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OG6 asTOpe

Puuapn Pus (Richard M Reese) umeer onbitT paGoThl He TOJBKO B IPO-
MBIIUIEHHOCTH, HO 1 B HayKe. B teuenne 17 net on pabortan B oTpacin
Tened)OHHO CBA3M W a9POKOCMUYECKOH MHIYCTPHH, BBIIOJIHAS Pa3Hble
003aHHOCTH, BKJIOYAs HCCAE0BATENBCKYIO H KOHCTPYKTOPCKYIO Jles-
TEJABHOCTD, Pa3paboTKy MPOrPaMMHOT0 0beciedeHns, PYKOBOJICTBO TPYII-
maMi pazpaboTYNKOB U IpenojaBanie. B Hactositee spems Puuaps npe-
nopaer B Taparonckom rocyaapersennom yausepentete (Tarleton State
University), rjie npuMeHsieT cBOil GOraThlil MPAKTHYECKHIT OTIBIT /IS YCO-
BEPLIEHCTBOBAHIA KYPCOB 00Y4eHNs.

Pryap;1 Hammicasn HeCKOJIBKO KHHUT IO SI3BIKaM MTPOTPaMMHPOBaHuA Java
n C. OH u3naraet MaTepuall B IaAKOHHIHOM U HOHATHOM cTujie. Cpen ero
xuur Moo otMernth «EJB 3.1 Cookbooks, kHuru o HoBBIX (hyHKIIHO-
HAJIBHBIX BO3MOKHOCTAX Java 7 1 8, KHUTy o ceprudukariy paspadboTdu-
Ka Ha A3biKe Java, kaury o jMonkey Engine, a Takske kHUry 06 Hemosis3o-
BaHUM yKasaTeseil B a3bike C.

«H BnarogapeH moei novepu IxeHHndep 3a MHOMOYMCNEHHLIE 3aMedaHns, No-
npaeku 1 gononHeHus. Ee Bknaa B co3gaHue 4aHHON KHUMM HEBO3MOXHO Nepe-
OUEHUTE».



O peueH3eHTax

Cypbsnpakam C. B. (Suryaprakash C. V.) zanumaercs 3aauamu 06-
pabotku ectectBenHOro A3bika ¢ 2009 roxa. ITo okonyanuu yuebHOTO 3a-
BeJIEHIIs TTOJYYWII CTeNeHb OaKanaspa 1o (pU3nKe, 3aTeM B aCIIHPAHTYpe
CHENUATH3HPOBATICS B 061acTi Pa3paboTKH KOMIIBIOTEPHBIX MPHIOKe-
uuit, [lozke MOTyYILT BO3ZMOKHOCTD TIPOJOKUTE Kapbhepy B Hanbomee
HNpPHUBJIEKATEIbHOH 1151 HETO 061acTH — 06paboTKe eCTeCTBEHHOTO A3BIKA.

B nacrosamee spema Cypbanpakanr aBiiseTcs BeJyIHUM HCCIe0BaTe-
aem B kommanuu Senseforth Technologies.

«{ BnarofapeH Konneram 3a NOCTOSHHYIO NoAAepXKY BO Bcem. Mx nomolub
6blna BecbMa CYLLeCTBEHHON 1 NPW COCTABNEHUW AAHHON PELLEH3UK».

Isan [lemncu (Evan Dempsey) — nporpammuct us Yorepdopra
(Upnanpua). B peaxue dackl, Koraa oH oTBIeKaetcsa ot g3pika Python
(KOTOPBII HCIIOIB3YET He TOJIBKO /UL 3apaboTKa, HO U ¢ OOJNBIINM yI0-
BOJIBCTBIEM), DBaH JIOOUT MOCH/IETh ¢ KPYKKOI 3HAMEHHTOTO HpJIaH/-
CKOTO 1UBA, 3aHATHCA TporpaMmupoBaneM Ha Common Lisp u mounrars
0 HOBEHUINX JTOCTHKEHHAX B 001acTH MamuHHOro obydyenns (machine
learning). On TakKe y4acTBYeT B HECKOJIBKHUX IIPOEKTAX € OTKPBITBIM HC-
XO/THBIM KOJIOM.

Amun Omansap (Anil Omanwar) — BecbMa 3HeprHUYHAA JHYHOCTh
C OTPOMHBIM HHTEPecOM K HOBEHIINM HalpaBIeHHAM B TEXHOJOIHAX
u uccrenopannax. Obmagaer Honee yeM 8-T€THHM ONBITOM HCC/IEI0BA-
TeABCKOH paboThl B 06JaCTH KOTHUTHBHBIX (MHTE/LTEKTYAIbHBIX) BbI-
ypcsennii. QO6paboTKa eCTeCTBEHHOTO S3BIKA, MAlINHHOE 00yUeHe, BU-
3yaJbHOE MpejcTaBieHne HH(DOPMAUN U MHTEeNJIeKTYAIbHbIH aHAIN3
TEKCTOB — [JIaBHBIE C(Depbl €r0 HCCAE0BATEIbCKOr0 HHTEPECa.

