOYKU 3PEHHSI OHOI0 KOHKPETHOTO y3J1a. VI3Bieub
TaKoH aro-rpad MOKHO C TOMOIIBIO METO/Ia nx . ego_graph 13 Oubanorekn NetworkX:

H = nx.ego_graph(G, "hollywood")

Teneps y Hac ecThb rpad, BKIOYATONTUN TOJTBKO CBA3U C OHON KOHKPETHOMN CYIIHO-
crpio («Hollywood»). Takoe npeobpasoBaHiie He TOJBKO MOMOTAeT 3HAYUTETHHO
YMEHBIIUTD pazmep rpada (1 TeM camMmbIM YBeJTMIUTH ADHEKTUBHOCTD ITOCJIEIYIOIIEr0
MIOMCKA), HO TAK/KE MO3BOJISIET CTPOUTH PACCYIKACHUS 00 3TOM CYIIHOCTH.

JlomrycTM, HaM HY’KHO BBISIBUTH CYIHOCTH, KOTOPbIE B CPEIHEM HAaXOJSITCSI
6smske K apyrum cymuoctsMm B rpade «Hollywood». Ilenmpanrvrnocms no 6au-
socmu (closeness centrality) — B 6ubsoreke NetworkX peasnusyercst MeTomom
nx.closeness_centrality — ocHoBaHa Ha CTATUCTUYECKON Mepe UCXOAAIInX
yTeil 1 ONpeIessieTcsl Kak CPeIHsis [UTMHA MyTH KO BCEM APYTHM y3JaM, HOP-
MaJIM30BaHHas pasmMepoMm rpacda. B obiiem ciaydae MeHTPaIbHOCTD O GJIU30CTH
orpe/iesisieT, Kak OBICTPO PACIPOCTPAHUTCS IO CETH MH(MOPMAIIHST, HCXOISIIAsT U3
OTIPe/IEIEHHOTO y3JIa.

Ilenmpanvrocmv no coocmeennomy eexkmopy (eigenvector centrality), HanpoTus,
FOBOPHT O TOM, YTO Ba)KHOCTb y3Jia TEM BBIIIIE, 4eM OOJIbIIEe KOJTMIECTBO BasKHbIX
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Y3JI0B, C KOTOPBIMU OH CBSI3aH, TO €CTb BBIPAYKAET «M3BECTHOCTD I10 CBA3SIM». JTO
03HAYAET, UTO Y3JIbI ¢ HEGOJIBIINM KOJIMIECTBOM OUEHb BaKHBIX COCE/IE MO CBOEI
BJIMATELHOCTH MOTYT MPEBOCXOANTH Y3JIbI ¢ GOJIBIITIM KOJUYECTBOM CBSI3€i, CO-
eIMHSIONTIX MX C MAJTOBAKHBIMU y3aMi. [[eHTpaabHOCTh 10 COOCTBEHHOMY BEKTODY
JIEKUT B OCHOBE HECKOJIBKIX JIPYTUX MEP IEHTPATHLHOCTH, BKITIOUAS YEHMPALLHOCTD
Kaua (Katz centrality) u usBectHbIll airoputm aBroputernocty PageRank.

MbI MOKEM BOCIIOJIb30BaThCs Hamlell (hyHKIIMEN nbest_centrality, 4TOOBI TTOCMO-
TPEThb, KaKNe y3JIbl KaK/ast U3 9TUX Mep cYrTaeT Harnbosiee 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("")

Kax moka3sIBaioT moJry4eHHble pe3yJibTaThl, CYIIHOCTH ¢ HAWBBLICTIIEH TEHTPAJIb-
HOCTBIO TI0 Gsinsoctu (Hampumep, «video», «british», «Brooklyn») we ocobernro
[OKa3aTeIbHbI U, CKOPEE BCETO, OTIPEIEISIIOT CKPHIThIE CHJIBI, CBsA3bIBAOIIIE OOJIee
3aMeTHbIe CTPYKTYPbI ¢ HanboJIbIlell U3BECTHOCTHIO. [[eHTpaIbHOCTD 10 COOCTBEH-
HbIM BekTOpaM, PageRank u errrpaibiocTs Kara yMeHbIIAIOT BIAMSIHIE KOJTITIECTBA
cBsi3eit (HarpuMep, HarboJIee 4acTo MOSBJISIIOIIMXCS CYITHOCTEN ) U JIEMOHCTPUPYIOT
BJIMSTHIE «CKPBITBIX CUJI», BBIIEJSISI TECHO CBsi3aHHble cymHocTu («republicany,
«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 ©0.0476534
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 ©0.00398346
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

[lns onpeneneHvst LeHTpanbHOCTM MO NOCpeAHNYECTBY U No 6m3ocTy TpebyeT-
CSl HaWTW BCe KpaTyanwme nyTn B rpace, Ha YTO MOXKET NoTPeboBaTbCs OYeHb
MHOrO BpeMeHW, 0cobeHHO AN 60blumnx rpados. MosTomy ans 6onbluei npo-
N3BOAWTENLHOCTU NpeanoYTUTENIbHEE MCMOJb30BaTh HU3KOYPOBHEBbIE peann3a-
LMK, cnocobHble pacnapannenvsath BbluncneHus. B 6ubnmoteke Graph-tool ectb
TaKMe MeXaHU3Mbl A5 BblYMCIEHUSI LEeHTPasibHOCTU MO MOCPEAHMYECTBY M MO
61130CTN, NO3TOMY OHa SIBNSETCS XOpOLMM BbI6opoM Ans 06paboTku 60nbLmnx

rpacos.
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CTPYKTYpPHbIA aHanu3

Kax 6b110 TIOKa3aHO BbIIIE B 9TOM IJIaBe, BU3YaJIbHBIN aHau3 rpad)oB MO3BOJISAET
BBISIBJISTh UHTEPECHbIE 3aKOHOMEPHOCTU B UX CTPYKTYype. Mbl MOKeM HapUCOBaTh
Hai aro-rpad «Hollywood», 4To6sI nccienoBaTh €ro CTpyKTypYy, 10 aHAJIOTUN
¢ rpachom Tezaypyca, UCTIOIB30BAB METO/L nX. spring_layout U IiepesiaB eMy 3Haue-
Hite k, OTpeIesisTioniee MUHUMATBHOE PACCTOSTHIE MEK/LY Y3JIaMi, 1 MMEHOBAHHbBIIT
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()

Mrorue rpadbr 60IBIITOTO pa3Mepa CTPAIAIOT TPOOIEMON «KOMKA IIEPCTH», KOT/a
Y3716l 1 peOpa OKa3bIBAIOTCS CKOHIIEHTPUPOBAHHBIMU HACTOJIBKO IIJIOTHO, YTO B HIX
CJIOKHO 3aMETHUTh 3HAYMMBble CTPYKTYPbL. B TakuX CIydasix Mbl YacTO IIBITAeMCSI
BBISIBUTH CTPYKTYPBbI, IPHOErasi K NCCIeI0BAHIMIO PACHIPEIeJIEHUs Y3JI0B 10 YHCITY
CBSI3€H.

Puc. 9.5. Cssi3n y3na «Hollywood» B kopnyce Baleen

ITO pacrpeiesieHIe MOKHO HCCIIEIOBATH C MOMOIIBIO MeTo/ia distplot u3 Gubimore-
ku Seaborn, nepesas B mapameTpe norm_hist 3HadeHue True, 9T0OBI BbICOTA TpaduKa
oTpakaJjia CTerneHb III0THOCTH, a He TIPOCTOE KOJNYECTBO:

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 Y3JI0B UMEIOT OTHOCUTENBHO HEOOIIBIIIOE KOJIH-
4YeCTBO CBHSefI, II09TOMY O6I)I‘-IHO Mbl OKUJa€M YBU/IETHb 3HAYUTEJIbHOE CMEIIEHNE
BIIPABO B paciipe/ie/IeHH KOJIMYecTBa CBsi3eid, kak Ha rpacuke Baleen Entity Graph,
Ha puc. 9.6 BBepxy ciieBa. HeboJbimoe 4uc/io y30B ¢ HaMOOIBITUM KOJTHYECTBOM
CBSI3EH SBJISTIOTCS TOYKAMU KOHI[EHTPAIMHU M3-3a X 4aCTOTO TOSIBICHUS 1 GOJIBIIIOTO
KOJIMYECTBA CBsSI3eil B KOPITyCe.

HEKOTOpre coumnanbHble CETU, KOTOPbIE Ha3blBalOT b6e3amacwmabHbIMU cemsimu
(scale-free networks), NOAYMHSAIOTCS 3aKOHY CTEMEHHOr0 pacrnpeaeneHns u nme-
0T OCOBEHHO BLICOKYHO HadexHocmb. Takue CTPYKTYpbl YKa3biBAOT Ha YCTONUN-
BYIO CETb, CBSI3aHHOCTb KOTOPOWM HE 3aBUCUT OT KaKOro-TO OAHOr0 KOHKPETHOrO
y3na (B HalleM Csly4ae 3TO MOXKET ObITb YeTOBEK WM OpraHu3aums).

VHTEepEeCHO OTMETHUTD, YTO paclpejesieHrne KOJNIeCcTBa CBsI3eil B HEKOTOPBIX
aro-rpacax UMeeT COBEPIIEHHO pasHoe T0BeeHNe, KaK, HapuMep, B aro-rpade
«Hollywood», nmeroriiem moutu 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. MMCTOrpaMMbl pacrnpeaesieHns KonmM4yecTsa cesasel
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B uucne apyrux MeTpuk ceTeil, 3ac/IyKUBAOININX BHUMAHUS, MOKHO HAa3BaTbh KO-
agPuyuenm xracmepusauuu (nx.average_clustering) u mpansumusnocms (nx.
transitivity). O6e MOXKHO MCIIOJIb30BATh JJIst OIEHKU OPTaHU3aI[UU COI[HATbHOI
cetu. Koadduinent kiracrepusaiinu — 3T0 BellleCTBEHHOE YKCJIO0, KOTOPOe IIPUHHU-
MaeT 3HauYeHKe @, KOrjia BooOIe OTCYTCTBYIOT KJIACTEPhI, ¥ 1, Koraa rpad HeJukoM
COCTOUT U3 He CBA3AHHBIX MeXAY co60ii rpymm (nx.graph_number_of_cliques).
TpaH3UTUBHOCTD ONPEIEISIET BEPOSITHOCTD HAJTMYHSI OOIIMX COCEIEH Y IBYX Y3JII0B:

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-
3oBanHoil. Hampumep, rpansutuBHocTb aro-rpaca «Hollywood» rosopurt, uto 65 %
Tap CyIHOCTeH, NMEIOIUX 00IIIe CBSI3U, CAMU SIBJISTIOTCS cocesamu!

®eHomMeH mecHO20 Mupa MOXHO HabntogaTtb B rpadax, rae 60/bWMHCTBO Y3/10B,
[aXe eC/iv OHU He SIBNSAITCS COCeasiMM, AOCTUXMMO M3 JII0O0ro KOHKPETHOrO y3/1a
3a HebosbLLOEe KONMMYeCTBO nepexoaoB. CeTb TECHOrO MMpa MOXHO MAEHTUhMLM-
poBaTb MO CTPYKTYPHbIM MPU3HaKaM: OHWM 4acTO COAEPXXaT MHOXECTBO rpymn,
UMEIOT BbICOKUIM KO3(MULIMEHT KNIaCcTEPM3aLMUN U BbICOKOE 3HAYeHUE TPaH3UTYB-
HOCTM. B KOHTEKCTe Halero rpacda CyLHOCTEN 3TO 03HAYAET, YTO 6OMBLUNHCTBO
HE3HaKOMLIEB B TaKOM CETU CBA3aHO APYT C APYrOM O4YeHb KOPOTKMMI LIEMoYKaMy
06LLUMX 3HAKOMbIX.

PaspelueHne CyLHOCTEeN

OpHoit U3 po6JIEM, KOTOPbIE HaM MPEJACTOUT OOCYIUTD, SIBJISIETCS MHOT0OOpasue
c1toco6OB mostBIIeHNUsT CyTHOCTE. [[0OCKOTIbKY MBI TOYTH He MOBEPrajii HOPMaJI-
3al[i U3BJICYCHHbIE CYIHOCTH, MOKHO OJKUATh YBUIETh MHOKECTBO BAPUAHTOB
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Harnucans, hopM 0Opaliennst U CorJaleHnii UMEHOBAHUS, TAKMX KaK MICEBIOHNU-
MBI 1 COKpaIiieHust. B pe3ysbrate MOKET MOSIBUTHCST HOJIBINOE KOJIUYECTBO Y3JI0B,
COOTBETCTBYIOIIMX OIHOI CyImHOCTH (HapuMmep, y3aoB «Americar, «US» u «the
United States»).

Ha puc. 9.7 MoxHO BUZeTh MHOKECTBO YaCTO HEOLHO3HAYHBIX CChLIOK Ha «Hilton»,
KOTOPbIe 0003HAYAIOT HE TOJBKO BCIO CEMbIO B 11€JI0OM, HO TaK/Ke OT/AEJIbHBIX €€ uJie-
HOB, KOPIOPAIMIO 1 KOHKPETHBIE TOCTUHUIIBI B Pa3HbIX ropoax. B upease 6b110 Obl
JKeTaTeTbHO MAEHTUMUIMPOBATh TaKHE MHOTO3HAYHBIE Y3JIbI U IIPpeoOpa3oBaTh UX
B YHUKAJIbHBIE Y3JIbI CYIITHOCTEI.

Hilton Hotels\fmd Resorts Rick Hilton
Parisian:Hiltons N Kathy-Hilton
. \ .’_-" ,'
Paris, France [ ——Hikton —_— - — Hiltgrs— Richard Hilton
B = f?”s' _'_ 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. MHOro3Hau4Hble CCbIIKM Ha CYLHOCTM B rpade

[on paspewenuem cyusrocmeri TOHUMATOTCA BBIYUCIUTETHHBIE TIPUEMBI, HIEHTU(DU-
IUPYIOITHE, TPYITIUPYIONINE TN CBA3bIBAIONINE IIM(MPOBBIE Yynomuranusi (3ammcu)
HEKOTOPOTO 00bEKTA B peasibHOM Mupe (CyIHocTr). PaspelieHue cymHoCTel siB-
JIIETCST YaCThIO TIPOIECca U3BJIEYEHUsT JAaHHBIX M TapaHTUPYeT 00beANHEHIE BCEX
YHIOMUHAHWUH OTHON YHUKAJIBLHOHN CYTITHOCTH TIOJ] OTHOH CCBIIKO.

Takue 3amaun, kak gepaynaukanus (ynajaeHue OBTOPSIONIMXCS 9JIEMEHTOB), CBs-
3bIBaHMe 3anuceil (0ObeMHEH e IBYX 3aMuceil) 1 KaHOHU3aIws (Co3/anue enH-
CTBEHHOU MPEICTABUTEIbHON 3aIIUCH JIJIST CYIITHOCTH ), OMUPAIOTCS HA BBITUCTICHIE
cmenenu cxoocmea (paccmosius) 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 Tpad)oM CylIHoCTed, a rpadom cebliok. Ipadbl cebliok npes-
CTABJISIOT GOJIBIIYIO TTPOOJIEMY /IS 3ajIa4 CEMAHTUYECKOTO aHAJIN3a, TOTOMY YTO
MOTYT UCKaKaTh OTHOTIEHUS MEK/TY CYIITHOCTSIMM.

Paspernienue cyuHocTeit mpubKaeT HaC K aHAJIN3y W U3BJIEYEHUIO MOJe3HON
uHbopMaI 00 UCTUHHON CTPYKTYPE peasibHON CeTH, YCTPaHsIsl HESICHOCTD, BbI-
3BaHHYIO0 MHOTOOOPa3ueM BO3MOKHOCTEN 0003HAYEHIST OJTHOM U TO¥ JKe CYITHOCTH.
B atom paszese MBI nccaeyeM MEeTOZOJIOTHIO, BRITOYAIOIIYIO OTIOMHATEIbHBIN
mIar paspenieHus CylHoCTell B KoHBeliep n3Bjedenns rpada, Kak MoKa3aHo Ha
puc. 9.8.

/3Bneuenne
rpaga

Bbibopka /13Bneyenne
P! - o N BbisgneHue )
Kopnyca CyLLHoCTel nap CyLHocTeil

Pa3pelexne
CyLHoCTei

Puc. 9.8. KoHBellep n3BneyeHus rpada cylHoctemn

[Tpesxe yeM MPUCTYIHUTH K pa3pelieHnio cylHocTeil B HameMm rpade «Hiltons,
orpezie M (HYHKITHIO pairwise_comparisons, koTopas npuauMaet rpad NetworkX
1 UCIIOJIb3YET METOJ, itertools.combinations JJId cO3/laHUS reHepaTOpa BCeX BO3-
MOKHBIX TIAP y3JIOB:

import networkx as nx
from itertools import combinations

def pairwise_comparisons(G):

Co3paeT reHepaTop nmap y3/oB.

return combinations(G.nodes(), 2)

K cosxanenuio, gae Takoil MajeHbKUI HaOOp AaHHBIX, Kak Hail rpad «Hiltons,
coctosmui Beero u3 18 y37108, mopoaut 153 momapHbIx CpaBHEHUsI. YIUTHIBAS, 4TO
cpaBHeHUE HOZ00Us 0OBIYHO SIBJISIETCS JOPOrOCTOSIIIEl oepalieil, BOBIEKAOel
IMHAMITYeCKOoe POTPaMMUPOBAHNE U IPYTHE PECYPCOEMKIE METOBI BEIYNCIEHUH,
COBEPIIEHHO OYEBM/IHO, YTO OHO IIJIOXO MaciiTabupyercs. Mbl MOKeM BbIIOJHUTD
HECKOJIBKO MTPOCTBIX OTePaInii, TAKMX KaK yAaJeHue map, KOTopble HUKOTa He CO-
BIIA/IYT, U TEM CAMBIM YMEHBIITUTD YMCJI0 CpaBHeHU . YTOObI TaKKe peleHust MOKHO
OBLJIO TIPUHUMATh AaBTOMATHUYECKHU UJIH C TOMOIIBIO TI0JIb30BATE IS, HYKEH MEXaHU3M,
BBIIBJIIONIN MOTEHITNATBHO MMOX0KUE U OTCENBAIONTII OU€BUIHO PA3HbBIE CCHLIK.
OHUM U3 TaKMX MEXaHU3MOB SIBJISIETCS OJIOKMPOBAHHUE.
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bnokupoBaHue No CTPyKType

Broxuposaiue — 310 cTpaTerusi yMeHbIIeHUsT KOJIMYeCTBA HEOOXOIUMBIX TTOTIAPHBIX
CPaBHEHUI C MCIOJIb30BAHNEM CTPYKTYPBI ecTecTBeHHOro rpada. biokuposanue
obecrieynBaeT paspelieHue CyIHOCTel W TpeiaraeT ABa OCHOBHBIX TPEHMYIIe-
CTBa: yBeJMUYEHUE TIPOU3BOIUTEIBHOCTH 32 CYET YMEHbIIEHUsT 00beMa BbIYMCIEHUI
U Cy’KeHWe MPOCTPAHCTBA TOUCKA, YTOOBI MPEJIOKUTH BEPOSTHBIE yOIMKATHI
M0JIb30BATEJTIO.

OHO U3 pa3yMHbIX MPEITIOJIOKEHUI, KOTOPOE Mbl MOTJIM ObI C/IeJIaTh: €CJIN [Ba
y3J1a uMeroT pedpo, CBA3bIBAOIIee UX C OJHOI ¥ TOil JKe CYIIHOCThIO (HarpuMmep,
«Hilton Hotels» u «Hilton Hotels and Resorts» umeror peGpa, cBA3bIBaOIINEe UX
¢ «Hilton»), ckopee Bcero, OHU SIBJISIIOTCSI CCBIJIKAME HA OJHY M TY K€ CYIHOCTb.
Ecuiu y Hac octaHyTCst TOJIBKO HanboJiee BEpOsITHBIE COBITAIEHUS, 9TO 3HAUNTETHLHO
YMEHBITUT 00beM HeOOXOIUMbIX BhuucaeHuid. JIJist cpaBHeHMst pebep M0ObIX IBYX
Y3JI0B 1 OIIpe/ieJIEHUs] o061 coceseil MOKHO MCIIOIb30BaTh METOZ neighbors 13
6u6amorexn Network X:

def edge blocked_comparisons(G):

FeHepaTop MOMapHbIX CpPaBHEHUN, 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
HEeHY KHbBIE TIonapHble cpaBHeHus. Hanpumep, naske mputom, uto oba yaia, «Kathy
Hilton» u «Richard Hilton», cBsizarsl ¢ oauM 1 TeM e y3aoM «Hiltons», onu sisBHO
0003HAYAIOT PasHbIX Jfojel. X0Tesr0Cch Obl UMETh BO3MOKHOCTB €liie GOJIbIIe YIIPO-
cTuth rpad, onpeaesns Hanboee BepOSITHbIE COBIIALEHUS € TIOMOIIbI0 HEKOTOPOI
Mepbl CXOJICTBA, onpeesionieil paccrosnne Mexay «Kathy Hilton» u «Richard
Hilton».

CymecTByeT HECKOJIBKO METOOB BBIUMCICHUS PACCTOTHUS MEXIY CTPOKAMU,
GOMBIIMHCTBO U3 KOTOPBIX MPeAHA3HAYEHO [IJIsT KOHKPETHBIX CJIy4YaeB. 3/1€Ch MbI
[POZIEMOHCTPUPYEM peasin3aliiio Ha OCHOBE MeTojia partial_ratio 13 OUOIMOTEKH
fuzzywuzzy, KOTOPBII ONpeiesisieT paccTosinue JleBeHTeiiHa, To eCTh KOJMIECTBO
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oTiepanuii yiajeHusi, BCTaBKU U MOJICTAHOBKH, HeoOXOUMBIX JLJIST Hp606p3.30BaHI/I§I
MEPBOI CTPOKY BO BTOPYIO.

Omnpenenum GyHKINIO similarity, mpuarMarontyio aBa y3iaa Network X, onpeess-
IOIIYI0 PACCTOSTHUST MEXKIY CTPOKOBBIMU HA3BAHUSIMU Y3JI0B U UX TUTIAMU (XPaHsi-
IIUMKCST B aTpUOyTax y3J10B) U BO3BPAIIAOILY O X CPE/THEE:

from fuzzywuzzy import fuzz

def similarity(nl, n2):

Bo3BpawaeT CpeAHW OUeHKY nogobus, CpaBHMBAA 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 ogus u ot ke Tun (Hanpumep, PERSON), onu mosydat 6osiee
BBICOKYIO OIIEHKY, YeM CYIHOCTH C OJJMHAKOBBIMU MMEHAMH, HO Pa3HBIMU THIIAMU

(mampumep, PERSON 1 ORG).

Tenepn, pean3oBaB BO3MOKHOCTH MIEHTH(UITNPOBATH BBICOKOBEPOSITHBIE COBIIA/IE-
HUS, MOKHO BHEIPUTD ee Kak (DUIBTP B HOBYIO (DYHKIINIO fuzzy blocked_comparison.
Ita pyukIiws Gyner nepedUpath BCe BO3MOKHBIE TTAPHI Y3JI0B U OMPEIETSTh Be-
JMYUHY CTPYKTYPHOTO MOX00MsT Mexk Ay HUMHU. [IJist TTap ¢ BBICOKO#T OIIEHKON OHa
BBIYMCJNT WX CXOJICTBO W BEPHET MapPhl C MOXOKUMHU COCE/SIMH, JIJIsI KOTOPBIX BbI-
COKa BEPOATHOCTD 1010011 (BbIlIIE HEKOTOPOTO MOPOTa, KOTOPBIN peajin30BaH Kak
UMEHOBAHHBIN APTYMEHT CO 3HAYEHUEM 0 YMOJTIaHuio 65 %):

def fuzzy_blocked_comparisons(G, threshold = 65):

leHepaTop NonapHbIX CPaBHEHWit, BbIABAAWWMA MOAOGHBIE Y3/bl,
CBA3aHHble C OAHON M TOW Xe CYWHOCTbKW, HO OTCeKawwwih napsbl,
cTeneHb Mofobua 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 YMEHBIIEHMSI YK CJIa TIOMaPHBIX CPaBHEHUII, 110-
TOMY UTO CHayaJja OH BBIIIOJIHSIET MEHee PeCypcoeMKoe CpaBHeHUe 10 COCe/IsIM,
U TOJIBKO TIOTOM TIPOUBBOMT OOJIEE JOPOTOCTOSIIIEE BEIYUCIEHIE OIIEHKN MOT00MST
CTPOK. YMeHbIIeHMe OOIIEro Yncjia CPaBHEH I MTOJTyYaeTCsl BECbMA CYIIEeCTBEHHbBIM:
def info(G):

ObepTka AnA nx.info c HeCKONbKUMKM BCMOMOraTeNIbHbIMU 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 mbI ontpeziesinm 20 map y3s0B, KOTOpPbIE, BEPOSITHEE BCETO, CChLIAIOTCS Ha
OJIHY ¥ Ty K€ CYIIHOCTH, 6osiee ueM Ha 85 % yMEHbBIINB KOJUYECTBO TTOTTAPHBIX
CpaBHEHUH.

Terepb MOKHO pear30BaTh CBOM IIPeobpasoBaTeib, YTOOLI BCTPOUTH €I0 B KOHBEHep
U C €r0 TIOMOIIIBIO TPe06pa3oBaTh rpad CCHIJIOK B CIIMCOK CPABHEHUI METOIOM He-
gyeTkoro GjokupoBanusi. Harprumep, peamsaruio FuzzyBlocker MOKHO Ha4aTh CO
CJIEZLYIOTIIX METO/IOB ¥ PACIIUPSITD €€ TI0 MEPE MOSIBJIEHNST KOHKPETHBIX TPEOOBAHMIA
K paspernieHunio CymHOCTel:

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 O/IMH y3eJ1 (1IpK He0OXO0IMMOCTH OOHOBHB CBOIICTBa pebpa)
WJIH TIEPEIaTh 9KCIEPTY B TIPEAMETHON 00J1acTH 171t IPOBEPKHU BPyUYHYI0. B 1o60M
cyJae, pa3pelieHne CyIHOCTel YacTO OKa3bIBAETCS BAXKHBIM ITEPBBIM IIarOM B TI0-
CTPOEHUNH KAaUeCTBEHHBIX MMPUIOKEHNUN JAHHBIX, 1, KAK MBI BUJIETTN B 9TOM pasfieie,
rpadbl CIIOCOGHBI C1e1aTh HTOT Tpoiece Oosee ahdOEKTUBHBIM U eHCTBEHHBIM.

B 3akroueHue

I'padsr 9acTO UCTIONB3YIOTCS JIST TIPECTABIEHUST U MOJETMPOBAHIS CITOKHBIX
CHCTEM PeaTbHOTO MHPA, TAKMX KaK KOMMYHUKAIIMOHHbIE CETH U OHOIOTHYECKUe
skocucreMbl. OJIHAKO UX TaKKe MOKHO UCIIOJIb30BATD JIJIsl CTPYKTYPUPOBaHust 60-
Jsiee 061X 3az1a4. [IposiBUB TBOPYECKUIT MTOIX0]1, MOSKHO IIPEICTABUTD B BU/Ie Tpada
OUTH JIIOOYIO 3a/1a4y.

I[TepBoe Bpemst 1ipobJieMa usBJedeHust rpaca KaKeTcst CJIOKHOI, HO 3TO BCETO JIUIIb
elle OINH UTePATUBHBII TpoIiece, TPeOYIN pa3yMHOTro MoAX0/a K 00paboTke
sI3bIKa U TBOPUYECKOI CMEKAJIKK TTPH MOJICIUPOBAHUN TIEJIEBBIX JaHHbBIX. [10100HO
JIPYTUM ceMeiicTBaM MoJiesiell, TTPe/ICTaBJIeHHBIM B 9TON KHUTE, UTEPATUBHOE YTOU-
HeHVe 1 aHAJIN3 SBJISTIOTCST YaCTBIO MPOUKU 8bl00pa MOOeaU, Vi JUIST YBETUUEHUST X
MPOM3BOINTEIHLHOCTH C yCTIEXOM MOKHO UCIIOJIb30BATh TAKKeE MTPUEMBI, KaK HOpMa-
JIn3atys, PUIABTPAIs U arpernpoBaHue.

OaHako, B OTJIMYME OT APYTUX CEMEICTB, MPeCTaBICHHbIX B IIPEAbIAYIINX IJIaBax,
ceMeicTBO rpadOBBIX MOJEIEN COMEPKUT AITOPUTMBI, pab0oTa KOTOPBIX OCHOBAaHA
Ha o6xoze y3a08B rpada. O6pabaTbiBas JOKaAbHbBIA y3€/1, MOKHO HUCIIOJIb30BaTh
MHMOPMAIIUIO U3 COCEAHUX Y3JI0B, BBITIOJIHSS IEPEXO/IBI 110 peOpaM, CBA3bIBAIOIIIM
Jo6bie [1Ba yaua. Takie airopuT™bl TIOMOTAIOT ONPEIEUTh CBA3aHHBIE Y3JIbI, TO, KaK
00pa3oBaHbl CBA3M MEXK/y HUMMU, ¥ BBIIBUTH Hanboiee BaxkHbie y3ibl cetn. O6Xo/
y3710B Tpacda MO3BOJSET U3BIeKaTh 3HAYMMYIO MH(POPMAIINIO U3 TOKYMEHTOB, He
Tpebyst 60BIIOro obbeMa MpeABapUTENbHBIX 3HAHUI U IIpeacTaBIeHnii 06 06b-
€KTHOI MOJIEJIN.

I'padbl criocoOHBI XPaHUTH CJIOKHBIE CEMAHTUYECKHE MPEACTABICHUSI B KOM-
nmakTHOU dopme. [loaToMy MozennpoBanre TaHHBIX B opMe ceTell CBI3aHHBIX
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CYIIIHOCTEH ABJAETCS MOIHBIM MEXaHU3MOM KakK JIJIsl BU3yaJbHOTO aHaIN3a, TaKk
U JIJTsI MAITHHHOTO 00yuenust. OTyacTu aTa MOIIb 00y CJI0BIeHA BBICOKOU TPOU3BO-
JAUTENHLHOCTHIO AJITOPUTMOB 00pabOTKY rPadOBBIX CTPYKTYP AAHHBIX, 2 OTIYACTH —
BPOJKIEHHON 4eJI0BEYeCKON CIIOCOOHOCTHIO MHTYUTUBHO B3aMMO/I€HCTBOBATD
¢ HeGOJIBIIMMU CETSIMI.

Ananmns rpadoB 3aHIMAET BaXKHOE MECTO; TPUJIOKEHUS aHATN3a TEKCTOBBIX TAHHBIX
JIeJIATCA 110 CTENEHU MPOCTOThI MHTEPIIPETAIIMN UX PEe3yJIbTaTOB — €CJIU M0JIb30Ba-
TeJIbh He TIOHUMAaeT MX, IIyOWHa U IIeHHOCTh Pe3yJIbTaTOB TEPSIOT CBOE 3HaYECHMUE.
[lainee, B rmase 10, MBI IPOJOJIZKUM CJIETOBATH 32 TIOTOKOM B3aUMOJIECTBUSI «4e-
JIOBEK — MaIlIMHA», HAYATBIM B [JIaBe 8, U IOCMOTPUM, KaK IIPUIOKEHIS 4aT-O0TOB,
OCHOBaHHbIE Ha PSIZIOBBIX 3a/[a4aX aHaJIM3a €CTECTBEHHOTO sI3bIKa, CIIOCOOHDI YJIyd-
IIATH KAYeCTBO B3aUMOZECHCTBUS C I10JIb30BATEIEM.



YaT-60T1bI

B 2710ii ry1aBe MbI TO3HAKOMKMCSI C OZIHUM M3 CaMbIX OBICTPO Pa3BUBAIOIINXCS KJIAC-
COB TIPUJIOKEHUIT 00pabOTKU €CTECTBEHHOIO SA3bIKa — JUAJOrOBbIMU areHTaMMu.
Juamorosbie arertsl, ot Slackbot 10 Anekcsr u Dragon Drive komnanuun BMW,
OBICTPO CTAHOBATCS HEOTHEMJIEMOIT YACTHIO HAIIEH TOBCEAHEBHOM JKU3HH, BHEAPSI-
SCh B cCaMble Pa3Hble ee acmekThl. OHM yAyUIIaloT HAIY sKIU3Hb, PACTITUPSS MTaMITh
(HamrpuMep, BBITIOJHAS MOUCK B MHTEPHETE), YCKOPSS BBIUMCIEHUSA (HApuMep,
OCYIIEeCTBJISAsE Ipeobpa3oBaHus WM MPOKJIAAbIBask MapIIPyThi) U obecrednBas
6ostee THOKYIO CBSI3h U yIIpaBjeHne (HalpuMep, MOChLIas COOOIIEHUS U YITPaBJIss
CUCTEMaMU YMHOTO JIOMa).

[maBHBIM OTTIUTIEM TAKUX aT€HTOB SBJSETCS He MH(MOPMAIIN U He TTOMOIITh, TPEIO-
craBisteMast UMK (KaK B JIaBHO CYIIECTBYIONMX BeO- U MOOMIIBHBIX PHUIOKEHUSIX
c nHTEPGENCcoM «yKaKU U TIEeJKHU» ), a UHTepdeTic, AeTaomuii X TaKUMU TTPU-
BJIeKaTeIbHBIMU. B3anMojielicTBIe Ha eCTeCTBEHHOM sI3biKe obecriednBaeT GoJiee
[JIAJIKUI, €CTECTBEHHBII M TPOCTOM CII0CO0 I0CTYIA K BBIYUCIUTETbHBIM PECYPCAM.
ITo sT0ii IpUYKHe YaT-6OTHI ABJISAIOTCS BasKHBIM IIATOM B Pa3BUTHUH TT0JIb30BATE b=
cKoro mHTepdetica, TO3BOJIAS BCTPANBATh B TEKCTOBBIC TIPUJIOSKEHNS KOMaH/IBI Ha
€CTECTBEHHOM SI3bIKE U TEM CaMbIM YMEHbIIIast Hey100CTBO MHTEp(EHCcOB Ha OCHOBE
MeHI0. Ba)kHO OTMETUTBH, UTO OHU TAKKE OTKPBIBAIOT BO3MOKHOCTh B3aUMO/I€1i-
CTBUS Y€JIOBEKA C MANIMHOI B HOBBIX BBIYUCIUTEIHHBIX KOHTEKCTAX, HATIPUMED,
C 9KPaHHBIMU YCTPOUCTBAMH, IIJIOXO MTPUCIOCOOJEHHBIMU JIJIsI BBO/IA, TAKMMHU KaK
aBTOMOOUJIbHBIE HABUTATOPBI.

Ho nouemy OypHoe pa3BuTHe MPOTEKAET UMEHHO Ceifuac, ¢ y4€TOM JI0JITOi HCTOPUN
JIMAJIOTOBBIX areHTOB B peajibHOCTH (HaunHast ¢ paHHux Bepcuii Eliza 1 PARRY)
u B (panTactuueckux npoussenenusx («Kommbioreps us npoussenenust Star Trek
(«3Be3aublii myTh» ) wan «Hal» uz 2001: A Space Odyssey (<2001 r.: Kocmuyeckast
onuccesi»))? OTyacTi MOTOMY, 4TO /ISt PAGOTHI «CHOTCHINOATEIBHBIX TPUTOKEHNUI»
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¢ TakuM uHTEpP(eiicoM TpedyeTcst TOBCEMECTHOE TIPOHUKHOBEHIE BEIYUCTUTETbHBIX
YCTPOHCTB, KOTOPOE CTaJI0 BO3MOKHO C COBpeMeHHBIM nHTepHeToM. Ho camoe rimaBHoe,
[IOTOMY, 4TO COBPEMEHHbIE JIUATOTOBbIE AT€HThI OIMPAIOTCS Ha OOIIUPHBIE MACCHUBBI
MOJIb30BATEIBCKUX JAHHBIX, PACIIUPSIONINAE X 603MONCHOCTU, YTO, B CBOIO OYCPE/ib,
YBEJIMYMBAET UX IEHHOCTD JIJIsT Hac. MOOUJIbHBIE YCTPOICTBA UCTIONB3YIOT TaHHbBIE
GPS, uT00bI y3HATD Hallle MECTOTIOJIOKEHIE U TIPEIOKUTD YMECTHbIE PEKOMEH/IAIINH;
UTPOBBIE KOHCOJIU A/IAlITUPYIOT T€UEHUE UTPhI, OMUPASICh HA KOJMUECTBO UTPOKOB,
KOTOPBIX OHU MOTYT BUIETH ¥ CJIbIIATh. YTOOBI 9(DHEKTUBHO CIPABJISATHCS CO CTOSI-
UMM [Iepel HUIMU 3ajladyaMi, TaKKe PUIOKEHHUS J0JKHBI He TOJIbKO 0OpabaTbhiBaTh
€CTEeCTBEHHBIN SI3bIK, HO W TIOJ/IEP;KIBATh BHYTPEHHEe COCMOsHUe, 3aTIOMAHATh UH-
hopmarmio, MoTydaemMyio oT OJIb30BATENST, U CUTYAITMOHHBII KOHTEKCT.

B aT0i1 T/1aBe MBI TPEATOKUM BallleMy BHIMAHUIO (PPEHMBOPK 71T 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 IOJIb30BATEJISI, BBITIOJHSIET TPeoOpa3oBaHme
MEXY eINHUIIAMU U3MEPEHU U COBETYEeT XOPOIIUH PellerT. Paborag naj atum
MPOTOTHUIIOM, MBI pean3dyeM Tpu (DYHKIIUU: CUCTEMY TPABUJ, aHATUIUPYIONIYIO
KOMaH/Ibl C ITIOMOIIbIO PETYJIAPHBIX Bpra}KeHI/If/’I; CHUCTEMY «BOIIPOC-OTBET», UCIIOJIb-
3YIOIILY IO TIPEIBAPUTENHLHO 0OYUECHHbIE CHHTAKCHUYECKUE TApCepbl st PUIBTPAIin
BXOJISIIIIMX BOITPOCOB ¥ BRIOOPA MPABUJIBHBIX OTBETOB; U PEKOMEH/IATEIHHYIO CHCTEMY,
HCIIOJIBb3YIOILYI0 METO/L MAIITUHHOTO 06y‘{eH1/19[ 6e3 YUUTEJS JUULIS OLIPEEJIEHUS 10/1-
XOJSAX PEKOMEH/IAITH .

OCHOBbI AMANIOroBOro B3aMMOAEUCTBUA

B 1940-x rogax Kiox HIennon (Claude Shannon) u Yoppen Yusep (Warren Weaver),
[IOHEPBI B 00J1aCTH TeOprK HH(MOPMAITUU 1 MAITMHHOTO TIEPEBO/Ia, Pa3paboTain MO-
JIeJTb B3ANMOJIEHCTBUST HACTOJIBKO MOIIHYIO, YTO OHA W TIOHBIHE UCTIOJIb3YETCST JIJIsT
anasm3sa qraaoro!, CoryacHo uX MOJIENH, CBsI3b CBOIUTCS K TOCJIEI0BATETbHOCTH
ornepanuii KoAUPOBaHUs 1 TPeobPasoBaHKsl IO Mepe TIPOXOKACHUS COOOMIEHMIT
yepes3 KaHaJlbl CBSI3Y C PA3HBIMU YPOBHSMHU IIYMOB U SHTPOTINU.

CoBpeMeHHOe TIOHATHE duanoza, Kak Tokaszano Ha puc. 10.1, pacimmpser Moaennb
[Mlennona — Yusepa, rje aBe (uau GOJIbIIE) CTOPOHBI OTBEYAIOT HA COOOIIEHUST
ApYT Apyra. /[uanor npoTekaeT B TeyeHne HEKOTOPOTO BPEMEHHU 1 0ObIYHO UMeeT

! Claude Shannon, A Mathematical Theory of Communication (1948), http://bit.ly/21InVid (IlepeBox
Ha PYCCKUH A3BIK MOKHO HallTH B cOOpHUKE cTaTeil «PaboThbl 110 Teopun nHbopMaiu 1 Kubep-
netukes, 1963, VagareabcTBO MHOCTPAHHON JINTePaTyphl, . 243—332. — IIpumeu. nep.).
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(bUKCHPOBAHHYTO ITPOAOJIKUTENLHOCTD. BO BpeMs iraiora y4yacTHUK MOKET JIO0
caymark, 160 ropoputh. [1iist ahheKTHBHOTO ranora Heo6X0AUMO, YTOOBI B Kaxk-
JIBII KOHKPETHBII MOMEHT BPEMEHU TOBOPHII TOJBKO OIMH YYACTHHUK, a OCTAIbHbBIE
caymanu. HakoHerl, yopsIo4eHHbII BO BPEMEHHU JHAJIOT OJUKEH ObITh COTJia-
COBaHHBIM, YTOOBI KaKI0€ YTBEPKIAEHUE UMETO CMBIC C YUYETOM TIPEIbIIYIUX
YTBEPIKIEHU.

Jluist Bac, Kak JIJIsT 9eT0BEKa, TaKOe OIMMCAHWE [HAIoTa, BEPOSITHO, MOKAKETCsT 0Ue-
BUJIHBIM U €CTECTBEHHBIM, HO OHO UMEET BaKHBIE CJICACTBUSI [T BBIYMCIUTETbHBIX
yCTpOCTB (IpeicTaBbTe, HACKOJbKO MCKAKEHHBIM U 3ally TAaHHBIM MOJYYUTCS
JIMAJIOT, €CJIM UTHOPUPOBATH Jiroboe us tpebosanuii). OauH U3 IPOCTHIX Cr10coO0B
YIOBJIETBOPUTD TPEOOBAHMS K ANANOTaM — MEPEKIIOYaTh PEKUM BEIaHMsI U ITPOCITY -
ITUBAHST KAKIOTO YYaCTHUKA 10 ouepesin. Ha Kask1oM aTarie uHuyuamuea Bemanmst
[IePeIaeTCs CIEAYIONEMY YYACTHHUKY, KOTOPBIN peIaeT, Ky/a TOBEPHYTh AUAJIOT,
OIMPasiCh Ha CKa3aHHOE B MpebLLyIeM atare. [loouepeHas nepeaya MHAIIHATHBBI
[IOMOTAeT MOIEPKATh JAUAJIOT, TIOKA KTO-TO U3 YYaCTHUKOB HE PEIIUT 3aBEPUIUTH
ero. B pesysibrare Gecea moJryqnTest COrJiacoBaHHOI 1 Oy1eT COOTBETCTBOBATH BCEM
TpeGOBAHUSIM, OIIMCAHHBIM BBIIIIE,

Xopn cropoHbl A
loBopuT: A
Cnywaet: b

Nunumatuea: A

[Tlnanor
MeXay
Aub

(TopoHa A (topoHa b

Xop cropoHbi b
looput: b
Cnywaet: A

MHnumatuea: b

Puc. 10.1. CrpykTypa avanora

Yam-60m — 5TO NpOrpaMMa, y4acTBYIOMIAs B AMAJIOTe C II0OYEPEHON Mepeaadeit
MHUIMATHUBBL, 1EJIbI0 KOTOPOH SABJISETCS MHTEPIIPETAIUS BXOAHOTO TEKCTA UM PeYn
1 BBIBOJI COOTBETCTBYIOIIETO MOJIE3HOT0 OTBeTa. B oT/mune ot mmozeii, ¢ KoTopbIMu
OHU BSaI/IMOI[eI‘/JICTByIOT, HJIA TOCTUIKEHUA 9TUX peSyJIbTaTOB I-IaT‘6OTbI JLOJIZKHbBI
I10JIaraTbCsd Ha 3BpI/ICTI/IKI/I " METO/Ibl MAIlITMHHOTO O6y‘{€HI/IH. HO 3T0ﬁ HpI/I‘-II/IHe UM
HEOOXOMMBI CPeICTBa GOPHOBI C HEOJIHO3HAYHOCTBIO €CTECTBEHHOTO A3bIKA ¥ OTIPe-
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JIEJIEHVS CUTYaIlMOHHOTO KOHTEKCTa, YT00bI 3(h(heKTHBHO aHATU3UPOBATH BXO/ISIIINE
COOOIIEHUS U BbIJIaBaTh OCMBICJICHHbBIE OTBETHI.

Apxutektypa dar-60ota, nzobpaskennas va puc. 10.2, COCTOUT U3 IBYX OCHOBHBIX
KOMITOHEHTOB. [1epBbiit — uHTEpdEiic ¢ mosb30BaTeeM, OCYIECTBISIONIII TPUEM
BBOJIA 110JIb30BaTe sl (Hapumep, yepe3 MUKPO(OHbI JIJisi BBOJIA PEUYU UJIUA Yepes
BeO-uHTEpdENC I BBOA TEKCTA) ¥ TIepeiady MHTEPIPETUPYEMOro BbiBoa (4ye-
pes IMHAMUKH JIJIs BBIBOJIA CHHTE3MPOBAHHON peur WK Yepes 9KpaH MOOUIbHOTO
YCTPOICTBA JIJIs1 BBIBOJIA TEKCTA). DTOT BHEITHUN KOMIIOHEHT 0GEPThIBaeT BTOPON —
BHYTPEHHIOI QUAL0208Y10 CUCMEMY, KOTOPasi HTEPIPETUPYET BXOAHOI TEKCT,
YIPABJISIET BHYTPEHHUM COCTOSIHUEM M T€HEPUPYET OTBETHI.

1
Bxo/HOW TEKCT Ha 1

4 ececTBeHHOM A3blke | \
1
1
' Ninanorosas
: v (icTema
' Monyuuts
1
l v
1
1 [peobpasoBarb|
ul Noruka npunoxenus !
. v
1
. VHTepnpeTnpoBaTH
1
' v
1
' OtBeTUTH
1
1
1
1

\ Co3naHue oTBeTa Ha 1 J

€(TeCTBEHHOM A3blKe 1
1

Puc. 10.2. ApxuTekTypa yaT-60Ta

Bremnuii KOMIOHEHT MTOTB30BaTEIBCKOTO MHTEPdeiica, 0IeBUIHO, MOKET CyIIe-
CTBEHHO OTJINYAThCS B 3aBUCUMOCTH OT 0COOEHHOCTEH 1 TPeOOBAHUI TIPUITOKEHHMSL.
B 31011 r1aBe MBI cocperoTOUNMCS Ha BHYTPEHHEM JMAIOTOBOM KOMITIOHEHTE U T10-
Ka)keM, KaK JIETKO 0000IIHUTD €ro Jist JTIOObIX TIPUJIOKEHIUI U CKOHCTPYHPOBATh 13
MHOsKecTBa ToInaioros. C aToil 11eJ1bi0 MbI CHavas1a Orpe/iesiiM 6a30BbIil aOCTPaKT-
HBII KJ1acc, KOTOPbIi (hpopMaibHO OIpejiesisieT oBeieHre, an nHTepdeiic auaiora.
3aTeM ucciaeyeM TPU Peaqu3aluy 3TOTO KJacca s yIPaBIeHUS COCTOSHUEM,
MOMCKA OTBETOB Ha BOIIPOCHI ¥ BBIOOPA PEKOMEHIAIIMIA 1 TIOKaKeM, KaK 00beINHUTD
VX B OJIH TUAJIOTOBBII areHT.
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Ananor: Henpoao/HKUTENbHbINA 06MeH

Y106bI co31aTh 060OIIEHHYIO U HACTPaUBaeMyIO AMAJOrOBYI0 CUCTEMY, CHayaja
HY’KHO OIpeAeNUTh MUHUMAJbHYIO eJUHUIY pabOoThl, BHIIIOJHIEMO BO BPeMs
B3aMMOJIENCTBUST YaT-60Ta ¢ ToJIb30oBaTeieM. VICXojist U3 apXUTEKTYPbI, OITMCAHHON
B IIPE/IBILYIIEM pas/iesie, Mbl 3HaeM, 4TO MUHUMAJIbHAs eIMHUIIA PAaGOThI BKIHOYAET
MIpHeM BXOHOTO U CO3/TaHNe BEIXOHOTO TEKCTA Ha eCTECTBEHHOM SI3bIKe. B mportiecce
JINAJIOTa TOJKHO YIaCTBOBATh MHOKECTBO PA3HBIX MEXAaHN3MOB aHAJIN3A U CO3AHIS
OTBETA, TI0ITOMY OY/IEM PaCCMAaTPUBATh AUAIOTOBBII areHT KaK COCTOSIIII N3 MHOKE-
CTBa BHYTPEHHUX JMAJIOTOB, Y KasKIOT0 13 KOTOPBIX CBOSI 00JIaCTh OTBETCTBEHHOCTH.

Yro0bI TapaHTHPOBATh COTIACOBAHHYTO PabOTY BHYTPEHHUX JUATOTOB, MbI IOJIKHBI
OIMcaTh eIMHbINA HHTEepdEiic, OnpeaeaIonii mopsaaokK AeiictBuil. B sasbike Python
oTcyTcTBYeT (hopMasbHBIN THUIT HHTEP(DEica, 3aTO MOKHO OIPEAETUTD AOCMpPaKm-
Holil 6a306vlil KAcc, NCTIONb30BaB MOJYJIb abc U3 CTAHAAPTHOW OMOJIUOTEKHU st
HepevYrCIeHNsT METOIOB ¥ X CHTHATYP, KOTOPbIE JHOJIKHBI ObITh Pean30BaHbl BO
BCEX TOJKITAcCax (eCJI TTO/IKIACC HE Peain3yeT KaKoi-T0 13 abCTPAKTHBIX METOJIOB,
obGpariieHre K HeMy BO BPeMsT BBITIOJTHEHUS TPUBEJIET K UCKII0UYEHMIO ). Biarogapst
HTOMY MOKHO TapaHTHPOBATh, UTO BCE MOJKJIACCHI Halllero nHTepgeiica Dialog OymayT
NefiCTBOBATH B TOYHOCTH TaK, KaK OXKHU/IA€TCS.

B o61iem ciryuae Dialog oTBeyaeT 3a IpreM BhICKa3bIBaHUiA, TAPCUHT TEKCTa, HHTEP-
MIPETAITNIO Pe3YIBTaTOB MMAPCUHTA, NU3MEHEHNE BHYTPEHHETO COCTOSTHUS 1 (hOPMYJIN-
poBale OCMBICTIEHHOTO OTBeTa. [10CKOIBbKY MTpemoaraeTcs, YTo MHOTAA CUCTEMA
OyzeT HelrpaBUIbHO MHTEPIIPETHPOBATH BXOAHON TEKCT, 00BHEKTHI Dialog JOJKHBI
TaK’Ke OMPEIEISATh OIEHKY PEJEBAHTHOCTU B MECTE OTBETa, YTOOBI MOKHO OBLIO
KOJIMUECTBEHHO OI€HUTbh, HACKOJIbKO IMPABUJIBHO MHTEPIPETUPOBAHO BXOJISIIIEE
BBICKa3bIBaHUe. Pa3nennm omnpenesenne moBefeHns nuTepdeiica Ha HECKOJIBKO
METO/IOB, KOTOPBIE IOJKHBI OBITH peaTn30BaHbl B MoAKIaccax. Ho st Hauasa cos-
IaauM HeabCTPaKTHBIM MeTos listen, OCHOBHYIO TOYKY BXO/a B 0ObEKTHI Dialog,
peanusyionuii 06001eHHOe TOBEIeHNEe AUAJIOTa ¢ UCIOIb30BaHueM aOCTPaKTHBIX
MeTo10B (TTOo/JIeKalNX Peanu3aliii B TO/IKJIaccax):

import abc

class Dialog(abc.ABC):
06beKT Auanora NpUHUMaEeT BbICKA3bIBaHWUA, 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. lMepepaeT
pe3ynbTaT MeToady interpret ans onpepenenus otBeTa. Ecnu oTBeT
Heobxoaum, Bbi3biBaeTCcA MeToh respond, reHepupywuii TeKCT oTBeTa

Ha OCHOBe mnoc/sefHero NOCTYMMBIWEro TeKCTa WM TeKylero CoCTOAHUA
obbekTa Dialog.