AHWI ABJIAETCA IKCIEPTOM B aHATH3€E IMOIIMOHAIBLHOI OKPACKH TEKCTa
(sentiment analysis), coctaBIeHHN 1 aHATI3€ ONPOCHBIX JHCTOB, KJIaCTe-
pH3alNN TEKCTOB (JIOKYMEHTOB) M M3BJIeYeHNH HHDOpManu (CBA3HBIX
(hpas) B pasHooOpasHeIX chepax 3HAHHI, TAKUX KaK HAYKH 0 KU3HA (O1o-
JIOTHA, MEINIIIHA, aHTPOIOJOTHS U T. IL.), IPON3BOJICTBO, PO3HUYHAA TOP-
TOBJIA, 2JEKTPOHHAS KOMMEPIIHS, IPeACTABUTEILCTBO U paboTa ¢ KIHeH-
TamMu, GAHKOBCKOE J€J10, COIIHATbHbIE MEHAKOMMYHHKAI[HH.

B nacrosuiee BpeMs AHWT aKTHBHO COTPYAHHYAET ¢ Ja00paTOpHAMU
obpaboTku ectectBenHoro g3pika u IBM Watson B kopriopatmu IBM. Te-
Ma €ro UCC/ae[JOBaHMIl — aBTOMATH3AIIA BaKHEHIINX PYYHBIX ONepaHii
U HOMOIIb KCIIEPTOB B COOTBETCTBYIONMX 0OIACTAX 3HAHUH [/ ONTH-
MHU3AIHH (DYHKIIMOHATBHBIX BO3SMOKHOCTEIH CHCTEM «HeI0BeK—MallnHa».
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Csoe cBoboiHOE Bpems AHILT mocBsiaer obmectsenHoil pabore, me-
HexoHOMY TypusMy, dotorpacduu u nyremectsusaM. OH Bcerja rotos
3aHATHCA pelieHneM J060i, caMoil CI0KHOIT TeXHHUeCKOiT 3a1aun.

Amuta6x lllapma (Amitabh Sharma) — npocdeccnonanbHbiil mporpam-
MHCT. B ero akTuse MHOKECTBO TPOMBIILIEHHBIX MIPIIOKEHHIT B chepax
TeJIeKOMMYHHKaIK 1 GusHec-ananutuku. IIpodeccronanbrsie HHTEpE-
cbl AMuTabxa — cepBUC-OPUEHTHPOBAHHbIE APXUTEKTYPBI, XPAHEHHE J[aH-
HBIX H TaK#e A3bIKH IPOrpaMMHpOBans, Kak Java, Python u ap.



Npeancnosue

O6paboTka TekeTOB Ha ecTecTBeHHBIX A3bikax (Natural Language Proces-
sing, NLP) ucrioss3yeres it petieHis 0OIHPHOTO KIacca 3a/1a4, BKIO-
qas IMo//IePKKY MeXaHU3MOB ITOHCKa, aHHOTHPOBaHUA 1 KJIacCH(PUKAINN
TEKCTOB Ha BeO-CTPAHUIIAX, & TAK/KE TSI BHEPEHH METO/I0B MAITHHHOTO
00YUeHH € [eTbI0 PeHIeHNS TAKHX HETPUBHATBHBIX 3a/1a4, KaK PactosHa-
BaHHe pedn W aHaltu3 3anpocos. TexHomorus 06pabOTKN eCTeCTBEHHOTO
A3bIKa HanOosee appextisHa 1pH paboTe ¢ JOKYMEHTAMHU, CO/IEPIKALIIH-
MH T0JIe3HYI0 HH(OPMAIHIO.

O06paboTKa TEKCTOB HA €CTECTBEHHBIX A3BIKAX MPUMEHSAETCS IS pac-
mupeHns GYHKIHOHAIBHBIX BO3MOKHOCTE NPHIIOKEeHIIH, HAIIPHMeP 1/
VIIPOLIEHHSA BBO/A OIb30BATEIEM UCXOAHBIX JAHHBIX H ITPe0dpasoBaHis
tekcra B Gosee yaobusie hopmbr. Cyth Texnogoruun NLP coctout 8 o6pa-
GOTKe TEKCTOB HA €CTECTBEHHOM S3bIKe, B3ATBIX H3 CAMBIX PA3HOOOPa3HBIX
nctouHukoB. [Ipu aToM HMcHonb3yeTcs MOoCae0BATeIbHOCTD KIIOUEBBIX
onepariuii 00paboTKH eCTECTBEHHOTO A3bIKA /LA MPe0bpas0oBaHms HCXO/I-
HOTO TEKCTa HJIN U3BJIEYEHNS H3 HETO M0Je3HO0i HH(popMalnum.

B 5T0it KHEITE TOAPOOHO paccMaTPUBAIOTCH KJoueBbie oreparuu NLP,
KOTOpbIe ¢ HOJBIIOH BEPOATHOCTHIO MOKHO BeTpeTuth B NLP-nprosxke-
nuax. [l kask1oii onepanny, paccMaTpuBaeMoil B KHHTe, CHA4ala 1aeTcs
OIICaHHE 3a/1a4l 0 o0acTi ee npuMenenns. /lasee nepedncisorTes Bee
HIOAHCBI, OTPEAEIAIONIIEe CIOKHOCTD 3a/[aul, YTOOBI YUTATEb CMOT JIY4-
1Ie MOHATH JIAHHYIO 33/1a4y B IeJIOM. 3aTeM CJIeIyI0T MHOTOYUCIIeHHbIe
IIPUMEPB! pelleHuil Ha A3bIKe Java, a Takyke IPHMepPbl HCIO0JIb30BaHUsA
NpUKIAHBIX TporpaMMubix naTepdeiicos (API) momtepsxkn obpaboTkn
€CTeCTBEHHOTO SA3bIKA.

KpaTkuin 0630p coaep>kaHust KHUrn

I'maBa 1 «OcHoBbr 06paboOTKH €CTECTBEHHOTO A3BIKA» OMUCHIBAET 06IACTH
npumeHerust 00paboTKU eCTEeCTBEHHOTO A3BIKA U BAKHOE 3HAUYEHME ITOI
texrosorunn. Metognku NLP, ucnome3yemsie B 3T0ii riiase, 00bACHIIOTCS
HA TIPOCTBIX TTPAKTHYECKUX IIPUMepax.

[nasa 2 «Ilouck dparmMeHToB TeKcTa» B OCHOBHOM IOCBAIIEHA OIle-
panmaM pasiesieHus MOTOKA TeKCTa Ha CMBICIOBBIE (hparMeHTsl (hpassl,
CJTOBA, CAMBOJIBI 1 T. 11.) . DTO e pBbIii ATAIl TOATOTOBKH K perreHio Goee

I Takue onepanun obozHavaioTes TepMHHOM TokKeHHzanus (tokenization).
Hpum. nepes.
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crnoxublx 3a1a4 NLP. Takske onucsiBaoTes nporpaMMusie nHTepdeiics
Java s pasnenennsa texcera Ha pparMeHTBI U OHCKA IO 00pa3iiaM.

I'maBa 3 <«Ilouck npepnokeHuil» JEMOHCTPHPYET BaXKHYIO POJb elle
OfIHOIT 3aaun 0O6pPabOTKH €CTeCTBEHHOTO fA3BIKA — OIpeie/IeHHe TPAHHI]
npeuioxRenuit. IToT atan 00paboTKy npe/iecTByetT MHOTHM Jipyrum NLP-
3a/1a4aM, B KOTOPBIX TEKCTOBbIE 3JIEMEHTBI He JI0JKHBI BBIXO/INTD 32 TPAHH-
1Bl IPE/IOKEH U, BKIIOYast TAPAHTHH BXOJK/IeHHA BeeX (Dpas B OJIHO TIpei-
JIOJKEHNE, @ TAKIKE YACTHYHYIO TTO/JIEPIKKY PACTIO3HABAHIS 1 aHAJIH3A PEUIL.

['masa 4 «Ilouck mo/eil 1 UMEHOBAHHBIX OOBEKTOB» MMOCBAIIEHA TOMY,
YTO B IIHPOKOM CMBIC/IE 00BIMHO 0003HAYAIOT TEPMHHOM «Pacio3HABAHNE
u ujeHTH( KA UMEHOBaHHBIX 00BbeKTOB>» (named-entity recognition).
I10 3a/1a4a MACHTH(HUKAINH TI0/eH, MECTOMONOKEHHH U TPOYHX 0100~
HBIX 00BEKTOB B TekcTe, JlanHas METONKA ABIAECTCS HOTOTOBHTENBHBIM
ATAIIOM /U1 00pabOTKY 3aIIPOCOB 1 OTIepaIiiil IOUCKA.

I'maBa 5 «Onpeenenne yacteil pedir» paccKas3bIBaeT, KaK ONpelesdioT-
€S HaCTH PeYH IPAMMAaTIHECKHX 3JIeMEHTOB TeKCTa, TakHe Kak CyIeCTBH-
TesbHbIe U r1arossl. MienTudukanns aTuX 3/1eMeHTOB ABJIAETCS BAKHBIM
ATAIIOM B IIPOILECCE OTIpejie/IeHIs 0OIIEro CMBICTIOBOTO 3HAYEHHS HCCIe-
JIYEMOTO TeKCTa M YCTAaHOBJIEHHS CMBICJIOBBIX CBA3€il BHYTPH TeKCTa.

I'maBa 6 «Kmaccudukarys TekcToB 1 IOKYMEHTOB» HATJISA/IHO MOKa3bl-
BaeT HeOOXOAMMOCTh KIacCH(IKAIMK TeKCTa /U TAKHX 3a/1a4, KaK BbI-
ABJIEHHE CllaMa M aHaJIn3 3MOIMOHAIBHOI OKpackn Tekcra (sentiment
analysis). [TogpoGHo onmcsiBaet metoauxu NLP, kotopsie obGecriednBatot
NOJUIEPKKY KIacCH(UKAIlMN TeKCTOB.

ImaBa 7 <«McnonpsoBanue cHHTAKCHYECKOTO aHanusaropa (napcepa)
JUIA BBIIEJICHNS B3aHMMOCBSI3€eii» paccMaTpPHBAET JIePeBbsl CHHTAKCHYECKO-
ro aHamn3a. JlepeBo CHHTaKCHYeCKOTO aHAIN3a UCTIOIb3YEeTCS /1 MHOTHX
1iesieid, B TOM qHcIe 71 u3Baedenus nuhopmaiy. OHO cOIep/KUT TaHHbIe
00 OTHOLIEHUAX MEKY CBOMMH aJieMeHTaMH. J[/1s HarmsHoit leMoHCeTpa-
L[IM TIPOIiecca B IJIaBe MPHBEJIEH MPUMEp Pean3allui IPOCTOT0 3alpoca.