# MapcuHr BXOOHOroO TeKkcTa

sents = self.parse(text)

# WHTepnpeTauua
sents, confidence, kwargs = self.interpret(sents, **kwargs)

# OnpepeneHve oTBeTa
if response:
reply = self.respond(sents, confidence, **kwargs)
else:
reply

None

# lMepepayva MHULUMATUBSI
return reply, confidence

Meton listen ompesesisiet TII00aIbHYIO PEaTU3aIiio, YHUDUIIUPYIONLYIO aGCTPAKT-
HyT0 GyHKIMOHATBHOCTE. COTJIacHO CUTHATYPE, METO/ listen IPUHUMAET CTPOKY
C TEKCTOM, a TaK/Ke JIOTHUECKUH (hJ1ar response, YKa3bIBAIOIINI, Oblia JI epeaHa
MHUIUATHBA 3TOMY OOBEKTY U TPEOYETCs JIM BEPHYTH OTBET (€CJIU Tlepe/iaTh B apry-
MEHTE response 3HaUeHHe False, 00bEKT Dialog MPOCTO BOCIIPUMET BbICKA3bIBaHIE
1 0OHOBUT CBOE BHyTpeHHee cocTosiiue). Kpome toro, MeTos listen nmpuHUMaeT
MIPOM3BOJIbHOE KOJTMUYECTBO MMEHOBAHHBIX apTyMEHTOB (kwargs), B KOTOPBIX MOXKeT
nepeaBaThCs AOTOJTHUTENbHAS KOHTEKCTHAS NHpOpMAInd, Takasd Kak UMS TT0JTh-
30BareJisd, IeHTUMIKATOP ceanca WJIN OlleHKa TPAaHCKPUTIITUH.

Pe3yibraToM 9TOr0 MeTo/1a SIBJISIETCSI OTBET, €CJIM OH HeoOxo M (None, €CJIN HET),
a TaksKe OIleHKa J0CmosepHocmiL, BENIECTBEHHOE YUCI0 B Ananasone mexay 0,0
u 1,0. [TockosbKy HET MOJTHON YBEPEHHOCTU B ycIleXe MapCUHTa M MHTEPIIPETAIINT
BXO/IHOTO TE€KCTA WJIU B TPAaBUILHON (POPMYJINPOBKE OTBETA, 3TA OIlEHKA BBIPAKAET
ZIOCTOBEPHOCTD MHTEPIIPETALINH, BBIIIOJIHEHHON 06beKTOM Dialog, rje 1 o3HayaeT
abCOTIOTHYIO IOCTOBEPHOCTD, @ © — MOJIHYIO HEYBEPEHHOCTD B I0CTOBEPHOCTH. J[0-
CTOBEPHOCTb MOKHO BLIYMC/IUTD UM U3MEHUTD B JII000I MOMEHT B MeTO/Ie Dialog.
listen, KOTOPBIiA, KaK MbI OIIPEIEJNIIH, BHITIOJIHSIET TP aOCTPAKTHBIX IIIara: parse,
interpretllPespond,XOT$IBOO6HI€HOCTOBepHOCTb(HIpeHeﬂHeTCHIﬂlSTaHeinterpret

@abc.abstractmethod

def parse(self, text):
Kaxzaplii Avanor MoxeT peasM30BaTb CBOW CTpaTeru MapcuHra, HekoTopble
C MCNONb30BaHMEM BHEWHUX MEeXaHW3MOB, ApYyrue - C NpUMEHeHUeM
perynsapHbiX BbIpaXeHUid WAM CTAHAAPTHBIX MapcepoB.
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return []

Mertog parse 03BOJISIET MOJAKIACCAM Dialog peaan3oBaTh CBOM aJIrOPUTMBI 0Opa-
GOTKM CTPOK UCXOAHBIX AaHHBIX. Harmpumep, HEKOTOPbIE TOAKIACCHI Dialog MOTYT
HCII0JIb30BATh BHEIIHNE MEXaHU3MBI, a pyTrue — IIPUMEHATb PEryJIsIpHbIe BbIpa-
JKeHUS WM CTaHAapTHBIE Mapcepbl. AGCTPaKTHBIN METOJ OTPee/sieT CUTHATYPY
KOHKPETHON peasin3aliiu: MoJIKJIacc [0JKeH Peajn30BaTh METOJ parse, IPUHU-
MAIOIUN CTPOKY W BO3BPAIIAIONINI CIIUCOK CTPYKTYP JAaHHBIX, COOTBETCTBYIOIINUX
KOHKPETHOMY TIOBEJIEHUIO MOJIKIacca Dialog. B wmease Mbl BKIIOYIIN OBl TAKKe
ONTUMUBAINIO, YTOOBI JJOPOTOCTOSIIUI MAPCUHT BHITIOJIHAJICSA TOJBKO OJAMH Pa3
1 OflHA U Ta JKe paboTa He BBITOMHIACH ABAKIBI:

@abc.abstractmethod
def interpret(self, sents, **kwargs):

MHTepnpeTupyeT BbiCKasblBaHMe, nepejaBaeMoe KakK CrUCOK npe,u,nox(eHMﬁ,
npoweguwnx napCcuHr, obHoBNAET BHYTpeHHee COCTOAHWe Auanora, BblHUCAAET
OLEeHKY [OOCTOBEpPHOCTM WHTeprnpeTauunm. Takxke MOXeT BO3BpaWaTb aprymeHThl,
HeobxoauMble KOHKPEeTHOMY MeXaHWU3My CO3[4aHWA OTBeTa.

return sents, 0.0, kwargs

Meroz interpret oTBeYaeT 3a MHTEPIIPETAIINIO TOJYYEHHOTO CITHICKA TIPEJIOKEHU,
06HOBJIeHE BHYTPEHHETO COCTOSIHUST 00beKTa Dialog 1 BbIUKC/IEHIE OIEHKH [10-
CTOBEPHOCTH MHTEepIpeTanni. Bo3BpaiaeTr HHTEPIPETUPOBAHHBIEC TTPE/JIOKEHNUS,
KOTOpbIE (l)I/IJII)prIOTCH B 3aBUCUMOCTHU OT HeO6XOZ[I/IMOCTI/I OTBETA, a TAKKE OIEHKY
noctoBepHocTH B muamnaszone Mexxay 0 u 1. /lasmee B 9701 riraBe Mbl pacCMOTPUM He-
CKOJIBKO JITOPUTMOB OIIPEZIEIEHI I0CTOBepHOCTH. MeTosT interpret MOXKeET TakKe
PUHUMATH [TPOM3BOJIBHOE KOJIMYECTBO MIMEHOBAHHBIX aPI'YMEHTOB 1 BO3BPAIIATH 00-
HOBJIEHHbIE MIMEHOBAHHBIE APTYMEHTBI JIJIsI BJUSIHUS Ha TIOBeJIeHUe MeTo/1a respond:

@abc.abstractmethod
def respond(self, sents, confidence, **kwargs):

Co3paeT OTBeT, ONUPascCb Ha BXOAslWME BbICKA3bIBAHUS U TeKylee COCTOAHWE
AManora, a Takke Ha Jiobble MUMEHOBaHHble apryMeHTbl, NnepefaHHble MeToAaMu
listen u interpret.

return None

Hakonerr, meTos respond IpUHUMAaeET WHTEPIIPETUPOBAHHbBIE TPEJIOKEHUS, OTIEHKY
JIOCTOBEPHOCTHU M IPOU3BOJIbHOE KOJMYECTBO MMEHOBAHHBIX apIYMEHTOB U T'eHe-
PHUPYET TEKCT OTBETA, ONMUPAsICh HA TeKyIllee COCTOsiIHNE 0O0beKkTa Dialog. OleHKa
JIOCTOBEPHOCTU MO’KET BIUATH Ha Pe3yJbTaT, BO3BpAIlaeMbIil METOIOM respond;
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HaIpUMep, eCJIU OlleHKa I0CTOBEPHOCTH paBHa 0.0, MeTO/I MOXKeT BepHYTb None WJIH
3a1poc Ha TTogcHeHus. Ecaum 10CTOBEPHOCTD OIIeHUBAETC He 0YeHb BBICOKO, OTBET
MOJKET BKJIIOYATh TIPETONOKEH ST UK TIPUOIU3UTETbHDBIE (POPMYIUPOBKH, & TIPH
BBICOKOIT JIOCTOBEPHOCTH — COZIEP:KATH CTPOTHE W TOUHBIE (hOPMYINPOBKH.

Tenepb B hopme abcTpakTHOrO 6Ha30BOTO Kjlacca Dialog Y HAC €CTh OCHOBA, TIO3BO-
JIAIONIAS YTIPABJAATh COCTOSTHUEM JINAIoTa B KOPOTKUX B3aUMOJIEHCTBUAX C TIOJIb-
3oBaresieM. O6beKT Dialog OYIET CAYKUTH OCHOBHBIM CTPOUTETHLHBIM OJIOKOM JIJIsT
BCEX OCTATTbHBIX KOMITOHEHTOB, KOTOPBIE MBI PEAJIN3Y€EM B OCTABIIIEICS YACTH TJIaBBI.

YnpaBseHue Ananorom

Kiacc bialog onpesesisieT Opsiiok 00pabOTKK TIPOCTHIX U HETPOIOJKUTETBHBIX
BSaI/IMOZ[GfICTBHfI " ABJIAETCA OCHOBHBIM CTPOUTEIbHBIM 6JIOKOM JJI ANaJIOTOBBIX
areHToB. HOo Kak ympaBJigaTh COCTOSHUEM B XOJle JAJIUTEIbHBIX B3aUMOEHCTBUH,
KOT/[a THATIMATIBA MOYKeT HEOAHOKPATHO TIePeaBaThCs OT MTOIH30BATEN CHCTEME
1 06patHo, 1 TpebyeTcst TeHEPUPOBATh Pa3HbIe TUITI OTBETOB?

OTBeTOM Ha 3TOT BOIIPOC SIBJISIETCS KJIace Conversation, CIIEIMATU3UPOBAHHBIN TUATIOT,
COJepIKaIiT MHOKECTBO BHYTPEHHUX JIMAOTOB. B KOHTEKCTE YaT-00Ta 9K3eMILISIP
Conversation, TIO CyTH, SIBJISIETCsT 00EPTKO#T BOKPYT BHYTPEHHUX JUAIOTOBBIX KOMITO-
HEHTOB, OITMCBIBAEMBIX Halleii apxuTekTypoil. OObeKT Conversation COAEPIKUT OAUH
MJIA HECKOJIbKO OT/EJIbHBIX MOAKJIACCOB Dialog, KaXKbIN U3 KOTOPLIX UMEET CBOE
BHYTPEHHEE COCTOSIHUE U MOJIEPKUBACT Pa3Hble BUBI MHTEPIIPETAITUN U OTBETOB.
Korma Conversation HAXOUTCS B COCTOSIHUH TIPHEMa, OH MepeaeT BXOTHOU TEKCT
BHYTPEHHUM J[HAJIOTaM U BO3BPAIIIAET OTBET ¢ HAMOOJIBIIIEH OIIEHKON I0CTOBEPHOCTH.

B aTom paszgesne Mbl peannsyeM Kiacc SimpleConversation, HacJaeLyIOMIUHN IIpeibl-
Iymuii kinace Dialog. OcHOBHAS 3a/aya Kiaacca SimpleConversation — yIpaBJsTh
COCTOSIHMEM II0CJI€I0BATEAbHOCTH JUAJIOTOB, XPAHAIINXCS BO BHYTPEHHEM anH6yTe.
ITOT KJIacC TakKe HacJeayeT Kjacc collections.abc.Sequence U3 CTaHAAPTHOU
OMOINOTEKH, KOTOPBIN IT03BOJIUT KJlaccy SimpleConversation leiiCTBOBATH o/100HO
HMHIEKCUPYEMOMY CIIMCKY Araaoros (6arogapst abCTpaKTHOMY METOY _ getitem_ )
1 TIOJIyYaTh KOJIUYECTBO IUATIOTOB B KOJJIEKIIUU (METOZIOM __len_ ):

from collections.abc import Sequence

class SimpleConversation(Dialog, Sequence):

wun
MpocTeiiwas 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 Iar BIIEpe/ U Ilepeajgum
BXO/THON TEKCT METO/IaM listen BceX BHYTPEHHUX 9K3eMILIIPOB Dialog, KOTOpPHIE,
B CBOIO OY€pe/ib, BHI3OBYT BHYTPEHHUE METO/IbI parse, interpret u respond. B pe-
3yJibTaTe MOJYYUTCS CITUCOK KopTexkeil (reply, confidence), n SimpleConversation
IIPOCTO BEPHET OTBET € HAKOOJIbINEH OIEHKOI I0CTOBEPHOCTH, BRIOPAB KOPTEK C HAM-
GOJIBIINM 3HAYEHKIEM BO BTOPOM 3JIEMEHTE € IIOMOILLIO oIieparopa itemgetter. Boee
CJIOJKHBIE pean3aliy 6ece/] MOTYT BKJIIOYATD JOMOJHUTEIbHbIE TPaBIJIa, TOMOTa-
TOTIHE CIe/IaTh BHIOOD, €CJIN BA BHYTPEHHNX IHAJIOTA BEPHYT OTBETHI C OANHAKOBOM
OIEHKON JIOCTOBEPHOCTH, HO BOOOIIE ONTUMAIBHON peasu3arueiil Conversation
CUMTAETCS Ta, B KOTOPOU TaKKe CXOACTBA CAYIAIOTCS PEIKO:

from operator import itemgetter

def listen(self, text, response = True, **kwargs):

MpocTo BO3BpawaeT OTBET C Aydweid 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 HacjeayeT Dialog, OH JIOJIKEH PEaJn30BaTh Me-
TOJIbI parse, interpret 1 respond. B Kask/10M 13 HIX MbI BBI30BEM COOTBETCTBYOIINE
BHYTPEHHHE METO/bI 1 BEPHEM pe3yJibTaThl. Takke 106aBUM MOJIEPKKY OIEHKH
JIOCTOBEPHOCTH, YTOOBI MOKHO OBLIIO BeCTH Oeceily COTJIAaCHO YBEPEHHOCTH B JI0-
CTOBEPHOCTH MHTEPIIPETAI[MI BXOJHOIO TEKCTa:

def parse(self, text):

Bo3BpawaeT Bce pe3yfnbTaTbl MApCUHra, MNOAYYEHHble BHYTPEHHUMU
AWanoramu, AnA OTNaAKu

return [dialog.parse(text) for dialog in self._dialogs]

def interpret(self, sents, **kwargs):



258 asa 10. YaT-60ThI

Bo3BpalwaeT Bce pe3ynbTaTbl UHTeprnpeTauuu, MONyYeHHble BHYTPEHHUMM
AWanoramu, AnA OTNaAKW

return [dialog.interpret(sents, **kwargs) for dialog in self._dialogs]

def respond(self, sents, confidence, **kwargs):

Bo3BpalaeT BCe OTBeThHl, CO3[aHHble BHYTPEHHUMWU AManoramu, ANA OT/aAKu

return [
dialog.respond(sents, confidence, **kwargs)
for dialog in self._dialogs

]

[Tesb ppeiiMBopka Dialog — 06€CIEUNTH MOIYILHOCTD, YTOOBI MOKHO GBITIO UCITOb-
30BaTh JIMAJIOrOBble KOMIIOHEHTHI B TpyIIIe (KaK B HallleM KJacce SimpleConversation)
WJIY 110 OT/ie/IbHOCTH. Halna peasinsaiusi UHTeprpeTupyeT Iuajoru Kak IMOJHOCTHIO
He3aBUCHUMbIe, HO €CTh MHOXKECTBO APYTUX MojieJielt, HallpuMep:

Iapannenvnvie/acunxponmvie becedvl
Bossparaercs mepBbiif OTBET € TOTOKUTENBHON OTIEHKON TOCTOBEPHOCTH.
Konuenmyanvno opuenmuposannvie becedvi
JIMaJiory IOMeYaTCst Kak «OTKPBITBIE» 1 «3aKPBITHIC>.
Jlunamuueckue 6ecedvt
JlMaJiory MOTYT IMHAMIYECKHU T00aBASATHCS U YAAISATHC.
Jlpesosudnwvie becedot
Jlvajiorn UMeroT pojuTesieil i MOTOMKOB.

B CJIEZIYIOIEM pa3/ieJie Mbl IOCMOTPUM, KaK UCII0JIb30BaTh KJ1acc Dialog C HEKOTOPbI-
MU IIPOCTBIMU 3BPUCTUKAMU, 4TOOBI CO31aTh 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 TTPEJJIOKUII TO, YTO BIIOCIIEICTBIH CTAJIO0 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-
MaTuueckoii ureparypel, 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 YeI0Be-
koM. Tect ThiopuHTa ajl TOJYOK K PA3BUTHIO B TEUEHUE CJEAYIONMX HECKOJbKUX
JeCATUIETHI MHOKECTBA JUAJIOTOBBIX CUCTEM, OCHOBAHHBIX Ha OIIPeIeJeHHbIX
[paBUJIaX, MHOTUE U3 KOTOPBIX He TOJILKO MPOILIM TECT, HO TakkKe chOPMUPOBAIIN
HepBoe MOKOJIEHNE JAUATIOTOBBIX ar€HTOB U CTAJU MPAPOANUTENSIMUA COBPEMEHHBIX
4aT-60TOB.

CaMbIM U3BECTHBIM, TTOKATYH, TpuMepoM siBygeTcs mporpamma ELIZA, cosmanmas
Il:xosedom Beiirernbaymom (Joseph Weizenbaum) B 1966 roay B MaccauyceTckom
texnosornyeckom nueruryte (MIT). Ona ncnosib3oBasia JOrMKy BblIeIeHNS 3HA-
YUMBIX CJI0B 1 (hpa3 U3 TEKCTa, BBEJIEHHOTO YeJTOBEKOM, I BO3BpAITaJia 3arporpam-
MUPOBaHHbBIE OTBETHI I mojaepsKkanus oecenpl. IIporpamma PARRY, cosmannas
Kennerom Kosnbu (Kenneth Colby) neckombko siet ciycrst B Crandopackom yHu-
BepCHUTeTe, KOHCTPYHUPOBAJIA OTBETBI, HCIIOJIB3Y$ST MEHTATbHYTO MOJIETh B KOMOMHATIU
C QJITOPUTMOM COIOCTABJIEHHS ¢ 00PA3IOM. JTa MEHTATIbHAS MO/IEJb 3aCTABIISLIA
PARRY cranoButhcst Bee 60JIee B3BOJTHOBAHHO 1 HEYCTONYNBOM, YTOOBI CHIMUTH-
pOBaTh MaIeHTa, CTPAJAIONIETO TTAPAHONAATBHON TH30(hpeHneit, u ycrenno ooMa-
HBIBAJIA BPaUeil, 3aCTaBJISIS X [yMaTh, YTO OHU OECEYIOT C HACTOSIIINM MAIUEHTOM.

B sTom pasmesnie Mbl peanudyem (DyHKIIMIO TPUBETCTBUsSI, OCHOBAHHYIO Ha Habope
MIPABUJI U B JIyXe YIIOMSAHYTHIX DAHHUX MOJIeJIel, KOTOPas UCIOJIb3YET PETYIsIpHbIe
BBIPAJKEHUSI [IJI5T COTIOCTABJIEHNUS BhICKasbiBanuii. Harira Bepcuist Oy/ieT ncmosib30BaTh
BHyTpPEHHEE COCTOSTHVE B OCHOBHOM JIJISI PaCIiO3HABaHUsST COOECEHNUKOB, BCTYTIA-
IOTUX B IUAJIOT U TIOKU/IAIONIUX €T0, M OTBEYATh UM COOTBETCTBYIONIMMU TTPUBET-
CTBUSIMU U BOIIPOCAMU. JTa pean3aliusd Dialog MPU3BaHA MOTYEPKHYTh BAXKHOCTh
BHYTPEHHETO COCTOSTHUS JIJIST OTCJIESKUBAHUS TE€UEHUs TUATIOTA, & TAKXKe TT0Ka3aTh
abdekTUBHOCTH YaT-60TOB HAa OCHOBE PETYJISIPHBIX BhIpaKeHUil. B 3aKioueHne Mbl
HOKakeM, Kak ¢ TIOMOIIbI0 (hpeiiMBOPKa TECTUPOBAHKS MOKHO TIPOBEPUTH PaboTy
KOMITIOHEHTa Dialog B PAa3HBIX CUTYallUAX, I{TO6I)I cZesaTb ero 60.7166 YCTOﬁQHBbIM
K Pa3zHo00Pa3uIio MoJb30BaTENHCKOTO BBO/IA.

NMpuBeTcTBMe U NpoljaHue

[luanor Greeting CJIy;KUT OCHOBOM pea3aliiiil HAIETO IUAJIOTOBOTO (DpeiiMBOpKa
u HacJsesyer 6a30BbIi Kiacc Dialog. OH 3allOMMHAET YYACTHUKOB, BCTYTAIOIINX
B Oece/ly ¥ TIOKUIAIOIINX €€, a TAaKKe BO3BPAlaeT COOTBETCTBYIOIINE IPUBETCTBUS
U TIPOIIAJIbHBIE CJIOBA, KOT/IA KTO-TO BCTYIAaeT B Oecepy WK MOKKUIAeT ee. ITO J10-
CTUTAETCs COITOCTABJICHUEM aKTUBHBIX 110JIb30BaTes el U NX UMeH.

B ocnoBe nuasora Greeting J€KUT cI0Bapb PATTERNS, XpaHUMBIN KakK ITepeMeHHast
KJ1acca. ITOT CI0Baph 0TOOPasKaeT BUbI B3AUMOIEHCTBHIT (OTMCHIBAIOTCS KITIOUYAMMT )
B PETyJISIPHBIE BBIPAKEHUS, OMPEeIIoNne OXKUIaeMbIi BBO JJI51 9TUX B3aUMO-
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JelicTBUi. B yacTHOCTH, HaIll TIPOCTOM INAJIOT Greeting MOIEPKUBAET HayaJIbHOE
MIPUBETCTBUE, 3HAKOMCTBO, TIPOIIAHNE U MEPEKINYKY. ITU PETYJIIPHBIE BBIPAKEHUST
MBI HICTIOJIb3yeM TT03/IHee B METOJIE parse:

class Greeting(Dialog):

3anoMuMHaeT y4acTHWKOB, BCTynawwux B 6ecefy UM MOKMAAlWMX ee, U oTBedvaeT
COOTBETCTBYHWWWMA NPUBETCTBMEM U MpOWaHWeM. 3TO MpUMep CUCTEMb,
OCHOBaHHO Ha MnpaBunax, KOTopas ynpasnseT CBOWM BHYTPEHHWUM COCTOSHUEM
W UCMoNb3yeT peryssipHble BbpaxXeHWs W NOTUKY ANA MOAAepXaHus uanora.

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 cnoBapb, oTobpaxawwuit UMsS Mosb30oBaTeNs
# B ero HacToswee umsA
self.participants = {}

if participants is not None:
for participant in participants:
self.participants[participant] = None

# CKOMMUAWMPOBATb perynspHble BbIpaXeHus
self. patterns = {
key: re.compile(pattern, re.I)
for key, pattern in self.PATTERNS.items()

[Ipu cozmannu aK3eMIIISAp Greeting MOKHO WHUITMAIU3UPOBATD MPEABAPUTEIBHO
MO/ITOTOBJIEHHBIM CIUCKOM YYaCTHUKOB. BHyTpeHnHee cocTosgHue 1rajsora — aTo
CJIOBaph, 0TOOPaKAIONIMIT HMEHA MoJIb30BaTeieil B UX HacTosue nMena. Ero 3a-
IIOJTHEHUE Mbl PACCMOTPUM HUKe, KOT/Ia IIPUCTYIIUM K UHTepIIpeTallii 3HaKOMCTBA.
Yro6bl yCKOPUTD ITAPCUHT TEKCTa B Ipoliecce 00NIeHNs, Mbl JOOABUIN B MHUIIHA-
JIU3ANUI0 KOMITUJISINIO PETYJISIPHBIX BhIPAKEHUN U UX COXpAaHEHHEe BO BHYTPEH-
HEM CJIoBape 9K3eMILIIpa. B pe3ynbraTe KOMIUIAIUN PETYIIPHBIX BhIPAKEHUH
HOJTY4atoTCst OOBEKTHI PEryJISIPHBIX BbIPAsKEHUH, TIOMOTAOIINE COKOHOMUTH BPEMST
Ha 9TOM MIare Ipu OCJeyIONeM MHOTOKPATHOM MCII0JIb30BAaHUH, KOTOPOE UMeeT
MECTO B JJAHHOM JiaJjiore.

Ty BECbMa YMPOLLEHHYIO peann3aumio kilacca Greeting MOXHO paclUMpuTb [0-
MONHUTENbHLIMU NPaBUIaMK A1 NOAAEPXKKM APYrUX peyeBbiX 060pOTOB U APYrmX
A13bIKOB.
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[lanee peanmsyeM MeTOJ parse, 11eJib KOTOPOTO — COTIOCTABUTD TEKCT, BBEICHHBIN
MOJIb30BaTesIeM, C KayK/bIM CKOMITUIMPOBAHHBIM PETYJISPHBIM BhIPAKEHUEM U Olpe-
JIeJTATD MIa0JIOH JIJIs TPUBETCTBHUSI, 3HAKOMCTBA, TPOTAHUST WK TTIePEKINYKI

def parse(self, text):

MpumeHseT 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 coBmanenue HaiineHo, parse BO3BpalllaeT ero. ITOT Pe3yJIbTaT 3aTeM MOKHO
HCITOTb30BaTh /I TIepeladil METOY interpret, KOTOPBIHM IO HAIEHHOMY COBIIaIe-
HUIO OTIPeiesigeT, KaKoe JIeiCTBHE BBITTOTHUTD. Eciu interpret OMyYnT pesyasraT
[apcuHTa, He COOTBETCTBYIONIIT HU OHOMY 11a0JIOHY, OH Cpa3y BO3BpAIaeT OIleHKY
JIOCTOBEPHOCTHU 0.0. Eciiu coBmazenune HalizieHo, interpret IPOCTO BO3BpaIlaeT
OIIEHKY 1.0, TOTOMY YTO PETYJISIPHbIE BbIPAXKEHUS HE TOIEPKUBAIOT HEUETKUX
COBITQJIEHU.

Merox interpret oTBeyaeT 3a OOHOBJICHNE BHYTPEHHETO COCTOSIHUS JMagora
Greeting. Hanpumep, eciii 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 ITOJIb30BATEJISI M €0 HACTOosIIee MMst (HO-
BOE MJIW CYTIECTBYIOIIee ) B self.participants. Ecim B3anmoseiicTBre onpenessgercs
KaK [IPUBETCTBUE, interpret IPOBEPUT IPUCYTCTBUE I10Jb30BATEJS B CJI0Bape self.
participants. Eciin Takoro mosib3oBatesisi HeT, 100aBUT 3HaYE€HHE UMEHOBAHHOTO
apryMeHTa B OKOHYATe/IbHbII Pe3yJIbTart, II0Ka3aB, 4TO B METO/IEe respond HEOOXOMMO
3aIPOCUTH 3HAKOMCTBO. IHaue, eciii B3auMoielicTBIe OIIpeiesigeTcs Kak IpollaHue,
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 ANA BbINOJHEHUS :
npuBeTCTBMUE, MNpOWaHNE WA WU3MEHEHUE 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:
# U3B/NedYb UMA N3 BbICKa3biBaHMA
name = sents['introduction'].groups()[0]
user = user or name.lower()

# OnpepennTb HEOBXOAUMOCTb W3MEHEHUA WUMEHU

if user not in self.participants or self.participants[user]
I = name:
kwargs[ 'name_changed'] = True

# M3MeHUTb cnoBapb participants
self.participants[user] = name
kwargs['user'] = user

# Ec/in BbINOMHAETCA NpUBETCTBUE

if 'greeting' in sents:
# EcinM uMa nonb3oBaTens HeM3BECTHO

if not self.participants.get(user, None):
kwargs[ 'request_introduction'] = True

# Ecnu BbiMosIHAETCA npolaHue

if 'goodbye' in sents and user is not None:
# YpanuTb y4YacTHUKa U3 cnosapA
self.participants.pop(user)
kwargs.pop('user', None)

# Ecnv HaWfeHo TO, Y4TO WUCKaNOCb, BEpHYTb MaKCUMasibHYHl OLEHKY
# [OCTOBEpHOCTH
return sents, 1.0, kwargs

Hakowerr, MeToz respond Oy/IeT OTPENEsATh, YTO AOJFKEH OTBETUTH HAlll 4aT-00T
mosk3oBaresio. Ecim orieHka 10CTOBEPHOCTH paBHA ©.0, B OTBET HIYETO He BBIBO-
nutes. Eciii mosib3oBaTesb ocya IPUBETCTBUE WX ITPEJICTABUIICS, respond BEPHET
TEKCT € TIPOCHOOIT TIPEICTABUTHCS MJIU C TIPUBETCTBUEM U3BECTHOTO €MY MOJIb30Ba-
tesist. B corydae poranust respond BepHET 00€3/IMYeHHOE TIOKETaHNE BCTPETUTHCST
nosske. Ecimm 1moJib3oBaTe b CIPOCHT, KTO ellle y4acTByeT B Gecesie, respond Oy YT
CIIUCOK YYACTHUKOB W BEPHET UX NMeHa (ec/u APYyTrue YIaCTHUKUA UMEIOTCS ) TN
TOJBKO UM JAHHOTO TTOJIb30BaTe s (eCIM KpOMe HeTo HUKOTO HeT). Ecan B tanHbIi
MOMEHT B self.participants He 3a)MKCHMPOBAHO HM OAHOIO yYaCTHUKA, 4aT-O0T
BBIDA3UT HeTEpIEHNE:
def respond(self, sents, confidence, **kwargs):

BoiBOAUT npunBeTcTBuMe uUnn npouaHve, 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 BHHUMaMHMe, 4TO B 000MX METO/AX, interpret 1 respond, MBI HCIIOJIb3Y-
eM IIPOCTYIO JIOTUKY BeTBJIEHUS /st 0OpabOTKU pasHbIX TUIOB BBoga. ITo Mepe
yBeJIMUYEHMs KJIacca MOKET ObITh I10JIE3HO Pa3OUTh 9T METO/Ibl Ha Dojiee MeJIKue
COCTaBJIAIONINE, TAKME KaK interpret_goodbye 1 respond_goodbye, 4TOOBI IIPOBECTH
JIOTMYECKUE MPAHUIIBL ¥ IIPEAOTBPATUTD IOsBaeHre omunboK. JaBaiite moskciepu-
MEHTHUPYEM C KJIACCOM Greeting, riepe/laB eMy pa3HbIil BXOIHOU TEKCT:

if _name__ == '__main__":
dialog = Greeting()
# ~listen” Bo3BpawaeT kopTexu (reply, confidence) u Mbl MpocTO BbLIBOAUM
oTBETHI
print(dialog.listen("Hello!", user = "jakevp321")[0])
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 kakune pe3ysbTaThl y HAC MOJTY4YUINCD:

Hello, what is your name?
Hello, Jake!
It's just you and me right now, Jake.
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BaxxHo oTMeTHTD, 4TO Hallla cCUCTeMa MOJTYIUIIACh YePecuyp KeCTKON 1 6bICTp0 J10-
Maetcs. /s nmpuMepa MTOCMOTPUM, YTO TIOJIYIUTCS, €CJIN OITyCTUTh aPTyMEHT user
B OJTHOM 13 BbI3OBOB M€TO/[a Greeting.listen:

if __name__ == '__main__":
dialog = Greeting()
print(dialog.listen("hey", user = "jillmonger")[0])
print(dialog.listen("my name is Jill.", user = "jillmonger")[©])
print(dialog.listen("who's here?")[0])

Ha atot pa3 yar-60T pacriosHas npuBeTcTBHE Toab30BaTes Jill, mompocur mpes-
CTaBUTHCS U TIONTPUBETCTBOBAJ HOBOTO yuacTHUKAa. Ho B TpeTheM BbI30Be listen
4aT-00T He MOJIyYHJl apryMeHTa user ¢ IMEHEM I10JIb30BaTelisl M 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.

CucteMbl Ha OCHOBE TIPABUJI /IEHCTBUTE/IbHO CKJIOHHBI JIETKO JioMaThest. [Ipuem pas-
paboOTKH Yepes TeCTUPOBaHKe, 0 KOTOPOM PacCKas3bIBAETCS B CJIEAYIONIEM pasjielie,
MOJKET [IOMOYb HaM IIPEABUAETH U YIIPEAUTh IIPOOIEMBI, KOTOPbIE MOTYT BOSHUKHY Th
HA ITPAKTHKE.

O6paboTka owmnboK Npm obweHnn

Crporoe TecTHPOBAHUE TIOMOTAET MIPELYCMOTPETh CIIOCOOBI YCTPAHEHUST ONMTHOOK,
KOTOPBbIE MOI'YT BOSHUKHYTh Ha 3Tallax IapCUHIa 1 co3/[aHus oTBeTa. B aToM paszese
MbI UCTIONIb3yeM Oubmoteky Py Test U ¢ ee OMOIIBIO TIPOTECTUPYEM OTPaHUYEHUST
KJlacca Greeting, MO9KCIEPUMEHTUPOBAB C KPAEBBIMU CIy4YadMU, U TOCMOTPUM,
KaKue CUTyalluy IPUBOAST K HAPYIIEHUsIM B OOTIECHU U,

Peanuzanuio yar-60Ta Mbl MOTJIN OBl HAYATDH C onpezeseHs KOMIIJIEKTa TeCTOB JIJIs
6a30BoTO KJ1acca Dialog. Huske mokasana o0iiast CTpyKTypa Kiiacca TestBaseClasses,
TEeCTUPYIOLIEro MOKIACCHL, KOTOPbIE HACJAEAYIOT KJIacc Dialog 1 €ro MeTo/ listen.

Harmt niepBbiii TecT test_dialog_abc UCIIOIB3YET IEKOPATOP pytest.mark.parametrize,
MO3BOJISIONIN MTOCTATh B TECT MHOTO Pa3HBIX MPUMEPOB ¢ MUHUMAJIbHBIMU YCHU-
JISAMU:

import pytest

class TestBaseClasses(object):
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TecTupyeTt knacc Dialog

@pytest.mark.parametrize("text", [
"Gobbledeguk", "Gibberish", "Wingdings"

)

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

Tenepb MOKHO peasn30BaTh HECKOJIBKO TECTOB JIJId HAIIETO KJjacca Greeting. Ilep-
BBIIi TECT, test_greeting_intro, UCIIOIb3YeT IeKOPATOP parametrize /s IPOBEPKU
PpasHbIX KOMOMHALIMI BXOAHBIX CTPOK ¥ UMEH [10JIb30BATEIEH, YTOOBI y6e,Z[I/ITbCH, qTO
KﬂaCC6ﬂaFOHOHyHHOBO3Bpan€T1IBKaquTBeOHGHKHZKXHOBepHOCTHIHﬂEpHpe-
TauHH;qTorespondreHeppreT(»KHﬂaeMbﬁiOTBeTllan-6OTJIpOCMIWIOHBBOBaTeﬂﬂ
MIpeCTaBUTHC:

class TestGreetingDialog(object):
MpoBepAaeT NpaBWIbHOCTb UHTepnpeTauun BXOAHOro TeKCTa M COo3[aHuA
OXMAAEMOro OTBeTa kjaccom 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 HadvaslbHoe
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 MMOTEPIUT HEYAUy, 9TO HOCHYKUT CUTHAJIOM, YTO MbI
JIOJKHBI TIepe/iesiaTh KJaacce Greeting, 4ToObI OH MOT 00pabaThiBaTh H0JIee IMUPOKHIT
Analta3oH BO3MOKHBIX BAPUAHTOB BBO/IA.

Taxske MbI IOJDKHBI OMIPEIESTUTD KJIace test_initial_intro, 4TOOBI IPOBEPUTD, YTO
CITYYMTCS, €CJIH TI0JIb30BaTEb IPEJICTAaBUTCS /10 TOTO, Kak BBeIeT puBeTcTBue. [1o-
CKOJIBKY MBI 3apaHee 3HaeM, 9TO 9TO MPUBEET K ONIMOKE, HCIOIb3yeM JIEKOPaTop
pytest.mark.xfail 17 MPOBEPKU CIy4YaeB, KOTOPbIE BEPOATHEE BCETO IIPUBEAYT
K OmMOKe; 9TO TIOMOKET HAM 3aITOMHUTD KPAaeBble CIIydau st uX 00paboTku B Oy-
AYIAX BEPCUX:

@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 o0b6paboTky 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 OCTAOTCS BechMa a(PHEKTUBHBIM
METO/IOM YIIPaBJIEHUsI COCTOSTHUEM B PaMKaX [[HAJIOTra, 0COOCHHO KOT/Ia CO3/ai0T-
Cs1 ¢ IPUMEHEHNEM METOIUKU Pa3pabOTKU yepe3 TeCTUPOBAHUE U CHAOKAIOTCS
TeCTaMH, TPOBEPSIONIMMHU HAJEKHOCTh 06pabOTKI KpaeBhiX cirydaeB. [Ipumere-
HUE MPOCTON KOMOUHAIINN JIOTUKHU W PETYJISIPHBIX BBIPAsKEHUN JIJIST YIIPABJIEHUS
nuanoroMm (kak B ELIZA, PARRY u B Hatrem Kjiacce Greeting) MOKET OKa3aTbCs
Ha yauBieHne 3 dekTuBHbIM mpueMoM. OIHAKO COBPEMEHHbIE IUATOTOBBIE
AreHThI PEJIKO TOJATalOTCs TOJMBKO HAa 9BPUCTUKU. [IprumHbI 3TOTO BBHI ITOIIMETE
B CJIeAyIoIIel YacTu 9TOU TJIaBhl, T7Ie Mbl HAUHEM WHTETPUPOBATH JIMHTBUCTHAYE-
CKUe TTPU3HAKM.



3aHuUMaTesIbHble BOMPOChHI 267

3aHMMaTesIbHble BONMPOChI

Yar-60ThI 4ACTO IIPUMEHSTIOTCS 1151 OBICTPOTO MOIYYEHHUS OTBETOB Ha IIPAKTHYECKUEe
BOIPOCH, Takue Kak: «Kakosa nporsskennocts pekn Huin?»> B untephere cyie-
CTByeT MHOKeCTBO 0Oa3 3HaHwMii, Taknx kak DBPedia, Yago2 u Google Knowledge
Graph; takske ecTb 60JIbIIIOE KOJTUYECTBO MEJTKUX 023 3HAHUHN /1715 KOHKPETHBIX [PH-
JIOKEHHH, TAKUX KaK OTBETHI HA 4aCTO 3a/[aBaeMble BOIIPOCHL. Bee a1 mHCTpyMeHThI
TIO3BOJIAIOT NOJTYYUTb OTBET Ha HOCTaBHEHHbIﬁ BOIIPOC, M Hallla 3a/ila4a COCTOUT B TOM,
4TOGBI IPE0OPa3oBaTh BOIMPOC HA ECTECTBEHHOM SI3bIKE B 3aIIPOC K Oaze MaHHBIX.
Camblii IpocTOii c1oco6 peansaluu COCTOUT B CTATUCTUYECKOM COIOCTABIEHUN
BOIIPOCOB C OTBETAMU, OJIHAKO B (0OJIeE HAJIEKHBIX PEIIEHUsIX 0OBIYHO UCTIOIb3YETCsT
N CTaTUCTUYECKad, 1 CeEMaHTHUYECKaAd I/IH(l)OpMaHI/IH; Halpumep, ¢ IpuMeHeHneM
(bpeiiMoBOro MoAX0/1a K CO3AaHMIO MabJ0HOB A1 nepenadn B 3ampocax SPARQL
WJIM METOZIOB KJIaccuduKauu A1s uaeHTrudukanuu Tuna TpedyeMoro orsera (Ha-
[PUMEp, MECTOIONOKEHNE, OOBEM 1 T. I1.).

OiHAaKO B IMAJIOTOBBIX CHCTEMaX BO3HUKAET €llle O[Ha IpobieMa — UaeHTHHOUKAIHS
BOITPOCOB U OTIpe/ieieH e X THTIOB. IIepBbIM /1eJIoM cJleyeT MOHSTh, KaK BBITJIAIUT
BOITPOC; MbI MOTJIH ObI HCIIOJIb30BATh PETYJISIPHOE BIPAKEHIE [IJIsI TIOMCKA TTPE/II0-
JKEHU, HAUMHAIOINXCS C BOITPOCUTENBHBIX cJI0B («KT0», «UTO», «[11E5, «[louemy»,
«Kormas, «Kak») 1 3aBepImaiommxcs BOMPOCUTETBHBIM 3HAKOM.

OpHako 3TOT MOAXO0/I HaBEPHSIKA MPUBEIET K OMMUOKAM, TaK KaK He PaCIio3HaeT
BOIIPOCHI, HAYMHAIOTIUECS C JIPYTUX cJIOB (Hanmpumep, «Bbl ymeere roToBUTH?»,
«¥Y Bac ecTh YeCHOK?» ), U TPE/JIOKEHMs], «00epPThIBAOIINE> BOIPOCHI (HAIIpUMep,
«IIpncoemmanTecs k Ham?» ). Kpome TOT0, 3TOT 1OIX0/T MOKET TPUBOUTD K JIOKHON
UIeHTUUKAITNY TTPEIOKEHN, HAUMHAIONIUXCS C BOIMPOCUTEJBHBIX CJIOB (Ha-
npumep, «Korza B Pume...»), Wiin puTOPUYECKUX BOIIPOCOB, He TPEOYIONMX OTBETA
(mampumep, <A Cyapu KTO?» ).

HecMoTpst Ha TO 9TO BOTIPOCHI YACTO 33/AI0TCST HEOOBIUHBIM, HETIPEICKA3YEMbIM
¢c11oco60M, BCe JKe MOKHO BBIIETTNTD HEKOTOPbIE NX 3aKOHOMepHOCTH. [Ipesioskerust
KOJIMPYIOT TIyOOKO BIIOKEHHBIE CTPYKTYPBI M CBSI3U, KOTOPbIE BBIXOST JIAJIEKO 32
PaMKH ITPOCTOTO COTIOCTABJICHMSI. [1J1sT BBISIBIEHUS 9THX 3aKOHOMEPHOCTEH HaM HY-
JKeH CMHTAKCUYECKUH aHATIN3 HEKOTOPOTO BU/IA WJIH, MHBIMU CJIOBAMU, MEXaHU3M,
HCITIOJIB3YIONIHI KOHTEKCTHO-CBOOO/IHbIE TPAMMATUKHY [IJIsT OTIPe/IeJIeHUs] CHHTAK-
CUYECKOM CTPYKTYPBI TEKCTA.

B pasneine «V3Biedenne KioueBbiX (hpas3» riiaBbl 7 Mbl BUIEIH, YTO B OMOIMOTEKE
NLTK ectb 60J1bI110€ KOJUYECTBO APCEPOB, UCIIOIB3YOMINX TPAMMATHKN B CBOEI
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pabore, HO Bce OHU TPEOYIOT, 4TOOBI MbI TIPEIOCTABUIIM TPAMMATHKY, OTIPE/Ieisi-
IOTIYIO TIPaBUJIa KOHCTPYUpOBaHust hpas3 MiIn CIOBOCOYETAHUN U3 YacTell peun,
YTO UBJIMIIHE OTPAHIMYUT IMOKOCTH Hatlero 4yar-6ota. B cieayiomux pasaenax Mbl
HOIOM/IEM C JIPYTON CTOPOHBI M PACCMOTPHUM OoJiee THOKIE abTePHATUBBI: AHAIU3
3a6UCUMOCTEL NI COCTNABISIOUSUX.

AHanus 3aBUCMMOCTEN

[Tapcepst 3aBUCUMOCTEN — 9TO JIETKOBECHBI MEXaHU3M U3BJICUEHUS] CHHTaKCHYe-
CKOU CTPYKTYPHI MPEATOKEHUS MyTeM CBSI3bIBAHUS (hpa3 KOHKPETHBIMU OTHOIIIE-
Hugamu. C 3Tol 1eJIbI0 OHM CHavasa OMPEesaioT TIaBHoe CJI0BO B (hpase, a 3aTeM
BBISIBJISIOT CBSI3U C 3aBUCUMBIMU CTIOBaMU. Pe3yIbTaToM IBJISETCS CTPYKTYpa 1epe-
KPBIBAIOMIUXCS IYT, ONPE/EISAIONINX CMBICIOBbIE TIOJICTPYKTYPBI B ITPEIJIOKEHNN.

B otnuune ot 6mbnmoTekn NLTK, mcronb3yollelt Habop TeroB Penn Treebank,
C KOTOPbIM Mbl BMEpBble NO3HAaKOMUWChL B padaene «MapKMpoBKa YacTsMU 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.). Tern Universal PoS onpeaeneHbl IMHrBUcTaMmn (He NporpaMmMm-
CTaMu, Kak B cJlydae ¢ HabopoM Penn Treebank), a 3To0 3HaUUT, YTO AaHHbLIN HABOP
6oraue, XOTs B HEM He 10MyCKaEeTCsl, HanpyMep, UCMOb30BaHME TaKUX KOHCTPYKLWIA,
KaK tag.startswith("N") ans onpegeneHns cylecTBuTeNbHbIX (noun).

Paccmorpum tipeaioskenne «How many teaspoons are in a tablespoon?» (CkoJibko
YaiTHBIX JIOKEK COAEPIKUTCS B cTOJI0BOM J1okke?). Ha puc. 10.3 usobpaken pesysisrat
aHaJIM3a 3aBUCUMOCTei ¢ uctosb3oBanueM MoayJist DisplaCy us 6ubanorexn SpaCy
(mosiBuBterocs B Bepcun 2.0). [lepes aTum mapcepomM CTOUT 11eJ1b TOKA3aTh, KAK CJI0BA
B IIPEJITOKEHIH CBSI3aHbI MEKTY COOOI U KaK OHU BJIHSIIOT APYT Ha apyra. Hampuwmep,
SICHO BUTHO, YTO OCHOBOI 3TOI (bpasbl aBisgercs riaron (VERB) «are» (COmMepPKUTCS),
KOTOPBIN 00beMHsAeT HapeuyHyio rpyiiny (ADV,ADJ,NOUN) «How many teaspoons»
(CxoJIbKO YaitHbIX JIOJKEK ) C MIPEAI0KHOI (ADP,DET,NOUN) «in a tablespoon» (B cTosto-
BOI1 JIOJKKE ) Yepe3 3aBUCUMOCTD TOJIOBHOTO CYTIECTBUTETBHOTO «teaspoonsy (YailHbIX
JIOJKEK) M 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 6ubnunotekn SpaCy
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Yto6bl BOCCO3/IaTh pe3yJibTaThl, n300pakeHHble Ha puc. 10.3, cHavama 3arpy3um
[peBapUTENbHO OOYUEHHYIO MOJIENb TTAPCHHTA JIJIsT aHTJIMHCKOTO sI3bIKa. 3aTeM
ompenenuM (GyHKINIO plot_displacy_tree I MApCUHTA BXOAANIUX TTPEITOKEHIH
¢ mprMeHeHreM 00yYeHHON MO/IE/IN 1 BbIBEIEM PE3YJIbTaThl aHAJIM3a 3aBUCUMOCTE
¢ IOMOIIIBIO MeTo/a displacy. serve. Ecim BbinmoHuTh 9T0T Kot B Jupyter Notebook,
ayarpaMMa TOsSIBUTCS Ha CTPaHuIle OJOKHOTA; €CJIM BBITIOJHUTH €ro B KOMaHIHOI
CTPOKE, IMArPaMMy MOKHO Oy/IET YBHUIETH C TOMOIIBIO Opay3epa, OTKPBIB CTPAHUILY
http://localhost:5000/:

import spacy
from spacy import displacy

# NpeaBapuTenbHO HEO6XOAMMO BHIMOMHWUTHL 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')

AHaJyin3 3aBUCUMOCTEN 4aCcTO UCTIOJB3YETCs /LIS Peain3aliii ObICTPOTO U ITPABUJIb-
HOTO TPAaMMaTHYECKOTO pasdopa, a B COYETaHUN ¢ MAPKHUPOBKOW YaCTSIMU PEUH JIEJTaeT
GOJIBIITYIO YacTh U3 HeOOXOAMMOTO [IJIsT aHAIN3a Ha ypoBHE (hpas. O THOIIEHMST MEKITY
CJIOBaMU, OTIIpeiesigeMble B X0/le aHAIN3a 3aBUCUMOCTEN, TaKKe MOTYT ITPUTOINTHCS
B CMHTaKcnyeckoM anasnse. OHaKO aHaIN3 3aBUCHUMOCTEN He /IaeT O0CTATOUYHO
MIOJTHOTO TIPEJICTABJIEHUS O CTPYKTYPE MPE/ITTOKEHUIA, ¥ TIO9TOMY He BCeT/la OKa3bIBa-
€TCs1 I0CTATOUHBIM. Jlajiee MbI TOKasKeM, KaK TOJIydUTh O0JIee MOJHOE IPEBOBUIHOE
MpeJICTaBJIeHNE C UCIIOJIb30BAHUEM aHAIN3A COCTABJISIONIUX.

AHanNun3 CoCcTaBNAOLWMNX

AHanu3 coCcTaBJSIONMMUX — 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 YUUINUCH B MIKOJIE. Pe3yibraToM 9TOro
aHaJTN3a ABJSETCS APEBOBU/HAS CTPYKTYPA, OTPAKAIONIA CIOKHBIE B3AMMOCBA3H
Mesky iofibpazamut. AHAIN3 COCTABJISIONINX AT BO3MOXKHOCTD IIPUMEHUTD aJITo-
pPUTMBI 06X0/1a IEPEBHEB U 0OCUUTATH TEKCT, HO N3-32 MHOTOOOPA3HST €CTECTBEHHOTO
SI3bIKA JIEPEBO TIPEJIIOKEHMSI OOBIYHO MOKHO MOCTPOUTH HECKOJIBKMMU CIIOCOOaMU.

B pesynbrate ananusa namero mpumepa Bornpoca «How many teaspoons in a
tablespoon?» moJstydaercst ctpykTypa, nsobpaskentasi Ha puc. 10.4. 31ech Mbl BUIUM
ropasjio 6oJiee CJIOKHYIO CTPYKTYPY Toadpas u 6oJiee HEMOCPEACTBEHHbIE, 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, NOSyYEHHOE C NOMOLLbIO naketa Stanford CoreNLP

JlepeBbst aHAJI3a COCTABJISIIONINX 00PAa30BaHbl N3 KOHEYHBIX JINCTOBBIX Y3JI0B, TETOB
JacTeil pedn U caMux cJioB. HeTepMUHAIbHbBIE Y3JIbI TIPEACTABISAIOT (hpa3bl, 00b-
eIMHSIONINE Ter'W YacTell peun B CBsI3aHHbIE TPYIIIbL. B Haliem Bompoce KOpHEBOM
siBJisteTcst (ppaza SBARQ, TO €CTh MPE/IJIOKEHUE UIEHTUMDUITUPYETCS KaK MPSIMOI BO-
MIPOC M3-32 BBOJHOTO BOIIPOCUTETBHOTO CJI0BA. DTO MPEIJIOKEHIE COCTOUT U3 WHNP
(MMEHHOTO CJIOBOCOYETAHUS C BOTIPOCUTEIBHBIM CJIOBOM) 1 SQ, OCHOBHOTO TTPEJIJIO-
JKeHUS SBARQ, KOTOPOE CaMo ABJISETCA TIaT0JbHBIM cJI0BOcOdeTanneM. Kak BumnTe,
B 9TOM pa300pe MPUCYTCTBYET MHOKECTBO MEJIKUX JIETaJIell, KOTOPBIE OTHMCHIBAIOT
CUHTAKCUYECKUE COCTABJISIONIIE BOTIpocal

Teru WRB, WP 11 WDT CLIOCOOHBI TOMOYb CHCTEME «BOTIPOC-OTBET> UACHTU(DHUIINPOBATH
CJIOBA, MIPEJICTABJISTIONINE OCOOBII MHTEPEC B HAIIEM KOHKPETHOM KOHTEKCTE, ¥ BbI-
JIEJTUTH BOIIPOCHI OTHOCUTETHHO MEPEBO/IA MEXK/TY €IMHUIIAMU U3MePeHUsT; WRB — 5TO
BOIIPOCUTENIbHOE Hapeure (HarpuMep, BOIPOCUTETLHOE CJIOBO, UCIIOIb3yeMOe KaK
Mozaudukarop cioBa, kak B Borpoce « When are you leaving?» (Korma Bbl yesskae-
Te?)); WP — 9TO BOIPOCUTEIbHOE MecTonMeHue (Kak B Borrpoce « Who won the bet?»
(Kro Beiurpan?)); u WDT — BONIPOCUTEBHBIIT onipeesTesib (kak B Borpoce « Which
Springfield?» (Kakoit Cupunrduin?)).