[nasa 8 «KomiekcHble METOUKI» PACCMATPHBAET CIIOCOOBI H3BJIEYe-
HUA IAHHBIX U3 IOKYMEHTOB Pa3IMYHbIX TUIOB, TakuxX Kak PDF u daiissr,
cozaannbie B MS Word. 3ecs nokasano, kak oobenants NLP-meToankny,
OIICAHHBIE B IIPEIBIAYIIHX [JIABAX, B CBOe0OPa3HBIIl «KOHBeep» 11 pe-
menns Ooiee KPYMHOMACIITaOHBIX 3a/1a4.

HTO HY)KHO AAS1 YTEHUS1 3TON KHUM

Jna pemoncTpannu paboTel METOANK 00pabOTKU €CTECTBEHHOTO S3BIKA
ucniosszyercs Java SDK 7. [Motpebyiotes takke pasnoobpastbie NLP
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API, kotopsie HetpyaHO Oyaer HallTh U ckadath. Hamumuue unterpupo-
BaHHOI cpeabt pazpaborku (IDE) we 06a3atenbHo, HO JKeTaTeTbHO.

AAS KOro 3Ta KHUra

Kuura Gyjer mosiesHa ONBITHBIM pazpaboTyiKaM Ha Java, MHTepecyio-
HIMMCST TeXHOIOTHAME 00pabOTKN €CTeCTBEHHOTO A3bIKa. [l ee uTeHis
He TpebyeTcs npeBapuTeabHoe 3HaKoMeTBO ¢ NLP.

CornaweHus, NpPUHSTbIE B KHUMe

B kHure BbI 00HAPYKHITE HECKOIBKO CTHJIEH TEKCTa, KOTOPBIE TTO3BOIAIOT
BbIIEJATh pasinytble Bujbl nH(popmarin. Huske npusesensl npumepsl
ATHUX CTHIIEI U OIHCcAaHNe UX CMBICTIA.

KuntoueBble coBa s13bIKa MPOrPpaMMHUPOBAHU, UMEHA KJIACCOB, Mepe-
MEHHBIX, METOMOB U T. II. O(DOPMIIAIOTCS MOHOUIMPHHHBIM HIPHMTOM:
«Meton keyset Bos3ppaiiaet HabOpP Beex KJIOYEH aHHOTAIINH, B TEKYI[HT
MOMEHT COJlep/Kalxcs B 00beKTe Annotations.

WMmena tabiun 6a3 MaHHBIX, KAaTATOTOB, (ailios, pacmupenus gaii-
JIOB, HOBBlE TEPMIHBI 1 BayKHbIE 3aMe4aHust 0hopMIIeHbl KypeuBoM: « /s
nemonctpanun npuMenenus POl Bocnonbsyemcs daiiyiom ¢ uMenem
TestDocument.pdf».

biokn nporpaMMHOTO K012 M TUCTHHTH O(OPMJIEHBI MOHOUIHPUHHBIM
urpudgrom:
for (int index = 0; index < sentences.length; index++) |

String tokens[] = tokenizer.tokenize(sentences(index]);
Span nameSpans([] = nameFinder.find (tokens);

for (Span span : nameSpans)

w

list.add ("Sentence: + index
+ " Span: " + span.toString() + " Entity: "
+ tokens[span.getStart()]);

MonoumpuaHbIM HIPHGMTOM Takke 0(pOPMIAIOTCA BBOJ OIb30BATE
1 BBIBOJI PE3YJIBTATOB PpabOThI IPOrpaMM Ha AKPaH:

Sentence: 0 Span: [0..1) person Entity: Joe
Sentence: 0 Span: [7..9) person Entity: Fred
Sentence: 2 Span: [0..1) person Entity: Joe

A Tak ohopMAAIOTCA NPeayNPEXAeHUA UK BAXHLIE NMPUMEYAHUS,

Q Tak odopmnaATCA COBETEI U PEKOMEHOAUMN.
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OT3bIBbl N NOXKeAaHUS

Mpr Beerzia pajibl OT3bIBaM HalIUX yHTaTeseil. Pacckakure HaM, 4TO BbI
aymaete 00 9TOIT KHHTe — YTO MOHPABIJIOCH WIIH, MOXKET ObITh, He TIOHPa-
Bus0ch. OT3bIBBI BaKHBI JIJIA HAC, YTOOBI BBIMYCKATH KHUTH, KOTOPBIE (Y-
JIVT JIJIA BAC MAKCHMAIbHO ITOJIe3HBL

Ber MoxkeTe Hanucath OT3BIB HPsAMO Ha HauleM caiite www.dmkpress.
com, 3aii/ig Ha CTPaHMILY KHHUTH U OCTABUB KOMMEeHTapHii B pasjene «Ot-
3BIBBI U pelleH3uH». Takke MOJKHO [TOCJIATh MHUCEMO TJIABHOMY PEIakToOpY
1o ajgpecy dmkpress@gmail.com, IIpyu 9TOM HANUIIUTe Ha3BaHHe KHUTH
B TeMe [MHCbMA.

Ecin ecth Tema, B KOTOPOI BBI KBAIM(UIIHPOBAHLL, 1 Bbl 3aHHTEPECO-
BaHbI B HAIMCAHUM HOBOH KHUTH, 3arioJiHUTe (hopMy Ha HalleM calite 1Mo
aapecy http://dmkpress.com/authors/publish_book/ nii HanumnTe B 13-
JaTeIbCTBO 110 ajipecy dmkpress@gmail.com.

Cka4mBaHne NCXOAHOro KoAa NpumMepoB

Cxauatp ¢ailisl ¢ JonoIHUTeIbHONH HH(popMaluell s KHUT U3/aTelb-
crBa «/IMK Ilpecc» moxuo Ha caiite www.dmkpress.com HJIH WWW.AMK.
p¢ Ha CTPaHUIIE C OIMICAHHEM COOTBETCTBYIOMIEH KHUTH.

Cnncok one4aTok

XOTs MBI IPUHAIN BCE BO3MOKHBIE MEPBI LIS TOTO, YTOOBI Y/I0CTOBEPHUTE-
€1 B KaUeCTBe HALIUX TEKCTOB, OIHOKH Bee PaBHO cay4aioTesa. Eciu Bl
HaiiieTe OIMOKY B O/IHOI U3 HAIINX KHUT — BO3MOKHO, OLIHOKY B TEKC-
Te WIH B KOJle, — MBI Oy/ieM O4eHb OJIATOJAPHBI, €CJIH BB COOOIINTE HAM
o Heit. Crenas 910, BBl M30aBUTE JAPYTHX YUTATEIEl OT PACCTPOHCTB H 110-
MoOJKeTe HaM VIYUIIHUTD HOCTIeAYIONe BepPCHI 3TOI KHUTH.

Ecnu Bol HaiineTe kakue-1n60 omnOKY B KOJIe, MOKaIyicTa, coobugure
0 HUX IJIABHOMY PEIaKTOpy 110 agpecy dmkpress@gmail.com, i MblI HcTIpa-
BIM 3TO B CJIEIVIONIUX THPaKax.

HapyleHne aBTOpCKUX npas

[Mupatcrso B MHTEpHETE TO-TTPEKHEMY OCTAETCS HACYIIHOI TPOHIEMOIL.
Wzparensersa « IMK [Ipeces u «Packts» ouens cepbesHo 0 THOCATCA K BO-
MpocaM 3alIUThl ABTOPCKUX MPaB H JHIIEH3UPOBAHUA. ECI1 BBl CTOJKHE-
tech B MIHTEpHETE ¢ HE3aKOHHO BBIMOJHEHHOI KOTIHel 10601 HALITei KHI-
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TH, HOKaJIVHCTa, cOOOIINTEe HAM aJipec KOMMH WK BeO-caiiTa, YT00b MBI
MOTJIN [IPHHATH MEPBL

[Mosxkamyiicta, cBSIKUTECH ¢ HAMU 110 ajipecy 31eKTPOHHOI mouThl dmk-
press@gmail.com co cCbLIKOI Ha MOJ03PUTEIbHbIE MATEPHATBL.

MBI BBICOKO HeHNM JII0OYIO IIOMOIILE 10 3alHTe HAlIUX AaBTOPOB, TOMO-
TaloIly1o HaM [IPeI0CTaBIATh BaM KaueCTBEHHbIe MAaTePHAIDL.



[NaBa

OcHoBblI 06paboTkun
ecTecTBeHHOro S13blka

Oépabomia ecmecmeaennozo sasvixa ( Natural Language Processing, NLP) —
aTo oburpHas o6macts UT, cBA3anHas ¢ HCTIOIB30BAHHEM KOMIIBIOTEPOB
JUIS QaHAJIN3a eCTECTBEHHBIX A3BIKOB, K KOTOPOH OTHOCATCA TaKHe JIC-
LUIJIMHEL, KaK pacliosHaBaHue U 00paboTKa pev, BBIEIEHNE CMBICIIO-
BBIX OTHOIIEHHI, KATeTOPH3allMs JIOKYMEHTOB, a TakKe pedpepHpoBaHiie
U aHHOTHpOBaHHe Tekcta. Ho Bce 3T BHBI aHATN3a OCHOBAHBI HA OT-
HOCHUTENBHO HeQOIBIION TpyIie 6a30BbIX METOINK: pas3/e/ieHie MoToKa
TeKkcTa Ha (DparMeHThl — mokenuzayus (tokenization), onpeenenune rpa-
HUII IPEeIOKEH I, Kaaccnukanus 1 BblleeHHe OTHOIEHNI (MexK/Iy
aJleMeHTaMH TekcTta). FIMEeHHO 3TH OCHOBOIIOJIATAIONINE METOJANKH M AB-
JIAIOTCS TJIABHBIMH TeMaMM JIaHHOH KHHUrH. Mbl HauHeM ¢ 101poOHOTO
paceMoTpeHnss 00pabOTKH eCTeCTBEHHOTO SI3BIKA B IIEJIOM, MOIpPoOyeM
pasobpaThbes, MoYeMy OHA CTOJIb BaKHA, M ONPEIes UM 00JIacTH ee MpHu-
MEHEHHS.