[Taker Stanford CoreNLP — 5To MOJHBII KOMILUIEKT HHCTPYMEHTOB 06paboTKH
€CTECTBEHHOTO SA3bIKA, HaMCaHHbIN Ha Java. OH BKIIOYAeT CPEACTBA A1 MapKu-
pOBKI/I qacTaMU pqu/I, CUHTAKCUYE€CKOTIO aHaJ/In3a, paCllO3HaBaHWA MMEHOBAaHHBIX
CYIIHOCTEN, aHaIn3a SMOIMOHAIBHON OKPACKH M MHOTOTO JIPYTOTrO.
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YCTAHOBKA 3ABUCUMOCTEW /151 NAKETA STANFORD CORENLP

Jliist paboThI TEKyIIast Bepcust aketa TpebyeT Halnuust Ha KoMITbIoTepe Java 8
(JDK1.8) usu 6oJiee TO3/1Hel BEPCHUTL

3arpysure u usBiexute wHcTpymerTsl 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 06aBbTE TyTH K paclHakoBaHHBIM (haiiiaM .jar B mepeMeHHbIe OKPY-
skenust. s 9Toro oTKpoiite B pegakTope daiisn .bash_profile u pobaBbTe
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 nepasrem o6HoBeHnu 6ubanorek NLTK mosiBuiicst HoBbIii MOy b nltk. parse.
stanford, KOTOPBIN MO3BOJISIET UCIIOJIB30BATH Mapcepbl 13 makera Stanford BayTpu
NLTK (1ipu ycI0BUH, YTO BBl YCTAaHOBILIN Bce HeoOXoAuMbIe (haiiibl Jjar 1 ompee-
JILJIA ITYTU K HUM B IIePEMEHHBIX OKPY>KEeHUS ), 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):

WUcnonb3yeT npefBapuTenbHo obyyeHHyw Moaenb u3 nakeTa Stanford ans
U3BNeYeHUs LepeBa 3aBUCUMOCTEN C LUesbl AajibHeWlero ero Ucrnosib30BaHUA
LPYTMMU METOAAMM .

Bo3BpawaeT CNucok fepeBbeB

parse = stanford_parser.raw_parse(sent)
return list(parse)

HapucoBaTh IepeBO COCTABISIONINX, OJTyYeHHOe ¢ npuMeHeHneM Stanford u uso-
OpaskenHoe Ha puc. 10.4, MOKHO ¢ TOMOIIBIO nltk.tree. ITO MO3BOJUT HAM BU3Y-
AJIbHO UCCJIEIOBATh CTPYKTYPY BOIIPOCA:
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def plot_stanford_tree(sent):

MpeacTaBndeT fepeBo 3aBucumocTel Stanford B Buae u306paxeHus

parse = stanford_parser.raw_parse(sent)
tree = list(parse)
tree[0@].draw()

Vcenenyst BusyanbHOe 0TOOpaKeHIEe Pe3yJIbTaTOB CHHTAaKCHYECKOTO aHaJIu3a, 10-
JIy4eHHbIX ¢ TToMOIIbi0 StanfordNLP, MoskHO 3aMeTHTb, 4TO GoJiee IInHHbIE hpasbl
uMeroT GoJiee CJI0KHYI0 CTPYKTYPY. AHAJIM3 COCTABJISIONIUX JaeT MHOTO WHMOpPMa-
II1H, KOTOPasi MOJKET OKa3aThCsl M3OBITOYHOI JIJISI HEKOTOPBIX Mputokeruit. O6a
BU/Ia aHA/IN3a — 3aBUCHMOCTEN U COCTABJSIONIMX — CTPAJAIOT OT CTPYKTYPHOI
HEOJHO3HAYHOCTH, B TOM CMbICJIE, YTO OHM TAK/Ke MOTYT OIIPE/Ie/IsATh BEPOSTHOCTD
[PaBUJIBHOCTH (hpasbl, KOTOPYIO MOYKHO MCIOJIb30BATh /IS BBIYMCIEHUS OIEHKU
nocroBeprocTr. OHAKO YPOBEHbD JeTAIM3AIMN CHHTAKCUCA JIeJIaeT aHaIu3 CO-
CTABJISIOIUX OTJIMYHBIM KAaHAMAATOM JIl IIPOCTON MAECHTU(DUKALUNA BOIIPOCOB
U iprMeHeH st (hPeiMOB J1JIst U3BJICYEH NS 3alipalliiBaeMoii nH(GOPMAIH, Kak OyaeT
[IOKa3aHO B CJIEAYIOIIEM Paselie.

BbisiBNieHue Bonpoca

[TpexBapurenbho obyueHubie Moeau B SpaCy u CoreNLP siBJIsiroTcst MOIITHBIMU
Cpe/icTBaMU aBTOMAaTUYECKOTO aHaTM3a M aHHOTUPOBAHUS BXOSIITUX TIPEJIOKEHUT.
[TosrydyeHHbIe aHHOTAIIMK 3aT€M MOKHO UCIIOJIb30BATh J1JIst 00X0/1a MPOaHAT3UPO-
BAHHBIX MPEJIOKEHUH U TIOMCKA TETOB YaCTEN PeUl, COOTBETCTBYIONTNX BOITPOCAM.

Cnayasa mpoBepuM Ter, IPUCBOEHHBIN CaMOMYy BepXHeMYy y3Jiy ROOT (HyJeBO
9JIEMEHT B JiepeBe pa3dopa, Kyjia CXOISATCST BCE €r0 BETBH). 3aTeM IIPOBEPUM TETH,
MPUCBOEHHBIE BETBSAM W JIUCTHAM, YTO MOKHO CIETaTh C TOMOMIBIO METO/IA tree. pos
13 MOAYJISA nltk.tree.Tree:

tree = print_stanford_tree("How many teaspoons are in a tablespoon?")
root = tree[@] # KopeHb -- nepBblii 3nemMeHT B AepeBe pa3bopa npensokeHuA
print(root)

print(root.pos())

[Tocure pazbopa MOKHO TOCMOTPETD, YEM PA3JIIIAIOTCS PA3HbIE BOIPOCHI, HCIIOJIb3YST
teru Penn Treebank, ¢ koTopbiM MbI BllepBbIe TIO3HAKOMUJINUCH B pasfesie «Mapku-
POBKa YacTsIMU peun» T7aBbl 3. B Hamem ciryyae Mbl BUIMIM, YTO KOPHEM B HaIleM
NPEITIOKEHNUN SBJIsIeTCsT SBARQ (TIPSIMOIA BOITPOC € BBOJIHBIM BOIIPOCUTEJBHBIM CJIO-
BOM, B [aHHOM CJIy4a€ BOIIPOCUTEJIbHBIM HapeuyneM WRB). Hpe[[JIO)KeHI/Ie HauynHaETCA
¢ WHNP (BOTIPOCHUTEIBHOTO MMEHHOTO CJIOBOCOYETAHN ), cofiepKaiiero WHADIP (Bo-
IPOCUTEIbHOE TIPUJIaraTeJIbHOe CJI0BOCOYETAHE):
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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 IIPEUMYTIIECTBOM TaKOTO CIIocO6a MAEHTU(DUKAIII BOIPOCOB SIBJISIETCS
ero ru6koctb. Hanpumep, eciin u3MeHUTH Halll BOIPOC Tak: «Sorry to trouble you,
but how many teaspoons are in a tablespoon?» (IIpocture 3a 6eCIIOKONCTBO, HO
CKOJIBKO YaiHBIX JIOXKEK COJIEPKUTCS B CTOJIOBOM JIOXKKE?), Pe3ysIbTaT TOJYyUNTCS
WHBIM, HO TIPU3HAKK BOTIPOCA, WHADIP 1 WRB, OCTAHYTCST 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))))))
G MN
[('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 nepeyncyieHbl HEKOTOPbIE TETH, KOTOPbIE MbI CYMTaeM HauboJiee 1mo-
JIE3HBIMU /19 UAeHTUMDUKAITIN BOITPOCOB. 1[0MHBIN CITUCOK MOKHO HANTU B KHUTE
Iun buc (Ann Bies) u gpyrux. «Bracketing Guidelines for Treebank IT Style»'.

Ta6nmua 10.1. Tern 3 Penn Treebank II ansg naeHtTudmkaumm Bonpocos

Ter 3HaueHue Mpumep
SBARQ MpsiMolt Bonpoc ¢ BBOAHbLIM Bonpo- | «How hot is the oven?» (Hackonbko ropsiya
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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Ta6nmua 10.1 (okoHyaHue)

Ter 3HaueHue Mpumep
SINV MepeBepHyTOE NOBECTBOBATENb- «Rarely have I eaten better». (Pegko roe
Hoe (AeknapaTMBHOE) Npeasioxe- q obepan nyywe.)
Hue

SQ MepeBepHyTHIN Bonpoc Aa/HeT unu | «Is the gumbo spicy?» (3T0T rambo

rnaBHas BomnpocuTenbHas dpasa OCTpbINA?)

S MpocToe noBecTBoBaTeNnbHOE (Ae- «I like jalapenos». (MHe HpaBuTCS xanane-

KfiapaTUBHOE) NpeasnoXeHue HbO.)
WHADJP | BonpocutenbHoe npunaratenbHoe | CnosocouveTaHue «How hot» (Hackonbko
CnoBoCOYeTaHne ropsiya) B Borpoce «How hot is the oven?»
(Hackonbko ropsiya neuyb?)
WHADVP | BonpocutenbHoe HapeyHoe cnoso- | CnosocodetaHne «Where do» (I'ae) B BO-
coyeTaHue npoce «Where do you keep the chicory?»
(Cae Bbl XpaHWUTE LIMKOPUIA?)
WHNP BonpocutenbHoe MMeHHOE C/I0BO- CnoocoyeTtaHne «Which bakery» (Kakas
coyeTaHune nekapHs) B sonpoce «Which bakery is
best?» (Kakasi nekapHs nyywasa?)

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, Henb3s 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$ MpuTsxaTensHoe BonpocuTenbHoe | Cnoso «Whose» (Ybsi) B Bonpoce «Whose

MeCTOMMeHUne bowl is this?» (Ybs 310 yaluka?)
WP BoripocutenbHoe MecTonMeHne Cnoso «Who» (Kt0) B Bonpoce «Who's

hungry?» (Kto ronogeH?)

B CJIEYIOIIEM pa3/iejie Mbl ITIOCMOTPUM, KaK C ITIOMOIIbIO 9TUX TETOB MOKHO NAEH-
TI/Iq)I/IHI/IpOBaTI) BOIIPOCHI, HanboJiee noaxogdauine 1Jisd BUPTYaJibHOI'O KyJIMHapa.

OT CTONOBbLIX JIOXKEK K rPpaMMaM

Jlasiee MbI J0GABUM B HAIIl 4aT-00T CUCTEMY «BOITPOC-OTBET, UCTIOJIB3YOILY IO TIPE/I-
BapUTEJIbHO 00YYEHHBIE MOJEIH, C KOTOPBIMU MbI TIO3HAKOMUJIMCH B TIPEABIAYIIEM
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pasjiesie, i1 IOJI/IEP’KAHUS IUAJIOTOB HA KyJTHHAPHYTO TEMY, KaCatolUXCs TIepeBo/ia
eIMHUIL U3MepeHus. B moBcemHeBHON KU3HU JIOAN 9acTO (hOPMYIUPYIOT BOTIPO-
CBI 71 TIepeBO/Ia MEXIY eTUHUIIAMI U3MePeHusd, HadnHasd uX co cioBa «How»
(Cxoabko) — Hanpumep «How many teaspoons are in a tablespoon?» (Ckosbko
JATHBIX JIOKEK COMEPIKUTCS B CTOJIOBOH JoxkKe?) uin «How many cups make
a liter?» (Cxonbko crakanoB B uTpe?). st Hameit 3aaum upaeHTUOUKAIA THITA
BOITPOCa MbI OYy/IeM CTPEMUTHCSI HHTEPIPETUPOBATH BOIIPOChl Bua « How many X
arein a Y?» (Cxospko X B Y7?).

HaunewM ¢ onipeiesieHust Kyacca Converter, HacJIeyIoIIero Hair kiacc Dialog. IIpen-
TI0JTAraeTCs, YTO HK3EMILISIPBI Converter OyyT MHUITHAIN3UPOBATHCS 6a301 3HAHUI
0 peoOpPa30BaHUAX eANHUIL U3MepeHuil. 1o mpoctoil daita JSON, xpaHsmiics
B Iy T CONVERSION_PATH ¥ OTIHCBIBAIONIIIT TPe0Opa3oBaHIs MEK/Y BCEMU eMHUTIA-
MU M3MepeHust. B MOMEHT MHUIMAIM3al[|K 9TH TIpeodpasoBaHus OyIyT 3arpysKaThCst
C TIOMOMIBIO json.load. KpoMe TOTO, MBI HHUITHAIN3UPYEM MTapcep (B JaHHOM CIIydae
6yzer ucnoabzosarbest CoreNLP), a takske stemmer 13 NLTK 1 inflect.engine us
6ubmoTeKn inflect, ¢ IOMOIIBIO KOTOPBIX OyieM 00pabaThiBaTh MHOKECTBEHHOE
YHCJIO B METOJIAX parse 1 respond COOTBETCTBEHHO. MeToj1 parse Gy/IeT HCIIOIb30BATh
metos raw_parse U3 CoreNLP, 4To0bl MOJy4YnTh A€PEBO aHAIM3a COCTABJISIONINX,
Kak ObLJIO TOKA3aHO B IPE/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 AJ/iA 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)

[asnee, B MeTole interpret MHUIIMAIU3UPYEM CIIMCOK €IUHULl U3MEPEeHUsI, 17151 KOTO-
PbIX OYLYT HOEPKUBATHCS TIPE0OPasOBaHMsl, HAYaIbHYIO OI[EHKY J0OCTOBEPHOCTH
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YKCJIOM @ U CJIOBaph /it cOOpa pe3yJibTaToB WHTepIpeTalnu. V3BiedeM KOpeHb
JlepeBa aHa/n3a IPeIJ0oKeHUI U UCII0JAb3yeM MeTOL nltk.tree.Tree.pos, 4TOOBI
OTBICKATh TETH YACTEH PEUr, COOTBETCTBYIOIINE BOMIPOCUTETHHOMY Hapeduio (WRB).
Ecim takue Teru mpucyTCTBYIOT, YBEJIMYUM OIIEHKY 0CTOBEPHOCTH M HAaYHEM 00X0/]
ZiepeBa ¢ MCIT0Jb30BaHUEM METO/[a MTOMCKa nltk.util.breadth_first, BBIOpaB MaK-
CUMaIbHYIO TIyOuHY 8 (4TOOBI OTPAHUYKTD TIAYOUHY peKypcun ). B mo0bIx momie-
PEBBSIX, COOTBETCTBYOIINX CHHTAKCHUYECKOMY MTa0JIOHY BOITPOCOB THIIA «CKOJIBKO>,
OIIpeZieJINM U COXPAaHUM CYIIECTBUTE/IbHbIE €IUHCTBEHHOI'O NI MHOKECTBEHHOTO
YUCJIA, TPEICTABIISAIONINE HAYAIbHYIO M KOHEYHYIO eIMHUIIbI U3MepeHus. Eciu B oji-
nepeBe oOGHapysKaTcs Kakue-J1ubo Ynciia, COXpaHuM HX B CJIOBape results ¢ KJIIOYOM
quantity /7151 11eJIeBOU eIMHUIIBI U3MEPEHUS.

[l TpOCTOTHI MCTTONB3yeM TIPOCTOH, HO 3(PDEKTUBHBIN MeXaHNU3M BBIUUCICHUS
JTOCTOBEPHOCTH; BOSMOKHO, C YYETOM Balllero KOHTEKCTa Tieiecoobpastee Oyier mc-
TI0JTb30BATh GOJIee M30IIPEHHOE petientie. Ecii yiamoch yeremHo uieHTHdUIIpoBaTh
HCXOJIHYIO M KOHEUHYIO eZIMHUILY U3MepPeHts, CHOBA YBEJIMYMM OLIEHKY JI0CTOBEPHOCTH
confidence 1 106ABUM 9TU €IMHUIIBI B CJIOBAPD results. Eciii enHNUITBI H3MepeHNsT
IPHUCYTCTBYIOT B Oa3e 3Hanwmii (To ecTh B (haiiie JSON), CHOBa yBeJMUYIM OIEHKY /10~
cToBepHOCTH confidence. Hakonerr, Beprem KopTex (results, confidence, kwargs), KO-
TOPBIT METOJT respond GYJIET MCTIOIb30BATh /st (HOPMUPOBAHUS OTBETA TOJTH30BATEIO;

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 Hanu4Me BOMPOCUTENIbHBIX Hape4uii

if "WRB" in [tag for word, tag in root.pos()]:
# Ecnm ecTb, yBenu4nTb confidence u BbIMONHMTBH 06x04 AepeBa
confidence + = .2

# OrpaHM4MTb pekypcuw nepepaver aprymeHTa maxdepth
for clause in breadth_first(root, maxdepth = 8):
# HailTu npocTble nMoBecTBOBaTesbHble npeasoxeHus (+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 BeUYUHbI

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 06e eauHUUpl M3MEpPEHUs 3afaHbl. . .
if len(measures) ==
confidence + = .4
results["src"] = measures[9]
results["dst"] = measures[1]

# MMpoBepuTb MUX MPUCYTCTBUE B Hawei Tabiuue 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 miepeii T K peansaliiy MeTo/ia respond, 106aBUM HECKOJIBKO BCIIO-
MoraTeJbHbIX yTU/IKT. [TepBast u3 HUX, convert, BBITIOJIHSIET Pe0OPa30BaHUE MESKLY
HCXOJIHOH U 11eJIEBOI eIMHUTIAMU U3MePeHus. MeTos convert MTPUHUMAET CTPOKHU
C Ha3BaHWSIMHU UCXOIHON (src) U 1eJieBol (dst) equHUI] U3MePEHNI, KOJTMUECTBO
HCXOJIHBIX €JIMHUI] U3MEPEHMUsI, KOTOPOE MOKET OBbITH BENECTBEHHBIM UJIH 1EJTbIM
YHCJIOM, ¥ BO3BpAIlaeT KOPTEX C eANHUIIAMU U3MepeHus (converted, source, target):

def convert(self, src, dst, quantity = 1.0):

I'Ipeo6pa3yeT 3afaHHOe KONMNYeCTBO UCXOAHbIX eAuHUL U3MepeHUA B LeneBble.

# BbINONHUTb CTEMMUHI WCXOAHOW eAWHULBl U MPUBECTU K eAUHCTBEHHOMY 4UC/Yy
src, dst = tuple(map(self.stemmer.stem, (src,dst)))

# lpoBepuUTb 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 METOBI round, pluralize 1 numericalize, UCIIOJIb3YIOIINE YTUINUTHI

u3 6ubaMOTEKN humanize /Ui ipeoOpazoBaHust ynces B (hopmy, Oojiee TIOHATHYIO
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 MeTo/ie respond MpOBepUM YPOBEHb JTOCTOBEPHOCTHU U, €CJU OH JI0-
CTATOYHO BBICOK, BBIMOJHUM (haKTHUECKOe TTPeodpasoBaHiie MEKIY eINHUIAMK
N3MepeHus ¢ IIOMOIIBIO convert, a 3aT€M BbI30BeM round, pluralize 1 numericalize
I{TO6I:>I IIPpUBECTU OTBET B YZ[O60‘{HTa€MbIﬁ BU/I:

def respond(self, sents, confidence, **kwargs):
Mcnonb3yeT 6ubnuotekn humanize u inflect, 4TO6H MpuMpaaTb OTBETY
6onee ynoboumTaembii 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)

# OKpyrnivTb 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)

# OTdopmaTMpoBaTb 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 ITO9KCIIEPUMEHTUPOBATD C METO/IOM listenu HOHpO6OBaTb rnepeaarb
€MY HECKOJIbKO BO3MOJKHDbIX BOHpOCOB,HTO6BIHOCMOTpeTb,HaCKOHbKO Xopo11o
HaIlll KJjacc Converter CIPaBUTCA C Pa3HbIMU KOM6I/IHaHI/IHMI/I CAVMHUIL U3MEPCHUA
1 KOJIMYEeCTBEHHbIMU Be/JIMYMHaAMM!

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, nMmeromnue opmy KopTexkeii (reply, confidence), TTOKa3bIBAIOT, YTO
Converter CIOCOOEH YCIIENIHO BBITIOIHSTH TIPe0OPa30BAHMUST C BBICOKOI CTETIEHBIO
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)

O6yueHue ansa pekoMmeHaaUUK

[Toaepskka mpeobpasoBaHmil MEKLY €IMHUIIAMI H3MePeHst, 0e3yCJIOBHO, yI00HasT
(byHKIWSI, HO JlaBaiiTe peajr3yeM HedTo Oojiee YHUKATbHOE — CHCTEMY PEKOMEH-
JIalliy perenToB. B aToM pasjesie Mbl paccMOTPHUM Tiporiece (M306paskeHHbII Ha
puc. 10.5), mosydaroniit KOPIyc perenToB, BHITTOTHSIONII HOPMATU3AINIO TEKCTA,
BEKTOPH3AIMIO U CBEPTKY PAa3MEPHOCTH TPOCTPAHCTBA TPU3HAKOB, M 3aTEM MCTIOITh-
3YIOIIHIT aTOPUTM OJIVIKAIITNX coceiell 7ist BBIOOPa PEKOMEH/IYEMbIX PEIEITOB.
B nanuoM cirydae XpaHHMBIM COCTOSTHUEM HAIllero BapuaHnTa Dialog Oy/eT akTHBHAs
MOJI€JTb MAITMHHOTO 00yYeHust, CIocoOHas BbIJIaBaTh PEKOMEHIAIINH U 100aBIIsITh
HOBbBIE OT3BIBbI [TOJIb30BATEJIEH, TOSIBJISIONIUECS C TEYEHHEM BPEMEHH.
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Kopnyc
petenTos

Jtan c6opku

Anroputm BallTree
TruncatedSVD P noucka cpeam
OnuKaiLLux coceaein

A 4

TfidVectorizer

A 4

TextNormalizer

Bxogawme CoxpaHsioLLyuii Xpanumoe Mpennaraemie
‘ coobLLieHna npeo6pasoBateb, [iepeBo peventbl

Jtan pa3BepTbiBaHNA
Puc. 10.5. CTpyKTypHasi CxeMa pekoMeHAaTeNbHON CUCTEMbI

3Bneyenne
cnucka
VIHIpefineHToB

NPEAMETHO-OPMEHTUPOBAHHbIW KOPMYC

Jliist 00yuerHust peKOMeHATeIbHON CUCTEMbI MbI Oy /IEM KCIIOJIb30BaTh KOPILYC
C TEKCTaMU Ha KYJHHAPHYIO TeMY, COCTOSIIIIIT U3 COOOIIEeHn T 1 cTaTeil B 6J10-
rax, CojiepsKalinuX PeenTbl KOHKPETHBIX OJII0]1, a TAKKe PACCKa3bl U OIMUCAHIIST
aTrx 61101, Takoii KopIyc MOKHO CO3/1aTh, U3BJIeKas agpeca URL us crncka
KyJIMHAPHBIX 6JI0TOB, nepedrpast Be6-caiiThl M MHAEKCUPYst UX cTpaHuilbl. Har
kopiyc coaepxut 60 000 goxkymentoB HTML o6umm 06beMoM TPUMEPHO
8 T'6aiiT, XpaHsIIIUXCS B IePeBE KaTAJIOrOB 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

Mpb1 Hancasm Kiiacc HTMLCorpusReader, HATTOMUHAIONTU I OTHOMMEHHBIH KJ1acc
u3 pasjziesia «O6beKThI YTEHHSI KOPITYCOB» B IUIaBe 2, 100aBUJIM MeTO/ titles(),
KOTOPBIi n3Bjekaet 3aronosku HTML-crpanuir, 4T06bI UMETHh BO3MOKHOCTD
JaTh y000YNTAEMYIO CChIIKY Ha KaK/IbIil PelerT:

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

AHanusupyeT HTML u BblGMpaeT 3aronoBku u3 Tera head.
for doc in self.docs(fileids, categories):

soup = bs4.BeautifulSoup(doc, '1lxml")

try:




O6yyeHve ansi pekoMeHZaumn 281

yield soup.title.text
soup.decompose()

except AttributeError as e:
continue

YuurbiBasi pasMep KOpILyca, Mbl PeaJM30Bajii BEPCUIO KJIacca Preprocessor,
[peJCTaBIEHHOTO B ryaBe 3, KoTopas ucnosb3yer Python-6ubanorexy
multiprocessing st mapasuieibHON 06pabOTKU KOPITyca B METO/E transform.
B riase 11 MbI ogpobHee 06Cy M TIPIMEHEH e 9TON OMOTNOTEKH U IPYTHX
c110c000B MapasuIeIbHONi 06PabOTKY.

Coceancrso

[1aBHBIIT HEZOCTATOK a/IrOpUT™Ma OJIMKAIINX coceiell — CI0KHOCTD TIOUCKA C YBEJIH-
JeHreM Pa3MePHOCTH TIPOCTPAHCTBA TPU3HAKOB; YTOOBI HAITH R OJIMZKANTIIINX coceieit
HEKOTOPOTO BEKTOPU30BAHHOTO JIOKYMeHTa d, HEOOXO[IMO BBIYMCIMTH PACCTOSTHIE OT
d /10 KasKI0TO IPYTOTO OKYMEHTA B KOpItyce. Tak Kak B HAIIIEM KOPITyCe COEPKUTCST
nopsizika 60 000 ToxkymMeHTOB, 3TO 03HAYaeT, yTo Ham mpuzercs Beraucantb 60 000 pac-
CTOSTHUU U YU€CThb KaXK/[0e U3MePeHe B BEKTOPE JIOKyMeHTa. To eCcTh JJIst IPOCTPaHCTBA
npusHakos ¢ 100 000 usMepeHuii, 4To He TaK YK HeOOBIUHO /IS TEKCTa, 9TO 03HAYAET
HeO0OXOIMMOCTD BBITIOTHEHHUST 6 MUJLTHAPIOB OTEPAIii [IsT KasKI0To perterral

OueBuHO, HAM HYKHO HAlTH C1I0C00 YCKOPUTD MOUCK, YTOOBI 4aT-60T MOT OBICTPO
BO3BpaIaTh pekoMeHmau. C aToil 1esIbi0 MBI, BO-TIEPBBIX, /IOJIKHBI YMEHBITUTh
PasMEPHOCTH MPOCTPAHCTBA MPU3HAKOB. MBI yiKe Jlesialii Mog00HYI0 CBEPTKY pas-
MEPHOCTHU B KJacce TextNormalizer, KOTOPBIH MCITONBL30BAIN B TJIaBax 4 1 5, BbI-
MOJTHSS IEMMATU3AINIO U IPYTHE «YTIPOIeHHbIe» TTPUEeMbl OUUCTKH, 9P PeKTUBHO
CHUIKAIOIINE PA3MEPHOCTh JaHHBIX. MBI MOTJIM Obl €Ille YMEHBIINUTh PA3MEPHOCTD
¢ MOMOIIIBIO KJacca FreqDist M3 TJIaBbl 7 B pOJIN IIpeodpasoBaTelist, 4T06bI 0TOOPAThH
TOJIBKO JieKceMbl, coctaBJstioniue 10—-50 % pacrpeznenenus.

Takske MOKHO CBsI3aTh Halll TfidfVectorizer ¢ TruncatedSvD us 6ubanorexu Scikit-
Learn, KOTOpBIiT YMEHBIIUT Pa3MEPHOCTD HAITHUX BEKTOPOB 10 HECKOTHKUX KOM-
MOHEHTOB (1 TEKCTOBBIX JOKYMEHTOB JKeJaTeTbHO MepelaBaTh B apryMeHTe
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 pe3ysabTaTbl MOTYT TOJY4aTbCS HETOYHBIMH,
B 3aBHCUMOCTH OT 0COOEHHOCTH PacIipeie/IeHUsT JaHHbIX.

Takske MOKHO UCIIOJIb30BATh MEHEe I0POrOCTOAIILYIO AIBTEPHATUBY TPaMIIHOHHOMY
MOMCKY OJMKANIIX coce/ieil, HapuMep, aJTOPUTMbI apoBbIX AepeBben (Ball-
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Tree), k-mephubix gepesbes (K-D trees) u xermmposanusi ¢ yaerom 6ausoctu (Local
Sensitivity Hashing, LSH). Anroputm K-D tree (sklearn.neighbors.KDTree) — 3T0
aNMpoOKCUMAIUst OJIMIKANIIIX coce/lei, BBIUMCISIONast PACCTOSHUS OT 3alaHHOTO
9K3eMILIsIPa d 10 OTPaHUUYEHHOTO TTOAMHOKECTBA 9K3eMILISAPOB B Habope. Ho MeToz
K-MepHBIX ZIepeBbeB TLIOXO0 CIIPABJISETCS ¢ Pa3PeKeHHBIMH JAHHBIMU C GOJIBITIM
KOJINYECTBOM U3MePEHUIA, [TOTOMY UTO MCITOJIb3YeT 3HAUEHUSI CITYIaiHBIX IIPU3HAKOB
JUIST pas/iesieHrst JaHHbIX (KaK Bbl HABEPHSKA IOMHUTE, B BEKTOPHOM IIPEICTABIEHUN
JIOKyMeHTa OOJIbITMHCTBO MPU3HAKOB OY/yT MMETh HyJIeBbie 3HaueHus1 ). MeToj
XEMIUPOBAHKS € yueToM Osn30cTi a(hPeKTUBHEE CIPABIISETCS ¢ MHOTOMEPHBIMHE
JAHHBIMU, OJJTHAKO TEKYIIas ero peajansalys B Scikit-Learn, sklearn.neighbors.
NearestNeighbors, Tpu3HaHa Hea(h(heKTUBHOM 1 3allJlaHUPOBaHA IS yAATeHsT U3
6MOIMOTEKU.

CyLLeCTBYIOT Takxke peanvsaummn annpoKCUMUPYIOLWMX airOpUTMOB Mnowvcka 65im-
XaWlumnx coceaen B Apyrmux bubnmnotekax, Hanpumep Annoy (6ubnunoteka Ha C++,
A5 KOTOPOM eCcTb MoAy/b Ha Python), koTopasi B HacTosiLiee BpeMsi UCMOSb3yeT-
cs B Spotify ans AnHamMnuyeckoro Bbl6opa peKOMeHAALMN OTHOCUTESIBHO My3bl-
KaJIbHbIX MPOV3BEAEHUIA.

B nammem yaT-60Te MbI Oy1eM uctob3oBaTh anroput™ Ball-Tree. [Togo6Ho anroput-
My k-MepHbIX fepeBbeB, Ball-Tree pazbuBaet aKk3eMILISIPbI JAHHBIX TAK, YTO TOUCK
GIVKANIIIX cocelell MOKHO BBIMTOJHUTH JIMIIb B OFPAHHYEHHOM ITOIMHOKECTBE
JaHHbIX (B JaHHOM CJIydyae BO BJIOKeHHbIX ruiepcdepax ). Anroputm Ball-Tree ripo-
nosskaet 9 dEKTUBHO pabOTATh C YBEIMUEHUEM Pa3sMePHOCTH IIPOCTPAHCTBA IIOMCKA
6amkaiiux cocegeit'. Peanusamnys anropurMa B Scikit-Learn, sklearn.neighbors.
BallTree, HOJAEP/KUBACT HECKOJIHKO PA3HBIX METPUK PACCTOSHUS, KOTOPBIE MOAKHO
HCIIOJIb30BATh U CPABHUBATH JIJIST ONTUMHU3AIMI KauecTBa Pe3yJ ITaToB.

HaxkoHel, yCKOPUTB MOMCK PEKOMEH/IYEMBIX PEIENTOB MOJKHO 3a CUET cepuasinsa-
1K 06ydeHHOro TpeobpasoBaTesisi (YTOObI K BXOAHBIM JaHHBIM, TOJTYYaeMbIM OT
0JIb30BaTe e, MOKHO OBLIO IPUMEHSIT Te JKe CaMble MTPeoOPa3oBaHNs ) U 1€PEBa,
4TOOBI YaT-60T MOT BBIIIOJTHATH 3aIlIPOCHI, He TIepecTparBasi 1ePeBO Kaxk /bl pas.

CHauaJia orpe/ieJIuM KJiace BallTreeRecommender, MHUIIMAIU3UPYEMBbIIT YUCJIOM k
JKeJIaeMOTo KOJIMYecTBa PeKOMeHai (110 YMOIYaHUIO PaBHO 3), MyTAMU K Xpa-
HIMOMY 00y4eHHOMY mpeoOpa3oBaresio svd.pkl 1 0Oy4eHHOMY JE€peBY tree.pkl.
Eco Mmoziens yike oOGydeHa, 3T KOMIIOHEHTBI OY/IyT CYIIECTBOBATh, U METO/ load
3arpysut ux ¢ aucka. Muade onn GyayT 06ydeHbl 1 COXPAHEHbBI 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):

AnAa 3apgaHHoOro Ha6opa BXOAHbIX TepMWUHOB BO3BpallaeT k peKOoMeHAO0BaHHbIX

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 CyWeCcTBYHT.

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 [O/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 Mojiesan sklearn.neighbors.BallTree MOKHO BbI3BATh METO/I tree.
query, YTOOBI TIOJTYYUTH PACCTOSTHUS 10 k OIMKANIINX TOKYMEHTOB U X WHIEKCHI.
JlobaBuM B Halll KJ1acc BallTreeRecommender METOA-00€PTKY query, HCITOJIb3Y IO
00y4eHHBbIIT TpeobpasoBaTe/b JAJsi BEKTOPU3AIMU U PeoOpasoBaHusT BXOAHOTO
TEKCTa U BO3BPAIIAIOIINN TOJIbKO MHAEKCHI OIMKANIIIX PELIEITOB:

def query(self, terms):

JnAa BXOAHOrO CNUCKa WHrpeauMeHTOB BO3BpalaeT 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[0]

Mpeano)xxeHne pekoMeHAaUMN 7]

[omycTuMm, 9T0 MBI o6qu/UH/I BallTreeRecommender Ha HaIllEeM KOPILyCe PEILENTOB
U coxpaHusu apredakTbl Moze . Termepb Mbl MOJKEM Pean30BaTh BHIGOPKY PEKO-
MeH/Ialnil B KOHTeKCTe abCTPakTHOTO 6a30BOTO Kiacca Dialog.

SKseMHJIHp HaIllero HOBOTO KJiacca RecipeRecommender 6yz[eT MHUIMAJIU3UPO-
BaThCsl 0OBEKTOM YTEHUST KOPITyca ¥ MOJIEIBIO C METO/IOM query, TaKOI KaK Halll
KJacc BallTreeRecommender. [[JIsl ITOJIy4eHUsI CCBIJIOK HA XpaHUMble PEIelThl 110
3aroJIoBKaM coOOIIeHUI OyieM UCII0Ib30BaTh METOJI corpus.titles(), yIIOMUHAB-
mmiics Builie Bo Bpe3ke «IIpeiMeTHO-OpreHTHPOBAaHHBIN KOPITyC». Ecin ak3eMIsip
RecipeRecommender eiiie He 0Oy4eH, er0 METOJl __init__ BBIMOJHUT HEOOXOAMMbIe
obyuenue u mpeobpasoBaHUeE:

class RecipeRecommender(Dialog):

[lnanor, Bo3BpalWawwWUin peKkoMeHaaLun

def __init_ (self, recipes, recommender = BallTreeRecommender(k = 3)):
self.recipes = list(corpus.titles())
self.recommender = recommender

# 06yunTb MoAenb BblbOpa pekomMeHAauuilt Ha Kopnyce
self.recommender.fit_transform(list(corpus.docs()))

Cuieyomuii MeTojI, parse, pasdUBaeT BXOAHYIO CTPOKY Ha CITMCOK CJIOB ¥ BBITTOJTHSIET
MapKHUPOBKY YaCTSMU PeYu:
def parse(self, text):

M3BneKaeT WHrpeaMeHTbl U3 TeKCTa

return pos_tag(wordpunct_tokenize(text))
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Hamm metoz interpret mpuHUMAaeT pe3yJIbTaT TAPCUHTA TEKCTA U OTIPEIeIsIeT, SBJIs-
€TCs JI OH CITMCKOM MHTPeIMeHTOB. Eciin 9T0 /1eficTBUTEIbHO CTUCOK MHTPE/TUEHTOB,
BBICKA3bIBaHNE TPAHCHPOPMUPYETCS B KOJIEKITUIO CYTIIECTBUTENBHBIX 1 OTIPE/IesIsIeT
OIEHKY JIOCTOBEPHOCTH KaK TIPOIEHT YKCJIA CYIIECTBUTEIBHBIX OT 0OIIEro Ymca
CJIOB B CXOIHOM cO00IIeH 1. V1 CHOBa MBI KICITOJIB3Y€EM 3/1€Ch YITPOTIEHHBIH CITOCO0
OIIEHKU JIOCTOBEPHOCTHU B IIEPBYIO OUepelb Pajyl IPOCTOTHI TpuMepa. Ha npakruke
6bL10 OBI MIOJIE3HO TPOBEPUTH MEXAHU3M OIIEHKU JOCTOBEPHOCTH; HAITPUMEP, MPe/l-
JIO’KUB IKCIIEPTaM OIEHUTh KA4eCTBO aHHOTHPOBAHHOTO TECTOBOTO HAOOPA, 4TOOBI
yOenThCST, 4TO HU3KUE OTIEHKHU J0OCTOBEPHOCTH JIEHCTBUTEIHHO COOTHOCSITCS C OT-
BeTaMu ¢ HoJiee HU3KMM KaueCTBOM:

def interpret(self, sents, **kwargs):
# Ecnm 3To obpaTHas cBA3b, O6GHOBUTbL 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

Haxonerr, MeTo respond IPUHUMAET CIIUCOK CYN[ECTBUTEIHHBIX, U3BJIEUEHHDBIX
METOJIOM interpret, U OIEHKY JIOCTOBEPHOCTHU. Ecii interpret N3BJIEK OTHOCUTEH-
HO 6OJIb]_HOB KOJIMYECTBO CYHIECTBUTEJbHDBIX, OII€HKA /JOCTOBEPHOCTU TIOJYUUTCA
JOCTATOYHO BBICOKON I BEIOOPA peKoMeHganuil. PexoMenganmuy n3BIeKaoTcs
BbISOBOM BHYTPEHHETO METO/Ia r‘ecommender‘.quer‘y, KOTOPOMY TIiepeaaeTcsa CIIMCOK
CymeCTBUTEJbHDIX!

def respond(self, terms, confidence, **kwargs):
Bo3BpalwaeT peKkoMeHAaLWW, eCAU 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 MOJKHO 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 pE3YJIbTAThI 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/ii MaliMHHOTO 00y YeHUs BBIUTPHIBAIOT OT Ha-
JIU4st 00PaTHOI CBsI3U, KOTOPYIO MOKHO MCIIOJIb30BAThH /IS TOBBINIEHUST KAueCTBa
pe3yJibTatoB. B KOHTEKCTE KyJIMHAPHOTO YaT-00Ta, BO3BPAIIAIOIIETO PEKOMEH/[yeMbIe
PEIENTHI, Y HAC €CTh MPeKpacHast BO3MOKHOCTD 00aBUTh MOAIEPKKY 0OPaTHOM
CBSI3W Ha €CTECTBEHHOM sA3bIKe. Hampumep: MBI 3HaeM, 94TO TTOJIB30BATENb IBHO
3amHTepecoBaH, ecau orsedaer coobmenreM «OK, show me the Cranberry Brie
Bites recipe» (Xopoiiio, Hokaxu MHe perenT Opu ¢ KIIOKBOI ), U, OIUPasCh Ha 9Ty
nHOOPMAINIO, MOKHO YBEJTUUUTD PAHT CBIPHOTO JIEJTUKATECA B PE3YJIBTaTaX, U3MEHUB
HOBBIIl KOMIIOHEHT BEKTOPA, CBI3aHHBIN ¢ TTPEIIOUYTEHUSIMU TT0JIb30BATEI.

Kaxk BapuaHT, MOKHO MHUIIUUPOBATH AUAJIOT C [IOJIb30BATEIEM U IBHO CIIPOCUTD €T0,
4TO OH ZyMaeT O IpeAIoKeHHbIX perentax! Yar-60Thl Ja0T YHUKAIBHYIO BO3MOK-
HOCTb HOJIy4UTh OoJiee TToAPOOHBIE OT3bIBbI, KOTOPast OTCYTCTBYET B COBPEMEHHbIX
Mexanusmax clickstream.

B 3aknroueHue

BJIaI‘OI[apH I'I/I6KI/IM A3BIKOBBIM MO/IEJISAM, O6y‘-IeHHI)IM Ha peAMETHBIX KOPITyCax,
B COYETAHUU C Y3KOII Clrielnansanueii 4aT-60Thl TO3BOJISIIOT JIFOASAM HAXOAUTh WH-
(bOpMaLII/HO U TI0JIy4aTb OTBETBI HE TOJIBKO 6I)ICTp€‘€y YEM IIPU UCITOJIb30BaAHUU APYTUX
CPEJICTB, HO ¥ HAMHOTO TIpoiiie. [1o Mepe coBepIleHCTBOBAHNS MEXAHU3MOB aHAJIN32
1 CO3/IaHMsI TEKCTOB Ha €CTECTBEHHOM sI3bIKe 001IeHIEe ¢ GOTOM MOKET B KOHEYHOM
UTOTE 0Ka3aThes O0JIee MPOLYKTUBHBIM, YeM OOIIEHIE C YeTOBEKOM!

B aT0i1 ritaBe MBI TPeICTaBUIIN OCHOBY /IS CO3IAHMST TMATOTOBBIX aT€HTOB, B TIEHTPE
KOTOPOI HaXOAUTCs aOCTPaKTHBIN Ki1acc Dialog. OOGbeKTHI Dialog 1MOMYYAiOT BBOJ
[0JIb30BATEJ IS, AaHAJIM3UPYIOT U MHTEPIIPETUPYIOT €r0, OOHOBJISAIOT BHYTPEHHEE CO-
CTOSIHIE U 3aTeM BO3BPAIIAIOT OTBET, €CJIM HE0OOXO0IUMO, OIIMPasiCh Ha 0OHOBJIEHHOE
cocrosmne. Kiace Conversation — 9TO KOLIEKIIN 00bEKTOB Dialog, I103BOJIAIOIAA
co3/1aBaTh KOMOMHUPOBAHHBIE YaT-00ThI, B KOTOPHIX KasK /bl 0ObEKT Dialog OTBEYAET
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3a UHTEPIIPETAIli0 KOHKPETHOTO BBO/IA. B 3TOi1 Ty1aBe Mbl TPEICTABUIN ITPOCTYIO
BepCHIo KJ1acca Conversation, KOTOPBIN ITepPeIacT BXOIHBIE JAHHBIE BCEM BHYTPEHHIM
JIMAJIOTaM U BO3BPAIAET OTBET C HAUBBICIIIEH OIIEHKOMN JIOCTOBEPHOCTH.

DpeitMBOPK Dialog a€T BOBMOKHOCTD JIETKO CO3/[aBATh JAMAIOTOBbIE KOMITOHEHTHI
1 100ABJIATH UX B IIPUIOKEHHUS, a TAK/KE PACHIUPATH 9TU KOMIIOHEHTBI €3 0COObIX
YCUJIMIA U TECTUPOBATh MX 10 OTAEJIBHOCTH. MBI HEe 3aTPOHYJIM 9Ty TEMY B IAHHOI
rjase, HO B HarieM pernosutopun GitHub ects nipuMeps peanusaium obIieHus
BHYTPU MIPUJIOKEHUST KOMAHHOW CTPOKK Ui BeO-mipusioxkennst Ha octoBe Flask:
https://github.com/foxbook/atap/.

Harmn kysimHapHbIil TOMOIIHUK TeTeph CIOCO0eH aHAIM3UPOBATH BXOHOI TEKCT,
OIPE/IEJISATH TUITBI BOPOCOB U TIPOU3BOMUTH MPE0OPA3ZOBAHUS MEK/LY €IMHUIIAMI
U3MepEHUii NI PEKOMEH/I0BATh PEIENThI B 3aBUCUMOCTH OT BOIIPOCA, 3a/laHHOTO
nosib3oBaresieM. Ha cieaytonux atanax passuTis yar-60Ta MOKHO Ob110 ObI 106a-
BUTb BOBMOKHOCTD BeJleHUs1 Geceibl, 00y4nB Ha KOpITyce ¢ GecelaMu Ha KyJIMHAPHYTO
TEMY SI3BIKOBYIO MOJIEJIb HA OCHOBE 7-TPaMM, KaK PaCCKa3bIBAIOCh B TJIABE 7, WIN
ACCOMMATUBHYIO MOJIeNIb, C KOTOPOI MBI TO3HAKOMUMCS B T71aBe 12. B caenyiorett
rJIaBe Mbl UCCJIELyeM TIPHEMbl MacIITaGuPOBAHUsI, C TOMOIIBI0 KOTOPBIX MOKHO
cosziaBarh OoJiee IIPOU3BOIUTENbHbIE TPUIOKEHNST HA OCHOBE aHA/IN3a €CTECTBEH-
HOTO $I3bIKA, U IOCMOTPUM, KaK UX IPUMEHSATD /ISl yBEJUUEHUsT CKOPOCTH OT cOopa
KOpITyCa ¥ €ro IPeBaprTeIbHOI 00pabOTKH /10 TIpe0Opa3oBaHMst 1 MOIETUPOBAHMSI.



MacwTtabupoBaHue
aHanM3a TeKcra

TekcTOBbBIE KOPITYCHI, KCIIOJIb3YeMbIE B TIPUIIOKEHUSIX JAHHBIX C MOIEPIKKON aHa-
JIN3a eCTECTBEHHOTO SI3bIKa — 9TO HeCTaTHYeCKIe HaGOPHI JaHHBIX, OHK IIOCTOSTHHO
pacTyT u usMeHsforcs. BosbMeM, K mpuMepy, CUCTEMY «BOIIPOC-OTBET»; € HAIIel
TOYKM 3PEHMUsI, ITO MIPUJIOKEHNE He TOJIBKO BO3BPAIIAaeT OTBEThI, HO TakKe coOu-
paet Borpochl. To ecThb gake OTHOCUTENBHO CKPOMHBIN KOPITYC BOIPOCOB MOXKET
OBICTPO TIPEBPATUTHCS B OOIIUPHBII pecypc it 00ydeHHs] TPUIOKEHUST TIOUCKY
6oJiee TOUHBIX OTBETOB.

K coskamnenuio, MeTozibl 00pabOTKN TEKCTa OY€Hb IOPOTH, C TOUKU 3PEHHST KaK MPO-
crpaHcTBa (B TAMSTH WJIN Ha IMCKE ), TaK U BpeMeH! (oTpebJIeH s BBIYMCTUTETbHOM
MotHOCTH). [T09TOMY ¢ yBeJamueHneM pa3mMepoB KOpITyca JIJIst €0 aHaai3a Tpedy-
ercst Bce GOJIbIIe BBIYUCIUTETBHBIX PECYPCOB. BO3MOKHO, BBI yike 3aMETHIIH, KaK
MHOTO BPEMEHU TPAaTUTCs Ha 00pabOTKY KOPITYCOB B 9KCIIEPUMEHTAX B 9TON KHUTE!
OcHoBHOE pelerne mpo6JIeMbl I0POTOBU3HBI 00pabOTKH GOJIBIINX HAGOPOB JaHHBIX
3aKJII0YAETCS B YBEJIUYEHUU BBIYUCTUTEIBHBIX PecypcoB (IIPOIecCOPOB, TUCKOB,
HaMsITh ) JIUIsT pactpeenerns paboueil Harpysku. Kora HeCKOJIBKO PecypcoB OJ[HO-
BPEMEHHO 06pabaThiBaloT pasHbie (hparMeHThl Habopa JAaHHBIX, MbI TOBOPUM, 4TO
OHM JAEHCTBYIOT NAPALLENLHO.

[Tapannennsm (mapaJiiesibHble WJIW paclpeielcHHbIe BBIUMCIEHNUS) UMEET JIBe
octoBubie hopmbl. [lox napainerusmom na yposre sadau moapasyMeBaeTcst OHO-
BPeMEHHOE BBITTOTHEHNE PA3HBIX U HE3aBUCUMBIX OTIEPAITUI ¢ OMHUMU U TEMU K€
nanubiMu. [lapanieausm na yposre 0anHbLx TIPETIONATAET OIHOBPEMEHHOE TTPHMe-
HEHWe OHON U TOii JKe omeparuu cpasy K HeCKOJIbKUM (hparMeHTaMm HaHubix. Ob6a
9TUX BUJIA TIAPAJJIEIM3MA YaCTO UCIIOJIb3YIOT /IJIST YCKOPEHUS MOCJIeI0BATETbHBIX
BBIYMCJICHUN (KOTIa ONePaIliU BBITTOTHSIOTCS IPYT 32 IPYTOM ).
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Baxxno IIOMHUTD, 4TO AJId AOCTUKEHUA BBICOKOIT CKOPOCTH B IapaJlJIEJIbHOM OKPY-
JKEHUM YacTO IPUXOAUTCH UATH Ha KOMIIPOMUCCHL. BoJblee KOJMuecTBo MeHee
eMKUX JIUCKOB [O3BOJISIET YU TATh JAHHbIE OBICTPEE, YUeM MeHbIIIee KOJIUUECTBO GoJiee
€MKHX, HO ITPX1 3TOM Ka}KZ[bIﬁ JANCK 6yl[eT XPpaHUTb MEHbIIE TaHHbIX 1 Ka}KZ[bH;,I N3 HUX
[PUIETCS YUTaTh OT/AeTbHO. [TapajiiesibHble BBIYUCIEHNS O3BOJISIOT BBITOJIHATH
3aaHus ObICTPEe, HO TOJIBKO €CJIM UM He MPUXOAUTCS 5KAATh 3aBEPUICHUS IPYT OT
apyra. Ha moAroToBKy pecypcoB K apaJiieJbHbIM BEIYHCIEHUSIM TPEOYeTCst BpeMs,
1 €CJIM 9TO BPEMS IIPEBBIIIAET IIPUPOCT IIPOM3BOANTENBHOCTH, TOT/IA TTaPaJLIeIN3M
TepsieT CBOIO IIeHHOCTh (eM. 3akoH Amzana (Amdahl)"). Emie oxto caencrsie 6opbOb
32 BBICOKYIO CKOPOCTb — HEOOXOMMOCTh MCIIOJIb30BAHUS alllIPOKCUMAI[H BMECTO
IOJTHOIEHHBIX BBIYMCIIEHHH, TIOTOMY YTO KasKABIH OTAENbHBII pecype He UMeeT
IIOJIHOTO TIPEICTABIEHUS BXOAHBIX JAHHBIX.