Jlna noanepxky 3a1a4 06pabOTKH €CTECTBEHHOTO A3BIKA CYLIECTBYET
MHO’KECTBO JIOCTYITHBIX HHCTPYMEHTAIBHBIX CPeIcTB. MBI cocpe1oTounM
BHMMaHHe Ha MCTIOIb30BAHHH A3bIKA TPOrPaMMHPOBAHNS Java U pas/nd-
HBIX ApuUKIadnbly npozpamminix unmepgeticos (Application Programming
Interface, API) na a3vike Java noytepsxku NLP. B atoii rnase 6yuayT kpat-
KO OIHCaHbl OCHOBHBIE IIporpaMMHuble uuTepdeiicel, Bkaodas OpenNLP
(Apache), 6ubmiorexkn Stanford NLP, LingPipe u GATE.

3areM OyayT 00CYKIATHCS OCHOBHBIE METOAMKI 00PabOTKH eCTECTBEH-
HOTO 3bIKa, paccMaTpuBaeMble B IaHHOI KHure. C MOMOIIBIO OJTHOTO U3
MPHUKJIAHBIX TIPOTPAMMHBIX HHTepgeHcoB OYAYT IpeACTABIEHbI H IPO-
JIEMOHCTPHPOBAHBI CYIIHOCTD M IIPHMEPbI HCIOIb30BaHU 3THX METO/IHK.
MHorue U3 3THX MeTO/IHK HCIIOIB3VIOT TaK Ha3bIBaeMble Mojiesn. Mojternn
MOX0KN Ha HAGOPbI TPABIUI, TPUMEHSEMBIX /11 BBITIOTHEH A, HATIPUMep,
Takoil 3ajaun, KaK pasjeseHie Teketa Ha (hparMeHTsl, M 00OBIYHO TIpej-
CTaBJEHBbl B BHM/Ie KJIACCOB, IK3EMIUIAPBI KOTOPBIX XpaHATCA B (hailiax.
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3aBeplaeTcs I1aBa KPaTKIM OIHUCAHUEM IPOIECcCa MOJATOTOBKI JaHHbBIX
T nojuepikky 3agad NLP.

B nenom npobaemy 06paboTKI TEKCTOB Ha €CTECTBEHHBIX A3bIKAX HEJIb-
35 Ha3BaThb NPocToil. HecMOTps Ha TO 4TO HEKOTOPBIE ee 3a/1a4H PelanT-
€51 OTHOCHTEJIBHO JIETKO, MHOTHE JIPYTHE MOTYT OTPe00BaTh IPHMEHEH
M3OILIPEHHBIX MeTOANK. B aToll KHHre c/leaHa MOIBITKA NPEOCTaBHTh
BCI0 HEOOXOAUMYIO (hyHAAMEHTANTBHYI0 HHOOPMAIHNIO, YTOOBL YHTATEIb
CMOT JIy4Ille TIOHATH, KaKHe MEeTOIMKH JOCTYITHBI I TPUMEHHMBI JUTST Kayk-
JI0H KOHKPETHO MOCTABJIEHHOIT 3a/1a4H.

O06paboTKa ecTecTBEHHOTO A3bIKA PEACTABIgET c000il BecbMa 061INp-
Hyto u caoxnyio obmacts UT. B gannoil kuure pacematpuBaetcs JIHIIb
HebomplIasA ee yacTb. Mbl cOCPeIOTOYNMCS Ha KIIO4eBbIX 3a7adax NLP
KOTOpPbIE MOTYT OBITh PealN30BaHbl HA A3bIKE MPOrPAMMUPOBaHH Java.
Ha nporaxennn Bceil KHUTH OVAET IeMOHCTPHPOBATLCS MPAKTHYECKOE
npumenenne Metouk NLP ¢ ucnonszosanuem Java SE SDK u npyrux
oubmmorek, takux kKak OpenNLP u Stanford NLP. [l pabotsl ¢ KoHK-
peTHbIME OMOIHOTEKAMH B IPOEKT JOJUKHBI OBITh BKIIOYEHBI CIIEI[HATb-
ueie JAR-aitner. Onucanie 6ubaimorek MokHO HailTH B pazaene «O6-
30p HHCTPYMEHTAIBHBIX CPEACTB 00pabOTKH €CTECTBEHHOTO SA3BIKa», TIIE
TaKKe MPUBEIEHDI CCBIIKH Ha aTh Oubanorexu. [Ipumepst, mpuBogMMbIE
B KkHure, OputH pazpabotansl ¢ nomomisio IDE NetBeans 8.0.2. Tepen
cHOpKOIT IPoeKTOB HeoOXoanMO 100aBuTh Tpebyembie JAR-aiinbr B ka-
teropuio Bubmoreku (Libraries) B iuanorosom okxe CBoiicTBa npoek-
toB (Projects Properties).