B 210ii ri1aBe Mbl pACCMOTPHM /BA TI0/IX0/Ia K OPTAHU3AIMH aPAJLIETbHbIX BbIYNC-
JIEHUIA,  TaKIKe UX JIOCTOMHCTBA U HelocTaTKu. [IepBblii, Ha OCHOBE UCTIOJIb30BAHMS
MOJLyJIst multiprocessing, MO3BOJISIET IPOrPAMMAM UCIIOJIb30BaTh MHOTOSIICPHBIE
IIPOIECCOPBI U OTOKH BBINOJIHEHUST ONEPAIIMOHHOI CUCTEMBI, HO OTPAHUYMBAETCS
BO3MOKHOCTSIMU KOMITHIOTEPA, HA KOTOPOM 9THU IIPOrPAMMBbI BBIIIOJIHSIIOTCS. BTOpoii,
Ha ocHOBe (peiiMBopKa Spark, 1aeT BO3MOKHOCTb UCIOJIb30BATh KJIACTEPHI, CIIO-
COOHbBIe MacIITabupPOBaTHCST 10 JTOOGOTO pa3Mepa, HO TpedyeT OpraHu3aIui HOBBIX
pabounX MPOIECCOB U MOIEPAKKU. L1esIb JaHHOH IJTaBbl — MO3HAKOMUTD BAC C ATUMHE
MeXaHU3MaMU, YTOObI BbI MOTJIM OBICTPO BOBJIEUb UX B IIPOIECC AHAIM3A TEKCTA,
a TaK’Ke JIaTh BaM JIOCTaTOUYHbII 00beM MHBOPMAIHU /15t IPUHSTHS 000CHOBAHHBIX
pellieHrii B BBIOOPE TEXHOJIOTHU B KaXK/I0OM KOHKPETHOM CJIyyae.

Moaynb multiprocessing

COBpeMeHHbIe orepaloOHHbIE CUCTEMbI CHOCO6HI)I OIHOBPEMEHHO BBITIOJTHATDb COTHN
MIPOIIECCOB HA MHOTOS/IEPHBIX TIpoIieccopax. [Iporiecc mmanupyeTcs /is BBITTOJTHEHUST
Ha 1enTpaibaoM rpoieccope (CPU) u pacniosiaraercst B CBO€ii, U30JIMPOBAHHON 00-
gactu mamsti. Kora sammyckaercst mporpamma Ha Python, onepanmonnast cucrema
BBITIOJTHSIET €€ KOJI B OT/IEJIbHOM npoyecce. I1poriecchl IelCTBYIOT HE3ABUCUMO, U JIJIST
obMena nHbopMaleil M HeOOXO/IMM HEKOTOPBIN BHENTHUN MeXaHU3M (HaIrpuMmep,
(haiisibl Ha AHCKE, TabIUIBI B 6a3e JaHHBIX UJIN CeTeBbie COeJTMHEHNS ).

KpOMe TOTO, eZII/IHCTBeHHbHL/,I IIpoIecc MOJKET ITOPOJIUTH HECKOJIBKO 7120MOKO06 6blN0Jl~
Hnenusi. ITOTOK BBIIOJTHEHNST — 9TO MUHUMAJIbHAS €/IMHnIla pa6OTI)I IJIA TIJTaHUPOB-
IMKa, IIpeACcTaBJIAET c0boii II0CJIe/1I0BAaTE/IbHOCTD HHCprKHI/Iﬁ, KOTOpPbIE OOJIZKHBI

' 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. TIporieccamu yrpasiisieT orepalioHHast CHCTeMa,
HO yIIpaBJIeHHE MOTOKaMHU BBITIOJTHEHHUST OCYIIECTBIISIET caMa IIporpaMMa, U 0OMeH
JTAHHBIMU MEXK/IY TOTOKAMHU B PAMKaX OJTHOTO MPOTIECCa MOKET MPOU3BOIUTHCS Ge3
MPUBJICYCHNUS JTIOOBIX BHEITHUX MEXaHU3MOB.

CoBpeMeHHbIE ITPOIIECCOPBI UMEIOT HECKOJIBKO SIZIEP, MOJIEPKUBAIOT KOHBEHEPHY 1O
00paboTKy U Apyrue crocoObl ONTUMU3AIMK BBIIIOJTHEHUS TOTOKOB. SI3BIKH MTPO-
rpammMupoBanus, Takue kak C, Java u Go, MOTYT HCITOJIb30BATH CHCTEMHBIE TIOTOKH
BBITIOJTHEHUST [JIsT TIOJ/IEPIKKHM KOHKYPEHTHOTO, a TIPH HAJIMYMU HECKOJBKUX sIIep
B IIPOIIECCOPE — U TapaJlJIeJIbHOTO BBINOJHEHMsI B paMKaX 0HO nporpammbl. K co-
sxaseHuto, Python e MOKeT HCIIOIB30BATh TIPEUMYIIECTBO HAJIMYUST HECKOJIBKIX
sep u3-3a rao6anbHoil Giokuposku nHTeprnperaropa (Global Interpreter Lock,
GIL), kotopast obecrieunBaet (Ge30MacHble MHTEPIIPETAINIO W BBITIOJHEHNE OaiiT-
koxa Python. To ectb, eciiu nporpamma Ha Go mMoskeT 106uThest 200-1POIEHTHOTO
ucrnosb3oBannst CPU Ha KOMIIbIOTEPE € JABYXbsJIEPHBIM MTpotteccopoM, To Python
He MOJKET UCI0Jb30BaTh Oostbiire 100 % enHCTBEHHOTO sijipa.

B Python ectb gononHWTENbHbIE MEXaHW3Mbl MOAAEPXKN KOHKYPEHMHO20 8bi-
MonHeHus!, Takve kak bubnunorteka asyncio. KOHKypeHTHOe W napannienbHoe
BbIMO/IHEHME UMEIOT MHOIO 06LLEero, HO BCE e Pas/MUYatoTCs: NoA napaniesbHbIM
NMOHMMAETCS OAHOBPEMEHHOE BbIMO/THEHUE BbIYUCIEHMI, @ NOA KOHKYPEHTHbIM —
KOMBMHaLIMS HE3aBUCUMBbIX BbIYMCIIEHWIA, BbINOSIHEHWE KOTOPLIX NIaHMpPyeTCs Tak,
YTO6bI MakCMManbHO 3MEKTUBHO MCNOMb30BaTh pecypcbl. ObCcy)xaeHne acuH-
XPOHHOMO MPOrPAMMMPOBAHUS 1 COTPOTPaMM BbIXOAWT AANEKO 3a paMKu 3TOW
KHUIMM, HO OHW SIBNSIOTCS MOLLHBIMM MeXaHM3MaMW MacluTabupoBaHus aHanm3a
TeKCTa, 0COBEHHO AN 3afady, MHTEHCMBHO UCMOSb3YHOLWKMX onepaumny BBOAA-Bbl-
BOAA, TaKkMx Kak cbop AaHHbIX Unm onepaumu ¢ 6a3amm AaHHbIX.

OcuoBHast mojiepkKa napasiennama B Python peannsoBana B 1ByX MOIYJISIX:
threading u multiprocessing. O6a UMEIOT MOXOKUI TPOrpaMMHBIIT HHTEpdeEiic
(B TOM CMBICJIE, YTO IPU HEOOXOAMMOCTH BBI JIETKO CMOKETE TIEPEKTIOUATHCST MEFK LY
HUMN ), HO B KOPHE Pa3JINvyaloTcs BHYTPEHHEH apXUTEKTYPOIL.

Mopuysib threading cosmaer otoku Python. [luist Takux 3agad, Kak c60p JaHHbIX,
KOTOPbIE UCIIONB3YIOT ApyrHe cucTemubie pecypcebl momumo CPU (Takue Kak Auck
U ceTeBble COeJMHEHNs ), MOAY/Ib threading MOKET 0Ka3aThCs XOPOIIUM BbIOO-
POM IS TIOIEPAKKN KOHKYPEHTHOTO BBINOJIHEHK. Ho Ipu ero ncronb3oBanum
B Ka)KﬂbIﬁ KOHerTHbIﬁ MOMEHT BpEMEHIN 6y[[eT BbIITOJIHATHCA TOJIBKO OZAMH IIOTOK,
IapaJjijieJibHbI€ BbIYMCJICHUA B 9TOM CJIyLIae IIPOCTO HEBO3MOJKHDI.

Jl1st moCTHKEeHUst NICTUHHOTO TapajuieinaMa B Python Heo6XoaMo HCIIoIb30BaTh
MOJLyJIb multiprocessing. DTOT MOYJb 3aMyCKAET JAOMOJHUTEIbHBIE JOUePHIE
IIPOIIECCHI, BBIMOJIHSIONINE TOT JKe KO, YTO U POAUTETHCKUIN TIPOIECC, TUOO0 MyTeM
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semenenus (forking) B cucremax Unix (ormepannoHHasi CHCTEMA CO3/1aeT MTHOBEH-
HBI CHUMOK TIaMsITH JICHCTBYIOIIETO TIPOIecca U KOIIUPYET ero B HOBBIH Mpoliecc),
6o myrem nopoxcoenus (spawning) B Windows (3amyckaercst HOBbIii 9K3eMILISAP
unrepnperaropa Python, koropomy nepegaercst Ko Toii sxke nmporpammbi ). Kaskabiii
IIPOIIECC BBIMTOIHSAET CBOM 9K3eMILIsIp MHTepIpeTaropa Python co cBoeii rimobanbHoi
6moxuposkoit GIL, u ka bl MOsKeT 3azielicTBoBath rpoieccop Ha 100 %. To ecTb,
€CJIN 3ATYCTUTh YETHIPE MPOIECCa B CHCTEME C YETHIPEXDSIIEPHBIM TIPOTIECCOPOM,
MOKHO 100uThest 400-mipotteHTHOI 3arpysku CPU.

Ha puc. 11.1 nokasana TUnMYHas OpraHu3alis MapajieIbHOTO BBITOJIHEHHS TIPO-
rpammbl Ha Python. 3ech ecTb pouTesibCKuii (MK IJIABHBIN ) IPOIECC U HECKOJIBKO
JIOYEPHUX MTPOIIECCOB (OOBIYHO MO OHOMY Ha SIIPO, XOTSI X MOKET ObITh 1 OOJIbIIIE).
Poaurenbekuii mporece moAroTaBianBaeT 3aanust (MCXOAHbIE TaHHbIe, W BBOJ)
JUISE IOYEPHUX TIPOIIECCOB M COOMPAET MOJIyYeHHbIe UMU Pe3yJIbTaThl (UJIH BBIBOL).
IMTepemaya JaHHBIX MEKIY TOTOMKAME U POANUTEIEM OCYIIECTBISETCS C UCTIOIh30-
BaHHeM MOAYJist pickle. Korga poanTebCKiii poliece 3aBepIiaeTcs, BMECTE C HUM
0OBIYHO 3aBEPIIAIOTCS U JI0YEPHIE TPOIIECCHI, BIIPOYEM, OHU MOTYT OCTaThCST «OCH-
POTEBIIMMU» ¥ TIPOJOJZKUTH PABOTy HE3aBHCUMO.

gemarieHue npucoeduxetue
[naBHblil
npowecc
gemesieHue npucoeduxeHue ; \
TnaBHbli / 3anava N\
/ \
npoLjecc s | obyyeHus 1A \
7 S~ /I )

[naBHblit .7 .| 3apava | rnaewen |7 | 3apava & [nasHbiii
npouecc " |BexropusawmA]  ~]  npouecc " | obyuenns 2A w|___npouecc
3ajaua 3ajava
BeKTopy3aLm b 00yuenus 1b
3ajava
06yueHus 2b

Puc. 11.1. OpraHu13aums napannienbHOro BbiMOMHEHMS 3a4a4

Ha puc. 11.1 usoGpazkeHsl ABe 3a1a4ii BEKTOPU3AIIUH, BHITOJIHSIIOIUECST apasljie/ib-
HO, U TJIABHBIN IIPOIECC, OKUAAIONINN X 3aBEPIIEHUS 10 MEePeXo/ia yIIpaBIeHusI
K 3aj1auaM oOydeHus: (HalpuMep, JIBYX MOJeJIeil [IJisl KaskI0ro U3 IBYX CII0COOO0B
BEKTOPHU3AIINH ), KOTOPbIE TAK:Ke BBITIOJHSIOTCS MapaieabHo. Orepalius 6emenerus
HOPOJKIAET HECKOJIBKO JOYEPHUX MTPOIIECCOB, a orepalust npucoedunenus (joining)
3aCTaBJISIET JOUEPHUE MTPOIIECCHI 3aBEPITUTHCSI U BEPHYTH YIIPABJIEHIE TJIABHOMY
nporeccy. Hammpumep, Ha 1iepBoM atalie BEKTOPU3AI[MN Y HAC €CTh TPHU IPOIlecca:
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IJTaBHBIM 1 /1Ba jouepHuX, A n B. 3aBepinB BeKTOpU3AINIO, J0UEPHUE TTPOIECCH
IPUCOEANHSIOTCS 00paTHO K ryiaBHOMY Tpoiieccy. [TapajurebHast mporpaMma Ha
puc. 11.1 3amyckaeT mecTb MapaieJbHBIX 3a/1a4, TOJTHOCTHIO HE3ABUCUMBIX, 32
UCKJII0YEHIEM TOT0, YTO 3a1a4i 0O0yUYEHUsT JOJIKHbI 3aIlyCKAThCSI TOJIBKO MOCJIE 3a-
BepIEHNsT BEKTOPU3AITUH.

B caenyiouem pasgesie Mbl IOCMOTPUM, KaK OPralu30BaTh TaKoe I1apasLlebHoe
BBITIOJTHEHNE C TPUMEHEHNEM MOy multiprocessing.

3anyck napassiesibHbiX 3apaay

Yto0bl yBUIETH, KAK MOJLYJIb multiprocessing MOXKET IIOMOYb YCKOPHUTD IPOILIELYPY
MAIIMHHOTO 00YY€eHsI, PACCMOTPUM IIPUMEP, 00YYAIOIIHiT HECKOIBKO MOJIEJIEN, BbI-
MOJTHSIOMUYN UX TIePeKPECTHYIO TTPOBEPKY U COXPAHSIONIAN Moeau Ha auck. [us
Havasa onpee M Tpr (DYHKIINH, PeaTr3yIoliie HAMBHYI0 6aileCOBCKYIO MOJIEb,
JIOTHCTUYECKYTO PETPECCUIO M MHOTOCJIOMHBIN TreprienTpon. Kakmas dhyukist Oymer
CO3/1aBaTh CBOIO MOJIEJIb, ONPEEIsieMyI0 OGBEKTOM Pipeline, M3BJIE€Kast TEKCT U3
Kopiyca B 3ajantoM aiisre. Kaxmas 3ajava Takke Oy/eT morydaTb MyTh s CO-
XPaHEHUsT MOJIEJTH U BBIBOAUTH PE3YJIBTAThI € TIOMOIIbIO MO/YJIst 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([



Moaynb multiprocessing 293

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()))

[nsi NpocToThl KOHBeMepbl B dyHKUMsX fit_naive_bayes, fit logistic_
regression M fit_multilayer_perceptron BbINONHAIT ABa OAWMHAKOBbLIX
nepBbIX Lara, UCnonb3ys 06bekTbl HOpManU3aunmM U BeKTopusaumn, obcyxaas-
lMecss B rnaee 4; OAHAKO MOXHO MPeanosioXWTb, YTO AN pasHbIX Moaenen
nydwe nogownu 6bl pasHble METOALI U3BEYEHMS NMPU3HAKOB.

[laxxe mpu TOM, 9TO KXKIYIO PYHKITHIO MOKHO U3MEHATH U HACTPAUBATh OTETHHO,
BCE OHU MCITOJIb3YIOT OJUH U TOT JKe OOt KOx — QYHKINIO train_model(), KOTO-
pas co3naet PickledCorpusReader JJI 3a/laHHOTO HyTH.(IBH{KHHH'tPain_model()
UCIIOJIb3YET ATOT OOBEKT JIJIST CO3IaHUS IKIEMILISIPOB U METOK, BBIYUCJISIET OIIEHKU
C TIOMOIIBIO YTUJIMTHI cross_val_score u3 Gubanorexu Scikit-Learn, oby4yaer Mo-
JleJTb, 3aMTMCBIBAET ee Ha JIMCK € TIOMOTILIO joblib (Cennann3npoBaHHbBIN MOYJIb
ucnosb3yeMbiii 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 Kaaccupukauuu
corpus = PickledCorpusReader(path)
X = documents(corpus)
y = labels(corpus)

# BbIYMCNUTL OLEHKM MeTOLOM MepeKpecTHON npoBepku
scores = cross_val_score(model, X, y, cv = cv)

# 06y4uTb MOAENb Ha BCEM MacCUBE AAaHHbIX
model.fit(X, y)

# 3anucaTb Ha AuCK, ecnan TpebyeTcsa
if saveto:
joblib.dump(model, saveto)

# BepHyTb OLEHKM, a Takxe Bpema 0by4eHuUs 4Yepe3 gekopaTop
return scores

O6paTtute BHMMaHME Ha TO, YTO (yHKUMS train_model cama co3paeT obbekT
yTeHns kopnyca (a He nony4yaeTr ero usBHe). [pu MCNoNb30BaHUU MOAYNS
multiprocessing Bce apryMeHTbl (DYyHKLMIM, a TakKe BO3BpaLlaeMble 06BbEKTHI
JOJSDKHbI AONYCKaTb BO3MOXXHOCTb cepuanu3auum mogynem pickle. Ecnv obbekt
yTeHus1 kopriyca byfeT co3aaBaTbCsl B JOYEPHMX MpOLieccax, ero He npuaeTcs
cepuanusoBaTb M NepeaaBaTb Mexay npoueccamu. CrnoxHble 06beKThI He Bceraa
noaAaloTCa cepyanusaunmn, n gaxe rnpu ToMm, 4to CorpusReader MOXHO cepua-
NM30BaTb M nepepaBaTb B (YHKUWWM, MHOTAA Mpolle 1 bbicTpee nepeaaBaTb
TOJIbKO MPOCTbIE AaHHbIE, TAKME KaK CTPOKMW.

documents() 1 labels() — 3TO BCIloMOTaTeJbHblE (DYHKIIUH, KOTOPbIE N3BJIEKAIOT
JIaHHbIe 13 0ObEKTa YTEHUS KOPITyca B CIUCOK, 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 BoinonHeHENS GUKCUPYETCS C TOMOIITHIO 06epTKY @timeit, IPOCTOTO OTJIAL0Y-
HOTO JIEKOPaTOPa, KOTOPBII MBI NCTIOJIB3yeM JIJII CPAaBHEHUS TTPOU3BOAUTEIbHOCTH
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 ucrnosbsyercst 1Jist KOOPAMHAIMK OLIePaIiiii Ky p-
HAJIMPOBAHUS B HECKOJIBKUX TTOTOKAX BBITIOJHEHUSI W MOAYJIaX. HacTpoitku Kyp-
HAJTMPOBAHUS OTIPEACTIAIOTCS Ha BEPXHEM YPOBHE MOIYJIs, 3a TIPeAeIaMu JTI0OBIX
(byHKIIHH, T09TOMY OHU BCTYIAIOT B CHJTY Ha ATalle UMIIOPTUPOBaHUs MOy JIs1. B Ha-
CTPOIKaX MOKHO yKa3aTh AUPEKTUBY %(processName)s, YTOOBI ONIPEAEINUTD, KAKOM
npotiecc OyeT BBIBOAUTD cooOteHnst. Takke B HACTPONKAX 3a/[aeTCsl UMST MOJLYJISI,
4TOOBI TTOTOM MOKHO OBIJIO PA3JIMUUTh 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)

Mogaynb logging He noaaepXuBaeT 6e30MacHoe XypHanMpoBaHWe B OANH daiin
U3 HECKOJIbKMX MPOLIeCcoB (HO rapaHTMpyeT 6e30MacHOCTb Mpu 3amnucu U3 He-
CKOJbKMX MOTOKOB BbINOSIHEHUS). BoobLLe roBops, 3anuch B CTaHAAPTHbIV BbIBOA
WM CTaHAAPTHbIN BbIBOZ, OLLIMOOK 06bIYHO BbINOHAETCA 6e3ynpeyHo, 0AHaKo Ans
YNPaBneHWs XYPHANMPOBAHWEM M3 HECKOJbKMX MPOLIECCOB B KOHTEKCTE MpuUo-
YKEHUS CyLLECTBYIOT 60M1ee HaZleXHble pelleHus. Mo3ToMy pekoMeHayeTCs cpasy
HauMHaTb C UCMONb30BaHMS logging (BMECTO MHCTPYKUMIA print), UTo6bl 3apaHee
MPUroTOBUTLCS K Pa3BEPTLIBAHMIO MPUIOXKEHUS B 3KCMNJTyaTaLUMOHHON cpeae.

Ternepb MbI TOTOBBI BBITTOJIHUTD HAII KOl TAPAJIJIETTHHO, C TOMOIIBIO (DYHKITUN run_
parallel. OTa OYHKIIUS MTOJSYyYAET IMIyTh K KOPILYCY U MepelaeT ero BCeM 3aauaM.
B navane dbynkmuu ompeznensieTcss CUCOK 3a/a4, 3aTeM /ST KOKAOU 3a7lauul U3
CITUCKA CO3/IaeTCsT OOBEKT mp. Process ¢ UMEHEM, COOTBETCTBYIOIIM UMEHH 3a/Ia4H,
CCBHLIIKOI Ha BBI3bIBAEMBIIT OOBEKT B apryMeHTe target M MO3UIIMOHHBIMU U NMe-
HOBAHHBIMK apTyMEHTaMU B BUJIE KOPTeXkKa M CI0Bapsi COOTBETCTBEHHO. UTOObBI He
HOTEPSITH MIPOIIECCHI, MbI I00ABJISIEM MX B CITUCOK procs TEPE]T 3aIlyCKOM.
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Ha nannoM aTarne, eciim HUYEro He MPEANPUHSITD, TIaBHBIN IIPOIECC 3aBEPIITUTCS
cpasy IocJe BbIXoza u3 GyHKIUN run_parallel, 4TO IPUBENET K MPEKAEBPEMEHHO-
MY 3aBEPIIEHUTO JOUEPHUX TTPOIECCOB WU UX OCUPOTEHUIO (TO eCTh OHU HUKOT/IA
He 3aBepiuaTcs ). YToObl IPeA0TBPATUTh HTO, MBI TiepedrpaeM J0YepHUe IPOLECCh
B IIUKJIE ¥ TPUCOEINHSIEM UX K TJIaBHOMY Tipotieccy. biarogaps aTomy dbyHKIN 3a-
6J10KupyeTcst (MPUOCTAHOBUTCS ), TIOKA He BBITIOJTHSITCSI BCE BBI3OBBI METOJIA join ITPO-
11eccoB. BoImostHsist 00X071 BceX MPOIECCOB B IIMKJIE, MBI TAPAHTUPYEM, 4TO (DYHKITUS
He IIPOJIOJIKUT BBINIOJIHEHNE, II0KA He 3aBEPIIATCs BCe /J0YEePHUE IIPOIECChI, I10C/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 mnapaJjiielbHbIX 3ajad TpeOyeT HEKOTOPBIX 3aTpaT U 4yTh OOJIbIIe
YCUJIUiL, 4TOOBI 06ECTIeYNTh PaBUIbHYIO PaboTy. A YTO MBI TTOJYYUM B3aMeH?
B ra6ur. 11.1 npuBoasiTCst Uisi cpaBHEHUsT 0011Iee U Cpe/IHee BPeMsT BBITIOJTHEHUS 3a-
Jlay 110 Pe3yJIbTaTaM JIeCSITU TIPOTOHOB.

Ta6nuua 11.1. Bpems nocnegoBaTenbHOro M napaniensHoro obyyeHus
(no pesynbTaTtam 10 NporoHoB)

3 NocnepoBaTenbHoe MapannenbHoe
apaua

BbiMoJZIHEHUE BbliMOJIHEHUE
ObyyeHune HauBHOM 6alecoBCKoln Moaenm 86,93 cekyHAbl 94,18 cekyHabl
O6yyeHne Moaenu NorMcTUYECKOW perpeccum 91,84 cekyHabl 100,56 cekyHapbl
O6yyeHne Moaenn MHOrOC/IOMHOrO nepLenTpoHa | 95,16 cekyHapbl 103,40 cekyHAabl
ObLee BpeMsi 06yyeHns 273,94 cekyHgbl 103,47 cekyHabl
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Kak Busiure, B mapajijieibHOM PeKUMe KasKIast OT/AeIbHAs 33/1a4a BBITIOJIHSIJIACH Yy Th
JIOJIBbIIIE, YeM B TIOCJIeI0BATeIbHOM. MOJKHO CKa3aTh, 4YTO 3TO JOMOJHUTEIBHOE BPpeMs
MPEICTABIISAET HAKJIAIHbIE PACXO/IBI Ha TO/ITOTOBKY M 3aITyCK HECKOJIBKHIX TTPOTIECCOB
u yrpasienue uMiu. He6ourbioe yBemdeHne BpeMeH! Ha BBIMTOJTHEHIE OT/IETbHBIX
3a/a4 ¢ JUXBOI KOMIIEHCUPYETCST YMEHbIIIeHeM 00TIEr0 BpeMEeHU BBITTOJHEHMS
MPUMEPHO /IO TPOIOJIKUTEIbHOCTH CAMOH JIOJITOH 3a/1auM, TouTH B 2,6 pasa B cpaB-
HEHWHU C TI0C/Ie0BaTebHON Bepcueil. [Ipu BhITOTHEHUH GOJIBIIOrO KOJIMYECTBA
3aj1a4 MOJIeJTUPOBaHIs 00pabOTKA B HECKOJIIBKUX TIPOIECCAX MO3BOJISIET OTYYUTh
Cepbe3HBIN BHIUTPHITI!

[Ipumep ucronp3oBaHUs multiprocessing.Process IEMOHCTPUPYET PsIl BasKHBIX
MOHATUH, OTHAKO HA MPAKTUKE HAMHOTO Yalle UCIOJIb3YIOTCS MYJIbI MPOIECCOB,
0 KOTOPBIX MBI IIOTOBOPUM B CJIEAYIOIIEM pa3fieie.

Ba)xHO MMeTb B BMIY, Kakol 06beM AaHHbIX 3arpy>aeTcs B NaMsiTb, 0CO6EHHO
B KOHTEKCTE MCMONb30BaHNS HECKOMbKMX MPOLLECCOB. Bce npouecchl, BbINONHSIO-
LMeCs Ha OAHOM KOMMbIOTEPE, NCMOMb3YHOT 06LLyt0 r3nYecKyto namsaTe. Hanpu-
Mep, €C/iM Ha KoMMbloTepe ¢ 06beMOM MaMsTK 16 M6alT 3anycTUTb YeTbIpe 3a-
Jaun-npoLecca, 3arpyxatolye Kopryc pasmepoM 4 F6aiT, OHU MOJIHOCTbIO
ncyepnarT BCHO AOCTYMHYHO NaMsiTb, U3-3a Yero yBenmuntcs obluee BpeMsi Bbl-
nonHeHus. Ytobbl n3bexaTb Takux Npobnem, 3anyck napannesbHbiX 3aaad 0bbIy-
HO pacnpeensieTcs No BpeMeHu: nepBbiMU 3anycKaloTcs camble NPoAOHKUTENb-
Hble, a 3aTeM 6onee 6biCTpble 3agaun. Peanv3oBaTb 3TO MOXHO C MOMOLLbIO
3aflepXXeK Uau nynoB MpoLEccoB, O KOTOPbIX PaccKa3blBaeTcs B CleAylolweM
pa3gene.

Mynbl NnpoueccoB U ouepeau

B HpeabIIyIeM pa3/iesie Mbl YBUJIETIN, KaK C ITIOMOIIIbIO oObeKTa multiprocessing.
Process BBITIOJTHUTH HECKOJIBKO 3a7a4 ITapaseJbHO. OOBEKT Process TTO3BOJIACT
OTIPEIENIATH (PYHKITUU, KOTOPBIE TOJKHBI BBITTOTHATHCS HE3aBUCUMO, 1 3aKPBIBATH X
1o 3aBepiiennu. Ho ectb bosee COBEPIIEHHBIN c1oco0, 0OCHOBAHHBI Ha IpUMEHEeHNN
MO/IKJIACCOB Process, KK/l 13 KOTOPBIX UCIIOJIb3YeT METO/I run( ), peaJnu3yommni
BBIIIOJIHAEMYIO 3a/[a4y.

B 6osbuiix apXuTEKTypax Takoil MOAXO YIPOIIAET YIIPaBJICHUE OTACTbHBIMU
mpoileccaMu M X apryMeHTaMu (HallpuMep, ONpeesisiTh He3aBUCUMbIEe NMEHaA,
YIPaBJSATH HOAKIOYEHUSIME K Oa3aM JaHHBIX WK APYTUMUA aTPUOyTaMK MPOIiec-
COB) M YaCTO MIPUMEHSIETCS JIJIsi OPraHU3aIMU TTaPaJiieIbHOTO BBIIIOJHEHUS 3a/1au.
B napannenusme na yposne sadau xaxpast 3amada MMeeT HE3aBUCUMBIE BXO/IHbIE
U BBIXO/IHBIE JTaHHbIe (MU BBIXOIHbBIE TAHHbIE OTHON 3a7[a9M MOTYT CIY>KUTh BXO/I-
HBIMU JIaHHBIMU IpyTOit ). Harpotus, napaiieiusm na yposue dannoix tpedyert, aTo0bI
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OJIHA ¥ Ta JKe 3a/a4a 0moopajscaiach Ha HeCKOJIbKO OJIOKOB BXOIHBIX JaHHBIX. Tak
KaK BXOJIHbIE J[aHHbIE HE3aBUCHUMBI, BCE 3a[a4ll MOTYT JAEHCTBOBATD MapaJlieIbHO
U He3aBUCUMO. [IJIs1 peanusaiy napaiiesusma na yposie daniovix 6ubGINoOTEKa
multiprocessing mpezocrasisieT 6oJiee IpocThie abCTpakiuy B hopMe KIacCoB Pool
1 Queue, O KOTOPBIX PACCKA3bIBAETCSI B 9TOM Pas/ieie.

TUNUYHBIV Wab/IOH, KOMBMHMPYOLWMIA 062 BMAa Napanienn3Ma Ha YpoBHe 3aad
M JaHHbIX, OCHOBaH Ha UCMoJb30BaHWUM ABYX 3a4a4 pacnapasnie/iMBaHns AaHHbIX;
nepBasi omobpaxaem ONePALNI0 Ha HECKOJIbKO (PparMeHTOB BXOAHBIX AaHHbIX,
a BTOpas ceodum pe3ynbTaThl ONEpPaLMii B €auHbI MaccuB. ITOT CTU/b Napan-
NenbHbIX BbIYUCIEHUIA MONb3YeTCs 6OMbLION MOMNYNSPHOCTLIO B (hpeliMBOpKaXx
Hadoop n Spark, 0 KOoTopbIXx Mbl MOrOBOPUM B C/IEAYIOLIEM pa3aerne.

CroskHbIE TIPOTIEAYPbl 06pabOTKYU MOKHO OTHCATH B BUJ€ OPHEHTHPOBAHHOTO
anmkmdeckoro rpada (Directed Acyclic Graph, DAG), e BbITIO/THEHIE TTOCTE0-
BaTEJIbHOCTEN MAPAJLIENbHBIX IATOB CHHXPOHU3UPYETCS B OIPe/IeIEHHBIX TOUKAX.
Toukr CHHXPOHU3AIMHY TAPAHTUPYIOT 3aBePIeH e MapaiebHOIT 00paboTKN BCex
(bparMeHTOB JAaHHBIX /10 Hlepexo/ia K cieayionieMy atairy. OOMeH JaHHBIMU TaKKe
0OBIYHO OCYIIECTBJISIETCSI B TOUKAX CUHXPOHU3AINH, T/l TJIaBHAs 3a/1a4a 1epeaeT
JAHHbIe TTAPAJIIETHHBIM 33/Ia4aM UJIH MTOJyYaeT UX Pe3yIbTaThl.

[Tapasienu3m Ha ypoBHE JAHHBIX TAK)KE MOXKHO PEaJN30BaATh C IIOMOIILIO MOLYJIst
multiprocessing, HO 1P 9TOM HYKHO YUMTbIBAaTh HEKOTOPbIE JOIOJHUTEIbHbIE
obcrositesbeTBa. [lepBoe: CKOJIBKO UCIOJIb30BaTh MPOIECCOB U Kak. B ciydae mpo-
CTBIX oniepainii HeaheKTUBHO 3aIyCKATh OT/IEBHbBII TPOIIECC JIJIST KK I0TO (hpar-
MeHTa BXOIHBIX JaHHbBIX, a 3aT€M OCTAaHABJIUBATD €r0o (3TO MOKET CO3/1aTh CIUIIKOM
GOJIBIITYI0 HATPY3KY Ha ONeparoHHylo cucteMy). HaMHOTO npeamnodyTuTebHee
oTpeIeTUTh (PUKCUPOBAHHOE YKUCJIO TIPOIECCOB B multiprocessing.Pool, KaK bl
U3 KOTOPBIX OyJIET 1mosydarh (pparMeHT BXOAHBIX MaHHBIX, IPUMEHSITH OTIE€PAIUIO
1 BO3BpaIllaTh PE3yJITaThl, U TAK JI0 TEX MOP, oKa He Oy1yT 00paboTaHbl BCE BXOJI-
HbIE JJAHHBIE.

Takoii moaxox Bieyer 3a coO0M BTOpoe 06CTOATENBCTBO: KaK OPraHu30BaTh 6€30-
HacHble Tepegady U MpreM JaHHbIX OT IPOIECCOB, He AOIycKas ayOJnpoBaHuUs
UIU TOBpekaAeHusaA? /9 9TOTO MOXKHO BOCTIOTB30BATHCS CTPYKTYPOH MaHHBIX
multiprocessing.Queue, oOecriednBaomiell Ge30MacHOCTh B MHOTOITOTOYHON 1 MHOTO-
IIPOIIECCHOM cpejie 3a CYeT CUHXPOHU3AIUK OIePaIiii ¢ TOMOIIbI0 OJOKMPOBOK
U [03BOJIsIONIEl oOpalaThCs K 04epeu TOJbKO OJHOMY TIOTOKY WUJIU IPOIECCY
B KasK/Iblil KOHKPETHBII MOMeHT BpeMeru. [Iporiecchl MoryT 6e3onacHo 100aBIsiTh
1 U3BJIEKATD 3JIEMEHTBI U3 0Yepe/iu, IeHCTBYIONIEH 110 TPUHITUITY <II€PBbIN [IPUIIIEI,
nepsbiit 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 KOTOPHIX HAYMHAET BBITIOIHSTH 33/[aHUe, YUTast
JIaHHbIE 13 BXOIHOI U COXPaHsIst pe3yJIbTaThl B BBIXOAHOI ouepenn. [J1aBHblIii iporece
B IIUKJIE T00ABJISIET MCXO/IHBIE JAHHbBIE BO BXOAHYIO 04epeib. OGBITHO TOCIE 3aTHiCH
BCEX BXO/IHBIX JAHHBIX IJIABHBIN TIPOTIece J06aBIIsieT B ouepeib n ceMadopoB — ¢uia-
OB, CUTHAJIM3UPYIOIIUX IIPOIIECCaM 3 I1yJIa, YTO JaHHBIX GOJIbIIE HET U OHU MOTYT
3aBEPIIUTHCS. 3aTEM TJIABHBIN MTPOIIECC TPUCOEIUHSET MMYJI U IPUOCTAHABIMBAETCSI
B O)KU/IAHUH 3aBEPIIEHISI BCEX ITPOIECCOB UJIH CPa3y JKe TPUCTYTIAET K U3BJIEUYEHUIO
PE3yJIBTATOB M3 BBIXOHOW OUepen JIs 3aKTI0UNTETHHON 00PabOTKL.

Myn npoueccoB

Za\N
Ty Xihaaas

oyepesb oyepeb

BETB/IEHE

npucoeinHeHne

u3snevenue [~ naBHbIi
npotecc (Bxon)

[naBHblil ouepesb
npouecc (Bxoa)

Puc. 11.2. Nyn npoueccos 1 oyepean

Eciiu BaM KaskeTcs, 4To /IS MOATOTOBKK BCEX CTPYKTYP JAAHHBIX U yIIPABJIEHUS
KOJIOM, KOTOPBII 06pabaThiBaeT JaHHble U PabOTaeT € OUepPeIsIMU, TPUAETCST TPHU-
JIOKUTH HEMAJIbIe YCUIIUS, CTIEIIUM BaC YCIIOKOUTh — JIJIst BCETO 3TOT0 0OBEKT Pool
13 GUOIMOTEKN multiprocessing MPEIOCTABISAET IIPOCThIE METO/bL. MeToibl apply,
map, imap U starmap IPUHUMAIOT (GYHKIHIO C €€ apTyMEHTAMK U [EPealoT ee B Iyl
JUTST BBITIOJTHEH ST, OJIOKUPYSICH /10 TIOTYYEHUsT PE3YIBTaTa. ITH METO/bI UIMEIOT TaKsKe
ACUHXPOHHbIE BEPCUU C OKOHYAHUEM _async B umeHax. Harpumep, apply_async He
G10KupyeT paboTy IJIABHOTO TIPOIECCa, a BO3BpalaeT 00beKT AsynchronousResult,
KOTOPBIH 3aII0JHUTCS IO 3aBEPIICHUY 33/[a4H, OH MOYKET TAKIKE BbI3BATh YKA3aHHBIC
BamMK (DYHKIIUY B CJIydae YCIEIHOro 3aBepiieHust uin onmmOku. Vicnoib3oBanue
MeTo/a apply_async Mbl IIOKQKEM B CJIEYIONEM Pasjieie.

MapannenbHas 06paboTka kopnyca

Ananramust 00beKTa YTeHUsT KOpIyca K IMapaiieqbHOi 06pabOTKe BBITIOTHIETCS
IIPOCTO, ECJIU YYECTD, 4TO B GOJIBIITNHCTBE CTyYaeB IOKYMEHTBI MOKHO 06pabaThiBaTh
HE3aBUCUMO, 0COOEHHO KOT/[a TPeOYETCsT BBITIOJHUTD YaCTOTHDIN aHAIN3, BEKTO-
pH3AINIO ¥ OIEHKY. B Takux cutyanusx paboumM mporieccam 13 myJia J0CTaTOuHO
nepeiaTh GYHKIHIO, MyTh K KOPIYCY Ha AUCKE ¥ WACHTH(MUKATOPHI (hailios.
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OnnHako camoil, moskaayi, TUTMYHON U IJINTEIbHON olepalueii ABasgeTcs npe-
BapuTeJabHast 06paboTKa KopIyca U ero npeobpasoBatue B (hOpMYy, MPUTOIHYIO
juist Bbiuncsennii. Tlponeaypa npeaBapuresnbHoit 06paboTKH, Kak 00CyKAaT0Ch
B IJIaBe 3, MIPUHUMAET JOKYMEHT ¥ IpeodpasyeT ero B CTaHAapTHYIO CTPYKTYPY
JaHHBIX: CIUCOK a03aleB CO CIIMCKaMU MIPEAJIOKEHNN, KOTOPbIe B CBOIO OY€ePe/lb
SABJIAIOTCS CIUCKAMU KOPTekKeil (token, part_of_speech). Pesyibrar npeasapu-
TeJIbHOI 00paboTKM 0OBIYHO coXpaHsieTcst B popmare MOyJist pickle, KOTOPBIil
00BIYHO KOMIIAaKTHEE MCXOHOTO JOKYMEHTa U TIpolie st 3arpy3ku B Python
C TeJIbI0 lasibHeditel 06paboTKY.

B riiaBe 3 Mbl o1pee/Ing Kiace Preprocessor, 00epThIBaoNInil 00beKT CorpusReader,
METOJ] process KOTOPOTO IIPUMEHSIETCS K KaJK/IOMY JIOKYMEHTY B Kopityce. [y1aBHoit
TOYKOW BXOa /ISl 3allyCKa MpeaBapuTeJbHON 00pabOTKN HaM CJIYKUJI METO
transform, OCYIIECTBIISIONNIA TpeoOpazoBaHue JOKYMEHTOB U3 KOPIyca 1 COXpa-
HAOIUHN UX B YKa3aHHbBIN KaTaJlor.

3/1eCh Mbl PaCHIMPUM ITOT KJIACC, YTOOBI TIOJYYUTh BO3SMOKHOCTH MCIIOJIb30BAThH
apply_async ¢ (yHKI[HEei 00paTHOTO BBI30BA JJIsl COXPAHEHUs COCTOSIHUsL. B maH-
HOM IIPUMeEPE MBI CO3/IaeM CITUCOK self.results Iy XpaHeHUsT Pe3yJIbTaTOB,
BO3BPAaIllaeMbIX METOJ[OM process(), HO IPU HEOOXOAUMOCTH BbI JIEFKO CMOJKETE
alalITUPOBATh on_result() U 100aBUTH B HETO JAOTIOJTHUTEIBHYIO 06Pa0OTKY MK
JKypHAJIUPOBaHUE.

Takske u3MeHUM MeTo/I transform. B HeM MBI OIIpe/ie/ MM KOJNYECTBO JOCTYIIHBIX
s71ep 1polieccopa ¢ MOMOIIBIO mp. cpu_count(). 3aTeM CO3/1aJlM ILyJI IIPOIIECCOB,
7106aBUM 32712491 B OY€PE/ib, BBITOTHUB 00XO0/] BCEX IOKYMEHTOB U TIEPE/IAB MX B ITYJT
(B 9TOI TOUKE B UTPY BCTYMAET (DYHKIMsT 0OPATHOTO BBI30BA, H3MEHSIONIAsT COCTOSI-
Hue). B 3akmoyenne 3akpoeM 1y (BBI30BOM pool. close() ), TTOCTe YeTO B ITYJI HETh35
OyJieT mepeaath HUKaKkue APyrue 3aa4i, v J09epPHUE TPOIECCH TPUCOETHHSITCS TI0
3aBepiieHrn 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 U NPUCOEAMHUTbL Nyn
pool.close()
pool.join()

return self.results

Pe3ynbTaT NpuMeHeHNs napannesnbHon 06paboTky nopaxaeT. Ha noaMHoXecTBe
kopnyca Baleen, coaepxkaluem okono 1,5 MunnvoHa 4OKYMEHTOB, NOC/IeA0BaTE b-
Hast obpaboTka 3aHana npumepHo 30 YacoB — MpUMepHO 13 AOKYMEHTOB B ce-
KYHAY. 3@ CYET UCMOMb30BaHWA MapanfenysMa Ha ypoBHE 3afay M AaHHbIX
¢ 16 paboummm npoueccamm 0bpaboTka 6bina BbIMNO/IHEHA MeHee YeM 3a 2 vaca.

Harre 3HaKOMCTBO € MOTOKaMU M TIPOIIECCAME TIOJYYUIOCH JOBOJBHO KPATKUM
1 IMTOBEPXHOCTHBIM, HO Mbl HaZle€MCs, YTO Bbl CMOTJIN TIOJIYYUTDH IIpeACTaB/IeHE
0 Tipo6JIeMax 1 BO3MOKHOCTSIX TTapajiJieJibHON 06paboTKu. MHOTHE 3a/1auy aHAI3a
TEKCTa MOYKHO YCKOPUTD M MACIITaGUPOBATh IIPOCTO 3a CYET UCTIOIb30BAHKS MOLYJIS
multiprocessing 1 IIpUMeHEHUs YiKe UMEIOIIETOCs Ko/Ja. Bommonngs HapaJIJIeJIbeIﬁ
KO/l Ha COBPEMEHHOM HOYTOYKe UJIH GOJIBIIIOM 00JIa4HOM 9K3EMILISIPE, OTHOCUTETHHO
JIETKO TIOJTYYUTh IPEUMYIIECTBAa MHOTOIIPOIIECCOPHOIT 00paboTKK 6e3 HeOOXOAUMO-
CTHU HAaCTpauBaTb KJIacTep. B CpaBHEHHNU C KJIaCTEPHBIMU BbIYUCJIEHUAMN paspa6a-
TBIBATh, OTJIAKUBATH ¥ COMPOBOK/ATH TTapaJijieJIbHbIE TIPOTPAMMBI HAMHOTO TIPOIILE.

KnacrepHbie BblYMCIEeHUA
C ucnosib3oBaHuem Spark

Moyb multiprocessing maet mpocToii u A heKTUBHBIN CTOCO6 UCTOIH30BAHNUS
[IPENMYIIECTB COBPEMEHHBIX MHOTOSI/IEPHBIX IIPOIIECCOPOB; OJJHAKO C POCTOM CJIOXK-
HOCTH PEIIaeMbIX 33/1a4 Mbl HEU30€KHO CTONKHEMCS ¢ (GU3UYECKUM 1 9KOHOMUYE-
CKUM TIPEZIESIOM, OTPAaHUYMBAIOIIMM KOJMYECTBO SI7IepP, TOCTYIHBIX Ha OJJHOM KOM-
mbioTepe. B Kakoii-To MOMEHT TTOKYTIKa KOMITBIOTEPA C BABOE GOJIBIIINM KOJMIECTBOM
A71ep OKKETCS AOPOsKe TTOKYIIKHU IBYX KOMITBIOTEPOB € TEM K€ KOJMYECTBOM TPO-
[[ECCOPOB. ATa MPOCTast MPUUNHA TIOPOIUJIA HOBYIO BOJIHY PAa3BUTH YITPOIIEHHBIX
METO/IOB KJIACTEPHBIX BBIYMCJICHUI.

OcHoBolt KJIaCTEPHBIX BBIUNCJIEHUH SIBJISIETCS KOOpZinHa s HECKOJIBKUX KOMITbIO-
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 eAnHOe 11eJI0e, IPOAOJIKUT padoTy. B Kiacrepax, B oT/yme
OT MHOTOTIPOIIECCHOTO KOHTEKCTA, HET eIMHOU OTTePAIIMOHHON CUCTEMbI, OPTaHU3Y -
IOTI[ell IOCTYI K pecypcam u IaHHbIM. [109ToMY /17151 yIIpaBJieHust pacnpeoeienivim
Xpanuauujem, XpaHeHueM 1 KOTMPOBAHUEM JIAHHBIX MEXKIY Y3JIaMHU, a TaKKe KOOP-
JIMHAIY PACNPEOCSCHHBIX 6bIUUCIeHUT MEKLY KOMITBIOTEPAME B CETH HEOOXO MO
HCII0JIb30BATh HEKOTOPYIO UHMPACTPYKTYPY.

XoTs TeMa pacrnpefeneHHOro XpaHeHus AaHHbIX BbIXOAWUT Aaneko 3a paMKu 3Toi
KHUIW, Bbl JOMKHbI C HEl 03HAKOMUTBCS, NpeXae YeM NPUCTYnaThb K KNacTepHbIM
BbIYMCIIEHUSAM, ECTIM XOTUTE 06ECEUNTD BbICOKYH HAAEXHOCTb STUX BbIYMCIIEHW.
Kak npaBuno, 4ns ynpasneHus AaHHbIMW Ha AWMCKaxX B KlacTepax UCMonb3ylTcs
CreumanmsnpoBaHHble KactepHble halioBble CUCTEMbI, Takve kak HDFS u S3,
a Takke 6a3bl AaHHbIX, TakMe kak Cassandra n HBase.

B ocrasimeiicst yacTu riiaBbl Mbl PACCMOTPHUM TIPUEMbI UCTIOIb30Banust Apache
Spark — dpeiiMBopKa pacipe/ie/IeHHbIX BBIYUCIECHUIT — JIJIsI 3a/1a4 aHAJIN3a TEKCTa.
MbI faiiM BaM JINIIb KPATKOE BBe/leHNE, He MOrPYKasiCh TIIyOOKO B 9Ty 00IIHp-
iyio Temy. YeranoBky Spark u PySpark Mbr octaBiisiem Bam Kak caMOCTOSITETbHOE
yrpaxHeHue, a moApoOHbIe HHCTPYKIMK BbI HalifieTe B JoKyMeHTamn Kk Spark!.
Kemaommm moyduts 60JIee NCUEPIBIBAIOIIEE BBEIEHITE MBI PEKOMEH/IYEM KHUTY
Data Analytics with Hadoop (O’Reilly)?.

YcTpoMCcTBO 3apgaHui B Spark

Spark — 5T0 MexaHN3M BBITTOJTHEHUST PACIIPEAEICHHBIX TPOrPaMM, OCHOBHBIM ITpe-
MMYIIECTBOM KOTOPOTO SIBJISIETCS MOIEP;KKA BBIYNCIEHNIT B OTIEPATUBHOM TTAMSITH.
[TockoJIbKy TIPUIIOKEHMsT Ha OCHOBe Spark MoskHO GbicTpo nmucarh Ha Java, Scala,
Python u R, ero HaszBanwue 1peBpaTuIOCh B CHHOHUM TEPMIHA «OOJIbIITIE TaHHBIE>
(big data). Ha ocroBe Spark namncano Heckosbko 6ubnoTek, Takux kak Spark SQL
u DataFrames, MLIib u GraphX, kotopbie 03BOJISIOT HCCIIEA0BATEISAM JaHHBIX, UC-
HOJIb3YIOLIMM JIOKa/IbHbIE BHIYMCIEHUS Ha HOYTOYKaX, ObICTPO OCBOUTD KJIACTEPHbBIE
BBIYMCJIEHMS ¢ MX TIOMOIIBIO. Spark jaeT Bo3MOKHOCTD pa3pabaThiBaTh IIPUIOKEHUS
st 00pabOTKY JIaHHBIX, paHee HeJOCTYITHBIX JIJIsI MAITUHHOTO 00YY€EHUS U3-3a X
00beMa; K 9TON KaTeropuu OTHOCSITCS TaKsKe MHOTHE TEKCTOBbIe Kopiychbl. DakTu-
YeCKH, MEPBOHAYATIBHO (PPEMBOPKH KJIACTEPHBIX BHIUMCICHUN pa3pabaThlBAINCh
11 06PabOTKU TEKCTOBBIX JAHHBIX, U3BJIE€KAEMbIX 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 paboTaTh B AByX pesKMMaXx: B pesKUMe KJIMEHTa U B PEKMME KJIacTepa.
B pexume kiacrepa 3aganue nepegaercs B KiacTep 1 00padaTbiBaeTcsl HE3aBUCUMO.
B pexxnme kimeHTa TOKAThHBIN KIUEHT YCTAHABINBAET NHTEPAKTUBHOE COETMTHEHTIE
C KJIaCTEPOM, TIOCHLTAeT 3aJaHus B KJIacTeP U OJKUIAET UX 3aBEPIIEHNS U TTOTyIeHUS
Pe3yJIBTaToB. DTO MO3BOJISAET B3aUMOIEHCTBOBATh C KJIACTEPOM C TIOMOIIIbIO PySpark,
HMHTEPAKTUBHOIO MHTEPIIPETATOPA, AaHAIOTMYHOTO KOMaHAHON 060s10uke Python v
Jupyter Notebook. KnueHrckuii peskuM OTJIUYHO MOAXOMUT JJIsI AMHAMUYECKOTO
aHa/u3a U ObICTPOTO MOJYYEHUSI OTBETOB Ha BOIPOCHI HA OCHOBE HEOOJIBINX Ha-
GOPOB IaHHBIX U KOPITYCcOB. [{Jist 60s1€e Py TUHHBIX HJIU TIPOIOJIKUTEIbHBIX 3aJaHUI
JIydiiie TIOAXOAUT KJAACTEPHBIA PEKIM.

B aTom pasziesie Mbl KpaTKO paccMOTPUM co3zanue mporpamm Ha Python ¢ ucrons-
3oBanneM Spark 2.x API. ITpesicTaBieHHbIN fajiee KO MOKHO 3aITy CKAaTh 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

N N
/| «__/\_>_/_/ /_/\_\ version 2.3.0
/_/

/I !/
2\

Using Python version 3.6.3 (v3.6.3:2c5fed86e@, Oct 3 2017 00:32:08)
SparkSession available as 'spark'.
>>> import hello

C ucnosb3oBaHueM spark-submit:

$ spark-submit hello.py

Ha camom nese xomaHzie spark-submit HY>KHO Tepenath psj (hJlaroB U apryMeH-
TOB, 4TOOBI cOOOMUTH (peitmMBopky Spark, nHanpumep, URL kmactepa (aprymeHnt
--master), TOUKY BXOj/la B pUJIoKeHHEe (apryMeHT --class), MECTOIOJIOKEHNE
VIIPABJISTIONIEN TPOrPAMMBI JIJIsl BBITIOJTHEHUST B CPeJie PA3BEPThIBAHUS (APryMeHT
--deploy-mode) U T. [I.

Jlis OAKJIIoOUeHUsT K KJaacTepy HeoOXoanM oObeKT SparkContext. OOBIYHO OH
XpaHUTCA B IJI00aIbHOI IepeMeHHON sc, 1, ecain PySpark samyckaercs B Jupyter
Notebook mu B TepMunase, ara mepeMeHHast CTaHOBUTCS JOCTYIIHOM aBTOMaTHYe-
cku. Ecaim Spark 3amyckaercst iokaabHO, 00beKT SparkContext, IO CYTH, aeT BaM
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JIOCTYII K cpefie BbIoHeHus Spark, 6y/1b TO KJacTep Wi eIMHCTBEHHBI KOMITbIO-
tep. YToObl MoJyYrTh aBTOHOMHOE 3a/aHre Ha Python, cHauasma HyKHO cO3/1aTh
DK3EMILIAP SparkContext, Kak MOKa3aHO HIIKE, Ie JeMOHCTPUPYETCS TUITHYHBII
mrabston 3aganmii 1st Spark:

from pyspark import SparkConf, SparkContext
APP_NAME = "My Spark Application”

def main(sc):
# Onpepenute Habopbl AaHHbiX RDD U MpumeHWTe K HUM Tpebyemble onepauuu.

if __name__ == "__main__":
# HacTpoika Spark
conf = SparkConf().setAppName (APP_NAME)
sc = SparkContext(conf = conf)

# BbinosiHeHMe rnaBHOW QYHKUWMW
main(sc)

Terneps, onpee B OCHOBHOM MaGIOH IS 3aITycKa 3aanuil B Spark, HyKHO 3arpy-
3WTh JaHHBIE C JIMCKA TaK, 4T0ObI Spark cMor MCIob30BaTh UX, a KakK 9TO C/IeJaTh,
MBI TIOKa)KEM B CJIEYIOIIEM pasJieie.

PacnpeneneHue kopnyca

3aganus 171 Spark 4acTo ONMUCHIBAIOTCST KaK OPUCHMUPOBAHHLLE AUUKIUYECKUE
epagpvr (Directed Acyclic Graph, DAG) win anukjinvyeckne moToku AaHHbIX. ITox
HTUMU CJIOBAMU TIOHUMAETCS CTHJIb TPOTPAMMUPOBAHUS, TIPETyCMATPUBAIOIINI 3a-
IPY3KY IaHHBIX B OJIFH WJIN HECKOJILKO PA3/IeJIOB 1 MOCIeAyIolIee Mpeobpa3oBaHue,
CJIMSTHUE VI pasfiesieHue JI0 IOCTVKEHUST HEKOTOPOTO KOHEYHOTO cocTosiHusL. To
ecTh (hOpMHUPOBaHUE 3a[aHMs 11T Spark HAUMHAETCST ¢ CO3/IAHMS YCMOUUUBHIX PAC-
npedenennvix nabopos dannvix (Resilient Distributed Dataset, RDD), Kosurekinii
JIaHHBIX, PACIPENETEHHBIX TI0 HECKOJIBKUM MalllMHAM, Y4TO MMO3BOJIsIeT Oe30acHO
[PUMEHSITD OTIEPAIIUHU PACIIPEETIEHHBIM CITOCOOOM.

Cawmblii 1ipocToii crnocod cosnath Habopbl RDD — oprannsosath jaHHbIE 110 aHAJIO-
TUH C OPraHu3aIlei KopIyca Ha IUCKe: KaTaJIoTh C METKaMU JIOKYMEHTOB 1 KayK/[bIit
JIOKYMEHT B OT/eJbHOM (haiiiie. Harpumep, uToObl 3arpy3uth Kopiyc «hobbiesy,
IPEe/ICTaBJIEHHBIN BO Bpe3ke «3arpyska Habopos maHHbix Yellowbricks B riase 8,
MBI UCIIOJIb30BAJIU sc.wholeTextFiles, Bo3Bpaiaionuii RDD-kosieknuio nap (file
name, content). B kauecTBe aprymMenTa 9TOMy METO/LY ITEPEIAETCST Ty Th, COEPIKAIINI
mabJIOHHbIE CUMBOJIBI M CCBHLUTAIONIUIICS Ha KaTaJIoT ¢ (hailiaMu, OMMHOYHBIN (haiisr
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nan cxkarble dailabl. B namHoM ciayyae myTh "hobbies/*/*.txt" COOTBETCTBYET
J00bIM haiizaM ¢ paciupenreM .ixt B I0ObIX OgKaTaIo0rax B Karaaore hobbies:

corpus = sc.wholeTextFiles("hobbies/*/*.txt")
print(corpus.take(1))

Orepariust take (1) BBIBOJUT MEPBBI aieMeHT B Kopiryce RDD — 370 nosBoJisier
HATJISITHO YOEINTHCSI, 4TO KOPITYC SIBJISIETCST KOJIEKITEN KopTexkeil cTpok. IlepBbiit
aJIeMeHT B Kopiryce «<hobbies» umeer cieayronuii Bu:

[('file:/hobbies/books/56d62a53c1808113ffb87f1f.txt",
"\r\n\r\nfFrom \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 JAVCKE U aHAJTU3WPOBATH 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 KOMIAaKTHBIMU. Kak ObI TO HU OBLITO, MOCTIE TIPeBaAPUTENHbHON
o6paborku (¢ momoripio Spark wim kak onuceiBanoch B pazaesne «IlapamrenbHast
06paboTKa KopItyca» BbIIIe) JaHHble MOKHO COXPaHUTH B BHUIe 00bekTOB Python
C UCTIOJIb30BAaHMEM MeTO/1a RDD. saveAsPickleFile (110100HO TOMY, KaK MbI COXPAHSIJIN
(aiisbl B hopmare pickle /JIst HAIIETo MPeABAPUTENBHO 06PabOTAHHOTO KOpITyca)
U 3aTEM 3arPY3UTh BBI30BOM sc.pickleFile.

SPDEKTUBHOE XPAHEHUE B ®OPMATE JSON

Coxpanenue B KJacTepe MHOKECTBA MAJEHBKUX (DANIIOB MOXKET OKa3aThCs
CJTOKHOM 3a/1aueil n3-3a mpodJIeM ¢ Tepeavyeil TaHHBIX U HeOOXOIMMOCTH
yIIpaBJIeHUsI TIPOCTPAHCTBAMHU MMEH, He TOBOPs yiKe 00 SKOHOMHH MPO-
CTPAHCTBA, KOTOPOE MOKET aTh CyKkaTre GobIINX (hailnos. [ToaToMy 1aHHbIe
JIydIiie XpaHUTh B HECKOJIBKUX OOJIBIIIX (haiiax, ueM B GOJIBIIOM KOJTMYECTBE
MaJIEHbKUX (hailIoB.

Jlist oObeInHEHNsI TAHHBIX B OOJTbInne (hailsibl 4acTO UCTIOIB3YETCST TPUEM
ux npeodpasosanust B opmat JSON Lines (nnm JSONL), rae cepuanunso-
BanHble 00beKThI JSON TipeicTaBienbl CTpoKaMu B (haiiie, a He OTAeTbHBIMU
daitmamu. 3arpysutb u mpeobpasosarh Takue gaHubsie JSON Lines B Habop
RDD wmoskHO 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 cioyyae mMbl rcniosib3yeM yHKIUIO, KOTOPasi BO3BPAIAET MAaCCHB
00bexToB JSON, U3BJI€UEHHBIX M3 KaKA0H CTPOKHU B JOKyMeHTe. MeTos
flatMap mpeBpaiaer CIICOK CIIMCKOB B OJIMH IJIOCKHIT CIIUCOK; TAKUM 0Opa-
30M, Habop RDD — 510 KoJutekims cioBapeii Python, nmosry4eHHbIX 13 CTPOK
BO Bcex (haiinax B HaOOpe JaHHbIX.

[Tocute 3arpysku kopiyca «<hobbies» B Habopsl RDD K HIUM MOKHO TPUMEHUTB TIpe-
0Opa3oBaHust U JAPyTUe AeHCTBYSI, KOTOPbIE MbI MOAPOOHO OOCYANM B CJAEAYIONEM
paszerie.

Onepauuun RDD

B nporpammax Ha ocnoBe Spark ocTy1iHbI omtepanun IByX OCHOBHBIX THIIOB: npe-
obpasosanus n deiicmeusi. I1peobpazoBaHusi — 9TO ONEPAINH C TAHHBIMHU, CO3/[A10-
e HoBbIi Habop RDD u3 cymiectByioniero. IIpeobpasoBaHust He BBIOJTHSIIOTCS
B KJIacTepe HeMe/JIEHHO, OHU TTPOCTO OMUCHIBAIOT MOCJIE0BATEIbHOCTD I11aroB,
MPUMEHSIEMBIX K OHOMY HJIM HeCKOJIbKUM Habopam RDD. /leficTBusI, HATPOTHUB,
BBITIOJIHATOTCSA HEMEAJIEHHO, BO3BpAIIas pe3yabTaT YIPaBJdioniell mporpamMme
(B pekuMe KJIMEHTA), 3alChiBast JAHHbIE HA UCK WJIN TIPOU3BOIS JIFOObIE PYTHE
BBIUMCJICHUS (B PEKUME KJIAacTepa).

Mpeobpa3oBaHNs BLINMOMHSAIOTCA B OT/IOKEHHOM peXUME, TO €CTb OHW Npu-
MEHSIOTCS, TONbKO KOrAa AeNCTBMIO NOTpebyeTcs pe3ybTaT NpeobpasoBaHus,
4TO No3BosISIET (hperiMBOPKY Spark ONMTUMU3MpOBaTb CO3LaHWE U XpaHeHWe
B Namst HabopoB RDD. 3TO MOXET BbI3bIBaTb NyTaHUL Y Nosib3oBaTenen;
NPy NOSBIEHNN UCKITIOYEHNS MOXET 6bITb HEOUEBMAHO, Kakas onepaums Bbl-
3Basia ero; KpoMe TOro, MHOrAa AENCTBME MOXET 3aryCTUTb BeCbMa NpoAo-
XWUTENbHbIE BbIYMCNEHUS B KnacTepe. M03TOMy Mbl pekOMeHAyeM BeCcTU pas-
paboTKy B K/MEHTCKOM pexuMe U UCNonb30BaTb HebOMbLUYIO BbIGOPKY M3
obLiero Habopa AaHHbIX, @ 3aTeM Co34aBaTb MPUIIOXKEHUS, AEUCTBYOLME
B peXuMe Kracrtepa.
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B npaxTrke Hanbosiee paciipocTpaHeHbl TPU IPeodpasoBaHust: map, filter u flatMap.
Kaxxnoe mpunumaet hyHKIIUIO B TEPBOM apryMeHTe. JTa HYHKIIUSI TPUMEHSIeTCS
K KakoMy ajieMeHTy B Habope RDD, a ee Bo3BpaliiaeMbie 3HAY€HUST TIOMEIIAIOTCS
B HOBBII Habop RDD.

Hanpumep, Bocniosibayemest MoyJieM Python operator /ist mosrydeHust moaKaTero-
puu Kaxaoro fokymenTa. /s atoro onpeneaum GyHKITHIO parse_label, M3BeKa-
OMIYI0 UM KaTeTOPWU U3 MyTH K (hailry moxymenTa. Tak ke Kak B TIpUMepe BHIIIE,
cosmaanM Ha6op RDD map «kiou/3Hadenues (filename, content), 3arpysuB Bce
TeKCTOBbIe (aiijibl U3 YKa3aHHOTO Kopiryca. 3ateM coszaauM Habop RDD labels,
IPUMEHUB K KasKJIOMY 2JIEMEHTY Olepaliio itemgetter (@), KOTOpasi BEIOMpaET U3
Habopa RDD data TosibKo nMeHa (hailios, 1 3aTeM (hyHKIIUIO 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
9TO MBI OITPE/IEJTUIIN TTPeobpasoBaHe, HO He aeficTre. [lomycTnM, Ham TToHa100u-
JIOCB [TOJICUNTATD JIOKYMEHTDI B KasK/OH [10/IKaTErOpUH.

B nacrosimuiit momenT Ham Ha6op RDD labels siBisieTcst KOJIEKIIUEH CTPOK,
OIHaKO MHOTHe omnepaiuu B Spark (Harnpumep, groupByKey 1 reduceByKey) pa6Go-
TaIOT TOJBKO C TTAPaMHU «KJII0U/3HaueHnes>. UToOb MPeooIeTh 9TO OTpaHnYeHNE,
MO’KHO c03/1aTh HOBbIi Habop RDD ¢ mMeneM label_counts, KOTOPBIN TOJIy4aeTCst
oToOpakeHreM KasK[IOH METKU B Hapy «KJII04/3HAa4eHUE>, TIe KU — 9TO UMS
MeTKH, a 3HaueHne — uncyo 1. [Tocse aToro Mo;kHO BBI3BaTh reduceByKey ¢ oriepa-
TOPOM add, KOTOPBIT BEIYUCIUT CYMMY BCEX €AMHUIL ¥ BEPHET 0011ee KOJIMYECTBO
IOKYMeHTOB B KaTeropun. [locie aToro ncmosnp3yeM neiicTBre collect, KOTOpoe
BBITIOJIHUT IIPeoOpasoBaHus B KJlacTepe, 3arpy3uB AatHHble U cos3aas Habopsl RDD
labels u label_count, U BEPHET CIIMCOK KOPTeXKel (label, count), a Mbl BbIBE/IEM
€ro B KJIMEHTCKO 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 PE3YJIbTaTbl Mbl ITIOJTYy4YWUJIN:

books: 72

cinema: 100
gaming: 128
sports: 118
cooking: 30

K pencremam Takxe OTHOCSTCA: reduce (06beAMHSIET 3MEMEHTbI KOMNEKLMM),
count (BO3BpaLLAET KOMIMYECTBO 3/IEMEHTOB B KOJIEKLMM), @ Takxke take n first
(BO3BpALLAIOT NEPBbIV MW N NEPBbIX 3/IEMEHTOB U3 KO/IIEKLIMM COOTBETCTBEHHO).
3T AeNCTBUS MOMyT NPUrOAUTLCS B MHTEPAKTUBHOM PEXMME U AN OTNAAKK, HO
6yabTe 0CTOpOXHbI, paboTtas ¢ 6onbwmmMmn Habopamm RDD — no owwmbke nerko
MOXHO MOMbITaTbCS 3arpy3unTb OrPOMHbIA HAbOp AaHHbIX, He yMeLLAOLWMIACS
B NaMsTn komnbloTepa! YTobbl nM3bexaTb NoaobHol npobnemsl, Npu paboTe
¢ 60nbWMMK HaBbopaMK AaHHbIX YacTo UCMOSb3YIOT AeicTBre takeSample, co-
3patoLLee CydalHyio BbIGOPKY C 3aMeHOM Unu 6e3 3aMeHbl MCXOAHOW KOMneKLmm
WM NPOCTO COXPaHSoLLEE NOMYUMBLLNIACS HABOP AaHHbIX Ha AUCK ANist nocneay-
IOLLIEro MCMOb30BaHMSI.

Kaxk pacckaspiBasoch B IIpeIbIIyInX pasjesax, IMPUIoKeHnsT Ha ocHoBe Spark
OIIpeZIEJISIIOT IIOTOKY ollepanuil ¢ gannpiMu. CHavyasa Mbl 3arpy:kaeM OJUH WU
HecKoJIbKo HabopoB RDD, nmpuMmeHsieM K HUM TpeoGpa3oBanust, 00beANHSIEM UX,
3aTeM IPUMEHSIEM JIeHCTBUSI M COXPaHsieM IIOJy4YeHHbIe Pe3yJIbTaThbl Ha JAMCK WK
o0beIMHsIEM JIAHHBIE U BO3BpAIlaeM WX 0OPATHO YIIPABJSIOINIeil mporpamme. Jta
MOTITHAST aGCTPAKIINST TO3BOJISIET PACCYK/IATH B TEDMUHAX KOJIJIEKIINH IAHHBIX, & He
B TEPMUHAX PACIPE/IETIEHHBIX BBIUNCIEHUI, 1 06JeryaeT OCBOEHUE KITaCTEPHBIX
BIYKCIEHUI. BoJsiee CI0KHbBII BApUAHT UCIIOIb30BaHUsT Spark BKiowaer cosamie
kosutekimii DataFrame u Graph, ¢ KOTOPBIME MBI BECTPETHUMCSI B CJIE/IYIOIIEM PasJieie.

O6paboTka ecTeCTBEHHOro sisblka B Spark

O6paboTKa eCTECTBEHHOTO sI3bIKA TIPEICTABJIISIET OCOOBIN MHTEPEC JIJIsT COOOIecTBa
0JIb30BaTe Il paciipeieJIeHHbIX cucTeM. V1 He TOJIbKO TI0TOMY, YTO TEKCTOBBIE Ha-
GOPBI SIBJISTIOTCST caMbiME OoutbIME ((akTidecku, hpeiivBopk Hadoop npoektupo-
BaJICA CTIeNNaTbHO s mapcwHTa fokyMeHnToB HTML B monckoBbIX MexaHM3Max),
HO TaK’Ke TIOTOMY, 4TO JIJist 00J1bIeit ah(heKTUBHOCTH COBPEMEHHBIM MPUIOKEHUSIM
aHaJIM3a eCTECTBEHHOTO SI3bIKA TPEOYIOTCS 0COGEHHO GOJIBIIIE KOPITYChl. B pe3yib-
tate 6ubamnoreka MamuuHOro obydennss MLLib!' 8 Spark moxeT moxBacraTbhes
GOJIBIINM KOJIMYECTBOM MHCTPYMEHTOB [IJIsl HHTEJJIEKTYaJIbHOTO U3BJIEYEHUST TPH-

! The Apache Software Foundation, MLlib: Apache Spark’s scalable machine learning library
(2018), http://bit.ly/2GIQPOY
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3HAKOB M BEKTOPHU3AIINHU TEKCTA, aHAJIOTUIHBIX 00CY;KIAaBIIUMCS B TJIaBE 4, BKIFOYast
YTUIATHE YacToTHOTO, psimoro, TF—IDF u word2vec koaupoBaHusi.

Mainurnoe o6ydenre B Spark HaunHaeTcs ¢ MoJyYeHnst KOJJIEKIIMU JAHHBIX, 10~
xoskeit Ha Habop RDD, — SparkSQL DataFrame. Kosureknun Spark DataFrame
KOHIIENITYa/IbHO TI0XO03KH Ha TaOJIMIbI B PEISIIIMOHHBIX Oa3aX JaHHBIX UM NX AHAJIOTH
Pandas u opranusyioT gaHHbie B TaGJIHILY, COCTOSIIYIO 3 CTPOK U cToJIOIOB. [Tpn
9TOM OHU H0OABUJIM OOMIMPHBIN CHIEKTP ONTUMK3AINNA, OCHOBAHHBIX Ha UCIIOJIb30-
BaHWU MeXaHu3Ma BbinoaHeHuss SparkSQL, u GbicTpo MPeBPaTUIINCH B CTAHAAPT
pacipeziesieHHO 06pabOTKH JTaHHbIX.

Ecau 6b1 Mbl moskenasu 3aneiicrsoBarb Spark MLLib as o6paboTku xopiyca
«hobbies», MmbI cHavasa mpeoGpaszosasu Ob1 kKopiyc RDD ¢ momoribio SparkSession
(mocrymHa B PySpark kax riobasbHast iepeMeHHast spark), 4T00bI CO3/1aTh DataFrame
13 KOJIJIEKIINU KOPTEKEH, OITPe/IesTUB NMsI KaKI0TO CTOIONA:

# 3arpy3uTb [aHHble C Aucka
corpus = sc.wholeTextFiles("hobbies/*/*.txt")

# Mony4nTb MeTKM U3 nyTei Kk daitnam
corpus = corpus.map(lambda d: (parse_label(d[@]), d[1]))

# Co3paTtb DataFrame c agByms cTonbuamu
df = spark.createDataFrame(corpus, ["category", "text"])

SparkSession — 910 Touka Bxozia B SparkSQL u Spark 2.x API. YTto0bI BOCTIOJIB30-
BaTbCs 9TUM MeXaHN3MOM B IIPUJIOKEHNN 1711 spark-submit, HYy’KHO CHa4aJIa CO3/1aTh
ero, moJIoGHO TOMY KaK MbI CO3/1aBajii SparkContext B MpeblaylieM paszese. 13-
MeHuTe mabI0H IporpaMMbl st Spark, 106aBUB CJIEAYIONIE CTPOKU:

from pyspark.sql import SparkSession
from pyspark import SparkConf, SparkContext

APP_NAME = "My Spark Text Analysis"

def main(sc, spark):
# OnpepenuTe Konnekuuu DataFrame v 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)

# BbinosiHEHMEe rnaBHOW GYHKUWM
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-
HbIit naTepdeiic Spark ouenn moxox Ha Scikit-Learn, moatomy mepexon ot Scikit-
Learn wim coBmectHoe ucnobsoBanue Scikit-Learn u Spark ne npemcrasisiior
HUKAKWUX CJIO’KHOCTEI.

Ot Scikit-Learn k MLLib

bubmoreka Spark MLLib 6bicTpo pasBuBaeTcs 1 BKIIOYAET Pean3aiii alropuT-
MOB KJIacCU(PUKAIIH, PETPECCUH, KIACTEPU3AIINH, COBMECTHON (DUJIBTPAIIUN U BbI-
SIBJIEHUST 3aKOHOMepPHOCTel. MHOTHE U3 HUX CO3/IaBajiCh 10 00pa3y U Mogx00uIo
aHaIorn9HbBIX aaroput™oB B Scikit-Learn, mostomy mosb3oBatean Scikit-Learn
6bICTPO ocBOAT O6uboTeky MLLib 1 tocTyiHble B HEll Mozesm.

BaskHO MOMHUTB, YTO OCHOBHOE IpeiHasHadeHre Spark — 06paboTka oueHb OOJIBITNX
HaOOPOB JAHHBIX B KJaacTepe. [10 aToll npudrHe B pacipeieIeHHbIX BBIYUCTIEHUSAX
HCTIOJIB3YETCS MHOKECTBO OMTUMU3AIINHN. DTO O3HAYAET, UTO AJITOPUTMBI, JIETKO
HOIAIONINECs pacliapa/uleIMBaHuUIO, IOYTH HaBepHsaKa OyayT goctymnbl B MLLib,
HO JIpyTHeE, 71 KOTOPBIX CJIOKHO Peayn30BaTh MMapajjelbHble BADUAHTDI, MOTYT
orcytcTBOBaTh. Harpumep, airoputv Random Forest (ciryuaiinbiii Jiec), CyTh KOTO-
POTO 3aKJIFOYAETCST B CIy4ailHOM pa3brueHnn Habopa JaHHBIX U 00YYeHIH KOMILIEKCa
JlepeBhEB PEIeHU Ha TOIMHOKEeCTBAX TAHHBIX, JIETKO MOKHO PACTIPEIETUTD MEKIY
HECKOJIBKUMU KOMITBIOTEPaMU. AJITOPUTM CTOXACTUIECKOTO I'PAINEHTHOTO CITyCKa,
HAITPOTHUB, 0U€Hb TPYAHO PaclapaljIeTuTh, TOTOMY UTO €T0 BHYTPEHHEE COCTOSTHIE
OOHOBJISIETCS TIOCJIE KasKI0U nTepari. Spark BBIGUpaeT cTpateriu, OnTHMaIbHbIE
JIsL BBIYKMCIEHUN B KJIacTepe, a He 6a3oBble Mozei. [ monb3osareseii Scikit-Learn
3TO MOJKET IPOSBJSITHCS B BUJIe MEHEe TOUHBIX Mojiesiel (M3-3a allipoOKCUMaIiii
B Spark) wiim MeHbIIIero KosimuecTsa runeprapamerpos. [l pyrue Mojesu (Harpumep,
k-6msKaiinmix cocezieil) MoryT ObITh BOOOIIE HEAOCTYITHBI H3-32 HEBO3MOKHOCTH
opranmn3oBaTh a(hHeKTUBHOE UX pacrpesiesieHue.

Spark ML API, raxk ke kak Scikit-Learn, ocnoBan Ha uzee Komseiiepa (Pipeline).
Konseiiepnl 103BOJISIIOT OLIPEAEJIATD I10CIe10BaTEIbHOCTH allTOPUTMOB, [1PEICTaB-
JISTIOTIME €IITHYIO MOJIENTb, KOTOPYIO MOKHO OOYYUTDH HA JaHHBIX U HCIIOJTb30BATH
J1J1s1 IPOTHO3MPOBAHUSL.

B Spark, B otnmume ot Scikit-Learn, anroputmbl 06yyYeHns 1 OLEHKM, @ Takxke
KOHBelepbl BMECTO M3MEHEHWS BHYTPEHHEro COCTOSIHMS BO3BPaLLaloT CoBep-
LUEHHO HOBbIN O6BEKT MOAENU. ITO 0OBLACHSAETCS HEU3MEHSIEMOCTbLIO Habo-
pos RDD.
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OO6bekT Pipeline B Spark cocTonT U3 amanos, Kaxablii 13 KOTOPbIX A0JIKEH ObITh
9K3EeMILISIPOM Transformer Uin Estimator. JK3eMIISAPHI Transformer Hpeo6pa3y10T
OJIHY KOJIJIEKIIMIO DataFrame B APYTYIO, YATast CTOJIOIbI U3 UCXOAHON KOJIEKIIUN
DataFrame, IipeoGpasyst UX B MeTojie transform() u 100aBsiss HOBbIE cTOJIONBL. [To
9TOIi IIprUMHe Bee IpeobpasoBaTe/in 0ObIYHO TPEOYIOT YKa3aTh MMeHa CTOJIOIOB BO
BXOJIHOI U BBIXOJHON KOJIJIEKI[USX, KOTOPBIE JOJIKHBI OBbITh YHUKATbHBIM.

OG6beKTHI Estimator peanusyioT MeTos fit(), 00yJaoIiii i BO3BPAIIAIOITI HOBYIO
MoziesTb. Mojiesin caMu sIBJISTIOTCS TIPe0OPasoBaTeIsIMU, TI09TOMY OOBEKTHI Estimator
TaKsKe OMPEJIEIISTIOT BXO/IHBIE M BBIXO/IHbIE CTOJIOIBI KOJLTIEKITHIT DataFrame. Koria BbI-
3bIBAETCST METOJL transform() npozHoCmuueckoi MoOe I, TIPEICKa3aHIs COXPAHSIOTCST
B BBIXOJIHOM cTOJI011€e. Takoe perreHne HeCKOIbKO OTJINYAECTCS OT PeaiM30BaHHOTO
B Scikit-Learn, re umeercst Meto predict (), HO B pacipeieIeHHOM KOHTEKCTe Me-
TOZ transform() GoJiee yMeCTeH, OTOMY YTO IPUMEHSIETCS K TTOTEHI[HATBHO OYEHb
60bIIOMY HAOOPY JaHHBIX.

STanbl KOHBENepa A0MKHbI 6bITb YHUKAbHBIMM, YTOObI rapaHTUPOBaTh yCneLl-
HOe NpeosoieHne NPOBEPKM Ha 3Tare KOMMNUsSLMKU 1 Npeobpa3oBaHue B auu-
Knuyeckuin rpacd — rpad npeobpasoBaHuii U AeCTBUIA B Cpesie BbIMOHEHMS
Spark. 3To 03HauaeT, YTo NapaMeTpbl inputCol v outputCol AOMKHbI 6bITb
YHUKabHBIMW Ha KXXI0M 3Tane, 1 OAWH U TOT Xe 3K3eMMNsiP Hesb3s UCTOSb-
30BaTb Ha pasHbIX 3Tanax.

[TockosbKy coxpaHeHue MOJIEJIA U ee TTOBTOPHOE 3HAaYeHUe YPe3BbIYaliHO BasKHbI
JIJI MAIlTMHHOTO 06y‘leHI/IH, Spark npeaycMaTpuBaeT BO3MOKHOCTD 9KCIIOPTHUPOBA-
HUSI M1 UMTIOPTUPOBAHUS MOjIeJIel 110 Tpe60BaHI/IIO. Muorue 00beKTbI Transformer
U Pipeline UMEIOT METO/ save() I/ COXPaHEHUS MOJEJIN Ha JUCK U COOTBETCTBY-
TOIUY MeTOJT load() I 3aTPy3KU COXPAHEHHON MOJIETH.

Haxkomer, 6ubanorexa Spark MLLib peanusyer eie oHO ZOMOJTHUTEIbHOE
nousitue: Parameter. O6bEKTHI Parameter — 9TO paciipesiejieHHbIe CTPYKTYPbI
JIAHHBIX ¢ COOCTBEHHBIM OIUCAHMEM. DTa CTPYKTypa JaHHBIX COBEPIIEHHO HE0O-
XO/MMa B MaIlIMHHOM 00YYEHUH, TIOTOMY 4TO obecrednBaeT 6e30MacHy 0 paAcCyLIKy
HepeMeHHBIX BCeM UCIIOJTHUTEISAM B KJacTepe. Paccbliaemble epeMeHHbIe — 9TO
JIaHHbIe, JOCTYIIHBIE TOJBKO JIJIs UTEHU KaK TJI00a/JbHble TlepeMeHHbIe BCeM HC-
MOJIHATEJISIM B KJIaCTEPe.

Hexortopble mapamMeTpsl MOTYT Jaske M3MEHSTHCS B mpoitecce obydenust. Takie
napameTpbl (UX Ha3bIBAIOT AKKYMYAAMOPAMU) IIPEACTABIISIOT CTPYKTYPLI JaHHBIX,
HOJ/IEPKUBAIOIINE ACCOIIMATUBHbBIE M KOMMYTATHBHbIE I1apaJljlesIbHbIe Ollepaliiu.
[ToaTomy MHOTHE TapaMeTpbl OJIKHBI U3BJIEKATHCS UM U3MEHSITBCS C TIOMOIIBIO
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CIeLMaIbHBIX METOAOB Kjacca Transformer, U3 KOTOPBIX HanOoJIee 4aCcTo UCIIOJIb-
3yIOTCs getParam(param), getOrDefault(param) u setParams(). C IOMOIIBIO METO/IA
explainParam() MOKHO IIPOCMOTPETH IapaMeTp U CBA3aHHbIe C HUM 3HaY€HUd, U OH
vacTo ucrnosbsyercs B PySpark u Jupyter Notebook.

Teneps, mosyuus obiee npeacrasienue o Spark MLLib API, niepeiiziem Kk ciemyio-
IeMy paszeny, rie pacCMOTPUM HECKOJIBKO TPUMEPOB.

MU3BneyeHme npm3HaKkoB

[TepBsrit mmar B 06paboTKE €CTECTBEHHOTO sI3bIKA € MCIOIb30BanneM Spark — us-
BJIeUeHNe IPU3HAKOB U3 TEKCTa, JIeKCeMHU3alNs U BeKTOPU3alis BbICKa3bIBAHUI
u okymenToB. B Spark numeercst 6orarpiii HabOp HHCTPYMEHTOB U3BJIEUEH S TPHU-
3HAKOB M3 TEKCTa, BKJIIOYasl MH/IEKCUPOBaHNe, ylajJeHue CTOI-CJI0B U U3BJIeueHne
n-rpamm. Takske B Spark ecTb yTHINTBI BEKTOPU3AIINY [IJIsT YACTOTHOTO, ITPSIMOTO,
TF-IDF u word2vec kopupoBamusi. Bce 9TH yTHINTDI TPUHIMAIOT CITHCOK JIEKCEM,
[I09TOMY Ha IIEPBOM II1are 0ObIYHO BBITOJIHSIETCS JIEKCEMU3AIIHSL.

B caenytommem parmenTe Mbl HHUIIHATU3UPYEM TTpeodpasoBareib RegexTokenizer
HECKOJTBbKUMM TlapaMeTpamiu. IlapameTpnr inputCol 1 outputCol OrpesessaioT, Kak
npeobpasoBaTen OyayT paboraTh ¢ JaHHOI Kosekiueil 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
[PE/IIOJIATaeTCsl, YTO KOPIYC YiKe 3arpysKeH) B HEM TOSIBUTCSI HOBBIN cTOJI0EII
«tokens» ¢ THITOM TAHHBIX «MACCHB CTPOK», KOTOPBIN HEOOXOMM [171sT GOJIBIITIHCTBA
WHCTPYMEHTOB M3BJICUECHNS TTPU3HAKOB:

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 MIPEIMHAHUSA 1 Pa3oObeT COCTaBHbIE CJIOBA,
KOTOPBIe 3aMUChIBAIOTC Yepe3 neduc. boisee ciokHoe BeIpakeHHe, TaKOe Kak
"\\w+ | \$[\\d\. ]+| \\S+", BBIIOJTHUT Pa3OMBKY 110 3HAKAM ITPEMTUHAHNS, HO HE YIaTUT
WX U Jla’Ke COXPAHUT JIEHEKHbIE CYMMbI, TaKHe Kak "$8.31".
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HekoTopble Mogenu B Spark onpefensioT 3HayeHus MO yMOMYaHuo Ans
inputCol noutputCol, Takmne Kak "features" nnn "predictions”, koTopble
MOryT NMPUBOAMTb K OLUMEKAM WM HEMpPaBWUbHOM paboTe; KaK NpaBusio, yylle

| SIBHO YKa3blBaTb 3HAaYEHMS1 STUX MApaMeTPOB ANsl KaXkaoro npeobpasosaTensi
1 Mogenu.

[TockosbKy mpeobpa3oBaHiie TOKYMEHTOB B BEKTOPHI IPU3HAKOB BBIIOTHIETCST
B HECKOJIBKO ATATIOB, KOTOPBIE OJKHBI OBITH COTTACOBAHDI, BEKTOPU3AIIHST PEeaIi-
30BaHa Kak KoHBelep Pipeline. Co3manne JOKATBHBIX TIEPEMEHHBIX /IJIT KasKIOTO
npeobpasoBaTeis U UX Mepejiadya B KOHBEHep — pacipocTpaHeHHbI IIPHeM, HO 3TO
MOJKET ClIeJIaTh ClleHapuu /Uit Spark cmIKoM moApOOHBIMU U TIOABEP;KEHHBIMU
ormm6kam. OIHO U3 pelieHuit TOM ITPoOIeMbl — OTIPEIETUTh (PYHKIIUIO, BO3Bpalla-
TONTYTO CTAaHAAPTHBIN KOHBelep Pipeline BEKTOPU3AIINU KOPITYCa, KOTOPYIO MOKHO
UMIIOPTUPOBATH B ClleHApUIl.

q)yHKHI/IH make_vectorizer cO3/laeT 9K3eMILIAP Pipeline C JIeKCEMU3aTOPOM
Tokenizer M BEKTOPU3aTOPOM HashingTF, 0TOOpasKAIONIMM JIEKCEMbI B MX YaCTOTBI
METO/IOM XeUUpO8anus NPU3HaKos, CyTb KOTOPOTO 3aKJII0YAETCA B BbIYMCIEHUN
xenr-cyMMbl Murmur3 JieKCceMbl 1 ee NCTTOTb30BaHU B POJIU YUCJIOBOTO MTPU3HAKA.
Ita HYHKIIS MOKET TaksKe T00ABJISITh B KOHBElep yaaneHre CToI-CJI0B 1 Peo0-
pasosaresn TF—IDF. Yto6b! rapaHTHPOBATh IIPaBUIbHOE IIPpeobpazoBaHue KOJLIeK-
i DataFrame ¢ yHUKaJIbHBIME CTOJIOIAMMU, KAK/IBII TPe0Opa3oBaTesib MOJIydaeT
YHHUKAJIbHOE UM BBIXOJHOTO cTosb1a u HUCIIOJIb3YeT stages[-1].getOutputCol(),
4TOOBI OTIPEIETUTh UMsI BXOIHOTO CTOJIOIA MO MPEbILYIIEMY 9TaIly:

def make_vectorizer(stopwords = True, tfidf = True, n_features = 5000):
# Co3paeT KOHBellep BeKTOpM3aLMW, KOTOpbIi Ha4yuHaeTCA C JieKCeMU3aLuum
stages = [

Tokenizer(inputCol = "text", outputCol = "tokens"),

]

# [lo6aBUTb B KOHBeliep yfhaneHue CTOM-C/OB, eCAu 3aTpeboBaHO
if stopwords:
stages.append(
StopWordsRemover(
caseSensitive = False, outputCol = "filtered_tokens",
inputCol = stages[-1].getOutputCol(),
)s
)

# Nlo6aBWTb 4YacTOTHbI BekTopusaTop 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 MONy4YMBWHUIACA KOHBenep
return Pipeline(stages = stages)

[Tockoabky HashingTF 1 IDF SBJISIOTCS MOJEISIMU, 3TOT BEKTOPU3ATOP HYKHO 06y-
YUTHb Ha BXOJHBIX JAaHHBIX; BbI3OB make_vectorizer().fit(corpus) rapantupyer
Takoe 00y4eHre MOJENN U ee CIIOCOGHOCTD IIPe06PasOBbIBATH AaHHbIE:

vectors = make_vectorizer().fit(corpus)
corpus = vectors.transform(corpus)
corpus[['label', 'tokens', 'tfidf']].show(5)

Bor kax BBITJIALAT IIEPBDBIE ITIATD CTPOK PE3YJbTraTa:

+----- e e LT e T LT T +
| 1abel]| tokens | tfidf|
+----- e e LT e T LT T +
|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 okoHyaHuM MpeobpasoBaHKss KOPIyC OYIeT ColepsKaTh IecTh CTOJIOIOB: 1Ba
OPUTHHAJIBHBIX CTOJIOIA ¥ YeThIpe CTOJIOMA, TIPEACTABIAIONNE OTAEIbHbIE OTAIlbI
nportecca npeobpasosanus. C nmomorpio DataFrame API Mbl BBIGpaiu TPy U3 HUX
JUISL UCCTIEI0OBAHIS Y OTJIQ/IKH.

IIocne u3Bneuenus IIPU3HAKOB MOJKHO HaYMHaATDh CO3/laBaTb MO/eJin, IPUMEHNB
IIpuemM TpOﬁKH BbI60pa MOEJIN. Cnauaja CO3/1a/IUM MO/I€JIb KJlaCTeEpU3aliu, a 3a-
TeM KJIaCCI/I(bI/IKaHI/II/I.

Knactepusauus Tekcra ¢ nomouwbio MLLib

Ha momenT Hamucauust aTux cTpok B Spark G0 peaqr3oBaHo YeThIpe aJrOpPHT-
Ma KJIaCTepPHU3allly, XOPOLIO ITOAXOSIINX /IS TEMAaTUUECKOIO MOJIeTMPOBAHNUSL:
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k-cpemnux v auBU3UMHBII k-cpenanx (bisecting k-means), TaTeHTHOE pa3MenieHne
Hupuxie (Latent Dirichlet Allocation, LDA) u rayccoBa cMech pacripe/iesieHuin
(Gaussian Mixture Models, GMM). B sTom pasjesie Mbl pacCMOTPUM KOHBeIep
KJIaCTepPH3AITIH, CHaYaJIa UCTIOJIb3Y Ot anropuT™ word2vec [ist ipeoOpasoBaHuist
«MeIIKa CJIOB» B BEKTOP (DUKCUPOBAHHOIT ITTMHBI, a 3aTeM BisectingKMeans /IJIs BbI-
SIBJIEHUST KJTACTEPOB MOXOKUX JOKYMEHTOB.

JIMBU3UMHBII aITOPUTM k-Cpe,Z[HI/IX — 39TO HUCXOJAIINHI MTOJX0/ K uepapXuueckoin
KJIaCTePU3AINH, UCIIOIb3YIOMINI METO k-CPEeHUX A PEKYPCUBHOTO IEICHUS
KJ1acTepoB (HaIpUMep, alTOPUTM R-CPeHUX IIPUMEHSETCS K KakKIOMY KJIacTepy
B uepapxuu ¢ k = 2). [Tocse pasziesnenuns kjaactepa COXpaHsieTcsl Ta ero 4acTh, KO-
TOpas UMeeT HAaWBBICITYIO OIEHKY CXO/ICTBA, & OCTATbHbIC JAHHBIE TTPOIOJIKAIOT
JIEJTATHCS, TIOKa He OY/IeT JOCTUTHYTO JKeJTaeMOE YUCJI0 KJIACTEPOB. ITOT aJITOPUTM
umMeeT ObICTPYIO CXOAUMOCTb, 1, TOCKOJIbKY BBITOIHSAET HECKOJIBKO UTepaiuii ¢ k = 2,
00BIYHO OH paboTaeT ObICTPEE, YeM AITOPUTM R-CPeJHUX ¢ OOIbIIMM 3HaUeHnEeM &,
HO B pe3yJibTaTe TOoJy4aeT COBEPIICHHO UHOE JleJIeHue Ha KJIacTepPhl.

B caenyrormem gparmente Koa MBI cO37ITaeM Ha9aIbHBIN KOHBeHep Pipeline 1 ompe-
JleJIsieM BXOJIHBIE M BBIXO/IHBIE CTOJIOIBI, a TaKKe rapaMeTpsl I HAlINX Hpeo6pa-
30BareJieil, Takie Kak (DMKCUPOBAHHBIN Pa3dMep BEKTOPOB CJIOB U BEJIUUUHY R /1711
asroputma k-cpenaux. Boi3oB MeTo/a fit KoHBeliepa ¢ HANTMMU JTAHHBIMU BEPHET
MO/IeJIb, KOTOPYIO 3aT€M MOKHO HCITIOIb30BAT JIJIsT TPe0OPAa30BAHMUST 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 KJIaCTepU3aliK, H3BjaedeM 00bheKThl BisectingKMeans
U word2vec ¥ COXPaHUM UX B JIOKAJIbHBIX [TEPEMEHHDBIX: bkm — 0OPAaTUBIIUCH K 110-
cienHeMy aTany modeau (He KOHBeliepa Pipeline), M wvec — K TIPEAIIOCTIETHEMY
aramy. [ly19 BRIUMCTIEHNS CYMMBI KBa[pATOB PACCTOSTHUN JOKYMEHTOB OT IIEHTPA
WCTIOJIb3YyeM MeTOJT computeCost (M CHOBA 3/1eCh MPE/IIOJIATAETCS, YTO KOPIYC /10-
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KYMEHTOB y’Ke 3arpysker). Yem MenbIie 9ta cymMmMma, TeM 0oJiee IOTHBIMU 1 YeTKO
BBIPAJKEHHBIMU ITOTYYUINCH KJIacTephl. Takske MOXKHO BBIYMCJINUTD UX pa3Mephl 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 MPEACTABICHIE Kaik/I0TO IIEHTPa, CHavasia BbITTOJI-
HUM 00XOJI BceX MHIEKCOB (ci) U IeHTPOUIOB (c) KJIacTepoB, mepedbupasi IeHTPbI
KacTepoB. /st KaK/I0To 1eHTpa HalieM ceMb OJIMKalIiX CAHOHUMOB, BEKTOPbI
CJIOB, OJIMIKAMIIMX K HEHTPY, 3aTeM TIOCTPOUM TaOJINILY, 0TOOPAKAIONIYIO HHIEKCHI
LEHTPOB, Pa3MePbI KJIACTEPOB ¥ COOTBETCTBYIONIME UM CUHOHUMbI. 3aT€M BbIBE/IEM
aTy TabsuIy B 0T(HhOPMATHPOBAHHOM BH/IE C TIOMOIIBIO OUOIMOTEK Y tabulate:

# Mony4nTb TeKCTOoBOe MpefcTaBJ/ieHMe KaxAoro knactepa
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])

# BblBeCTU pe3ynbTaThl
print(tabulate(table))
print("Sum of square distance to center: {:0.3f}".format(cost))

Bot kakue pE3YJIbTAaThI IIOJYYUJINCH 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, WNEO

Kak BuznTe, HEKOTOPbBIE KJIACTEPDI TIOJYUNIUCH OOJIBITMMU ¥ Pa3MbITHIMHU, TI09TO-
MY CJIELYIOIIMM HAIKM [IIaroM MOTJIa ObI CTaTh UTEpATHBHAS TIPOIEAypa BbIOOPaA
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1 OIICHKHU 3HAYCHUS R, KaK OIMCBIBAJIOCH B TIaBax 6 U 8, 710 I0CTUKEHUS [TOIX0/14-
II[ero KavyecTBa MOJIEJIH.

Knaccudumkauma Tekcra ¢ nomouwibio MLLib

W3 unciia arropuT™MoB KaaccpUKaIMK B HacTosee BpeMst B Spark peasimsoBaHb
MO/IEJIN JIOTUCTUYECKOH PErPecCry, IEPEBbs PENEHN, CTydaiiHble Jieca, TPaIueHT-
HBII 6YCTUHT, MHOTOCJIOIHBIE TIEPIENITPOHBI U METOZ OIOPHBIX BeKTOpoB (Support
Vector Machine, SVM). DTu Moze/u XOPOIUIO MOAXOAAT AJI aHAAN3a TEeKCTa
1 00OBIYHO MCITOJIb3YIOTCST [IIsI PellieHnst 3a1a4d kinaccuduranuu. Kinaccudukarst
BBITIOJIHSAETCST OZO00HO KJIaCTepPU3allii, HO BKJIIOYAET JONOTHUTEIbHBIE [Iary WH-
JEKCUPOBAHUS METOK JIJISI KASKIOTO TOKYMEHTA 1 OTIEHKU TOUHOCTH MoJesTH. Tak Kak
OIIeHKa I0JKHA BBITTOTHATHCS HA KOHTPOJIBHBIX JAHHBIX, HEe UCTIOIb30BaBITNXCS TTPU
00y4YeHNN MOJIEJIN, MBI JJOJIKHBI Pa3bUTh KOPITYC Ha 0OYYaION[yi0 U KOHTPOJbHYIO
BBIOOPKIL.

[Tocure aTama BeKTOpU3aI 3aKOAUPYEM METKH IOKYMEHTA C TOMOIIIBIO StringIndexer,
KOTOPBIii ipeobpasyeT crosbert cTpok B Hamrell kosuiekiiun DataFrame B crosbGerr
WHJIEKCOB [0, len(column)], yrmopsiio4eHHbIH 10 YacToTe (Harmpumep, HanboJiee
YaCcTO BCTpevaromasicss MeTka nmoaydut uugekc 0). 3areM pazoObeM KOJLIEKITHIO
DataFrame Ha corydaiifbie BBIOOPKH — 00ydaroIyto, BKIoYaolyo 80 % maHHbIX
U3 MCXOAHOTO HabOPa, 1 KOHTPOJIbHYIO, BKJII0Yaonyio 20 %:

from pyspark.ml.feature import StringIndexer

# Co3paTb 06bEKT AN BeKTopu3auuu Kopnyca
vector = make_vectorizer().fit(corpus)

# MHpekcupoBaTb Knaccuouumpylowme mMeTKu
labelIndex = StringIndexer(inputCol = "label", outputCol = "indexedLabel")
labelIndex = labelIndex.fit(corpus)

# Pa3buTb AaHHble Ha ObyYawlyl U KOHTPOIbHYH BbI6OpKHU
training, test = corpus.randomSplit([@.8, ©0.2])

B npeabigywem npumepe nepea pasbueHvem Ha ase Bbibopkn 0ba npeobpaszosa-
Tens, vector n labelIndex, 0byyatoTca Ha MOMHOM ob6beMe 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 co3naium KoHBeep Pipeline U ONpeNe UM MIPOIECC KOAUPOBAHUS METOK
1 JJOKYMEHTOB IIepe/] IOCTPOEeHNEM MO/Ie/iN LogisticRegression:
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from pyspark.ml.classification import LogisticRegression

model = Pipeline(stages = [
vector, labellIndex, clf
1) .fit(training)

# Mony4nTb npepckasaHua
predictions = model.transform(test)
predictions.select("prediction"”, "indexedLabel", "tfidf").show(5)

JLJ1s1 OIIEHKHM MOJIEJTN MOKHO BOCIIOJIb30BAThCS YTUIIMTAMU OIEHKH KJIacCu(UKaIum
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 715 IEPEKPECTHOI TIPOBEPKHU U BEIOOPA MOJIEIENH,
YUUTBIBAIOITHE TOT (haKT, 4TO MOJIENH 00y UatoTCst Ha 60JIbIIIX 00beMax IaHHbIX. Bo-
o611te TOBOPSI, pasfiesietivie GOJIbIINX KOPITYCOB 1 MHOTOKPATHOE 00yUueHne Mojieieit
JUUIST TIOJIYI€HMSI UX OTIEHOK TpeGyeT MHOTO BPEMEHH, TOITOMY KellTMPOBAHUE U aK-
TUBHOE 00yUeHNUE SIBJISAIOTCS BAKHBIME 3JIEMEHTAMH MTPOIIECCA MOJIETMPOBAHUS, M-
HUMU3UPYIONIMH CITy9ar MHOTOKPATHOTO TIOBTOPEHUS OJTHNX U TeX Ke OTIepaIuii.
[TorrMaHue KOMITPOMHUCCOB, HEN30€KHBIX TIPH UCTIOJIB30BAHUN PACITPEIETEHHOTO
O/IX0/Ia K MAIITITHHOMY 00y4YeHUIO, TOJBOIUT HAC K CJIeIyIOIIel TeMe — UCII0JIb30-
BAHUIO JIOKAJIbHBIX BBIYUCJIEHUI € TII00aIbHBIM HAOOPOM [TAHHBIX.

JlokanbHoe obyueHue, rnobanbHoe NpUMeHeHune

3amyckas pparmenTs Koga Spark sokaibHO ¢ momoribio PySpark v spark-submit,
BBI MOTJIN 3AMETHTb, UTO hpeitMBopk Spark eficTByeT He Tak OBICTPO, KAK PEKIAMU-
pyeTcsi; Ha caMoM JieJie o paboTaeT [asxe MejlJieHHee, YeM 9KBUBAJIEHTHbIE IPHEMbI
MOZIEJIMPOBAHUS C UCIoab3oBanueM Scikit-Learn Ha lokaabHOM KoMIIbloTepe. Spark
MMeeT OUeHb OOJIbIINE HAKIAHBIE PACXOIbI, CO3/[ABAsT ITPOIECCHI [JIsI MOHUTOPHUHTA
3aJIaHUI, M OPTaHU3yeT MHOTOYNCJIEHHbIE B3AMMO/IEHCTBUS MEKILY ITPOTIECCAMU JIJIST
WX CHHXPOHU3AIMH U MOJJIEPKKHI 0TKA30yCTOWYNBOCTH; BBIUTPBIIT B CKOPOCTH Ha-
YUHAET TPOSIBIISITHCST, TOJIBKO KOT/Ia HAOOPBI TAHHBIX CTAHOBSITCSI HAMHOTO OOJTBIIIE,
4eM MOKeT 00paboTaTh OJIUH KOMITBIOTED.
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OpiHO U3 peleHn it aToit MpobJIeMbl — TapaJiiebHbIe IpeiBapuTeIbHass 00paboTKa
JIAaHHBIX U BEKTOPHU3aIlUsl B KJacTepe, MOJyYeHrne BHIOOPKH JaHHBIX, JOKAJTbHOE
obydeHre MOJIEJTN U 3aTeM TJI00aTbHOE ee TPUMEHEHNE KO BCceMy HabOpY JIAaHHBIX.
HecmoTpst Ha TO 4TO MpH 3TOM HCUYE3aeT MPEUMYIIECTBO 00YUYeHUsT MOJIe/Ieii Ha
GoJIbIIMX HAbOPaX JAHHBIX, 3a4aCTYI0 9TO €IMHCTBEHHBII CII0CO0 CO3[MaHUs Y3KO-
CIIENUAJN3UPOBAHHBIX MOJEJIEH B KjlacTepe. ITOT PUEM MOKHO MCIIOJIb30BaTh
JUISL CO3JIAHUS Pa3HbIX MOJEIel It PasHbIX ()parMeHTOB Habopa JaHHBIX HJIH /IS
YCKOPEHHUSI ITPOIECCA TECTUPOBAHMISL.