YTo Takoe obpaboTka ecTecTBeHHOro S13bIKa

Dopmanbhoe onpejenerite 06paboTKH TEKCTOB HA €CTECTBEHHBIX A3bIKAX
YACTO MPEICTABICHO B TAKOM H3JIOKEHHH: 00JaCTh MCCTIe0BaHUI, He-
noJib3ytomias nHopMaTHKy (computer science), HCKYCCTBEHHBIIT HHTe-
JIEKT U NOHATHA (POPMATIBHON TNHIBUCTHKH J7Is1 aHAIN3A €CTeCTBEHHOro
A3bIka. Menee opMmaabHOe onpejie/ieHIe MMOIaraet, 4YTo aTo Habop HH-
CTPYMEHTANbHBIX CPEJCTB /IS U3BJIEYeHUs CO/lepiKaTe/IbHOI U MoJIe3Hoi
nnpopMaIy 13 HCTOYHHUKOB, c(hOPMHUPOBAHHbIX HA €CTECTBEHHOM SI3bI-
Ke, TAKIX, HATIPUMEP, Kak BeO-CTPAHUIIBI U TEKCTOBBIE JIOKYMEHTHL.
XapakTepuCTHKN <«cofiepKaTelbHass» M «I0Je3Hasd» 03HA4YaloT, 4To
urdopMaIyg A10/UKHa 001a1aTh HEKOTOPOH KOMMEPYeCKOoil 1IeHHOCTHIO,
XOTs 4acTo Takasg MH(OpPMALNA UCHOMb3VeTes TakKe [ pellleHns Ha-
VUHBIX TeopeTHyecKux npobaem. Haubomnee 04eBIHO 9TO MPOABISAETCA
B MOJII€ PAKKe TTONCKOBBIX MexaHn3MoB. [lonp3osaTesnbekuii 3anpoc obpa-
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OATBIBAETCS € MPUMEHEHHEM METOIHUK 00pabOTKH eCTeCTBEHHOTO A3BIKA,
4TOGBI CTEHEPUPOBATH CTPAHUILY PE3YILTATOB, Hanbosee VIOOHYIO /IS
n1ob30BatesA, CoBpeMeHHBIE MEXAaHH3MBI TIOUCKA B 3TOM OTHOLICHHH 00-
JaJal0T BeChbMa BIIEUATJIAIONINMHU A0CTIDKeHIAMH, KpoMe Toro, MeTognkn
00paboTKH €CTeCTBEHHOTO S3BIKA HAILTH [PUMEHEHHEe B aBTOMAaTH3NPO-
BAHHBIX CHCTEMAX MOMOIIH (TOACKA3KN) U B ITOUIEPKKE CJI0KHBIX CHCTEM
3aIIpoCOB, HAIIPUMEP B H3BeCTHOM TpoekTe Watson kopropanun IBM.

[Tpu pabore ¢ M0OBIM AZBIKOM YACTO BCTPEUYAIOTCS TEPMUHbL «CUHMAK-
cuc» (syntax) n «cemanmura» (semantics). CHHTAKCHUC S3bIKa OTpejiesiser
NpaBIJIa, VIPaBJIAIONIHe IPaBHIBHOI CTPYKTYPOIl npejutoxkenns. B anr-
JIMHACKOM $I3bIKE, HalpuMep, 001asd CTPYKTYPHAs CXeMa MpPe/LToKeH s
HayMHAeTCA ¢ MOjIekanero (CynlecTBUTENbHOE), 33 KOTOPBIM CJIeyeT
ckasyemoe (raaron) u gasee — pononsenue: « Tim hit the balls (Tum yaa-
put 1o M4y ). M3amenenne nopsika c/10B B PeVIOKEHIH B aHIITHICKOM
A3BIKE (1 B HEKOTOPBIX APYTHX ) CYUTAETCA HEMPABIIBHBIM I He YIIOTpel-
agetest: «Hit ball Tims!. Heemotps Ha To 4TO cHHTaKCHYeCKHe TIPABIIIA
AHIVINICKOTO SA3bIKA HE CTOJIb CTPOTH, KaK HX aHAJIOTH JUIA KOMITBIOTEp-
HBIX A3BIKOB, MBI BIIPABE 0KH/IATh, YTO MPEUIOKeHIE GY/IeT COOTBETCTBO-
BaTh OCHOBHOII CTPYKTYPHOII cXeMe.

CeMaHTHKa TIPEJIOKEHUST — 3TO ero cMbica. Jlioau, ropopamue 1mo-
AHTIHIICKH, TOHUMAIOT cMbics npetoxkenns «Tim hit the balls. 1 sce
JKe KaK aHTIHICKUIH, TaK U JIpyTHe ecTeCTBeHHbIe A3BIKM MHOTAQ MOTYT
OBITH HEOHOZHAYHBIMH, TIOITOMY CMBICIT ITPE/ITIOKEHIS MOJKHO TIPABUJIb-
HO OIPEJIEINTD TOJNBKO U3 €ro KOHTeKcTa. [lasee Mbl YBUINM, Kak HCIIOJIb-
30BaTh Pa3/IHYHbIC METOAMKH MALIMHHOTO OOYUYeHHs Ul ONpe/le/IeH s
CMBIC/IA TEKCTA.