Yto0bl peai30BaTh TaKOE PellieHre, CHaYala BEKTOPH3YeM KOPILYC, a 3aTeM TI0JTy-
yiM BBHIOOPKY. BeKTOpH3aIiust B KjlacTepe rapaHTUPYET, YTO MCII0JIb3yeMasi MOJIE b
u3 Scikit-Learn He Gy/er 3aBUCETh OT TEPMUHOB MJIU APYTHX COCTOSTHUIL, KOTOPbIE
MOTYT OBITH HCKJIIOYEHBI B TIPOIECCE CO3MaHUs BHIOOPKI. BhIOOPKa TIPOM3BOANUTCS
6e3 3ameHbl (3HaUeHIE False B TIepBOM aprymenTe) u otoupaet 10 % maHHbIX (apry-
MeHT 0.1). Bybre 0CTOPOKHBI ¢ Pa3MePOM BHIOOPKH; BBI JIETKO MOKETE UCYEPIIATD
aMsITh KOMITBIOTEPa, faske 3arpocus Beero 10 % ot obuero o6bema koprycal Jleii-
cTBUE collect() BBIMOJHSIET KO U3BJI€UEHMS BBIOOPKH U ITOMeTaeT Habop TaHHBIX
B IaMSITh JIOKATBHOTO KOMITbIOTEPA B Buje crucka. [locse aToro us mnosrydyeHHbIX
JTAHHBIX MOJKHO CKOHCTPYHPOBATD X Uy U 00YYUTH MOJIEIb:

# BekTopu3oBaTb KOpMNycC 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 TOYHOCTHM MOJIeJIN OTIIPAaBUM €€ B KJlaCcTepP BbI3OBOM broadcast U 1cC-
IMOJIb3YEM aKKYMYJIATOPDI JIJIA ITOJTYYE€HN A Y1 CJld BEPHBIX 1 HEBEPHBIX HpeZ[CKaSaHI/IIL/,II

# OTnpaBuTb Mojenb Scikit-Learn B knacTep
clf = sc.broadcast(clf)

# Co3p8aTb aKKyMynATOpbl ANS MONYYEHUS YUCNA MPaBUSIbHBIX U HENpaBUIbHBIX
# npepckasaHui

correct = sc.accumulator(9)

incorrect = sc.accumulator(1l)

LITO6I::I SHHeﬁCTBOBaTb ITHU IIEpEMEHHDbIC B ITapaJlji€JIbHbIX BbIYMCJJICHUAX, MbI J1OJIK-
HBI KaK-TO COCJIAThCsT Ha HUX B oniepanusx DataFrame. B Spark ato moskHo cienarhb
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nyteM oTnpaBku samvikanus (closure). OObIYHO € TOIl 1EJBIO OTPEAETSIETCS
(byHKIIIA, BO3BpaImamomas 3aMbikanre. MBI MOKEM OIpeieINTh 3aMbIKaHUE [T
OTIEHKW TOYHOCTH, KOTOPOE TIPUMEHSIETCS K METOTy predict KiraccudukaTopa, n 3a-
TEeM YBEJUYNUBATh aKKyMYJISTOP correct WM incorrect, cpaBHUBAL IIpejicKa3aHue
¢ (hakrnyueckoit MeTkoil. UT0OBI CO3/aTh TaKOE 3aMbIKaHWe, ONPeAeTuM (DYHKITUIO
make_accuracy_closure, Kak ITOKa3aHO HUKE:

def make_accuracy_closure(model, correct, incorrect):
# model ponxHa 6bITb WMPOKOBEWATENIbHON MepeMeHHOM
# 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 JlelicTBUE foreachPartition kosuieknuu DataFrame,
4106l KasK/IBIH UCIIOTHUTEb TI0CIa CBOIO opinio u3 DataFrame B 3aMbIkaHe,
KOTOPOE 0OHOBUT COAEPIKUMOE aKKYMYIATOPOB. I10 3aBepIIeHr Mbl CMOKEM BbI-
YUCAUTH TOYHOCTDh MOZEIU Ha [106aabHOM Habope JaHHbIX:

# Co3p4aTb 3aMblKkaHMe TOYHOCTU
accuracy = make_accuracy_closure(clf, incorrect, correct)

# BbIYUC/IUTb KOJIMHECTBO BEPHBIX W HEBEpHbIX Mpefcka3aHuii
corpus.foreachPartition(accuracy)

accuracy = float(correct.value) / float(correct.value + incorrect.value)
print("Global accuracy of model was {}".format(accuracy))

Crparerust JIOKaJIbHOTO 00yYeHUs U TI00ATbHOI OIIEHKH T03BOJISIET pa3padoT-
YKMKaM JIETKO CO3/1aBaTh W OIEHUBATh MOJEJN MapajijieJIbHO U MOKET TTOBBICHTh
CKOpocThb 06paboTKU faHHbIX B Spark, ocobeHHo Ha dTamnax UCCaef0BaHuN 1 9KC-
nepuMeHTOB. K MHOTOYpOBHEBBIM MOJIEJISIM HAMHOTO TIPOIIE TPUMEHUTH Mepe-
KPECTHYIO IPOBEPKY Ha Habopax JIaHHBIX CPEHEr0 Pa3Mepa, a MOJEJH ¢ YaCTUYHO
pactpezieleHHON peasm3arueil (1 BooOtie 6e3 pean3aliii ) MOKHO HCCIeI0BAT
6oJtee MoJHO.
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910 060011EHIE CTPATETHH «IIOCIEHENR MUJII», XapaKTEePHOU 115 cucTeM 06paboT-
K1 Goubinux ganHbix. @peiiMBopk Spark 1mo3BossieT MaHUITYIHPOBATH OOJIBITIMU
oObeMaMH JIaHHbIX, HO, YTOOBI UCIIOJIB30BaTh HTH JIaHHbIE B KJIACTEPE, BBHITTOJHAIOTCS
olepalum ¢ JaHHbIMU (MCHOJIb3YIOIINE BHIUNCIUTEIbHBIE PECYPChI 00J1aKa, KOTOPhIE
MOTYT COCTABJISATh [IECATKU WK Jaske COTHU TUrabaiir), Takue Kak (puIbrpaius,
arperupoBaHue uiar 06001eHne, IPUBOISIINE UX B (DOPMY, YMEIIAIONLYIOCS B TIAMSITH
JIOKQJIbHOTO KOMITbIOTEpPa. DTO OJHA U3 TPUYUH, T0YeMYy WHTEPAKTUBHAS MOJETH
BBITIOJTHEHUsT B Spark 1mosib3yeTcst GOJIbII0il MOy ISIPHOCTBIO Y CIIEIHATIICTOB 110
06paboTKe TAHHBIX; OHA MO3BOJISIET COYETATD JIOKATHHbIE U KJTACTEPHBIE BBIYUCICHIS,
Kak OBLIO TIOKA3aHO B 9TOM paseJie.

B 3aksroueHue

O/Ha u3 3aMevaTeTbHbIX CTOPOH ITPOBEIEHNS aHATN3a TeKCTa B UH(MOPMAIIMOHHY IO
3MOXY — IPOCTOTA CO3/IaHNS TPUIOKEHNH, OCYTIECTBIAIONINX aHAJIN3 TEKCTa 1 3a-
TeM TeHEPHUPYIOIINX JOTMOTHUTETbHBIE TEKCTOBBIE TAHHBIE 3 OTBETOB UYEJIOBEKA. ITO
o3HavaeT OBICTPBIN POCT KOPILYCOB /IS MAIIUHHOTO 00YY€EHMs U BBIXOJ 32 PAMKU
BBIYMCJIUTEIbHBIX BO3MOKHOCTEHN e[MHCTBEHHOTO ITpollecca Wild Jaske eJIMHCTBEH-
HOTO KoMITbIoTepa. C yBesimueHueM BpEMEHH aHATN3a CHIYKAETCS TTPOU3BO/IUTETh-
HOCTb UTEPATUBHBIX WJIN SKCIIEPUMEHTAIBHBIX TIPOIELYP U BCTAET HEOOXOAUMOCTD
HCIIOJIb30BAHUST HEKOTOPOTO METO/Ia MAaCIITaGUPOBAHYS [JisI TIPU/IAHUS TOTIOTHHU-
TEJIbHOTO UMITYJIbCA.

Mopysib multiprocessing — IepBBIil ar K MacuTabMpoBaHUIO aHaM3a. B atom
cJlydae TOTOBBII KOJI, OCYIIECTBIISIONINI aHaIN3, HY;KHO JIMIIb aallTHPOBATh WK
BKJIIOUUTH B KOHTEKCT MHOTO3aa4Hoil 06paboTku. Bubsmoreka multiprocessing
HOJIb3YEeTCs TIPEUMYIIeCTBAMU MHOTOSIZIEPHBIX TIPOLECCOPOB U HAIMYUS OOJIHIIOTO
oObeMa onepaTHUBHOIL TaMATH B COBPEMEHHBIX KOMIIbIOTEPAX JJI HapaliebHOro
BBINIOJIHEHUS Koa. JlaHHbIe Bee elle XPaHsATCs JJOKAIbHO, HO € JOCTATOYHO MOIIHOM
MAIIMHON BpeMsl BBIIOJHEHH PabOThl OTPOMHOTO 00beMa MOKHO COKPATUTD /10
Pa3yMHBIX IIPEIEIOB.

Kora o6beM laHHBIX YBEJIMYMBAETCS JI0 TAKOI CTENEHH, YTO OHKM HE YMEIaloTCst
B MaMSTU OJTHOTO KOMIIBIOTEPA, CJIeyeT UCIO0JIb30BaTh TEXHOJIOTUU KIACTEPHBIX
BbIYKCIeHUI. Spark mpeiocTaBiisieT cpe/Ly BbITIOJHEHMSI U TO3BOJISIET HHTEPAKTHB-
HO COYETaTh BEIYUCIIEHNSI Ha JIOKATLHOM KOMITbIOTEPE ¢ ucrosb3oBanem PySpark
B Jupyter Notebook u kacrepibie BbrancIeHNs, TPOU3BOANMBIEC MHOKECTBOM FC-
MOJTHUTEJIEN ¢ OTPAaHMYeHHBIMU (hparMeHTaMU JaHHBIX. Takasd MHTePaKTUBHOCTH
00beTMHSIET JIyUIllee U3 MUPOB TTOCJIE0BATENBHbBIX 1 MaPAJIENbHBIX aJITOPUTMOB.
OpeiimBopk Spark Tpebyer uaMeHeHuil B KOJIE ¥ TIOXO0/I0B K IIPOrPaMMHUPOBAHUIO,
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a MHOT/IA JIa’ke BBIOOPa APYTUX OUOIMOTEK MAIMHHOTO 00YY€HMsl, HO TI03BOJISIET 00-
pabaTbiBaTh OTPOMHBIE HAOOPBI JaHHBIX, HHAYE HEJIOCTYITHBIE JIJISI METOIOB aHAJIN3a
TEKCTa, ¥ MOJKET CTaTh OOTaTOi OCHOBOM /1St HOBBIX TIPUJIOKEHHIA.

KitouoM K MCIIoTh30BaHNIO PACTIPE/IEIEHHBIX BBIYUCJIEHUI SIBIISIETCST XOPOTIIEee T0-
HUMaHU€e KOMIIPOMUCCOB. 3HAHUE, K KAKON KaTeropuy MPUHAJJIEKUT OllePaIius —
BBIYKCITEIbHBIX W BBOJA-BBIBO/IA, — MOKET U30aBUTH OT MHOKECTBA ITPOOJIEM,
CBI3aHHBIX C TTONCKOM TIPUYUH, TTIOUEMY 3aaHNs BBITIOIHIIOTCS 0JIBIITE, 94eM MOTJTH
OblI, UJIM UCTIOJIB3YIOT CJAUIIKOM MHOTO PeCypcoB (U TIOMOKET cOaaHCHPOBAThH Ta-
paJjiiesin3M Ha YPOBHE 33/1a4 U JIaHHBIX ). KpoMe Toro, TapassienbHble BBIYUCIeHUS
HecyT ¢ co00il JIOTIOJTHUTEIbHbIE HaKJIa[Hble PACXO/Ibl, KOTOPbIE JOJKHBI ObITH
OTIPaB/IaHbl; TOHUMAHUE ATOTO TIOMOKET IIPUHUMATD PENIEHUS O PACIIUPEHUH IKC-
HepUMEHTAIBHOM pa3paboTku. HakoHelr, moHuMaHe TOTo, KakK IIPOMCXO/HT arlpOK-
CUMAIIUS AJITOPUTMOB B PACIIpe/IeJIEHHOM KOHTEKCTE, COBEPIIIEHHO HEOOXOIMO JIJIsT
MOCTPOEHNS 3HAUNMBIX MOJIesIell 1 MHTEPIPETAINN Pe3yJIbTaToB.

Spark — mepsblii (hpeiiMBOPK Ha BOJIHE COBPEMEHHBIX TEXHOJIOTUIH, KOTOPbI JaJ
HaM BO3MOKHOCTh 00pabaThiBaTh Bee GOJIbIne 1 OOJIbINE TaHHBIX sl CO3/aHUS
3HAYMMBIX MOJeJIeil. B ciieyionneii riiaBe Mbl pacCMOTPUM pacIpe/iesieHHble MeTO-
bl 00yUYeHNsI TaK Ha3bIBAEMbBIX IJIyOOKHUX MOJIeJeil — HEHPOHHBIX CeTeil, MMEIOIIIX
HECKOJIbKO CKPBITBIX YPOBHEIA.



Fnybokoe obyueHune
M He TOJIbKO

B 970ii KHUTe MBI CTapaJUCh 320CTPUTHh BHUMAaHUE HA METO/aX U WHCTPYMEHTaX,
JIOCTATOYHO HAJIEKHBIX IS NPAKMUYECK020 TPUMEHEHMSI. DTO 3aCTaBJISAI0 HAC
00XOAUTh CTOPOHOIT MHOrOOOEIIAIONINE, HO MEHee 3peJible GUOINOTEKH, a TaKKe
OUOMMOTEKH, TIPeIHA3HAYCHHBIE B TIEPBYIO OYEPE/Ib /sl MHANBULYATbHBIX UCCIIE-
joBaHuil. BMecTo 3TOro Mbl OTQJIH IPEAIIOYTEHUE UHCTPYMEHTAM, KOTOPbIE JIETKO
MacHITaGUPYIOTCst ¥ MOTYT IIPUMEHSITHCSI /IS CIIENMATN3MPOBAHHOTO aHAIM3a KaK Ha
OJ[HOM KOMITBIOTEPE, TAK 1 Ha OOJIBIIIX KJIACTEPAX, B3AUMOACHCTBYIOIIIX € COTHSMU
¥ ThICSYAMU TI0Jb30BaTeeil. B npebiiyieil riaBe Mbl pacCMOTPEIH HECKOIBKO
TAKUX HHCTPYMEHTOB, OT MOJLYJIsi multiprocessing 110 MolHOTO (hpeiimBopka Spark,
KOTOPBIE IAI0T BO3MOKHOCTb 3aITyCKaTh MHOKECTBO MOJZIEJIEH O[HOBPEMEHHO U Jie-
JIAIOT 9TO JIOCTATOUHO OBICTPO, YTOOBI UCIOIB30BAThH UX B KPYTHOMACIITAOHBIX [IPO-
MBIIIJIEHHBIX TIPUJIOKEHUSIX. B 9TOM ri1aBe Mbl PACCMOTPUM HE MEHee 3HAYUTEbHOE
JOCTUKEHNE: HEIPOHHBIE CETH, KOTOPBIE OBICTPO TIPOHUKAIOT B MUP 06pabOTKI
eCTECTBEHHOTO SI3bIKA.

Kak vy cTpanto, HEITPOHHBIE CETU SABISIOTCS OTHON M3 CAMBIX «CTAapPhIX» TEXHO-
JIOTUI U3 OTMCHIBAEMBIX B 9TON KHUTE, YXOJISIIE KOPHSIMHU B IIPOIILJIOE TIOYTH Ha
70 sier. B TeueHue OYTU BCETO STOTO BpeMeHU HEUPOHHBIE CETH HE MOIJIM CUM-
TaThC MPAKTUYECKUM METOIOM MalluHHOro oOydyenus. OQHAKO CUTYaIUs PE3KO
M3MEHMJIACh OKOJIO JIBYX JIECSITKOB JIeT Ha3a/l OJlaroapst TpeM OCHOBHBIM J[OCTH-
JKEHVSIM: TIEPBOE — 3HAYNTEHLHOE YBETMUEHIE BEIYUCTUTETHHON MOTITHOCTH U3-32
nosiBjieHust TpaUIECKUX MPOIIECCOPOB U METO/IOB PACIIPE/IEJICHHBIX BIYUCIEHUI
B Hauyasie 2000-X TO0B; BTOPOe — ONTUMU3AIK CKOPOCTH 0OYUYEeHNsT 3a OCTIe/IHee
JECSITUJIETHE, O KOTOPOI MbI [IOTOBOPUM JIaJI€€ B ATOM TJIaBE; U TPEThE — MOsIBJIEHNE
HECKOJIBKO JIET TOMY Hasa OUOINOTEK ¢ OTKPBITBIM UCXOAHBIM KooM st Python,
takux kak PyTorch, TensorFlow u Keras.
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[TostHOE O6CY K IEHNE OTUX JOCTUKEHUN BHIXOANT JaJIeKO 32 PAMKH 9TOW KHUTH, HO
MBI PEIINJIN IaTh KPaTKKii 0630p HEHPOHHBIX CETEH, TIOTOMY YTO OHM UMEIOT OTHO-
IeHne K CEMEHCTBY MOJIETIeit MAIIMHHOTO 00YUYEeHUsT, PACCMOTPEHHBIX B IJIaBax ¢ 5-if
1o 9-10. 3/1eCh MBI PACCMOTPUM 33/1a9y KIacCU(PUKAITIN 3MOITMOHAIBLHOM OKPACKH,
KOTOPast XOPOIIIO MOAXONT JJIsi MOJIeJIel HeHPOHHBIX CeTel, U B 3aKJII0U€eHIe 06Cy-
JIUM BO3MOJKHBIE ITYTH PA3BUTHsI 9TON 00J1aCTH B OY Ly IIEM.

MpuxknagHblie HEUPOHHbIE CeTU

Kax npukiaanbpie mporpaMMUCTbBI, MbI CKJIOHHBI C OCTOPOKHBIM ONTUMU3MOM OT-
HOCHUTBHCSI K HOBEHIIIUM TEXHOJIOTHSIM, KOTOPbIE XOPOIIIO CMOTPSITCS Ha Oymare, HO
MOTYT IIPUBECTH K MHOKECTBY TIPOOGJIEM, KOT/Ia JIEJI0 JIOWIET /10 IPAKTHYECKOTO TIPH-
MeHerust. 110 3Toil IpuYnHe Mbl PENIMJIN HaYaTh 9Ty IJIaBy ¢ 0O0CHOBAHUS HAIIETO
peleHnst 3aKOHYUTD Ty KHUTY TJIaBOU O HEMPOHHDBIX CETSX.

C mpaxTUyecKol TOUYKU 3peHUs Y HEHPOHHBIX ceTell iBa OCHOBHBIX OTJIWYUS OT
TPAIUIIMOHHBIX MOJIEJIEN: BBICOKAsI CIOKHOCTh U HU3Kast CKOpocTh. OOydyenue
HEHPOHHBIX ceTell 0OBIYHO TpeOyeT OOJIbIe BpEMEHH, TT0ITOMY OHHM MOTYT 3aMe/l-
JISITh UTEPATUBHBII pabOYnil poIece, KOTOPbIil ObLT pacCMOTPEH B riase 5. Takke
HelPOHHbIE CETH YacTO HOJIee CIIOKHDI, YeM TPAJIUITHOHHbIE MOJIENN, & 9TO O3HAYAET,
4TO UX FMIEPIIapaMeTPhl TPY/IHEE HACTPAUBATD U JIJIsT BHISIBJIEHUST OITHOOK MO/IEJTH-
POBaHMSI TPUXOAUTCS IPUKJIAABIBATH OOJIbBIIE YCUITHIA.

TeM He MeHee HelipOHHbBIE CeTH He TOJIBKO CTaHOBATCS Bee GoJiee MPaKTUYHBIMU, HO
obemaT 3HAYNTEAbHBINA IPUPOCT KaYeCTBa Pe3yJILTaTOB [0 CPABHEHUIO C TPaIM-
[UOHHBIMU MOZAEIAMU. ITO OOBICHIETCS TEM, UTO, B OTJINYKME OT TPAAUIIMOHHBIX
MojieJielt, UMEIOITNX Ka4eCTBEHHBIN MTpejiest, HeITPEO0JUMBIN IasKe ¢ yBeTUIeHuEM
00'beMOB JIaHHBIX, HEHPOHHbIE CETH TPOIOJIKAIOT COBEPIIEHCTBOBATHCS.

HelpoHHbIe MOaenu a3blka

B ryiaBe 7 MBI TOBOPUJIH O TOM, YTO MOJIEJNTD SI3BIKA MOKHO OOYUYHUTD HA OCTATOTHO
GOJIBIIOM ¥ CIIEIMATU3NPOBAHHOM KOPITYCE, UCIOIb3YsT BEPOSTHOCTHBIN TOIXO/.
Taxue MojiesI Ha3bIBAIOT CUMBOIUUECKUMU MOJIETISIMU A3bIKa. B 2T0ii T1aBe MblI pac-
CMOTPUM JIPYTO# TIOAX0/I: HEHPOHHYIO, NI ACCOUUAMUBHYIO MOJIEIb A3bIKA.

AcconmaTuBHbII TOAX0/] OCHOBBIBAETCSI HA YOEKAEHUN, YTO A3BIKOBBIE €IAUHUIIBI,
B3aMMO/ICHCTBYIOIIHE JAPYT € APYTOM 3HAUUMbBIMU CIIOCOOAMU, HeoOsI3aTeIbHO 00-
pasyioT nocjenoBaresbHblil KoHTeKeT. HanpuMep, KOHTEKCTHO CBSI3aHHbBIE CJIOBA
MOTYT CJIeZIOBATh JIPYT 3a JAPYTOM, @ MOTYT OBbITh pasjieJieHbl APYruME (hpasamu,
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Kak 1moka3zaHo Ha puc. 12.1. B nepBoM nmpumepe xopolias CUMBOJIMYECKasT MOJIETh
BoIOpasa 661 cioBa <heard», «listened to» u «purchased» xax nanbosee BeposiTHbIE
npozoskerust hpasor'. Ho Bo BTopoM mpuMepe OHa 3aTPYAHUIACH OBl BBIOPATH 3a-
KJIIOUUTEIbHOE CJIOBO, KOTOPOE 3aBUCUT OT 3HaHus, uyTo «Yankee Hotel Foxtrot»
B IEPBOM TIPE/JIOKEHNH — 3TO 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 TTOJIAI0TCSI IPSIMOM MHTEPIIPETAIIUH, JJ1sI UX OITMCAHMS
HEOOXO/IMMO HCII0JIb30BATh KAKOE-TO TPOMEKYTOUHOE rpesicTaBienue. [loatomy s
U3BJIEUEHNS BHYTPEHHUX CBsI3€li aCCOIMATUBHbIE MOJIEJIN YACTO KOHCTPYHUPYIOTCS
Ha OCHOBE UCKYCCTBEHHDBIX HEHPOHHBIX UK 0aiieCOBCKUX CETEIL.

TpaguIMOHHBIE CUMBOUUECKUe MOJIET TPEOYIOT 3HAUNTE IbHBIX YCUIIUI JJIs yIIpaB-
JIeHUsI BO3BpaTaMy ¥ CIJIQKUBAHUEM U MOTYT IPEAbSABISATD JKeCTKIe TPeOOBAHUS
K 00beMy OIepaTUBHOI MaMsITH, HEOOXOAUMON JIJIsT XpaHEHUsT GOJIBIIOTO KOJIIYe-
cTBa n-rpaMM. ACCOLUATUBHBII OAX0/, HAIIPOTUB, IIO3BOJISIET MACIITAOUPOBATD
CJIOKHOCTD Moz, DakTUYeCcKn, OCHOBHOE MIPEUMYIIECTBO HEHPOHHBIX MOJIe/Iei
COCTOMT B TOM, YTO OHU TIOMOTAIOT U30aBUTHCS OT HPOAOJIKUTENBHOTO dTala KOH-
CTPYMPOBAHUS IPU3HAKOB 32 CYET CO3AaHUsS OECKOHEUHO CIIaKeHHbIX (DYHKIIMIT 13
BXO/HBIX JJAHHBIX IIPOU3BOJIBHO GOJIBIIOrO 00beMa.

B ciepyrommx HECKONbKHUX pas/esiaX Mbl OOCYAUM HEKOTOPbIE THIIbI HEHPOHHBIX
ceTell, pacCCMOTPUM UX KOMITOHEHTHI M IMOKaXKeM, Kak MOKHO Peajn30BaTh acco-
IMUATUBHYIO MOJIE/Ib B IPUKJIAHOM KOHTEKCTE — B JJAHHOM CJIydae JIJIs aHaanu3a
AMOIMOHAJIBHON OKPACKH.

NckyccTBeHHble HEMPOHHbIE ceTh

Heiipontbie ceTu BKIIOYAIOT B ceOs1 0Y4eHb IUPOKOE ¥ Pa3HOOOpasHOe CeMEeRCTBO
MO[[eJIefI, HO BCE B TOU WMJIM MHOU CTelleH!U IBOJIIOIMOHUPOBAJIN M3 MEPLIENTPOHA,

! Dpasa: «ITO OANH U3 Xy/IIINX aTbOOMOB, KOTOPBIE 51 KOTAA-NG0...», i BEPOSTHBIE CTOBA, TIPO-
JIOJDKAIOIIINE ee: «BUJIE», «CIIyIlaly U «IoKynaml». — [Ipumeu. nep.

2 TlepeBox BTOporo npemnoxkenus: «Yankee Hotel Foxtrot HegocTaTouno KpyT sk XUIICTEPOB
1 HEZIOCTATOYHO HOITyJIsIpeH it MamModek. He nokymnaiite atot ...» — IIpumey. nep.
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MeXaHM3Ma JIMHEHHON Kiaaccudukanuu, pazpaboTanHoro B kouiie 50-x rogos Dpan-
koM Poszenbiartom (Frank Rosenblatt) B KopHeste u mogenupyiomiero o0ydeHue
YeJI0BEYeCKOTO MO3TA.

B ocHoBe HelipOHHOI MOJIENH JIEKUT CEMENCTBO U3 HECKOJIBKUX KOMIIOHEHTOB, KaK
nokKaszaHo Ha puc. 12.2 — exo0noil caoti, IepBoe BEKTOPU30BAHHOE MPE/ICTaBIEHIE
JaHHBIX, CKPbIMbLIL CAO0U, COCTOSIIINN U3 HEUPOHOB M CUHATIICOB, U 8bIXOOHOU CJOU
C TIpe/ICKa3aHHbIMU 3HaUeHnAMHU. CUHATICHI BHYTPU CKPBITOTO CJIOST OTBEYAIOT 32
repesiavy CUTHAJIOB MEK/Y HeliPOHAMM, KOTOPBIE UCITOIh3YIOT HEJTMHENHYIO (DYHK-
M0 aKTUBAIIAN U151 Oy hepusaIiii BXOASIIX CUTHATOB. CHHATICH TPUMEHSIIOT Be-
coBble KOahPUITUEHTHI K BXOIHBIM 3HAYEHUSIM, 2 PYHKIIUS aKTUBAIUY OTIPE/IEIISIET,
JIOCTATOYHO JIM BBICOK YPOBEHb B3BENIEHHOTO BXOJHOIO CUTHAJA JIJIsl AaKTUBAIMU
HelfpoHa ¥ nepeiadyn 3Ha4eHus B CJEAYIONIIH CII0H CeTH.

D
D
D
BexTopi3auua
N
D
e~ —— ~———— ——
Kopnyc BxoaHoii CKpbITble Crion BbixogHoit
cnoit cnoit

Puc. 12.2. KOMNOHEHTbI HEMPOHHOW Moaenu

CyLLecTBYET MHOIO CaMbIX pa3HbIX (OYHKLMI aKT1BaLMK, HO BOOBLLE NpeanoyTu-
TeSIbHEE UCMO/b30BaThb HEIMHENHblE CDYHKLI,VIVI, no3pongdtowimne HeVIpOHHbIM CeTaM
MoZenMpoBaTh 6osee CroXHbIe MPOCTPAHCTBA peLleHmii. Ha npakTuke yalle uc-
Mosb3yOTCS CMrMonAanbHble YHKLMM, AaXe NPU TOM, YTO OHW MOTYT 3aMeaIfTb
rpaiIMEHTHbIN CNYCK, KOrAa Yron HakoHa NnoYTy paBeH Hysto. o 3Tol npuynHe
BCe 60JblUei MONyISPHOCTBIO HAYMHAIOT MOJSIb30BaTbCA YCEUEHHbIE JIMHENHbIE
npeobpasoBanus (Rectified Linear Units, ReLU), koTopble BbIBOAST CYyMMy B3Be-
LUEHHbIX BXOAHbIX 3HAYEHWUI (MW HOJb, €C/IM CYMMa MOJTyHMIach OTPULLATENBHOM).

B cemu npAmM0o20 pacnpocmparnenusd CUrHaJibl IIEPEaloTCA B O[JTHOM HallpaBJI€HWH, OT
BXOZHOT'O CJIOA K BBIXO/ITHOMY. B 6oJiee C0KHBIX APXUTEKTYPpaX, TaAKNX KaK pexKyp-
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penmitvle 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 JJIs1 KOPPEKTUPOBKHU
BECOB CHHAIICA U YBEJUYEHHsI TOYHOCTH B CJIeytolei ureparuu ooydenust. [Tocse
KaKION UTEPaIiuy MOJIETb BBIUUCIIET TPAANEHT (DYHKIINU TTOTEPDh W OMpeeisaeT
HallpaBJIeHNEe KOPPEKTUPOBKU BECOB.

O6yuyeHne MHOroc/1I0iHOro nepuenTpoHa

Mmnoezocaotinvie nepyenmponv. — 3TO OJHA U3 MPOCTeUNUX (GOPM UCKYCCTBEHHBIX
HEeWPOHHBIX ceTeill. B aToM pasiesie Mbl 00yYrM MHOTOCJIOMHBI TIEPIIENTPOH C UC-
nosib3oBanueM 6ubsmorexn Scikit-Learn.

B kaudecTBe BXOJHBIX JIaHHBIX OyIeT MCIOJb30BaThest Habop ¢ 18 000 oT3pIBOB
06 anmpOoMax ¢ BeO-calita Pitchfork.com!; Kakablil OT3bIB BKJIIOUAET TEKCT OT3bIBA,
B KOTOPOM PEIeH3eHT 06CYKAAeT JOCTOMHCTBA aJbOOMa, a TaKKe OIeHKY B BUIE
BellleCTBEHHOTO uncia B auarnasone ot 0 g0 10. Beigep:kky? U3 0HOTO TaKOTO OT-
3bIBa MOKHO BUIETH HA puc. 12.3.

Haima niesib — onpe/iesiiTb OTHOCUTETbHYIO 9MOIIMOHAIBHYIO OKPACKY OT3bIBa 110 €T0
tekcry. C oMoIpio MojyJist sklearn.neural_network 13 Oubamoreku Scikit-Learn
MbI MOKEM OOYUHTh MHOTOCJIOIHBI TIEPIIENTPOH IS KJIACCH(DUKAIINN VI PETPECCHUH,
HCIIOJIB3YsT JIJIS 9TOTO ysKe 3HAKOMble HaM MeTo/Ibl fit 1 predict. [TonpoOyem peasin-
30BaTh 00a MOAX0/1A, PErPECCHIO U TPeicKasanus (haKTHUECKON YNCTIOBOI OLEHKN
apO0oMa 1 KaaccuUKaIUIO /IS IIPeCKa3aHmsl SMOLMOHAILHON oLeHKu: «terrible»
(110x0), «okay» (HOpMaIbHO), «good» (XOpOII0) 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. Mpumep 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 omnpeseauM QyHKIINIO documents, N3BJIEKAIONLYIO JOKYMEHTBI, MAaPKHUPO-
BaHHbIE YACTSIMU Peud, U3 00bEKTA UTEHMs KOPIyca, (GYHKIIIO continuous JJist
MOJTyY€eHMsI HCXOHOTO YHUCTIOBOTO peiiTnHTa anbboma u (hyHKIHIO categorical,
UCTIOJIB3YTONILYT0 MeTO/ digitize 3 NumPy st mpeobpasoBanust 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])

3atem fob6aBuM orpesesenie GyHKIUU train_model, IPUHUMAIOIIEN TyTh K KOP-
mycy, 00beKT Estimator u3 Scikit-Learn u mMeHoBarHble apryMeHTbI € TPU3HAKOM
HEIPEPHIBHOCTH METOK, HEO0s3aTeTbHBIM KaTaJIOTOM JIJIsI COXPaHEHUsT 00yUeHHO
MO/IEJTN 1 KOJIMYECTBOM OJIOKOB JIJIST TIEPEKPECTHON TIPOBEPKH.

Hamra ¢yHKIMs 10J5KHA CO3/1aTh OOBEKT YTEHUST KOPITyca, BbI3BaTh (hyHKIIUIO
documents, a TakKe continuous MJin make_categorical, YTOOBI TIOJIYYUTh BXO/JHbIE
3HAYEHUA X U TIeJIeBble 3HAUEHU y. 3aTeM BBIUUCIUTH OI[CHKH TTIePEKPECTHON TTPO-
BEPKU, 06y‘II/ITb 1 COXPAaHUTh MOJIEJIb C TIOMOIIBIO YTUINUTHI joblib 13 6ubmoTeKN
Scikit-Learn u 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):
Oby4aeT mMofesnb Ha Kopnyce, HaxoAswemcs Mo yka3aHHoMmy nyTu path;
BbluMCNAET OUEHKW MepeKkpecTHOW MpOBEpKU, UCMNONb3ys MNapameTp cv,
3aTeM oby4vaeT Mofesb Ha BCceM obbeme [aHHbIX.

Bo3BpauwaeT oueHKkHu.
# 3arpysuTb AaHHble U3 Koprnyca M MeTKU Ans Kaaccudpuxkauum
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 AUCK, ec/n HeobXoAuMo
if saveto:
joblib.dump(model, saveto)

# 06y4uTb MOAEeNb Ha MOJIHOM ObbeMe [aHHbIX
model.fit(X, y)

# BepHyTb OLEHKHU
return scores

MopobHo apyrMm obbekTaM Estimator u3 Scikit-Learn, MLPRegressor
MMLPClassifier npuHMMatloT MaccuBbl NumPy BelllecTBeHHbIX umcesn. HecMoTps
Ha TO YTO MACCMBbI MOTYT 6bITb MJIOTHBIMI UM Pa3PEXEHHBIMM, BXOAHbIE BEKTO-
pbl NyuLUe BCEro MaclTabupoBaThb C UCMOb30BaHWMEM MPSIMOrO UM CTaHAAPTHO-
ro YaCTOTHOrO KOAVMPOBAHMS.

OHpeI[eJII/IM 06y‘{aeMLIe MO€eJIn, CO3/1aB /IBa KOHBeﬁepa, BBITIOJIHAIOIINE HOPpMaJIN-
3allMI0 TEKCTaA, BEKTOPU3all1IO U MO/IE€JIMPDOBaHHE:

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 4HacTAMU 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 MeTofa KnacTepusauun k-cpefHvx, BblGop
OMTMMasIbHOrO KOJIMYECTBA M Pa3MePOB CKPbITbIX CII0EB AJ1s Ha4asibHOrO NpoTo-
TUMNa HEMPOHHON CeTM — CKOpee MCKYCCTBO, YeM Hayka. Yem 6onblue croes
W Y3/10B B HWX, TEM CNIOXKHEE MOMyYMTCS MOZESNb, @ YeM CIOXKHee Mofenb, TeM
6onblue faHHbIX TpebyeTcs Ans ee 06yueHMs. XopoLuee 3SMNMpUYECKoe NpaBuIio:
HauMHaTb C NPOCTOM MoAenu (KONMYECTBO Y3/10B B HA4YaNlbHOM C/I0e He A0SHKHO
npeBbIlLaTh KOMMYECTBA 3K3EMMISPOB, U B CETU HE AO/MKHO ObiTb 60/blue ABYX
C/IOEB) U 3aTEM UTEPATVBHO YBEMUMBATbL CJTIOXKHOCTb, MOKa NepekpecTHas npo-
BepKa Mo k-61okam He 06HapyxuT akT nepeobyyeHus.

Bubnnoreka Scikit-Learn nipeayaraer 60J1biioe KOJUYECTBO [TAPAMETPOB JIJist Ha-
CTPOIKM HEWPOHHBIX ceTell. Hampumep, 1o ymordanuio oba Kjiacca, MLPRegressor
1 MLPClassifier, ucnoJsinb3yior ¢pynknuio aktusaiun ReLU, kotopyio MokHO 13-
MEHUTD C TTOMOIIBIO TTapaMeTpa activation, M aJTOPUTM CTOXAaCTUYECKOTO TPAIH-
€HTHOTO CITyCKa /71T MUHUMU3AIUN (DYHKITUN TOTEPh, KOTOPBIH MOKHO U3MEHUTD
C TIOMOIIBIO TTapaMeTpa solver:

Mean score for MLPRegressor: 0.27290534221341
Mean score for MLPClassifier: 0.7115215174722

Kax nokasbiBaeT orieHka R2, Mojiesib MLPRegressor TTOJIyYrIach O4eHb CJIab0ii 1 Ipojie-
MOHCTPHPOBAJIa 04€Hb HU3KOE KauecTBO 00ydYeHusl. Perpeccist BHIMTPhIBAET OT COKpPa-
IEHNUsT YMC/Ia Pa3MePHOCTEN, 0COGEHHO B OTHOIIEHNH KOJIMYECTBA HK3EMILISPOB. Mbl
MOJKEM CYIUTH 00 9TOM Yepes IPU3MY «IIPOKJISTUS Pa3MEPHOCTH»; OT3bIBbI Ha caiiTe
Pitchfork B cpeanem copepaxat oxosio 1000 c10B, 1 Kaskmpoe cJI0BO 106aBJISET eIle OLHO
M3MepeHuUe B Hallle TIPOCTPAHCTBO pelienuii. [locKoIbKy HaIll KOPITYC BKJIIOYAET [TPU-
MepHo 18 000 0T3BIBOB, Halllel MO/ MLPRegressor TIPOCTO HE XBATHUIIO 9K3EMILISIPOB
IUIST TIPEZICKA3aHIIST YUCIOBOM OIEHKH € IOCTATOYHO BBICOKON CTETIEHBIO TOUHOCTH.

Onmako, Kak MOKHO BU/IETh, MOJIEJIb MLPClassifier moka3ajia HAMHOIO JIydIiue pe-
3YJIBTAThI U, BO3MOKHO, CTOUT TIOTPOOOBATH MOBO3UTHCS € ee HacTpoiikamu. ToObI
YAY4IINTH Ka4eCTBO MLPClassifier, MOJKHO ITOOKCIIEPUMEHTHPOBATD C YBEJITMYECHIEM
U YMEHbBIIIEHIEM CJIOKHOCTH MOJIEJTH. YBEJTMIHUTD CJIOKHOCTH MOJKHO I00ABIEHIEM
CJI0EB ¥ HEHPOHOB B hidden_layer_sizes. Takke MOKHO yBeJIMYUTD ITapaMeTP max_
iter, OIIPeIEJISIONIII KOJIYECTBO ATIOX 00yUeHUsI, U IATh MOJIeJTH GOJIbIIe BDEMEH!
Ha o0yueHie ¢ IpUMeHeHeM poiecca 0OPAaTHOTO PACIIPOCTPAHEHMSI.

YMEHBIIUTD CITOKHOCTD MOKHO Y/IaJIEeHUEM CJIOEB, YMEHBIEHHEM YHCJIa HEHPO-
HOB WJIN 100aBJIEHUEM KPUTEPHsT PETYJISIpU3aui B (GYHKIIUIO OTEPD € TIOMOTIHIO
mapameTpa alpha, KOTOPBIH, T0g00HO sklearn.linear_model.RidgeRegression, uc-
KYCCTBEHHO COKPATUT YKCJIO TAPAMETPOB, YTOOBI TOMOYb U30€KaTh IIepeodyeH s,

[Tpuxknannoii unrepdeiic 6ubnnorekn Scikit-Learn ouenb yao6eH A CO31aHMs
POCTBIX HEMPOHHBIX Mogeseil. Ho, kak Oy/er 1MoKasaHo B CJIEAYIOIEM pasiele,
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takue bubanorexu, kak TensorFlow, mpeaaraior HaMHOTO 60JIbIE BO3MOKHOCTEH
Uit THOKO# HACTPOIKM apXUTEKTYPbI MOJIEJIH, a TaKKe 00Jiee BBICOKYIO CKOPOCTh
BBIYMCJIEHNT 3a cueT ucnoab3oBanusa GPU.

ApxuTeKkTypbl rnybokoro obyueHms

[Tox TepMUHOM 21y60K0€ 00YUeHUEe YACTO TIOIPA3YMEBAIOTCS TAKIE MOJIEJIH, KAK Pe-
KyppenTHbie Helipornbie cetr (Recurrent Neural Networks, RNN), cetu ¢ gouroii
KkpatkocpouHoit namsaThio (Long Short-Term Memory, LSTM), pekypcuBHbie
tensopubie Heliponnbie cetn (Recursive Neural Tensor Networks, RNTN), csep-
tounbie Heliponmbie cetn (Convolutional Neural Networks, CNN miaun ConvNets)
U reHepatuBHo-cocTssarenbuble cetn (Generative Adversarial Networks, GAN),
HOJTYYHBIIIHE GOJIBIIYIO TIOMYJISIPHOCTD B MOCIEAHNE TO/BI.

XoTst MHOTHE IO/ TIyOOKUMHU HEHPOHHBIME CETSIMU TIOAPa3yMeBAOT HEHPOHHbIE
CeTH C HECKOJIbKUMU BHYTPEHHUMHU CJIOSIMHE, TEPMUH «IJIyOOKOe 00ydYeHue» B eii-
CTBUTEJILHOCTH MAJIO Y€M OTJIMYAETCSA OT UCKYCCTBEHHBIX HEHPOHHBIX ceTell. OiHako
pasHble APXUTEKTYPbI PEAIU3YIOT YHUKATbHBIE BO3MOKHOCTHU B CJIOSIX, UYTO JIAET UM
BO3MOKHOCTDB MOJIESTUPOBATH OYEHD CIOKHBIE TAHHBIE.

Cseprounbie Heiipornbie cetu (Convolutional Neural Networks, CNN), nanpu-
Mmep, O6'be[[I/IH5HOT MHOTOCJIONTHbBIE TIEPUENTPOHDBI CO CBEPTOYHBIM CJIOEM, KOTOprL/,I
UTEPATUBHO CTPOMT KapTy /IS U3BJIE€YeHUs BasKHBIX IPU3HAKOB, a TaK/Ke MMEIOT
9Tall CBEPTKHU, YMEHbUIAIONIMI PasMEePHOCTb PU3HAKOB, HO COXPaHSIOIIIT Hanbo-
Jiee I/IH(I)OpMaTI/IBHbIe NX KOMITOHEHTDI. CBepTO‘IHBIe CEeTn O4YeHb 3(1)(1)6KTI/IBHI)I JJIA
MOJIETNPOBaHUs N300pakeHni 1 pelenus 3a1a4 Kiaaccupuranu u 06001IeHuns.

[0 MoteTMpoBaHMs TAaHHBIX HA €CTECTBEHHOM SI3bIKE JIYYUIIle BCETO TTOIXOSAT Pas3-
HOBHUIHOCTHU PEKypPpeHTHBIX HelpoHHBIX cereil (Recurrent Neural Networks, RNN),
TaKWe KakK CeTH C JI0JTON KpaTkocpounoil mamsathio (Long Short-Term Memory,
LSTM). Apxutektypa RNN mo3BoJisieT MO/IesIn TOA/IeP;KUBATH MOPSIIOK CJIOB
B IIPEJIJIOJKEHUN U BBISIBJISTD JIoATocpouHble 3aBucumoctu. Cetu LSTM, narpumep,
peanu3yioT yIpaBJsgeMble STUeKU, KOTOPBIE Taf0T BO3MOKHOCTD «3alTOMUHAHUS>
U «3a0bIBaHuUsT». Pa3HOBUHOCTH 9TON MOJEJN YaCTO UCIIOAb3YIOTCI B MAITUHHOM
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 opranusanum
HapaaebHOro 00y4eHus Mojeell, He TOJbKO Ha rpaduuecKux mpoieccopax
(GPU), HO 1 Ha MHOKeCTBE KOMIIbIOTEPOB B ceTh. VICXOAHBII KO/ ABVMKKA ObLI
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OTKPBIT B HOstOpe 2015 roa u ¢ TOro BpeMeHH CTaJl OJHON M3 CaMbIX TTOTTYJISIPHBIX
cpein O0IIEeIOCTYITHBIX GUOIHOTEK TIIYOOKOTO OOy IEHHSI.

st pa6otsl ¢ TensorFlow mosb3oBatesib M0JKEH XOPOIIO 3HATH aPXUTEKTYPBI
HEWPOHHBIX CETEH U OPUEHTUPOBATHCS HA TTOCTPOeHUEe TPadOB TOTOKOB JAHHBIX
CO 3HAYKMTEJIBHOM cTereHbio HacTpoiiku. Vcnosp3oBanue TensorFlow vaunnaercst
C OTIpeiesIeHUS KaK0TO CI0S ¥ BCEX TUTIEPIIAPAMETPOB, TIOCJIE YETO MTPON3BOINUTCS
KOMITUJISITIVST BCEX ATATOB B CTaTHYECKUiA rpad U HAYMHAETCST ceanc 00ydeHust. ITo
YIIPOIIAeT yIpaBJIeHe MOJIEIAMI U UX ONITUMHU3AINIO C POCTOM CJIOKHOCTU, HO
TaKKe 1 YCJIOKHSAET OBICTPOE MPOTOTUTTHPOBAHNE.

ITo cyTu, Mogen rryGOKOro 00ydeHUsT — BCETo JIMIIb IEOYKN (hYHKITHIL, 2 9TO O3Ha-
YaeT, 4YTo MHOTHe OUOINOTEKH IIyOOKOro 00YYeHUS OAAEPKUBAIOT PYHKIIMOHAb-
HBII 1 130BITOYHO MHOTOCJIOBHBIH JIEKJTAPATUBHBII CTHJIb TPOrpaMmMupoBanust. Kak
caiefIcTBHE, GBICTPO 9BOIOIMOHMPOBAIA H9KOCUCTEMA IPYTUX OMOIMOTEK, BKIIOYAsT
Keras, TF-slim, TFLearn u SkFlow, ¢ 6osee abcTpakTHBIM, 0ObEKTHO-OPUEHTIPO-
BaHHBIM WHTepdeiicoM. B caemyioiem paszene Mbl TOKaKeM, KaK MOJTb30BATbCS
dpeiitmopkom TensorFlow mocpeactsom Keras API.

Keras: npuknagHou nHtepdeic gna rny6okoro obyueHus

Hecmorpst Ha yactoe oObeuHeH e ¢ hpeiiMBOpKaMu rryOOKOTO 00yUeHUsT, TAKUMHI
kak TensorFlow, Caffe, Theano u PyTorch, 6ubimnoreka Keras npemiaraer 6oee
00001IeHHBII TPOTpaMMHBII HHTEpdENC 11st rry6oKoro 00yuenust. [lepBoHadaibHO
6ubanoreka Keras paspabarbiBanach st paboTsl ¢ dpeiimopkom Theano, Ho mo-
cJie OTKPBITHST UCXOIHBIX TEKCTOB U B3PBIBHOTO pocTa nomyssiproctu TensorFlow
6ubmmorexa Keras GbICTpo cTasa 0IHUM U3 OCHOBHBIX MHCTPYMEHTOB JIJIsI MHOTHX
nosb3osaresieil TensorFlow u 6pu1a Brmouena B sapo TensorFlow B Havyasne 2017 roza.

B Keras Bce cyiiee siBisieTcst 00bEKTOM, YTO JleJIaeT ee 0COOEHHO yI00HBIM MH-
CTPYMEHTOM /IJIsl IPOTOTUTIMPOBaHUs. UTOOBI MOJYYNTh AHATIOT MHOTOCJOWHOTO
KJIaccuGUIMPYIONIEro MepenTpPoHa, MPOJEeMOHCTPUPOBAHHOTO B IIPE/IbIAYIIEM
paszaeiie, onpeesimM Q)yHKHI/HO build_network, KOTOpast CO3/1a€T 9K3EeMILIAP MOJEN
Sequential u3 Keras, 100aBJisieT iBa CKPBITHIX CJI0sI Dense (1OIHOCEA3AHHDIX), N3 KO-
TOPBIX TepBbIit comepskuT 500 y37108 1 BTopoit — 150, 1 06a NCTOMB3YIOT yceYeHHbIE
siHelinble ipeobpazoBanust (RelLU) B kauectBe dynknuu akrusanuu. O6parure
BHUMaHMeE Ha TO, UTO B IIEPBBII CKPBITBII CJIOH IiepeaeTcss KOPTesk input_shape,
OIMCBIBAONINIT (HOPMY BXOHOTO CJIOSL.

JL7151 BBIXOZLHOTO CJIOST HYSKHO OlIpe/iesINTh (DYHKIUIO YIVIOTHEHUSI U3MEPEeHUiT U3
IPEbIIYIIEr0 CJI0s B IPOCTPAHCTBO KaTeropuii /st kiaaccuukanuu. B nraHHOM
cJydae uctosb3yercst yHKIs Softmax, oty JIspHbIil BBIOOD B 3a1auax 00paboTKH
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€CTEeCTBEHHOTO S3bIKa, TOTOMY YTO TIPE/ICTABJISICT pacipe/ieieHUe 110 KaTerOPHsIM,
COOTBETCTBYIOIIUM JIeKCEMaM B HallleM Kopiryce. 3aTeM build_network BbI3bIBaeT
MeTOJI compile, TepeiaB eMy (pyHKIUN TIoTeph (loss) n omTuMu3anun (optimizer)
IJIs1 QJITOPUTMa IPaJUeHTHOTO CIIyCKa, U BO3BpallaeT CKOMIININPOBAHHYIO 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

Monyiib keras.wrappers.scikit_learn 3KCIIOPTUPYET KJacchl KerasClassifier
U KerasRegressor — JBe 00epTKH, peanusyiomue uarepdeiic Scikit-Learn. Biaro-
Jlapsi ATOMY MOJIeJin Sequential u3 Keras MOKHO BHeAPsITh B KoHBelepb Scikit-
Learn — pipeline uu Gridsearch.

YroObl 3a/1€iicTBOBATH KerasClassifier, CKOHCTPYHPYeM KOHBeHED, aHAIOTHYHbIA
MIPEICTABIEHHOMY B IIPEIBIIYIIIEM Pa3/iesie, C HOPMATU3aTOPOM TextNormalizer (omnu-
caHHbIM B pasziesie « Co3amre cBOero mpeobpasoBatelist J1s1 HOPMATH3AIUN TEKCTa
TJIaBbI 4) 1 BeKTOpr3aTopoM TfidfVectorizer. Mcromp3yem mapameTp max_features
BEKTOPH3aTOPa JIJIs Tepeiadi rJ100abHOIl IIepeMeHHOI N_FEATURES, rapaHTHPOBAB
TEM CaMbIM COOTBETCTBUE PA3MEPHOCTH BEKTOPOB U (popMme input_shape ckommu-
JINPOBAHHOU HEHPOHHOU ceTu.

[na Tex, KTO NpYBbIK NOMb30BaTbCs 06beKTaMM Estimator m3 6ubnmnotekn
Scikit-Learn, koTopble MOAAEPXKMBAIOT Pa3yMHbIE 3HAUYEHMS MO YMONYaHWUIO AN
rynepriapamMmeTpoB, NOCTPOEHUE MoAeNeN rnybokoro 0byyeHust NepBoe BpeMsi
MOXET BbI3blBaTb CIIOXHOCTW. Keras n TensorFlow He genaroT noYuT HUKaKnx
NpeanonoXeHuii o hopMe 1 pasMepe BXOAHbIX AaHHbIX U He ByayT NbiTaTbCst
onpesenvTb rmneprnapaMeTpbl NMPOCTPaHCTBa PeLIeHNn. TeM He MeHee 3Ha-
KOMCTBO C 0COBEHHOCTSIMM KOHCTPpYMpOBaHust Moaeneli TensorFlow yepes Keras
API pact HaM BO3MOXHOCTb He TOJIbKO CO34aBaTb CBOM MOAENM, HO 1 obyyaTb
MX HaMHoro bbicTpee, Yyem Mogenu sklearn.neural_network.
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Haxkowert, 106aBuM B KOHBeliep KerasClassifier, mepeaB (hyHKIIMN CO3IaHUS CETH,
JKeJIaeMOoe YHCJI0 BTI0X U HeoOsI3aTeJIbHbII pasMep mmakera. OOpaTiTe BHUMAaHNUE Ha
TO, YTO MBI IOJKHBI TIEPeIaTh CCHIIKY Ha (DYHKIIUIO build_network, a He 9K3eMTIIISAP
CKOMITUJIMPOBAHHOM CeTH, BO3BPAIllaeMbIi €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, UCI0JIb30BaB HEMHOTO U3Me-
HEHHYIO BEepCuUio (byHKuI/H/I train_model. Tak ke, Kak B IIpe/bIAYIIEM pa3JeJie, 3Ta
d)yHKuHH CcO3/1aeT 0OBEKT UTEHUS KOpILyca, BbI3bIBaeT documents 11 make_categorical,
4TOOBL IIOJIYYUTH BXOJHBIE U IeJIeBble 3HAaUeHUs X U y, BBIUUCJSIET OIeHKU Iiepe-
KPECTHOI ITPOBEPKH, o6yqaeT 1 COXpaHAgeT MO/IeJIb U BO3BpaIllaeT OIeHKU.

K coskanenuio, Ha MOMEHT HAIMCAHUSI 9TUX CTPOK COXpaHeHue Kompeitepa Scikit-
Learn, obepTroiBaiotiiero Mmoziesib Keras, 6110 HECKOJIBKO 3aTPYIHEHO, TOTOMY 4TO
KOMIOHEHT HEHPOHHOM CEeTH T0JIKEH COXPAHATHCS BHI30BOM CHEINAIN3TPOBAHHOTO
MeToza save u3 6ubmnorexu Keras B hopmate repapxudeckux ganubix (25). [Toato-
My B KauecTBe OOXOIHOTO PEIIeH s MbI CHaYaIa COXPaHsieM MO/Ie/Tb, 0GPaTHBIIKCH
K Heil 110 MH/IEKCY B Pipeline, a 3aTeM 3alMChIBAEM HA AUCK OCTATBHON 00yUeHHBIIT
KOHBeMep ¢ TOMOTIIBIO joblib:

def train_model(path, model, saveto = None, cv = 12):
0by4aeT Mogenb Ha BCeM Koprnyce, HaxXxOAAWeMCA MO ykKa3aHHoMmy nyTu path.
Ecnn 3apaH 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

Terepp BepHEMCS K UHCTPYKIWU if _ name_ == '_ main__
K KOPIYCY U CJIOBaph C IIyTAMU JJIT COXPAaHEHUS MOJEJIN:

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 BxoHBIX TPU3HAKOB Harl Kraccudukatop Keras Ha ocHoBe HEHPOHHOI ceTn
CITPaBUJICS BECHMA HETIJIOXO; B TIEJIOM MOJIEJIb CyMeJia OIIPe/IeJINTh IMOTIMOHATbHYTO
OKPAacKy OT3bIBa, BbIOUpast Mexk 1y «terrible» (1mm0x0), «okay» (HopmaibHO), «good»
(xoportro) niam «amazing» (OTJIMYHO):

Mean score for KerasClassifier: ©.70533893018807

Jlaske ipu TOM, YTO CpeiHsst olleHKa Kiaccuduraropa Scikit-Learn okasamach He-
CKOJIBKO BbIIIIE, 00yueHne Moesn Keras 3aHsiio y Hac Beero jiBa yaca Ha MacBook
Pro, nim mpuMepHO OJIHY IIECTYIO YacTh BpeMeHu 00yuenust MLPClassifier u3 Scikit-
Learn. brarogapst aToMy MBI CMOKEM BBITIOJTHUTH JOTOJHUTEIBHYIO HACTPOUKY
mozesu Keras (Harnpumep, yBeJUUUTh YUCJIO CKPBITBIX CJIOEB U Y3JI0B, OIIPoOOBaTh
npyrue GYHKITNY aKTUBAIMK U TIOTEPH, TPOU3BECTH CIYUYAHOE ITPOPEKIMBAHUEY,
TO €CTh BBIOOPOYHO OOHYJIUTH HEKOTOPbIE BXO/IHBIE ITAHHBIE, YTOOBI 30EKaTh TTepe-
00y4eHMsl, U T. /) 1 HAMHOTO OBICTPEE YCOBEPIIEHCTBOBATD €€.

OjtHaKo rJIaBHOM MPOOIEMOil Hallleit MOJIe I SIBJISIETCS] MaJIbIi 0ObeM Habopa JaH-
HbBIX; HEIPOHHbBIE ceTH 0OBIYHO TIPEBOCXO/AT M0 Ka4ecTBY BCe JAPyrue ceMelicTBa
MozieJiell MaIMHHOTO 00yUYeHUs, HO TOJIBKO KOr/ia 00beM 00yJaoIuX JaHHbIX [pe-
BBICUT HEKOTOPBIiT opor (rozpobHee ata npobiieMa 00CyKIaeTCs B BUACOJIEKITNN
Auapio blua «Why Is Deep Learning Taking Off?»'). B ciexyioniem pasmesne Mo
HCCTelyeM HaMHOTO GOJIBIITHIA 0OBEM TAHHBIX, & TAKIKE TOIKCIIEPUMEHTHPYEM C He-
KOTOPBIME CHHTaKCHYECKUMU TIPU3HAKAMHU, KOTOPbIe BUiesu 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», YTO HE
PEIKOCTH JIUIsE HEHPOHHBIX ceTeil. DYHKIMU aKTUBAIMK OOBIYHO TPEGYIOT, 4TOOBI
BXO/IHbIE JIaHHbIEe OBLIN IPEACTABIEHbI YHCIaAMU B [Uara3oHe [@,1] uiau [-1,1],4To
JIeJTaeT MPSIMOE KOAMPOBAHKE YIOOHBIM METOIOM BEKTOPH3AIIUH.

OHAKO MOJIEJTh «METITKA CIOBY TIOXO MOAXO/HT JIJist GoJiee CIOKHBIX 3a/[a4 AaHAU-
3a TEKCTa, TIOTOMY YTO OHA BBIZIEJIsIeT GoJiee MUPOKUE U BaKHBIE DJIEMEHTBI TEKCTa
BMECTO MUKPOCUTHAJIOB, OIIACBIBAIONINX 3HAYUMbIEe KOPPEKTUBDI UJIM U3MECHEHU .
[Ipuembl reHepUPOBAHUS TEKCTA HA €CTECTBEHHOM sI3bIKe, KOTOPbIE Mbl KPATKO pac-
cMoTpesin B r1aBax 7 u 10, OTHOCATCS K KaTeropuu TPUJIOKEHUI, B KOTOPBIX MOJIe-
Jiell TUTIA «<MEMIOK CJIOB» 9acTO HeIOCTATOYHO JIJIST BBISIBJICHUS TOHKOCTEN PedeBbIX
mabI0HOB. J[pyrum mo06HBIM TPUMEPOM MOSKET CJIYKUTh aHAJII3 9MOIMOHATBHOI
OKPaCKH, IJle OTHOCUTEIbHAS [TOJIOKUTEIBHOCTD MU OTPUIIATEIBHOCTD BBICKA3bIBa-
HUA ABJsAeTCS (DYHKIMEH CITOKHBIX B3AMMOCBS3€i MEK/Y TOJOKATETbHBIMI WITH
OTPUIIATETTHHBIMU MOAN(PUKATOPAMU U HEJIEKCUIECKUMU (HDaKTOPAMU, TAKIMH KaK
capkasM, TUIep0oJIa 1 CUMBOJIU3M.

B rmaBe 1 MbI KpaTKO MPeACTABUIIM aHAIU3 SMOLMOHAIBHOI OKPACKH, YTOObI MO/~
YEPKHYTh BA)KHOCTh KOHTEKCTHBIX TIPU3HAKOB. Ec/ii Takme SI3bIKOBbIE TPU3HAKH, KaK
T0J1, YACTO HATIPSIMYTO 3aKOIUPOBAHBI B CTPYKTYPE SA3bIKA, TO AMOITMOHAIbHAS OKPacKa
CJIMIIKOM CJIOJKHA 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 «PamnbIe s mosib3oBaicst HpOCTeHbKOfI py‘-IHOfI MaITUHON JIJIs OKaHTOBKH I'a30HOB,

JIOCTABIIIEHiCsl MHE B HACJE/CTBO OT 0Tia. HaGWB MO30JIM 1 TOTPATHB BITYCTYIO MACCy BPEMEHH,
sITIPUILIEJT K MBICJIU, UTO JI0JIKEH ObITh KAKOU-TO JPYTOii CII0c06, MEHee TPYI0eMKH i, U 51 HaIlleJl
ero. OKaHTOBKA ra30HOB — OJIHO N3 HEN3GEIKHBIX 301, C KOTOPBIM BaM [PHUAETCSI MUPUTHCS, €CJIH
XO0TUTeE, ‘1T06b1 Balll IOM BbITJIALEJI KPAaCUBO. OK&HTOBKy s1 BBIIIOJIHSIIO HE BCSIKUIA pas, Korjga
kotry. O6BIYHO s [IeJIal0 9TO OTAEeNbHO. [IepBbIil pa3 — mocJjie 3MMbI — OKAHTOBKA 3aHIMAeT
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Ecii monpo6oBath OIEHUTH 3TOT OT3bIB, TIOACYUTHIBAS «OJOKUTENbHBIE> M <OT-
pullaTesbHBIE» CIOBA, KaK B CJydae CO CJIOBAMU, OIPENEITIONIMEI MOJIOBYIO TTPHU-
HaJJIE)KHOCTD B IJlaBe 1, KaKylo OIleHKY Bbl OKuAaau Obl monyunth? HecMoTpst
Ha OOJIBIIOE KOJUYECTBO CJIOB € KaKYIIMMCS HETaTHBHBIM OTTEHKOM (HaIrpumep,
«primitive» (mpumutuBHOI ), «blistered» (Mozosm), «wasted» (Biycryio), «<rough»
(HepoBHOIT), «<slowers (MesieHHEe)) ITOT TEKCT COOTBETCTBYET OT3BIBY C OIEHKOMN
B 5 3Be3]] — HAUBBICIINII BO3MOKHBII peiTHHT!

Jlaske ecJiv B3sATh €IHCTBEHHOE TIPEITIOKEH e U3 0T3bIBa (Hampumep, «Edging is one
of those necessary evils if you want a great looking house»'), serko 3ameTutsn, Kak
MOJIOKUTENbHBIE U OTPUTATENbHBIE KOHCTPYKITUH U3MEHSTIOT JPYT JAPYTa, CO3/1aBAS
ahdekT obpaleHust 9MOIMOHATIBHON OKPACKK HA TIPOTUBOIOJIOKHYTO VI YCHIIU-
Bast ee. Ha puc. 12.4 nmokasaHo, Kak CHHTaKCH4YecKue GJIOKM COBMECTHO BJIUSIIOT Ha
0011y 10 HMOTIUOHABHYIO OKPACKY TTPEITIOKEHUSI.

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. CUHTaKCUYECKMI aHanms3

00bIYHO 4yTh Goable BpeMenu. [locsie 5TOro oHa JaeTcs Ipolie, HOTOMY Y4TO OCTAETCS JIUIb
HOIEPKUBATh AKKYPATHBIA KaHT. S Tak:Ke Ae/1al0 OKaHTOBKY JIyKallKu 1 KIyM0 ¢ [BeTaMu
C TAKMM 7Ke IPeBocXoAHbIM pesyssraTtoM. Hoxu B Edge Hog sierko saMeHsoTes1, a BpeMsi 3aMeHbl
JIETKO OTIPEIEJISIETCS 110 TOMY, KAK KPOMKA HAUMHAET BBITJISA/IETh HEMHOTO HEPOBHOI, & MalllniHa
HauuHaeT paboTaTh MeieHHee». — [Ipumey. nep.

! TlepeBom: «OKaHTOBKA Ta30HOB — OIHO U3 HEUBOESKHBIX 301, C KOTOPBIM BaM IIPUIAETCS MUPUTHCH,
€CJI XOTUTE, YTOOBI Balll IOM BBITJISIIET KpacuBoy». — [Ipumeu. nep.
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Fny60oxkni aHaIN3 CTPYKTYPbl

B 2013 roxy Puuapx Couep (Richard Socher) ¢ xommeramu' mpeamoskma moaxos
CUHTAKCUYECKON CerMeHTaIluM K aHaJIu3y aMOIMOHAJIbHON okpacku. OHU 1pen-
JIOKUJIM METOJ KIacCU(UKALMKI MO, OCHOBAHHDIN Ha UCIIOIb30BAHUK OaHKa
CUHTAKCUYECKUX JiepeBbeB (hpas (TO eCTh KOPIyca ¢ CHHTAKCUYEeCKUMU aHHOTAITN-
SIMI), TIO3BOJISTIONINI 60JIee TOUHO ONPEAETIATh OOILYI0 SMOIMOHAIBHYIO OKPACKY
BbICKa3bIBaHmsA. OHM TOKa3aJdM, KaK KJaccuuKamus IpeaaokeHnii ¢ppasa 3a
(bpasoii BMeCTO BCETO BHICKA3bIBAHUS IIETAKOM B KOHEUHOM UTOTE IIPUBOIUT K 3Ha-
YUTEJIBHOMY YBEJIMUEHUIO TOYHOCTH, B YACTHOCTH, TIOTOMY, UTO JIAeT BO3MOKHOCTh
KOMILJIEKCHOTO MOjieJinpoBanus ah(erra oTpuiianmsi Ha pa3HbIX YPOBHSIX JlepeBa
(dpas, kak OBLIO MOKa3aHo Ha puc. 12.4.

Couep npejcTaBui Takyke HOBBIN BUJl HEHPOHHBIX CETEl JIJIsl MOJIEIUPOBAHUS,
pexypcusnovie mensopivie netponnvie cemu (Recursive Neural Tensor Networks,
RNTN). B orsinune ot 00BIYHBIX PEKYPPEHTHBIX MOJIE/IEI U MOJIEJIEii ¢ TIPSAMBIM
pacmpocTpaHeHueM, PEKYPCUBHBIE CETH TPEATIONAraioT HaJndne Y JaHHBIX 1e-
PapXuyYeCcKoOil CTPYKTYPHI, a MPOIlece 0OYyUEHUsT CBOIUTCS K 00X0Oy epeBa. ITh
MOJIEJIN UCTIOJIB3YIOT BEKTOPHbIE OTOOPasKeHNsT, OA0OHBIE TeM, YTO ObLIN MOKa3a-
HBI B TJ1aBe 4, /17151 IPEICTABJIEHUS CJIOB, UJIN «JIUCTHEB» /IEPEBA, a TakyKe (DYHKITHIO
KOMITO3UITOHHOCTH, KOTOPasi ONPEIe/IsIeT TIOPSIIOK PEKYPCUBHOTO 0ObeIHNHEHNUST
BEKTOPM30BAHHBIX JINCTHEB /LIS TTPe/ICTaBIeHUSA (Hpas.

Kak 1 00beKT KerasClassifier, CKOHCTPYHPOBAHHBIN HAMU BBIIIIE B 3TOH TJIaBe, pe-
KYPCUBHbIE HEPOHHBIE CETH UCIIOJIB3YIOT B CKPBITHIX CJA0SIX (DYHKITUU aKTUBAIUK
JIJIS1 MOJIeJTNPOBAHUS HEJTMHEHHOCTH, a TakKe (DYHKITUIO CXKATHUS /IS YMEHbIIeHNs
Pa3MepHOCTH KOHEYHOTO CJIOST JI0 3a[aHHOTO KOJIMYeCTBa KIaccoB (0OBIYHO JBYX
B CJIy4Yae ¢ aHAJIU30M IMOITHOHAIBHON OKPACKH ), TAKYIO KaK Softmax.

BaxkHO 0TMeTUTb, 4TO aphekTUBHOCTL Moaenu Covepa TOXe BO MHOrOM 3aBUCUT
oT obbeMa obyyarolmx AaHHbIX. YneHbl koMaHabl Covepa U3BAEKN BCE CUHTaK-
CUYECKN BO3MOXHbIE (Ppasbl U3 ThiCAY OT3bIBOB K dmnabMaM Ha rottentomatoes.
com, KOTOpble 3aTeM BPY4HYIO OLIEHWIN C UCMOIb30BaHWEM MHTEpdENCca MapKu-
poBku Ha Amazon Mechanical Turk, n TakuM cnocoboM CKOHCTpyMpoBanu obyya-
WM HAabop AaHHbIX. MonyunBLWKIACA pe3ynbTaT B BUAE OPUMMHANBHOIO KoAa
Anst Matlab 1 MHOXeCTBa BU3yanbHbIX NpeACTaBeHN AepeBLEB aHanM3a 3Mo-
LIMOHaNbHOM OKpacku AocTyneH 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,
3aMMCTBYIOIIMIT HEKOTOPBIE Hzien 3 pabotel Couyepa v UCIOMb3YIOMINN CTPYKTYPY
A3bIKA JIJI YCUJIEHWS CUTHAJTA.

OnpepeneHne SMOLMOHAJIbHOW OKPAaCcKU No Mewky ¢pas

B npeapbiayiiem pasjesie Mbl ucTosib3oBanu 6ubaunoreky Keras st o6ydenust
[POCTOrO MHOTOCJIOIHOTO MEePIENTPOHa, JOBOJIBHO YCIENIHO MPeICKa3hIBAIOIIErO
OIIEHKM OT3bIBOB K My3bIKaJIbHBIM asibboMaM Ha Pitchfork Ha ocHoBe ci10B, cogepika-
IUXCS B OT3bIBE. B 9TOM pasziesie Mbl onpobyeM cosaath GoJiee CAOKHYIO0 MOJIE/b,
HCII0JIb30BAB KOPILYC GOJIBIIEro pasMepa U MOAX0J Ha OCHOBe «MelIKa (hpas».

B xavectBe KopIyca MCIOJIb3yeM TTOJAMHOMKECTBO OT3bIBOB K TOBapaM Ha caliTe
Amazon u3 Kopiyca, co3parnoro Jxymmanom Makosm (Julian McAuley) us Kasm-
dopuuiickoro yuusepcurera B Can-/luero!. [TosHbiii HaOOp JaHHBIX COAEPKUT Ooiee
MUJITUOHA OT3BIBOB K (PUITbMaM U TeJsieriepeiauaM, KasK/Iblil 13 KOTOPBIX BKJIIOYAET
TEKCT OT3bIBa U OlleHKY. OTIEHKU OTPEESIOT YPOBEHb peiTuHTa, oT HU3mero (1)
710 BBICTITETO (5).

Harna moziestb 1ipeirosiaraeT, 4to 60JIbIIast 4acTh CeMaHTHYECKOI HHMOPMAIINHT B IIPe/i-
JIOJKEHUSIX COMEPIKUTCS B BH/Ie HEOOJIBINX CHHTAKCHYECKUX CyOCTPYKTYp. BmecTo
O/IXO/Ia <MEITIOK CJIOB» MbI PeainsyeM 00JIerdeHHbIiT METO/l M3BJIEUEHHUS] CHHTAKCHU-
YEeCKOI CTPYKTYPBI OT3BIBOB, I00ABUB HOBbIIT KJ1acc KeyphraseExtractor, SIBISIONIUIICS
MozuduKalell rpueMa U3BJIeUeHNS KIIOUeBbIX (PPas U3 [JIaBbl 7, C IOMOLIbIO KOTOPOLo
peobpasyeM KOPITyC OT3BIBOB B BEKTOPHOE TIPE/ICTABJIEHIE KIIIOYEBBIX (hpas.

B uwactHocTH, At onipejiesieHusi TPAMMATUKU Mbl IIPUMEHUM PETYJISIPHOE BbIPa-
JKeHWe, UCITOJb3YIolIee TeTH YacTed pevun 1Jid UAeHTUu(GUKAINT HapeIHbiX dhpas
(«without care» (6e33ab60TH0)) 1 dpas ¢ npumararerpubiMu («terribly helpful»
(ysxacto mosie3nbiii)). C ero moMOIIbI0 MbI CMOXKeM Pa3OUTh TEKCT Ha KJII0YEBbIe
dpasbl ¢ momoIibio RegexpParser 13 NLTK. Mbl 6y1eM UCIIOIb30BaTh HEHPOHHYIO
ceTh, KoTopasi TpedyeT 3apaHee ONpeeTUTh 00IIee KOJTMYECTBO IIPU3HAKOB (TO €CTh
JIEKCMKOH) 1 JJIUHY KasKIO0TO JOKYMEHTa, C 9TOM 1EJIbI0 MbI I00AaBUM COOTBETCTBY-
IOITKe TTapaMeTpsl B PYHKINIO __init_ .

HacTpolika runepnapamMeTpoB 4151 MakCMMasibHOMO COKpaLLEHUsI ClIoBaps U Anu-
Hbl [IOKYMEHTOB 3aBUCUT OT [laHHbIX U TPeBYET NPUMEHEHUS UTEPATUBHOMO NoA-
X04a K MPOEKTUPOBAHMIO NMPU3HAKOB. [Nl Hayana MOXHO onpeaenuTb obliee
KOIMYECTBO YHMKA/bHbIX KJTHOUYEBLIX C/TOB UM MPUCBOWUTL MapaMeTpy nfeatures
3HayeHue MeHblUe 3TOro Yncna. Ytobbl BbibpaTh ANIMHY AOKYMEHTA, MOXHO NOA-
CUUTaTb KOJMYECTBO KITHOUEBbIX C/I0B B KaXKAOM M3 HIX U B3SITb CPEIHEE 3HAUEHNE.

U Julian McAuley, Amazon product data (2016), http://bit.ly/2GQL2H2
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class KeyphraseExtractor(BaseEstimator, TransformerMixin):
M3BnekaeT HapeyHble W MpunaraTesnbHble CAOBOCOYETaHUA U npeobpasyeTt
[OKYMEHTbl B CMKUCKW C/IOBOCOYMETaHWiA, Mpu 3ToM obliee KOAUYeCTBO
CNOBOCOYETaHNUI OrpaHuM4MBaeTCcA 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

Yro06sl emfe 60JIble YMEHBIIUTD CI0KHOCTD, J00aBUM METOJI normalize, yaaJisiio-
MUY 3HAKW TTPENTMHAHUS U3 KasK/I0T0 JIEKCEMU3UPOBAHHOTO M pa3MeueHHOTO TPe/I-
JIOKEHUS 1 npeo6pa3y10m1/1171 6yKBbI B HUDKHUM PETUCTP, a TaKyKe METOJl extract_
candidate_phrases, U3BJICKAIOIMI CJIOBOCOUYETAHUS U3 KAK/OTO MPENJIOKEHUS
C MCITOJIb30BAHUEM Hallleil rPaMMaTUKU:

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 MpeasioxeHUs B [JOKYMeHTe C MCMOo/ib30BaHWEM Halero napcepa,
06pa30BaHHOrO HaWei rpamMmmaTWUKoOn, npeobpasyeT LepeBO CUHTAKCUYECKOro
aHanuM3a 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

[l mepenaum pazmepa BXOIHOTO CJIOST B HEHPOHHYIO CETh ONPeIeIM MeTOJ get_
lexicon, M3BJIEKAIONIMI KJTI0UeBble (hpasbl U3 BCEX OT3BIBOB M COOMPAIOIINIT IEKCUKOH
C JKeJJaeMBIM YMCJIOM TIpusHakoB. Hakowrerr, 106aBUM MeTOZ clip, OCTaBJIAIONINAIA
B JIOKYMEHTAX TOJIBKO KJII0UeBbIe (Dpa3bl N3 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 otsinune ot MeTosa fit, He JeTaI0NIer0 HUYETro U ITPOCTO BO3BPAIIAIONIETO CChII-
Ky self, METOJI transform IPOAEJIBIBAET BCIO OCHOBHYIO PabOTy 10 MU3BJIEYEHUIO
bpas, cozpanmio JEKCUKOHA, YCEUEHUIO IOKYMEHTOB U JIOTIOJHEHUIO KaXK/[0TO /10
JKeJIaeMOro pasMepa ¢ IOMOIIbI0 (PYHKINK sequence.pad_sequences U3 OUOJIMO-
teku 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)

Temepp HamumIeM OYHKIIUIO 71 CO3MaHUS HEHPOHHOU CeTH; B JAHHOM CJIydae MbI
CKOHCTPYUPYEM CETh € JOJITOM KpaTKocpouHoil mamsaThio (Long Short-Term Memory,
LSTM).

Hama cets LSTM naunnaetcs co cyos Embedding, KOTOPBIH CO3/IaeT BEKTOPHBIE
MIPEJICTaBIEHMS 3 JOKYMEHTOB, COCTOSIIINX U3 KITIOUEBbIX )pa3, U IPUHUMAET TPH
mapameTpa: o0Iee YicIo MPU3HAKOB (TO eCTh 00U pa3Mep JIEKCUKOHA), JKeTacMast
PasMepHOCTb BEKTOPHBIX Hpe[[CTaBJIGHI/IfI 1 BXOJZHad JI/IMHA input_length KayK/0ro
JOKyMeHTa ¢ KitoueBbIMU ppazamu. Ciroii LSTM ¢ 200 y3aMu pactosiaraeTcst MexxIy
JIBYMSI CJIOSIMU Dropout, KOTOPbIE B KaK/IOM I[UKJIE OOyUEHUsI CIydailHbIM 06pasom
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[PUCBAUBAIOT YACTU BXOAHBIX JAHHBIX 3HAUECHUE 0, YTOOBI IOMOYD IIPELOTBPATUTD
nepeobydenne. KoHeuHbIN CI0H OTpeiesisieT YucIo OKUAaeMbIX KaTeroOpuil 1Jist
KJaccuuKaIum:

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

Mbi Gyem 06ydaTh Hallly MoJie/Ib Kak OMHapHbIi KiaaccubukaTop (Kak aTo ciesasn

Couep B cBO€ll pean3aliiin), moaToMy 100aBuM (HYHKIIUIO binarize st pasmere-

HI METOK Ha /IB€ KaTeropuu /1JIst UCII0JIb30BaHusI B (byHKuI/H/I train_model. ITU 1BE

KaTeropuu IPUMEPHO cooTBeTCTBYIOT oHsATHAM «liked it> (HpaBuTest) u <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 OEHKH 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 moxaspIBaioT peBapuTEeNbHBIE PE3YIbTAThl, MBI MOJYYUIN HA YAUBJIECHTE
ahdexTUBHYI0 MO/IEITH, TIPEATIONOKNB, YTO U3BJIEYEHIE KIT0YEBBIX (Ppa3 ABageTCS
JEHCTBEHHBIM CIIOCOOOM CHHIKEHMS Pa3MEPHOCTH TEKCTOBBIX JaHHBIX Oe3 3Hauu-
TeJTbHOM TIOTEPU CEMaHTHUYECKOI MHPOPMAIINH, 3aKOMPOBAHHON B CHHTAKCUIECKUX

CTPYKTYpax.

byayuwee (No4YTn) HacTynwuso

HacTynumio oueHb HHTEPECHOE BPeMs B Pa3BUTHM TEXHOJIOIMI aHA/IN3a TEKCTa, He
TOJIBKO IIOTOMY, 4TO HOSBUJIOCH MHOKECTBO HOBBIX IIPUMEHEH I MAIIUHHOMY 00y~
YEHMIO Ha TEKCTOBBIX JIAHHBIX, HO Takske OJ1aroaps NosiBJIEHUI0 TeXHOJI0T UL, obec-
[EeYNBAIONINX TPAKTUYECKYIO TTOJEPKKY 9THM IIPUMEHEHUAM. YCIexu B 001acTu
anmapatHoro o0ecredenust, JOCTUTHYThIE 3 TIOCAEAHNE HECKOIbKO AECATUIETHIA,
U MOSIBJIEHUE YIAUYHBIX TIPOTPAMMHBIX PEATU3AINI C OTKPHITBIM MCXOAHBIM KOJOM
B IIOCJIEJTHUE TOJIbI IEPEHECIN HEHPOHHBIE CETH U3 00JIaCTH aKaJeMUYECKIX NCCIIE/10-
BaHMi B 06J1aCTh IIPAKTUYECKOTO NprMeHeHus. [109ToMy NpUK/IaIHOl aHaIN3 TeKCTa
JOJIKEH OBITh TOTOB MHTETPUPOBATh MOAIEPKKY HOBOM alllapaTypbl U Pe3y IbTaThbl
aKaJeMUYECKNX MCCIe0BAaHUI B CYIIECTBYIONIIE TIPOrPAMMHbBIE PEIIEHMUST, YTOObI
OCTaBaTbhCS COBPEMEHHBIM U AKTYaJIbHBIM. SI3bIK MEHSAETCS, M BMECTE C HUM JIOJIKHbI
MEHSThCS MTOAXO0/bI K ero 06paboTKe.

Oy 13 caMbIX CJIOKHBIX 3a7a4 B 001acT 00pabOTKK €CTECTBEHHOIO SI3bIKa —
MalIMHHBINA epeBo, 06001enne, nepedpasupoBaHme, IOUCK OTBETOB Ha BOIIPOCHI
1 INaJI0T — B HACTOSIIIEE BPeMs PENIaloTCs ¢ IpUBJIeYeHneM HeIpOHHBIX ceTeii. Bee
yalle 1UCC/Ie0BaTe N, 3aHIMAIOIUECS MOJIEISIMU IIyGOKOro 00y4eHus, HAIIPABJIAIOT
CBOM yCUJIUS He Ha 06paboTKY S3bIKa, a Ha €ro OHMMAaHHe.

Hecmotps Ha MUPOKYIO N3BECTHOCTH COBPEMEHHBIX KOMMEPUECKUX TTPUIIOKEHUT],
UX BCe ellle CJAUIMKOM Masio. Takue TexHoornu, Kak Mexanusm Alexa /st pacmos-
HaBaHWs Pevyu, MPUJIOKeHne MalmHHOTO TtepeBosia Google Translate u unctpy-
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MeHT g00aBjIeHus TUTPOB K usobpaxkenusm B Facebook mia crabosupsamux, sce
vaiie 0ObEUHSAIOT TEKCT, 3BYKU U M300paskeHIsl MHHOBAIIMOHHBIMU CIIOCOOAMU.
B Gumskaiinime rogbl 0KuAAeTCS TOsIBIeHE Gojiee COBEPIIEHHBIX aJITOPUTMOB
U TUOPUHBIX MOJIEJIEl, KOTOPbIE, HATIPUMEP, CMOTYT OOBEAMHNUTD KJIacCH(PUKAIIIO
1300pakeHuil ¢ co3JaHreM TEKCTOB Ha eCTECTBEHHOM SI3bIKe WJIM Paclio3HaBaHue
peur ¢ MalIMHHBIM [EPEBOIOM.

BwmecTte ¢ TeM MOKHO O/KMIaTh BHEAPEHUST MEHBIIETO 110 MaciiTabaMm MPpUMEHEHsT
aHa/n3a TeKcTa B 0OBIYHbIE TPUJIOKEHUST IS YBeJIMIeHrs y100CTBa T0Ihb30Ba-
Tesiell — cpe/iCTB aBTOMAaTUYECKOTO JIOTIOJHEHUST TeKCTa, AMaJOrOBbIX areHTOB,
YJIyUIIIeHHBIX MEXaHU3MOB [OMCKA PEKOMEHAIil U T. 1. Takue mpusioxeHus 6y Iyt
OIUPATHCsI He TOJBKO (M He CTOJIBKO) Ha MAaCCUBHbBIE HAOOPBI JAHHBIX, HO TaKsKe Ha
CTIENUATN3UPOBAHHBIE KOPITYCHI, ODUEHTUPOBAHHBIE HA Y3KU KPYT TPUMEHEHUI.

B Hacrostiiee BpeMst He Tak MHOTO KOMIAaHUM, 06JIaaf0INX TOCTATOYHBIMUA 00b-
eMaM¥ JIAaHHbIX, KBAJIU(PUITUPOBAHHBIM MEPCOHATIOM U BBICOKOIIPOU3BOIUTEIBHOM
BBIYMCIIATENBHOI HH(MPACTPYKTYPOIi, CHOCOOHBIX C/IEIaTh IPUMEHEHIE HEHPOHHBIX
ceTell MPaKTUIHBIM U 9KOHOMWYECKHU BBITOAHBIM, HO U 9TO TTOJIOKEHWE [Ie]T TI0CTe-
nieHHo Mensiercst. OIHAKO 715t OOTBITUHCTBA UCCIe0BaTe el TaHHbIX 1 pa3paboT-
YMKOB MPUJIOKEHUTT Oy/IyIiiee MPUKIIAJHOTO aHAIN3a TEKCTA Oy/IET 3aKII0YATHCST HE
CTOJIKO B TIOMCKE HOBBIX aJITOPUTMOB, CKOJIBKO B BBISIBJIEHMM WHTEPECHBIX 3a/1a4
B [TOBCEIHEBHON KM3HU U IPUMEHEHUH HAIEKHBIX W MaCIITaOMPYEMbIX HHCTPY-
MEHTOB U IPUEMOB JIJIsI CO3/IaHusT HeGOJIBIINX, HO IIEHHBIX (DYHKIUIA, OTIMYAIOIINX
COBpPEMEHHBIE TPUJIOKEHUS OT MPEABIAYIINX TTOKOJTEHI.
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arsomepaTtuBHblii (agglomerative)

ArjiomepaTuBHas KJIacTepusaliis — PasHOBUIHOCTb IpHeMa HepapXxuyecKon
KJIaCTEPU3aIlNN, B KOTOPOM CO3/IlaHNE KJIACTEPOB HAYMHAETCS C OTHAEJTbHBIX JK-
3EMILISIPOB U 00BEIMHEHNE TIPOU3BOIUTCS UTEPATHBHO, TIOKA BCE OHU HE OY/IyT
[IPUHA/JIEKATh OJHOM IpyIIIIe.

anasm3 rpacdos (graph analytics)

Ananu3s rpadoB — 0IMH U3 TTOIXOIOB K AHAJIN3Y TEKCTA, UCIIOIb3YIONUN CTPYK-
Typy TpadoB U YUCIeHHBIE METO/IBI U3 TeOPUU TPADOB I UCCTETOBAHUS B3au-
MOOTHOTIIEHUH MEKIY CYITHOCTSIMU UJIN JIeMEHTaMHU TEKCTA.

aHaJIM3 SMOIMOHAILHOM OKpacku (sentiment analysis)

Ananus SMOHHOH&HbHOIL;I OKPaCKHn — 3TO Ipo1ecc I/I,ZIeHTI/Iq)I/IKaHI/II/I nu K]IaCCI/I(bI/I'
Kanuu 3MOHI/IOH3.JII)HOI71 IIOJIAPHOCTH, BpraDKeHHOIL/,I B BbICKa3blBaHUN — Hallpn-
MeEp, AJ1d oIlpegeJieHA OTHOCUTEJIbHO II0JI0KUTEILHOCTH WJIN OTpUIATEJIbHOCTH
YYBCTB MUIITYIETO U TOBOPAIILETO.

accounMaTuBHas MoJeJb sA3bIKa (connectionist language model)

ACCOL[I/IaTI/IBHaH MO/I€JIb A3bIKa YTBEPIK/IAET, YTO 3HAYUMbIE BSaHMO,Z[efICTBHH
MEXK/y €AMHUIIaMU A3blKa HE BCErJa KOAUPYIOTCA ITOCJEA0BaTE/IbHbIM KOHTEK-
CTOM, HO MOT'YT U3BJIEKATbCs HeﬁpOHHbIMH CETAMMU.

BeKTOp ab3ana (paragraph vector)

Bekrop ab3ana — anroputm obyderus: 6e3 yauTeist, KOTOPbIil CO3/aeT Mpo-
CTPaHCTBO IIPU3HAKOB (l)I/IKCI/IpOBaHHOﬁ JJIMHBI 13 TOKYMEHTOB paSHOﬁ JJINHDBI
1 PaCIIMPSET aJITOPUTM word2vec 10 YPOBHS 9K3EMILISAPOB JOKYMEHTOB.

BeKTopu3anus (vectorize /vectorization)

Bekropusaiust — nporece mpeoOpasoBaHust HEYNCTOBBIX JaHHBIX (HAIIPUMED,
TeKCTa, N300PaKEHUI U T. I.) B BEKTOPHOE TIPEICTABIEHUE, K KOTOPOMY MOKHO
HPUMEHUTH METO/IBI MAITMHHOTO 00YYeHUSI.
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Budyanmusarop (visualizer)

BusyanuzaTop — WHCTPYMEHT BU3YAJIbHON AMATHOCTUKH, TTO3BOJISIONTUI YeJIo-
BEKY YIIPaBJISITh MPOIIECCAMU aHAIN3A TPU3HAKOB, BEIOOPA MOJIENTN 1 HACTPOUKM
rurneprapaMerpos (Hapumep, Tpoiika Bbibopa MoJeIn).

BbICKa3biBaHue (utterance)

BrickaszpiBanus — aTo KOPOTKHE, 3aKOHYEHHbIE IIETIOYKN yCTHOfI WJIU TNCbMEHHOMN
peyn. B ananuse pedyn BbICKa3bIBaHUA 00OBIYHO pa3rpaiHn4mMBaOTCA OTYETINBO
3aME€THBIMU I1ay3aMU. B ananuse TexcTa BhICKAa3bIBaHUSI BbIJICJ/IAIOTCA 3HaKaMU
IpennHaHvd, IIpeilHa3Ha4€HHbIMU JIA IIEPE/adn 1Ay 3.

BBITAHYTHIH XBoCT (long tail)

BorrsinyThiii xBoct, wiu pacipeaenenue Lurnda (Zipfian distribution), orpakaer
GOJIBITIOE KOIMYECTBO BXOKIEHHH JaIEKO OT IIEHTPA YaCTOTHOTO PACIIPEAEICHUS.

ranakcel (hapaxes/hapax legomena)

Tamakc — aTo TEPMMUH, BCTpe‘iaIOH.[HﬁCSI B KOpITyC€ TOJIbKO OJINH Pas3.

runepnapamerp (hyperparameter)

B MammHHOM 00ydYeHWM THUIIEpIapaMeTpaMy Ha3bIBAOT MapaMeTPhl, Olpe/e-
JsIto1He 0coOeHHOCTH PAbOThI MOJIENIN; OHU OTIPEIENISTIOTCS Ha ITalle CO3/IaH¥s
9K3EMILISIPA MOJIENTN U He CBsI3aHbl HATIPAMYIO ¢ oOydenuem. [Tpumepamu MoryT
CITY>KUTH TapaMeTp alpha (mrtpad) g peryaapusaiun, (YHKITNL Sapa B METOIE
OIOPHBIX BEKTOPOB, KOJIMYECTBO JINCTHEB WK TTyOHHA IepeBa PeIeHuil, KoJde-
CTBO cOcejiel B KitacCU(UKATOPE METOIOM OJIVKAMIITIX COCEIEN MU KOJTMYEeCTBO
KJIACTEPOB B KJIACTEPU3AIINU METO/IOM k-CPETHIX.

riay6okoe ooy4enue (deep learning)

[Tox ray6okuM 0Oy4YeHHEM B MIMPOKOM CMbICJIE TTOAPasyMeBaeTcsi OOJbIIoe
ceMeliCTBO HEPOHHBIX CeTel, ColepKaIUX HeCKOJIbKO B3aUMOEHCTBYONIUX
CKPBITBIX CJIOEB.

rpaMMaTHka (grammar)

IpamMaTika — 3TO HAOOP TPABWII, OMPEAETSIONINX KOMIOHEHTDI TPABUIHHO
CTPYKTYPUPOBAHHBIX IPETOKEHUH.

rpaHuIbI npeokenus (sentence boundaries)

[paHuIbl IPEIOKEH I, TAKUE KaK 3ariaBHble OYKBbI U 3HAKHU ITYHKTYaI[UH, OT-
MEYaloT HAvaJI0 1 KOHEI TPeJITTOKeHIH. BoabImmucTBO MHCTPYMEHTOB TapCHHTA
1 MAPKUPOBKU YACTSIMUA PEUU OTUPAIOTCS HA HAJTMUHUe TPAHUIL TTPE/TI0KEeH M.
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rpad (graph)
CerteBoii Tpad — 3TO CTPYKTYpa JaHHBIX, COCTOSTIAS U3 Y3JI0B, CBA3aHHBIX pe-
Gpamit, KOTOPYIO MOKHO UCITOJIb30BATh [IJIsi MOJIEJTMPOBAHUST CJIOKHBIX B3AUMO-
OTHOIIIEHUIA, BKJIIOYAsi B3AUMOOTHOIIIEHUS B TEKCTE.

rpa¢ cBoiicTs (property graph)

B konTekcre rpacdoB Mozesb rpaa CBONCTB TO3BOJISIET BCTPOUTH B rpad Goibiire
nH(GOPMAIINY 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, 1 3aKII0YaI0IIAsICS B yCTPAHEHNN KOIIUI (TOYHBIX U CMBIC-
JIOBBIX ) TIOBTOPSIONINXCS TAHHBIX.

muanorosas cucrema (dialog system)

B xonTekcTe yar-60Ta AMasoroBas CUCTEMAa — 9TO BHYTPEHHUN KOMIIOHEHT,
UHTEPIPETUPYIOUI BBO/I, MOJJIEP;KUBAIOIINI BHYTPEHHEE COCTOSTHUE U TTPO-
M3BOMIIINI OTBETHI.

muamerp (diameter)

lrametp rpaca G — 9TO KOJIMIECTBO Y3JI0B, KOTOPbIe HYKHO MUHOBATbh, YTOOBI
HPONTH KpATYaNIINM TTyTeM MKy ABYMs HarboJiee yIaleHHBIME €r0 Y3JIaMu.

nuBusnMHbIii (divisive)

JluBusumHuas (mensamas ) KIacTepusanis — 3TO PAa3HOBUHOCTH HEPAPXUIECKON
KJIACTEPU3ALIMHI, COIJIACHO KOTOPOIl CHAYaJIa CO3/IaeTcs KaacTep, 00be NSO
BCIO BEIOOPKY, U 3aTeM T10C/IeJ0BATEIbHO AeJUTCS Ha O0Jiee MeJIKIe KJIACTePbI 10
JOCTUIKEHUST YPOBHSI OT/IEIbHBIX 9K3EMILISIPOB,

muckype (discourse)

Jluckypc — dhopMasbHas MMCbMEHHAs WM YCTHAsT KOMMYHUKAIUs, OOBIYTHO
6oJiee CTPYKTYypUpOBaHHasi, yeM HepopMasbHast TMCbMEHHAs I YCTHAS KOM-
MYHUKAINS.

nucrepeus (variance)

Jlucriepcust — OIMH U3 IBYX HCTOYHUKOB OMUOOK B 00yuenuu ¢ yuuresaem. Otpe-
JlesisieTcsl Kak cpejiHee KBa/[PaTOB PACCTOSTHUI OT KasK0i TOUYKHU /IO CPEHEro.
Huskast aucnepcust cy>KUT IPU3HAKOM HET000YUYEHHOCTH MOJIENH, KOTOpast
4acTO BO3BpalllaeT OJMH U TOT Ke IIPOTHO3, He3aBUCUMO OT 3HaUYCHUIT BXOHBIX
IPU3HAKOB. BbICOKast AUCTIEPCHSI CITYKUT TIPU3HAKOM 11ePe00yIeHHOCTH, KOT/Ia
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00BEKT OIEHKU 3aTIOMHUJI 00y4YatoIine JaHHble 1 TI0X0 000011aeT paHee He
BUJICHHBIE JTAHHBIE.

nokymenT (document)

B xonTekcTe aHa/MM3a TEKCTA JOKYMEHT — 3TO OAWH 3K3EMILJIAP JAUCKYPCa. KOp-
ITyCbl COCTOAT N3 MHOKECTBA /IOKYMEHTOB.

uepapxuueckas kiaacrepusamus (hierarchical clustering)

Wepapxuueckast KIacTepusaliist — 3T0 Pa3HOBUIAHOCTH 00y4eHus Oe3 yuuTelis,
KOTOpast TPON3BOIUT KJIACTEPHI B BUJIE APEBOBUAHON CTPYKTYPBI, T7Ie Ha KasK/[OM
YPOBHE €CTh TlePEMEHHOE UNCJIO KTacTepoB. MepapXudeckiie MOIEN MOTYT OBITh
nim arsiomepatuBHbiME (agglomerative, Kor/a Kiactepusaiius oCyIecTBISETCs
CHU3Y BBepX), Wian AuBusuMHbIMU (divisive, cBepxy BHE3).

usBieyenue npusHakos (feature extraction)

B konTekcTe KOHBeliepOB aHAIM3a TEKCTA 110J] U3BJIEUEHUEM MTPU3HAKOB T10-
HIIMAeTCsI TIPOTIECC TPeoOpa3soBaHst JOKYMEHTOB B BEKTOPHBIE TIPEICTABIEHS,
K KOTOPBIM MOKHO IIPUMEHUTH METO/IbI MAITMHHOTO 00YYEHMS.

KaHoHu3anus (canonicalization)

Kanonuzarmust — ojiHa U3 TpexX OCHOBHBIX 33J[a4, UMEIOIIUX OTHOIIEHUE K Pa3-
PEIIEHUIO CYIIHOCTEN, 3aKII0YAETCS B TPe0OPa30BaHUK JAHHBIX C HECKOJIbKUMHU
BO3MO’KHBIMHU TTPEICTABICHUAMU B OJIHY CTAaHAAPTHYIO (hopMmy.

kiraccuduxanus (classification)

Kraccudukaims — 9T0 pa3sHOBUIHOCTH MAIIUHHOTO OO6YUEHMS ¢ YUUTETIEM, TIe-
JIBIO KOTOPOI SBJISI€TCS BBISIBJIEHUE OOIIUX YePT B 9K3EMILISIPaX, COCTOANINX U3
HE3aBHUCHUMBIX IIPU3HAKOB, U UX OTHOIIEHUS K TOW WJIM WHOU KaTeropuu. Kiac-
crUKaTOp MOKHO Hay4YUTh MUHUMHU3UPOBATH OMIMOKY MEXK/IY MPOrHO3UPYe-
MBIME 11 (DAKTUIECKUMHE KaTeTOPUsIMU B 00YYAIONIIX JAHHBIX, a TOCJIe 00yYeHUsT
WCITOTb30BaTh I TIPUCBAUBAHUS KaTeTOPUIT HOBBIM HK3eMILISIPaM Ha OCHOBE
3aKOHOMEPHOCTEH, BHISABJIEHHBIX Ha aTare 00y4eHusl.

kaacrepusanus (clustering)

Obyuerue 6e3 yanuTeJisi, MM KJIACTEPU3AIIHS, — ITO CIIOCO0 BBISIBJIEHISI CKPBITOMN
CTPYKTYPBI HeKIACCU(BUIIMPOBAHHBIX JAHHBIX. [eh aropuT™MOB KitacTepu3a-
I[[Y — BBISIBUTDH CKPBIThIE 3aKOHOMEPHOCTH B HEKJTACCU(DUTIMPOBAHHBIX TAHHBIX
IyTeM OPTaHU3AIIH IK3EMILISIPOB B CYIECTBEHHO PA3IMIAIONINECS TPYTIIIBI Ha
OCHOBE WX TIPU3HAKOB.
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konseiiep (pipeline)

B KoHTeKcTe aHasM3a TEKCTa KOHBEHep — 9T0 MeTO/ 00beIMHEHMSI TOC/Ie/[0Ba-
TEJILHOCTU TTPe0Opa3oBaHmil, TAKUX Kak (HAIIPUMeEP) HOPMaJTH3allnsl, BEKTOPHU-
3a1Us U aHAJIU3 IPU3HAKOB, B €IMHBIN MEXAHI3M.

Kopmyc (corpus/corpora)
Kopryc — 9T0 KOJITEKIIMST POACTBEHHBIX JOKYMEHTOB MJIM BbICKa3bIBAaHUIT Ha
€CTECTBEHHOM SI3bIKE.

Kparvaiimmii myTh (shortest path)
Jlnist 3aanHoro rpada G ¢ yaimamu N 1 V KpaTdaiiiiium MeskLy N 1 V SIBJISIETCST TAKON
Iy Th, KOTOPBIiT COIEPKUT MEHbIIIE pedep.

aatentHoe pasmeinenne {upuxie (latent Dirichlet allocation, LDA)

JlatenTHoe pasmMmenieHmne ﬂI/IpI/IXJIe — 9TO METO/ OolIpeAesIeHUA TEMbI, B KOTOPOM
TEMDI IIPEACTAaBJIEHbI BEDOATHOCTAMMU ITOABJIEHUA KaK/I0I'0 CJIOBA U3 3a/laHHOI'O
Ha60pa. ﬂOKyMeHTbI, B CBOIO OU€PE/lb, MOT'YT OBITh IIpe/iCTaB/JI€HDbI KaK COYE€TaHUA
9TUX TEM.

JaTeHTHO-ceManTH4yeckuii anamm3 (latent semantic analysis, LSA)

JlaTeHTHO-CeMaHTUYECKUI aHAJIN3 — 9TO penieHre Ha OCHOBE BEKTOPOB /IJ1A TEMa-
TUYECKOTO MOJIEJIMPOBAaHN:A, KOTOPOE OTBICKHUBAET I'PYIIIIBI JIOKYMEHTOB C OJlHA-
KOBBIMU CJIOBAMU U ITPOU3BOJAUT PA3PEKEHHYIO MaTPUITY «JIEKCEMbL / JOKYMEHTDBI».

nexcema (token)

JlekcemMbl — aToMapHbIe €/IMHUIIBI JJAHHBIX B aHAJIN3E TEKCTa. ITO CTPOKH, 3a-
KOJMPOBaHHbIE OaliTaMU U TIPE/ICTABJISIIOIIIE CEMAHTHYECKY O MHMOPMAIINIO, HO
He coziep:Kanie HUKakoi apyroil uadopmaiuu (Hapumep, 3HaUeHUs CJI0Ba).

nexcemusaius (tokenization)
Jlekcemusarusi — Tporiecc paszdueHust MPeAIoKeHUi Ha H30JUPOBAHHBIE JIEK-
CEMBDbI.

nexcukon (lexicon)

B KoHTEKCTE aHAIM3a TEKCTA JIEKCUKOH — 9T0 HaOOP BCEX YHUKAJIBHBIX CIOBApP-
HBIX CJIOB B Kopiryce. JIekcuueckue pecypehl 4acTo BKJIOYAIOT OTOOPaKeHUsI
aToro Habopa B Jipyrue HaboPbI, TaKKe KaK OMUCAHUST CMbIC/IA CJIOB, CHHOHUMBI
i (poHeTHUYeCKue MPeICTABICHUS.
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nokreBas kpusas (elbow curve)

jIOKTeBbIe KpI/IBI)Ie — HpI/IeM BHSyaJIHSaHI/II/I KadeCTBa HECKOJIbKUX MOL[GJI@I';I
KJIACTEPU3AIMY METOJIOM k-CPEHMX C Pa3sHbIMK 3HaueHuAME k. Bei6op mMoze-
JIM OCHOBBIBAETCS Ha HAJIMYMK «JIOKTEBOro cruba» Ha KpuBoil. Ecin kpusas
BBITJIAAUT KaK PyKa, COTHYTast B JIOKTE, C SIBHO BBIPAKEHHBIM YIJIOM MEKLY
JBYMS BETBAMU KPUBOM, TOUKa nepernba COOTBETCTBYET ONTUMATIbHOMY 3Ha-
yeHuio k.

MaTpHIia HecooTBeTcTBHil (confusion matrix)

Martpuiia HeCOOTBETCTBUM — OJINH M3 METOJI0B OIIEHKU TOYHOCTU KJaccuduka-
topa. ITocTpoenne MaTpHIlbl HECOOTBETCTBUI TT0C/IE 00y YeH M KaccuduKraTopa
MO3BOJISIET TIOJYYUTH MPE/ICTABIEHNE, KAK MTPE/ICKa3aHHbIe KJIACCHI JIJIST OT/IEITh-
HBIX KOHTPOJTBHBIX 3HAYEHUU COOTHOCATCA € (DAKTUIECKUMU KITacCaMM.

MamuHHOe 00yuenue (machine learning)

Marmuitroe oOyueHre OMIChIBAET MIUPOKUIT HaOOP METONOB M3BJICUEHUsT 3HA-
YUMBIX 3aKOHOMEPHOCTEN U3 CyNIEeCTBYIOUUX JAHHBIX U IPUMEHEHUS 3TUX
3aKOHOMEPHOCTEH 711 MPUHATUS PelleHNn NI TPOTHO3UPOBAHUS HA OCHOBE
HOBBIX JTAHHBIX.

METO/I IJIaBHbIX KOMIOHeHT (principal component analysis, PCA)

MeTo/1 TJIaBHBIX KOMIIOHEHT — 9TO METO/| IPeoOpa3oBaHusl IPU3HAKOB B HOBYIO
cHCTEMY KOOPAMHAT, OMMCHIBAIOIILY0 HAMOOJIBIITYIO 0JIIO IUCTIEPCUU B TAHHBIX.
MeTo/ T/1aBHBIX KOMIIOHEHT YacTO MCITOJIb3YeTCA I CBEPTKU Pa3MepPHOCTH
MJIOTHBIX TAHHBIX.

MeENIOK CJIOB/HenpepbiBHbIi Memok cioB (bag-of-words (BOW)/continuous
bag-of-words (CBOW))

Meliok €JI0B — 3TO METOJ KOJUPOBAHUST TEKCTA, KOT/IA KAK/IBIH TOKYMEHT U3
KOpITyca IpeoOdpasyeTcst B BEKTOP C TMHOMN, PABHOI pa3Mepy CJI0Bapst KOPITyca.
OcHoBHAs Ujiest METO/IA MEITTKA CJIOB 3aKJIIOYAETCS B TIPEITOJIOKEHNH, YTO CMBICJT
U CXO/ICTBO 3aKOIMPOBAHBI B CJIOBApE.

MHOTronpoIeccopHas oopadorka (multiprocessing)

[Toa MHOrOIPOLIECCOPHOI 06PaBGOTKOI MOHUMAETCS OJHOBPEMEHHOE UCIIOJIb30-
BaHne HecKoJabKNX mpotieccopoB (CPU) 1 BO3BMOKHOCTD CHCTEMBI PACTIPEIETATD
pelieHne 3a/1a4 MKy HECKOJIbKUMU TIPOIIECCOPAMU JIJIsi OJTHOBPEMEHHOTO UX
BBITTOJTHEHNS.



noccapwii 351

Mozenb a3bika (language model)

MOHGJII) sI3bIKa IIbITAETCSI HA OCHOBAHUM HETIOJTHOI (bpaSbI BbIBECTH HEJOCTAIOIIE
CJIOBA, KOTOPbIE BEPOATHEE BCETO IIPUBE/LYT BBICKA3bIBAHUE K 3aKOHYEHHOMY BU/LY.

mopdoorus (morphology)

Mopdomorusg — ato hopma cynHOCTEH, TAKIX KaK OTAEJbHbBIC CJI0BA WA JIEK-
cembl. Mopdosiornieckuii anajans3 — 3To MPOTIECC MOTYIeHNS TIPeICTABIeHN
0 TOM, KaK KOHCTPYHMPYIOTCS CJIOBA M KaK (hOPMBI CJIOB BJIUSIOT HA UX OTHOIIIEHWE
K TOW WJIM MHOM YaCTU PEUH.

HenooOyuenne (underfitting)

[Tox HEL00OYUEHHOCTHIO MOIE/IH OOBIYHO MOAPA3yMEBAETCS CUTY ALK, KOT/Ia 00y -
YeHHast MOJIeJIb KasK/Iblil Pa3 BO3BpalaeT OAWH 1 TOT JKe IPOTHO3 (TO eCTh UMeeT
HUBKYIO JUCIIEPCHIO ), TIPU ATOM IIPOTHO3 CYIIECTBEHHO OTKIOHSAETCS OT HCTHHBDI
(TO ecTh MeeT BbICOKOE cMelenue ). HemooOydenue sBisieTcs IPU3HaKoOM Hel0-
CTaTOYHOCTH 0ObeMa 00YYAIOIIUX JaHHBIX MJIU CI0KHOCTH 00y4aeMON MOJIEJIH.

Heiiponnas cetb (neural network)

Heifiponnsie ceTn 0OTHOCATCS K CEMENCTBY Mojiesielf, KOTOPbIE OTPeleTIoTCs
BXOJHBIM CJIOEM (BEKTOPHBIM TIPEACTaBIEHNEM BXOAHBIX JaHHBIX ), CKPBITHIM
CJI0EM, COCTOSTINM U3 HEHPOHOB U CHMHATICOB, U BBIXOJIHBIM CJIOEM C TIpe/icKa-
3aHHBbIMU 3HAUeHUSIMU. CHHATICBI BHYTPHU CKPBITOTO CJIOSI OTBEYAIOT 32 Iepe/iavy
CUTHAJIOB MEK/ly HEDOHAMMU, KOTOPbIE U UCIOJIb3YIOT HEJUHEHHYIO0 (OYyHKIIUIO
aKTUBAIUY J7Tst Oyhepusaliuu BXOAAMMX cUrHanoB. CHHATICH TPUMEHSTIOT BECO-
BbIe K09 (UIMEHTHI K BXOJHBIM 3HAUEHUAM, a (DYHKITNS aKTUBAITIHT OTIPEIeIsIeT,
JIOCTaTOYHO JIX BBICOK YPOBEHB B3BEIIEHHOTO BXOIHOTO CUTHAJIA [IJIST aKTUBAIIAN
HelpoHa ¥ Mepe/lauyu 3HAYEHUS B CJEYIONINH CII0M CETH.

HeomnpeeaeHHOCTb (perplexity)

HeonpeneneHHOCTh — 3TO OIEHKA MPEICKA3yEeMOCTH TEKCTA, OCHOBAHHAS Ha
sHTponuu (ypoBHe HellpeACKasyeMOCTH WU HeOKUIAHHOCTI) paclipe/iesleHus
BEPOSITHOCTEH B MOJIEJIH SI3BIKA.

o0yuaioniasi ¥ KOHTPOJIbHast BIOOPKH (training and test splits)

B MamuHHOM 00y4YeHUN ¢ yUYUTEeIeM JaHHbIe PasIesioTcss Ha 00ydarolyio
U KOHTPOJIbHYIO BBIOOPKH, HA KOTOPBIX MOKHO TIPOBOIUTH OOydYeHHe MOJIeeit
C 1IeJIbI0 CpaBHEHUS (MTePEeKPEeCTHON TPOBEPKHU ) U BBISIBICHUS MOJeJeld, ToKa-
3bIBAIONINX HarboJiee KaueCTBEHHbIe Pe3yJIbTaThl Ha paHee He BUACHHBIX UMU
HMaHHbIX. JleseHne JaHHbIX Ha 0OYYarolyio ¥ KOHTPOJbHYIO BBIOOPKH 0OBIYHO
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UCIIOJIb3yeTCsT, YTOOBbI M30€eKaTh mepeobydeH st MOJEH 1 TOOUTHCS JIydIeit
0600611aI01Iel CITOCOOHOCTH Ha TAHHBIX, HE YIACTBOBABIIIX B 00YUEHUN.

o0yuenne 0e3 yuntens (unsupervised learning)

O6yuenue 6e3 yanTeJis, MM KJIaCTePU3AIHs, — 9TO CIIOCO0 BBISIBJICHVS CKPBITON
CTPYKTYPBI B HeKJIacCH(UIIMPOBAHHBIX JIaHHBIX. [[esbio anropuT™MoB Ki1actepu-
3aIUU SABJISIETCS ONpe/ieIeHe CKPBITHIX 3aKOHOMEPHOCTEN B HEKJIACCU(DUITIPO-
BaHHBIX JIAHHBIX C KCITOJIb30BAHUEM TIPU3HAKOB JIJISI OPraHU3AINY 9K3EMILISIPOB
B M30JIMPOBAHHBIE 3HAUNMbBIE TPYTITIBL.

00paboTKa ecTecTBEeHHOrO s3biKa (natural language processing)

HOZI O6pa6OTKOIL/,I €CTECTBEHHOTI'O A3bIKa IIOHNMAETCA KOMIIJIEKC BBIYMCJINTE/TbHbIX
IIpUEMOB IJIsA OTO6pa>KeHI/IH MEXAY (pOpMa]II)HI)IM 1 €eCTECTBEHHDbIM A3bIKaMU.

o6xoj (traversal)

B kontekcre rpados 1101 06X0/0M TOHUMAETCsI MPOIECC MEPEX0/ia OT OJHOTO
y3J1a K APYroMy 110 pebpam.

o0beauHenne npuanakos (feature union)

O6'I)elII/IH€HI/Ie IMPpU3HaKOB IMO3BOJIAET IPUMEHUTD K TaHHBIM HECKOJIBKO HE3aB1-
CHUMBbIX Hp606p3.30BaHI/II>JI 1 3aTEM 06"[)6ILI/IHI/ITI) PE3YJIbTAThI B COCTaBHOM BEKTOD.

00beKT o1eHkH (estimator)

B xonrekcre 6ubanorexn Scikit-Learn o0bexT omeHkn (Estimator) — 910 J1000it
00BEKT, CIIOCOOHDBII 06yYaThCst Ha OIEHMBAEMbIX JaHHbIX. Hampumep, o6bekT
OIEHKH MOXKET OBITh MOJEJIbIO MANTMHHOTO 00YYeHUsI, BEKTOPU3ATOPOM UJIH
1peobpasoBaTesieM.

00beKT yreHus Kopmyca (corpus reader)

OO6beKT YTEeHUs KOPITyca — 9TO MIPOrPAMMHbBIN HHTEPQEIC /1T YTEHUS, TIONCKA,
(buapTpanum 1 TOTOKOBOI TTepejaun TOKYMEHTOB, TPEIOCTABASIONNH TaKKe
MEeTO/IbI TTpeobpa3oBanus TaHHBIX, TAKHE KaK KOAMPOBAHUE U TIPEABAPUTEb-
Hast 06paboTKa, MPOTPAMMHOMY KOJLY, KOTOPOMY TPeGyeTcs IOCTYII K JJaHHbIM
B KOpITyCe.

onrouorus (ontology)

OHTOJMOTHUS — 3TO CTPYKTYpPa AAHHBIX, KOAUPYIOIIAs CMBICT 32 CUET OTIpeee-
HUSI CBOMCTB U OTHOIIEHUI MOHATUN U KaTerOpUil B KOHKPETHOM ITPEJMETHOM
JICKypce.
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oTuer Kiaaccudukanuu/Temwnosas kapra (classification report/classification
heatmap)

Ortuet Kraccudurarmm 0To6pakaeT OCHOBHBIE XaPAKTEPUCTUKH KJIACCUDUKAIIN
(TOuHOCTD, TOJIHOTY, 1 o1leHKy F1) 11 kaskoro kiacca.

onenka cuiyata (silhouette score)

O1leHKa CUITyaTa — 3TO METOJT ONIPEIEICHUS IIIIOTHOCTU 1 000COOTIEHHOCTH KJla-
CTEPOB, TPOU3BOIUMBIX MOJIEJTHIO KJIACTEPU3AIINY HA OCHOBE IEHTPOU/IOB ITyTEM
ycpennenus koadduiinenTa curyarta. Beraucisiercs: Kak pa3HOCTb CPETHETO pac-
CTOSTHVISI BHYTPH KJIaCTePa M CPEIAHETO PACCTOSTHUS 10 OJIMKAIIIEro KiaacTepa OT
9TOr0 06pasiia, HOPMATN30BAHHAST MAKCHMATLHBIM 3HAYEHIEM.

onenka F1 (F1 score)

Omnenka F1 — 210 B3BeneHHOe TaApMOHMYECKOE CPe/Iee TOUHOCTH. JIyuriieii oren-
koii F1 cunraercs snavenue 1,0, a xymamreii — snauenue 0,0. O6b1uno orerkn F1
HUKE OIEHKU KauecTBa, TIOTOMY UTO BBIYUCJIISIOTCS HA OCHOBE OIEHOK TOYHOCTU
1 osiHOTHL. Kak mpaBusio, A/ cpaBHEHUS Mojiesiell KiaaccuuKaim caeayeT
HCII0JIb30BATh CPEIHION0 B3BENIEHHYIO O1leHKY F 1 BMecTo riio6aibHOi TOYHOCTH.

napajureausm (parallelism)

[Tox mapasniean3MoM MOHUMAIOTCS MHOTOIIPOIIECCOPHBIE BBIYMCIICHUS; 110/1-
pasymMeBaeTcs apaJijieJin3M Ha YPOBHE BBIIIOJHEHN 3a/1a4 (KOT/Ia HaJl OJ[HUMU
Y TEMHU K€ IAHHBIMU TTapPJITIETTBHO BBITIOJHSIOTCS Pa3HbIe OTIEPAINH ) ¥ HA YPOBHE
JTAHHBIX (KOT/a O/IHA 1 Ta JKe OIlepalinis OJHOBPEMEHHO TPUMEHIEeTCs K HEeCKOITb-
KM Pa3HbIM (pparMeHTaM JaHHbBIX).

napcuHr (parsing)

B xonTekcTe aHann3a JaHHBIX HAPCUHT — 3TO IIPOIIeCC JleJIeHUs BbICKa3bIBaHUI
Ha COCTaBHbIE YacTH (HATIPHMeD, IOKYMEHTOB Ha ab3alibl, a03a1eB Ha TTPeJIoKe-
HUS, TTPE/IVIOKEHNI Ha JIEKCEMDbI) U COCTABJIEHUS N3 HUX CUHTAKCUYECKUX MJIN
CEMaHTUYECKUX CTPYKTYP, KOTOPbIE MOTYT y4aCTBOBATb B BBIUNUCJICHUSIX.

napTUTHBHaA Kiacrepusanug (partitive clustering)

B koHTekcTe aHanm3a TeKceTa o/ HapTUTUBHON KJylacTepusalueii mopasyMeBa-
IOTCS METO/Ibl KJIaCTePU3aLIUH, JAeJIAIIMe TOKYMEHTDI Ha TPYIIIILL, IPe/CTaBIsIeMble
IEHTPAJTbHBIMU BeKTOPaMU (IIEHTPOUJAMU ) UJIM OMKUChIBaeMble TJIOTHOCTHIO
JIOKYMEHTOB B Kyactepe. [leHTpounibl peicTaBAAIOT arpernpOBAaHHOE 3HAUCHIE
(HarrpuMep, cpejiHee WM MeIHany ) BCEX TOKYMEHTOB-UWICHOB 1 [AI0T YI0OHBII
crrocob OTMCaHuUsT JOKYMEHTOB B KJIacTepe.
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nepeKkpecTHasi PpoBepKa/MepeKpecTHas MpoBepKa 110 k-6;10kam (cross-validation/
k-fold cross-validation)

[TepexpecTHas IPOBEPKaA UM MePEKPECTHAs IPOBEPKa 1o k-OJ10KaM — 5TO Ipo-
1[eCC He3aBUCUMOT0 0OYYEHUsT MOJIE/I C YUUTeeM Ha k BBIOopkax (00ydaronmx
u KOHTpOJIbeIX) "3 Ha60pa JaHHDbIX, HO3BO]’[5{IOH_II/H>)I CPaBHUTDb MO/I€JIN U BbI-
SICHUTH Harepejl, Kakue OyAyT HaBaTh Gojiee KaueCTBEHHbIE TPOrHO3bI HA MPe-
KJIe He BCTPeUYaBIINXCsl UM JaHHbIX. [lepekpecTHast mpoBepKa IoMoraeT HaiTu
KOMIIPOMUCC M€KLY CMEIeHIeM 1 UCIIePCHeii.

nepeooyuenue (overfitting)

B kontrekcre O6y‘IeHI/I§{ C yuuresieM 1oz Hepeo6yquMeM MOJeJIN ITIOHMMAETCA
MO/e/Ib, 3allTOMHHUBIIasA 06yqafoume JJaHHBbIC N IIOKa3blBalomlasd a6CO]HOTHyIO
TOYHOCTDb Ha JaHHbIX, BUJIEHHBIX paHee, HO 4aCTO O].HI/I6aIOH_[aHCH Ha TIpEXK/I€ HE
BCTPEYABIIUXCA JITaHHDIX.

nosHora (recall)

[TosHOTAa — 9TO CMTOCOOHOCTD KiIaccuduKaTopa MPaBUIbHO KIaCCH(PUIIMPOBATH
BCe AK3eMIIAPhL. [l Kask/oro Kjacca onpeesseTcs Kak OTHOIIeHe Ynciia
9K3EMILISIPOB, /IS KOTOPBIX JAHHBIN KJIacC MpecKa3at MPaBUIbHO, K OOIIeMy
YHCITY IOKYMeHTOB 9TOro Kiacca. [Tporite roBopst: «[IpotieHT oxBata 9K3eMILISIPOB
JAHHOTO KJIACCAY.

NOHHMAaHHE eCTECTBEHHOTO s13bIKa (natural language understanding)

[TorumaHe ecTeCTBEHHOTO SI3bIKA — ATO OJIHA U3 TeM B 00pabOTKe eCTECTBEHHOTO
sI3bIKa, 0003HAYAIOIAS BBIYHCIUTEIbHbIE TIPHEMbI TIPUOIM3UTEIbHON HHTEPIIpe-
Tall1 eCTeCTBEHHOIO SI3bIKA.

nopsanok (order)

B xonTexcTe rpada G mopsiIkoM G SIBJISIETCS YUCIIO0 Y3JI0B B G.

npeo6Gpasosares (transformer)

[Ipeo6GpasoBatesb — ocobast pA3HOBUIHOCTh 00HEKTA OIIEHKH, KOTOPBIN CO3/1a-
eT HOBBIIT HAGOP JAHHBIX M3 UCXOMHOTO METOOM CHHTYJISIPHOTO PA3JIOKEHUS
(singular value decomposition, SVD), ocHOBBIBasich Ha ITpaBUJIaX, BLISIBICHHBIX
B 1poriecce 0OyJYeHusl.

npusHak (feature)

B MarmmHHOM 00y4YeHUI JaHHBIE TPEICTABIEHbI IPOCTPAHCTBOM YHUCIIOBBIX IIPHU-
3HAKOB, 7€ KaXK/10€ CBOMCTBO B BEKTOPHOM IIPE/ICTABJICHUU SIBJISIETCS IPU3HAKOM.
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NpUKJIaaHoi mporpamMubiii uaTepdeiic (Application Programming Interface,
API)

[IpukmaaHoit mporpaMMHbBIiT HHTEPdETic (hopMaTbHO OTIpeesseT TOPSI0K B3a-
UMO/IENCTBIS KOMITOHEHTOB. [IporpaMMHubIi nHTEpdETic JaHHBIX MOKET /1aBaTh
MOJI30BATEISIM BO3MOXKHOCTb CHCTEMAaTUYECKOTO M3BJI€UEHUS IAHHBIX U3 MH-
tepHera. Scikit-Learn API npegocTabisier 0000IE€HHbII OCTYII K aJITOPUTMAM
MalllnHHOTO 00yUYEHUs, PeaIM30BaHHBIM B BUJIE HEPAPX Uil KJIaCCOB.

npuioskenue Aannbix (data product)
[TpriosKeHNst JAaHHBIX — 9TO KOMITBIOTEPHbIE TIPOTPAMMBI, U3BJICKAIOIIIE HIEHHYTO
UHMOPMAIINIO U3 JIAHHBIX ¥ B CBOIO OUePe/Ib TeHEPUPYIOIIIE HOBbIE JaHHBIE.

npope:xkuanue (dropout)
B xoHTekcTe HEMPOHHBIX CeTEl CJI0W TTPOPEKUBAHUS TTPEHAZHAYEH JIJIs OT-
JaJIeHnsI MOMEHTa HACTYILIEHUST [TePeoOydeH s 3a CYeT CIyYaitHOTO OOHY T€HsT
HEKOTOPO#T 10/ BXOIHBIX €IMHUI] B KQK/IOM ITUKJIE 00yUeHNSsI.

npsimoe Koauposanue (one-hot encoding)

HpHMOe KOJIHUPOBaHHE — 3TO METO/ CO3/IaHU:A BEKTOPA JIOTUYECKUX 3Ha‘{eHI/II>JI,
B KOTOpOM KOHerTHbeI 39JIEMEHT II0JIy4YaeT 3HaueHue True, €CJIN 3aJjaHHad JICK-
CeéMa IIPUCYTCTBYET B JOKYMEHTE, U False, eciu HET.

paamep (rpacdog) (size (graphs))
Pasmep rpada G onpeiesisieTcst Kak YucyIo CoAEpsKaiuxcsi B HeM pedep.

paspemenue cymHuocrei (entity resolution (ER))
Pazpernenue cynHocTeil — 3To 3aj1aua yCTpaHEHUsI HEOJIHO3HAUHOCTEH 3a1mcei,
COOTBETCTBYIOINUX CYIIHOCTSIM B HaOOpax JaHHBIX.
pacnpeneienue yactor (frequency distribution)
Pacripesesieryie 4actoT 0ToOpaskaeT OTHOCUTENBHYIO YaCTOTY Pe3yJIbTaToB (Ha-
pUMep, JIEKCEM, CJIOBOCOYETAHMIA, CYIITHOCTEN ) B IaHHOIN BBIOOPKE.
pacnpeneinentoe npencrasaenue (distributed representation)

Pacripenesiennoe ripejicraBjieHue — 3T0 METO/I KOJIMPOBAHUSI TEKCTA B HEIIPEPHIB-
HoM Macitabe. To ecTh Tmosrydaroreecst 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 Mexxy yaiaaMu N 1 V B rpade G IPeACTaBIIsIeT CBSI3h MKy N 1 V.

perpeccus (regression)

Perpeccust — 3TO pa3HOBUAHOCTb MAIIMHHOTO OOYYEHUsI C yUUTENEM, Tie-
JIBIO KOTOPOIT SIBJISIETCST BBISIBJIEHIE OOIMINX YEPT B 9K3EMILISIPAX, COCTOSIIINX
U3 HE3aBUCHMBIX NPU3HAKOB, U MX IPUHAIJIEKHOCTH K TOMY MJIH WHOMY I[€-
JIEBOMY 3HaYeHUI0. Perpeccop MOKHO HAYYUTh MUHUMHU3UPOBATH OMTHOKY
MEJK/y MPOTHO3UPYEMBIMHU U (hAaKTUIECKUMK KaTeTOPUSIME B 0OyYaIONNX
JIAHHBIX, a T10cJIe 00YUEHUsT UCIIOJIb30BATH JJIsl TIPUCBANBAHUS 1[€JIEBBIX 3HA-
YEeHUN HOBBIM HK3EMILISIPAM Ha OCHOBE 3aKOHOMEPHOCTEH, BBISIBJICHHBIX Ha
aTare 00yJYeHMsI.

cOop nannbix (ingestion)

B kontekcre I/ICC]IG,Z[OB&HI/Iﬁ JaHHDBIX ITO/ C60pOM JaHHDBIX IIOHUMAaETCA ITPOIECC
M3BJIEYECHU A JaHHbIX U3 UCTOYHUKOB U COXPaHEHNE X B KOPILyCE.

csi3biBaHue 3amucei (record linkage)

Casi3bIBaHUE 3aMIUCEN — OJIHA U3 TPEX OCHOBHBIX 33/[a4, UMEIONUX OTHOIIEHNE
K pa3pemnieHuio CyIHOCTeH, 3aKIovaioniascs B uIeHTUMUKAIINN 3aricel B pas-
HBIX KCTOUHUKAX, CChIJIAIOIIUXCST HA OJHY U TY JK€ CYIIHOCTb.

cerMeHTaIus (segmentation)

B KOHTeKCTe aHa/IM3a TEKCTa MOJI CerMEeHTallMell T0[pasyMeBaeTcsl NpoIece
pasbueHust ab3aleB Ha TPEJIOKEHUs IS TTOJTydeHrs: 6oJiee MEJTKUX eInHUI]
JIMCKypCa.

cemaHTHKa (semantics)
CemanTika — 9TO 3HaYeHNe si3bIKa (HAPUMep, 3HAYeHNe TOKYMeHTA UJIH TIpel-
JIOKEHUST ).

cetb (network)

CeTb — 3TO CTPYKTYPa IaHHBIX C Y3JIaMH, CBA3aHHBIMK peOpaMu, KOTOPasi MOSKET
WCIIOJIB30BATHCA [T MOZICTNPOBAHUS CIOKHBIX B3aNMOOTHOIIEHWH, BKIIOYas
B3aMIMOOTHOIIIEHUS B TekcTe. Cy. maxdice <zpag (graph)s.

CHUMBOJIMYECKasi MOJeb sa3bika (symbolic language model)

CuMBOJIMUECKHE MOJ€EJIN A3bIKa MHTEPIIPETUPYIOT TEKCT KaK AUCKPETHYIO I10-
CJI€0BATEJIbHOCTD JIEKCEM C BEPOATHOCTAMU UX ITOABJICHUA.
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cuHryJIsipHoe pasiozkenue (singular value decomposition, SVD)

CHHTYJISIPHOE Pa3JIOJKEHIE — 9TO METOJL MATPUYHOTO Pa3JIOKEHMUsI, TIpeodpasyto-
HIME UCXO/IHOE IIPOCTPAHCTBO IPU3HAKOB B TPU MATPUIIbI, BKJIIOYAST [[UATOHAJb-
HYIO MATPUILY CHHTYJISTPHBIX 3HAUEHUIA, OTTUCHIBAIOIILYIO TIOITPOCTPAHCTBO. MeToj
CUHTYJITPHOTO PA3JIOKEHUS MIUPOKO UCTTOMB3YETCS JIT CHUYKEHUS PAa3MEPHOCTI
Pa3pesKeHHbBIX AHHDBIX U IPUMEHSIETCS] B JIATEHTHO-CEMAaHTUUECKOM aHaJIN3e
(Latent Semantic Analysis, LSA).

cuHcer (synset)

Cuncer JLJIsI ¢J10Ba W — 9TO KOJJIEKIMS KOTHUTUBHBIX CHHOHUMOB, BbIPaKaloINX
Ppa3HbIe ITOHATHUA 1A W.

cuHTaKcuc (syntax)

CuHTaKCHUC OMTUCHIBAET TpaBuJia (pOPMUPOBAHUS MTPETIOKEHUH, OTIPeiesisieMble
IrPaMMAaTHKOM.

cKpanmuHr (scraping)

[Ton ckpanmuHroM MoHUMAETCs Mporece (ABTOMATU3UPOBAHHDIN, TOJTyaBTOMATH -
3MPOBAHHBII UJIK PYIHOIT ) cOopa MHMOPMAIINT 3 MHTEPHETA 1 €€ KOITMPOBAHS
B XPaHWLTHIIIE.

ckpbithiii cioii (hidden layer)

B He#ipoHHBIX ceTAaX CKPBITBIN CITOI COCTOUT U3 HEWPOHOB M CUHATICOB 1 CBSA3BIBA-
€T BXOZIHOI ¢JI0H ¢ BbIXOHBIM. CHHAIICHI IIepeIaloT CUTHAJIbI MesK/Ly HeHpOHaMY,
(bYHKIIUY aKTUBAIIK B KOTOPBIX OY(epusyIoT BXOISIIIE CUTHAIIBI, TEM CAMbIM
cosmaBast 9 deKT 00yIEHUST MOJIEIIN.

cmemenue (bias)

CwMelrieHue sSIBJISIETCS] OJJHUM M3 JIBYX HCTOYHUKOB OMIMOOK B 3aj1a4ax 00ydeHUsT
C YYUTEJIEM U BBIUMCIIETCA KaK PAa3HOCTh MEXK/LY TTPEJCKa3aHHbIM U UCTUHHbBIM
3HaueHueM. BoJbIlioe cMmelieHeHe yKa3blBaeT, YTO MPOTHO3bI, BO3BpalllaeMblie
MO/IEJIBIO, CYIIECTBEHHO OTKJIOHAIOTCA OT BEPHBIX OTBETOB.

cmbica cioBa (word sense)

[Ton cMbicoM ciioBa MOHMMAETCST 3HAUEHUE KOHKPETHOTO CJIOBA € yUETOM
KOHTEKCTa U UCXO/IST U3 TIPEJIITOJIOKEHNS, YTO MHOTHE CJI0BA MMEIOT HECKOJIBKO
KOHHOTAIIUI, UHTEPIPETAINI U CIydyaeB UCIIOJb30BAHUS.

cocenau (neighborhood)

B konTekcre ceteBoro Tpada G U 3aaHHOTO y37a N COCeZIoM y3Jia N SIBJISETCS
noarpad F, CoIepsKaIiii Bce CMEKHbIE Y3JIbl, CBSI3aHHbIE PeOPaMI € Y3JI0M N.
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CIocoOHOCTD K 0000menuio (generalizable)

Mogedb, criocobHas kK 0600IIEeHII0, UMeEeT JIyUInil OaJaHe CMENeHNsT 1 INC-
IepCHH, YTO TIO3BOJISIET €l IaBaTh HaJle’KHbIE TTPOTHO3BI HA HOBBIX, TIPEXKIE He
BCTPEYABIITNXCS TAHHBIX.

crenenb (degree)

Crernenb y3ma N rpada G — 910 yrcsio pebep B G, 3aTparuBaroIiux N.

cromn-cJjoBa (stopwords)

Crorr-cioBa — 3TO CJIOBa, KOTOPbIE€ BPYYHYIO UCKRJIIOYAIOTCA U3 TEKCTA, HEPEJIKO
IIOTOMY, 4YTO OHHM BCTPEYAIOTCA CJAUIIKOM YaCTO BO BCEX JOKYMEHTAX B KOPITyCeE.

cymHocTb (entity)

CymIHOCTD — 9TO HEUTO YHUKAIbHOE (HAIIPUMeEp, YeJTOBEK, OPTaHU3aIn, TPO-
JIYKT) CO MHOKECTBOM aTPUOYTOB, OMKMCHIBAIOIINX €ro (HAIIPUMEp, Msl, aJ[pec,
opma, HazBaHue, 1eHA U T. JI.). B MCTOYHMKAX JAHHBIX MOKET CO/EPIKATHCS
HECKOJIBKO CCBIJIOK Ha CYHIHOCTb, TAKMX KaK /IBa Pa3HbIX ajipeca 3JIeKTPOHHOM
MOYTBI, TPUHAJIECKAIIIX OHOMY YeJOBEKY, IBa HoMepa TesedoHa 0OHON KOM-
HMaHWU WK iBa BeO-caiiTa, T/ie yIIOMUHAETCS OJIMH U TOT Ke TIPOYKT.

TeMaTHyeckoe Mozeanposanue (topic modeling)

TeMaTHYeCKOE MOJIETPOBAHKE — HTO METOJI MAIIMHHOTO 00y4eHust 6e3 yuuresis
JUUISL OTIPE/IEJIEHUS] TeM U3 KOJLIEKIUI IOKYMEHTOB. CM. Maxdice <Kiacmepusamyust
(clustering)».

TOYHOCTD (precision)

ToyHOCTH — 3TO CIIOCOOHOCTH KIacCH(PUKATOPA HE OTMETHUTD TOJIOKUTENbHBIM
9K3EMILISIP, KOTOPBIA (PaKTUUECKH SIBISETCS OTPUMATENbHBIM. [ KaXaoTro
KJIacca OTIpe/iesIseTCs Kak OTHOTIEHIE YHCIIa 9K3EMIITISIPOB, 171 KOTOPBIX TAHHBIN
KJIACC MPE/ICKa3aH MTPABUIIbHO, K 00TIEMY YHCJTY IOKYMEHTOB, JIJIsI KOTOPBIX ITPEJI-
CKasaH ATOT JKe KJacc (MpaBuIbHO Wik 110 oOKe). [Tporite roBopst: «IIpoteHT
MPaBIJIBHO KIACCUMDUIINPOBAHHBIX IK3EMILISIPOBY.

TPAH3UTUBHOCTH (transitivity)
B cereBbix rpadax TpPaH3UTUBHOCTD CJTY;KUT MEPOiT BEPOSITHOCTH HAJIMYMST 00X
cocefieil y IByX y3J0B.

Tpoiika Beioopa moaeu (model selection triple)

Tpoiika BbIOOpa MOIEIN OTIUCHIBAET 0O0OIIEHHBII TPOIECC MAITUHHOTO 00yYe-
HUsl, BKJIIOYAIOIIUIT MHOTOKPATHBIE UTEPAIUU YePe3 ATAIbl KOHCTPYUPOBAHUS
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[PU3HAKOB, BEIOOpA MOZEIN U HACTPOMKM TUIEPIAPAMETPOB IS JOCTIKEHUS
HanboJsee TOUHOU MOJIesIH, CIIOCOOHOM K 0000IEeHMIO.

yaeia/sepmmuHa (node/vertex)

B xonTexcre rpada ysen apisgeTcs GyHaaMeHTaTbHON eTMHUTIEN JAaHHBIX. Y3ThI
CBsA3aHbI pebpaMu U Bce BMeCTe 00pa3yioT CeTh.

ynpasiienue (steering)

VipasjieHre — 9TO TPOIECC yIIPaBIeHUs] MAIMHHBIM 00y4YeHueM, HallpuMep,
MyTeM BU3YaJbHOTO TIPECTABICHIS PA3HBIX OTUYETOB KyaccubUKAIMU U T0-
CTPOEHUsI TETIOBBIX KapT JIJis OTIPe/ie/ieH si, Kakas 13 00yd4eHHbIX MOjeeit
naet GoJsiee KaueCTBEHHBIE PE3YJIBTAThl, UM MCCIEA0BAHUEM KOMIPOMKCCOB
MeXAYy CMellleHueM U Juciiepcueil Mo pa3HbIM 3HAYEHUSIM OIPeleJIeHHOTO
rureprapameTpa.

xpanmwmime WORM (WORM storage)

Xpauummuiie, J0CTYITHOE /14 3aTUCH OAHOMY U /7T YTEHWS MHOTUM (WTite-once
read-many, WORM), mogpasymeBaeT XxpaneHne BEPCHI NCXOHBIX JaHHbIX, He
M3MEHSIONIEeNCs Ha ATaax u3BJeYeH s, TPeoOpasoBaHUs UM MOIETUPOBAHIISL.

1eHTpaabHOCTb (centrality)

B ceteBoM rpade 11eHTpasbHOCTD CIIYKUT MEPOY OTHOCUTETbHOM BAXKHOCTH y3J1a.
BaskHble y3J1bI IPSIMO WJIM KOCBEHHO CBSI3aHbI ¢ OOJIBIIMHCTBOM JAPYTHX Y3JI0B
U TI09TOMY UMETOT BBICOKYIO TIEHTPATHHOCTb.

HEeHTPaJIbHOCTD 10 6s1m30cTH (closeness centrality)

[leHTpaIbHOCTD MO OJIN30CTHU ONPEAESIETCST KaK CPEIHSIsl JINHA ITyTH OT y3Ja N
B rpade G KO BCeM JIPYTUM y3JiaM, HOpMaJIM30BaHHas pazmepom rpada; oHa
OIUCHIBAET, KaK OBICTPO PACIIPOCTPAHKTCS 110 CETH G MHMOPMAIHS, HCXO/SIIAsT
u3 y3za N.

HEHTPaJIbHOCTD 10 mocpeauuyectBy (betweenness centrality)

Jlns 3amanHoro y3ma N B rpade G IeHTPaIbHOCTD 110 TIOCPEHUYECTBY OTPaXKaeT
Ba)KHOCTb 3TOT0 y3J1a /I CBI3aHHOCTH rpada G. LleHTpasbHOCTD 10 MocpeHm-
YECTBY BbIUUCJAECTCA KaK OTHOIIIEHNE KpaTqafmmx HYTefI B G, IIpoJieraroumx
gepes N, K 0011eMy YHCTy BCeX KpaTdyailliux myTeii B G.

neHTpajbHoCcTh o crenenn (degree centrality)

HeHTpaJII)HOCTb 11O CTEIIEHN OIIPE/EIAECTCA KaK KOJINIECTBO COCGZIeﬁ JaHHOI'O
y3J1a, HOpMaJIN30BaHHOE O6H_[I/IM KOJ/JIMYECTBOM Y3JIOB B rpa(be G.
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IEHTPAJIbHOCTD 110 COOCTBEHHOMY BEeKTOPY (eigenvector centrality)

[eHTpaIbHOCTD 110 COOCTBEHHOMY BEKTOPY OTIPEIEJISIET BAsKHOCTD y3J1a N B rpa-
(e G 110 cTerenn y3710B, ¢ KOTOPhIMHE cBsi3am N. /laske eciin y N HeGOJIbIIIOe KOTnye-
CTBO coce/iell, HO OHY UMEeIOT BLICOKHUE CTeIleHH, N MOXKeT ollepesKaTb HEKOTOPBIX
U3 HUX BEJIMYUHO IIEHTPATBHOCTH 110 COOCTBEHHOMY BeKTOPY. IleHTpasbHOCTD
110 COOCTBEHHOMY BEKTOPY JIEKHUT B OCHOBE HECKOJIBKHUX IPYTUX Mep IIEHTPAIb-
HOCTH, BKJIIoUas renTpaibHocTsh Kana (Katz centrality) u naBectsiii anroputv
asToputetHocTr PageRank.

4acToTa TepMHHA — OOpaTHas 4acToTa JoKyMeHra (term frequency—inverse
document frequency, TF-IDF)

Yacrora TepMuHa — 06GpaTHAS YACTOTA IOKYMEHTA — 9TO METOJ KOAUPOBAHWS,
HOPMAJIU3YIONIMH YaCcTOTY MOSBIEHUS JIEKCEM B IOKYMEHTE C yUETOM CO/IEPIKH-
MoTO B ocTasibHoM Kopiryce. Otrierka TF—IDF nsmepsieT pesieBaHTHOCTD JIEKCEMBI
B IOKYMEHTE MacIITaOMPOBaHHON 4aCTOTOI MOSIBJIEHUSI JIEKCEMbI B IOKYMEHTE,
HOPMAJIM30BAHHOM 00paTHON MaCIITAOMPOBAHHOI YaCTOTOM OSBICHMS JIEKCEMbI
BO BCEM KOpITyCe.

yacTh peun (part-of-speech)

Yactu peun — 3TO KJacchl, HA3HAUYEHHbIE aHAJU3UPYEMOMY TEKCTY, olpejie-
JITIOIINE, KaK JeHCTBYIOT JIEKCeMbI B KOHTEKCTE MpeiokeHus. K yactam peun
OTHOCSTCH, HAIIPUMED, CYlIEeCTBUTEJbHbIE, IJ1ar0Jbl, IPUJaraTeJbHble U Ha-
peuus.

yat-60Tt (chatbot)

Yat-60T — 5TO TIPOTPaMMa, YIacTBYIOIIAst B Pa3rOBOpE ¢ TIepeiadeii paBa royioca,
I[EJThI0 KOTOPOH SIBJISETCS MHTEPIIPETAINS BXOJAHOTO TEKCTA UJIN PEYN U BBIBOJL
COOTBETCTBYIOIIUX TI0JIE3HBIX OTBETOB.

ak3emiuisp (instance)

B mammHHOM 00y4eHIH 9K3EMILISIPbI — 9TO TOYKHU, KOTOPBIMHU ONEPUPYET aJIr0-
puTM. B KOHTeKCTe aHamn3a TeKCTa 9K3eMIIAP — 3TO JOKYMEHT TEJTMKOM WJIH
3aKOHYEHHOE BbICKA3bIBAHME.

sHTponus (entropy)

DHTPOINS OTIPeIeJiIeT HelTPeICKa3yeMOCTb I HEOKUTAHHOCTD paciipe/ie/ieHust
BEPOSITHOCTEN B MOJIETTH SI3BIKA.
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baleen

Baleen — 210 MexaHM3M € OTKPBITBIM KOJIOM, aBTOMAaTU3UPYIOMIUIA cOOp TeK-
CTOBBIX JIAaHHBIX M CO3/IaHUE KOPITYCOB JIJISI UCCJIEIOBAHUI B 00JIaCTH aHAJM3a
€CTECTBEHHOTO SI3bIKA.

doc2vec

Doc2vec (paciupenue st word2vec) — 910 aIroput™ 00ydeHst 6e3 yInuTesis,
M3BJIEKAIOTIN MTPEJICTaBJIEHUS TPU3HAKOB (PMKCUPOBAHHON JUTUHBI U3 IOKYMEH-
TOB IIEPEMEHHON JIJTNHBL.

n-rpamMma (n-gram)

n-rpaMMa — yIopsjodyeHHas 1moc/ae/0BaTeJbHOCTb CUMBOJIOB UJIN CJIOB C JIJIU-
HOI N.

Irss

RSS — 3710 pasHoBUAHOCTH BeO-KaHAIOB, B KOTOPBIX IYOJUKYIOTCSI HOBOCTH
B CTaHIapTHOM (hopmarte, yI0OHOM JIJIsi KOMITHIOTEPOB.

t-pacnpe/ieJieHHOE CTOXaCTHYECKOe BiIosKeHue cocezeii (t-distributed stochastic
neighbor embedding, t-SNE)

(-pacipejiesieHHOE CTOXaCTUYECKOE BIIOKEHHE COCE/IEN — HTO METO/I HEJIMHEITHOTO
YMEHbIIeHUs pasMepHOCTH. t-SNE MOKHO MCIIOIb30BaTh I 00beAMHEHUS T10-
XOJKUX JIOKYMEHTOB TIyTeM Pa3JIosKeH s BEKTOPHBIX TPEICTABIEHUH JOKYMEHTOB
¢ GOJIBLIMM YMCJIOM U3MEPEHUN B 1B U3MEPEHUS C UCIIOAb30BAHIEM PACIIPEE-
JIEHUI BEPOSITHOCTEN N3 OPUTUHAJIBHOU 1 Pa3IoKEeHHON Pa3MepPHOCTEN.

word2vec

word2vec — ajropuT™, pesTU3yIONIHi TAKYI0 MOJIE/Tb BEKTOPHOTO TIPEICTABIEHIST
CJIOB, UTO CJIOBA OKA3bIBAIOTCS B MPOCTPAHCTBE TIPU3HAKOB PSI/IOM CO CXOXKUMU
CJIOBAMU.
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Benmxamun Benrdopr (Benjamin Bengfort) — crienmasuct B obractu data science,
JKUBYTIIUH B BalmHrToHe, BHYTPU KOJIBIIEBOH aBTOCTPA/IbI, HO MTOJHOCTHIO HTHOPH-
pyotuii monuTuky (0O6bIMHOE /110 it OKpyra KosymOust) u mpeanoynTaronumii
3aHUMATBCsI TEXHOJIOTHSIMI. B HacTostiee BpeMst paboTaeT HaJl IOKTOPCKOI iuccep-
Tanueii B YHuBepcurere mrata MepusieH, rie u3ydyaeT MalllmHHOe 00ydeHne 1 pac-
pe/ieIeHHbIe BhIYrcIeHust. B ero maboparopuu ecTb poOOTHI (XOTS 9TO He SBJISIETCS
ero J06MMOI 06J1aCThI0), U K ero OOJIBIIOMY OTOPUYEHUIO, TIOMOIHIKHU TOCTOSTHHO
BOOPYKAIOT ATUX POOOTOB HOKAMU 1 HHCTPYMEHTAMI, BEPOSITHO, C TIeJIbI0 TOOETUTD
B KyJMHapHOM KoHKypce. Habmronas, kKak poOOT MbITaeTCsl Hape3aTh MOMUIOP,
Benmxamun mpeamnoynTaeT caM X03IWHUYATD HA KyXHE, T/le TOTOBUT (DPAHITY3CKUe
u raBaiickue 0J110/1a, a TaKsKe MIAILTBIKK 1 6apOeKio Beex BUIoB. IIpodeccnoHambHbIi
IPOTPAMMUCT 1O 06Pa30BAHIIO, UCCIIEA0BATENb JAHHBIX M0 TIPU3BaHUI0, beHmka-
MIH 9aCcTO MUIIET CTaThU, OCBEIMAOIINE MIMPOKUIT KPYT BOIPOCOB — OT 00PabOTKH
€CTECTBEHHOTO sI3bIKA /10 UCCIeoBaHus faHHbIX Ha Python n mpumenenust Hadoop
u Spark B aHasMTHKE.

II-p Pe6exka Buiopo (Dr. Rebecca Bilbro) — crierasict B o6ractu data science,
nporpamMMmucT Ha Python, yuuresb, jekTop u aBTop craTeil; skuser B Bamuurrone
(oxpyr Komymbust). Criennann3upyercst Ha BU3yaabHO Ol€HKe Pe3yJIbTaTOB
MaIllMHHOTO OOYYEHUS: OT aHaJI3a IPU3HAKOB /[0 BBIOOpA MOJIEIEH U HACTPOIKY
rutieprapameTpoB. [TpoBoauT ncceoBanust B 06acTi 06pabOTKU €CTeCTBEHHOTO
SI3bIKQ, TIOCTPOEHUST CEMaHTHYECKUX CETEH, paspelieHust CynHoCcTeil 1 00paboTKI
uHbopMaIK ¢ GOJBITUM KOJIMIECTBOM n3MepeHuil. Kak ak TMBHBIN y4aCTHUK CO-
00I1ecTBa MOJIb30BaTe el U Pa3pabOTIMKOB OTKPBITOTO IPOTPAMMHOTO 0GECTIeYeH s,
PeGexka ¢ yI0BOJIbCTBIEM COTPYAHUYAET C IPYTUME Pa3paboTUNKaMU HAJl TAKUMI
npoektam, kak Yellowbrick (maker Ha sizbike Python, 1iesibto KoToporo siBiistercst
IIPOTHO3HOE MO/IETNPOBAHNE Ha MAHEDP YEPHOTO SIIHKA). B cBOGOIHOE BpeMsI 4acTo
KaTaeTcs Ha BEJIOCUTIEIAX C CeMbell NI TIPAKTUKYeTCs B UTpe Ha yKyese. [lomyunna
JIOKTOPCKYIO CTelleHb B YHuBepcureTe mrrata VmHoiic, B Ypbana-ITamreiin, riae
3aHMMAasach NCCaeIOBAaHNEM TTPAKTUYECKIX MTPUEMOB KOMMYHUKAIINH 1 BU3YAJIHU-
3aIM¥ B TEXHUKE.
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Touu Oxena (Tony Ojeda) — crnenuanuct B obsactu data science, mucaresnnb
U NpeANPUHUMATEND ¢ ONMBITOM ONTUMHU3alUK GU3HEC-TIPOIeCCOB U OoJiee YeM
NEeCSITUJIETHUM OIBITOM CO3/IAHUS W BHEJ[PEHWST MHHOBAIIMOHHBIX MPUJIOKEHUI
mauubix u pemennit. Ocnosain District Data Labs, koHcantunroByto hupmy, crierm-
AIMBUPYIOILYIOCS HA KOPIOPATUBHBIX TPEHUHTAX B 00JIaCTH UCCIIEI0BAHMS TAaHHBIX
U COBMECTHBIX MCCJIEIOBAHUSX, I/l JIFOM Pa3HbIX CIEIMaIbHOCTEH paboTaloT Hall
WHTEPECHBIMU IIPOEKTAMM, PACHIUPSIOT CBOU BOBMOKHOCTH U TIOMOTAIOT JIPYT IPYTY
craTh GoJiee YCIETHBIMU CCJIe[OBATEISIMU TAHHBIX. TAKKe SIBJISIETCS] COOCHOBATE-
geM Data Community DC, mpodeccronambHOI opraHu3aIum, MoAaepKuBaIONIeN
U TIPOZIBUTAIONIEN NCCIeoBaTe el JaHHbIX 1 UX PaboTy. B cBoO0AHOE BpeMst II0OUT
IJIaBaTh, OeraTh, 3aHUMATHCSI OOEBBIMHU MCKYCCTBAMU, OTKPBIBATH [t ceOsT HOBbIE
pecTopaHbl U CMOTPETh YBJIEKaTeJIbHbIE Teserepeayn. ViMeeT cTenenb MarucTpa
¢dunancos, nosydennyio B Mexaynapoanom yuusepcurtere mrara Oropua,
u crerieib MBA. OGyuasicst crpaTernu npearnpruHuMaTebcTBa B YHuBepeurere [le
[Tonsa B Yuxaro.



BbixoaHble AaHHbIe

Ha o6s05kke knuru «IIpukJiaHoii aHains TeKCTOBBIX JaHHbIX Ha Python» nso6pa-
’keHa amepuKanckas smcria (Vulpes macrotis) — HeGoJIbII0e MIIEKOTIATAIOTIEE, 00U -
tatotnee Ha foro-3amnajzie CIIIA u ceBepe Mekcuku. DTo caMblil MAJICHBKUT BUJT JIUCHUIL
B CeBepHoit AMepnike, BecoM oT 1,5 10 3 KMJIIOTPaMMOB U POCTOM OT 45 110 54 caH-
TUMeTpoB. UTHTEpeCcHO OTMETUTD, UTO Y aMEPUKAHCKUX JIMCHUI] HETTPOITOPITNOHATHHO
GOJIBIIINE YN, KOTOPbIE 06ECIIeYnBAIOT UM IIPEBOCXOHBIN CJIYX M IIOMOTAIOT Pery-
JINPOBaTh TemriepaTypy Tesa. OHM UMEIOT CephIil OKPac, 4acTO ¢ KPACHOBATBIM MJTH
OPaHKEBBIM OTTEHKOM.

AMepuKaHCK1e IUCUIIBI 0OUTAIOT B GE3BOIHBIX, TYCTHIHHBIX PAOHAX U BELYT HOYHOM
06pa3 xku3nn. OXOTATCS Ha MEJTKUX MJICKOTIMTAIONINX, TAKUX KaK MBITIH, KPOJTUKN
U TIOJIEBKH, a TaK:Ke HACEKOMBIX, SIIIEePHUIl U MTHUI]. AMepUKaHCKUe JIUCHUITBI MOHO-
raMHbBI U CIIAPUBAIOTCS €5KEr0/HO, ¢ eKabps 110 deBpaiib. JeTeHbIn POKIAI0TCS
B MapTe WK allpeJie, U B IIoMeTe 00bIYHO HaCUUThIBaeTcs oT 1 10 7 menkos. B Boc-
[UTAaHWH JIeTEeHbIIIeN yaacTBYOT 00a poauTtelist. B Bospacte 5—6 Mecsiies ieTeHbIIm
IMOKHU/IAI0T CEMEMHOE JIOTOBO.

AMepuKaHCKHe JIMCUIIBI TTOKa He 3aHeceHbl B KpacHyio KHUTY, HO B HACTOsIIee
BPEMsI HET JIOCTOBEPHBIX JIAHHBIX O YMCJIEHHOCTH UX MOMyJsiiiui. ECTh npusHaku,
CBUJIETEJIBCTBYIONME 00 UX MOCTEEHHOM HCYE3HOBEHUHN B paiiloHax, Tjie BCE HOBbIE
3eMJTH 3aHUMATOTCSI TTOJT CETTbCKOXO03SIIICTBEHHDIE YTO/Ibs1. OHU TaK/Ke CTaTKIBAIOTCSI
¢ KOHKYPEHIMel 3a 00bIYy ¢ APYTMMHU XUIHUKAMHU, TAKAMU KaK KOWOTBI, PBICH
1 GEPKYTHI.

MHorue JKuBOTHBIE, H300paskeHHbIe Ha 0010KKax KHUT nsareabctBa O'Reilly, ra-
XOJISATCS TIOJl YTPO30IT BHIMUPAHUSL; BCE OHU OUeHb BaKHbBI 151 Guocdepbl. UToObI
Y3HAaTh, 4eM Bbl MOJKETE IOMOYb, [IOCETHTE CAlT animals.oreilly.com.

Mzo6paxenue st 00105KKH B3sTo n3 srnukaoneann Jlngexkepa (Lydekker) Royal
Natural History.
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