B mpouecce urenus Bbl BCTPETHTE MHOJKECTBO JIMHTBHCTHYECKHX
TEPMHHOB, KOTOPBIE IOMOTYT JIydllle TTOHUMaThb €CTEeCTBEHHBIE A3BIKH
u chopMUPYIOT HEGOIBIION CIIENNATN3HPOBAHHBIH C/I0BAPb, MOJE3HBII
JUUIST OIIUCAHIS PA3INYHBIX METOAUK 00pabOTK eCTeCTBEHHOTO A3bIKA. BhI
y3HaeTe, KaK Pas/eJUTh TEKCT Ha OT/Ie/bHbIE 3JIEMEHThI 1 KaK MPOBECTH
KJIACCH(PUKAIHIO 3THX 3JI€MEHTOB.

Boobiie roBops, paccMaTpHBaeMble METOAUKH HCIIOJIB3YIOTCS IS
VIYUIIEHUS TPUIOKEH I, TO €CTh IS TOTO, YTOOBI MPHJIOKEHIS CTaIN
Gouee roste3nbiMH. O6IaCTh TpUMeHe s 00paboTKY eCTECTBEHHOTO A3bI-

' B 3TOM OTHOIIEHHH NPABIIA PYCCKOTO A3bIKa Hosee ¢BOOGOIHBL U 3aUACTYIO [0-
3BOJIAIOT IIPOM3BOJILHO MEHATDL NMOPSAJIOK CJOB B HPEAJIOKEHHH — HalpHMep,
aHaMeHnThle (hpasnl n3 GykBapsa: «Mama Mblia paMys» — «Pamy Mblma MaMas
U T. .. — [Ipum. nepee.
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Ka OXBAaTbIBaeT I.LIIfIPOKHfi AHAIIA30H! OT OTHOCHUTEIBHO MPOCTBIX CJAYYAeB
JI0 «TEeXHOJIOTHIT 3aBTpPAlIHEero JHA>. B xnure nmokasannt IIpUMEpPDL, 1eMOH-
CTpUpPYIOLIHME ITPOCTBIE METOAUKH, KOTOPLIX BIIOJHE JOCTATOYHO [IJA pe-
HIEHHA HEKOTOPLIX MPAKTHYCCKHX 3a/1a4, d TaKXKe OubIMOTEKH 1 KJ1accChbl,
OﬁﬂaﬂaIOHlHE Houtee Pa3BHTBIMM (t]yHI{LlI'IOHﬂ..‘IbH BIMH CBOICTBaMH, IO3BO-
JIOHTUME CTIPABHTHCA € KOMILIEKCHBIMH CITOMHBIMH HpOSJWELiaMIi.

AAS1 Hero ucnonb3syetcst obpaboTka
ecTecTBeHHOro 513bika

O6paboTKa ecTeCTBEHHOTO S3BIKA MCIOJIB3VETCS BO MHOTHX HAyYHBIX
U IIPUKJIAIHBIX THCIHILTHHAX /7T PEIICHNS PasHO0OPa3HBIX THIIOB 3a/1a4.
AHann3 TeKcTa BBITOJHAETCA U IIPH BBOJIE MOJIb30BaTENeM JaHHBIX, CO-
CTOSIINX M3 HECKOJIBKHX CJIOB, U TPH (DOPMUPOBAHUN HHTEPHET-3a11poca
JUIS TIONCKA MHOTOUYHCJIEHHBIX IOKYMEHTOB, KOTOPbIe HeOOX0IIMO 00pa-
6otate. B nociepnue rogsr Habuoaetces maBuHoo0OpasHbiil poct oObema
JIOCTYIIHBIX HECTPYKTYPHPOBAHHBIX JIAHHBIX, IIPEJCTABJCHHBIX B TaKIX
opmax, Kax OJ0TH, TBUTBL H IPOYHE COIMATbHBIE ceTH, TexHomorus o6-
pabOTKH eCTECTBEHHOTO SA3BIKA ABJIAETCA HANO0Iee HOIXOAAINM HHCTPY-
MEHTOM JUIS aHaJIN3a ATOTO THIIA HH(popMaIi.

Marnnnanoe o0yueHe 1 aHATH3 TEKCTa YacTO HCIIOAb3YIOTCS Ui pac-
mupennd QYHKIHOHAIBHBIX BO3MOKHOCTel npuioxkennil. Bor kparkuii
crncok obacteii npuMeHeHnsa 00pabOTKH eCTECTBEHHOTO A3bIKA:

Q  nouck: npeHTHIKAII 3a[aHHBIX 211eMeHTOB TeKeTa. MoskeT OBITh

IIPOCTBIM, HANIPUMEP MOMCK BCEX BXOJKIEHMIT 3alaHHOTO MMEHH
B JIOKYMEHTE, WIH BBIIOJTHATHCSA € HCIOJIb30BAHIEM CHHOHIMOB,
a TakyKe PasiIMYHOro M jlake HEeBEPHOro (HeTOYHOTO) HANMCAHUA
LIS TIOHUCKA 00BEKTOB, H0J1ee 1IN MeHee COBIAJIAIONIINX ¢ HCXOHOH
CTPOKOI-00pa3iom;

Q  Mawunnviii nepesod: OGBIYHO TIPeIOIATAET IEPEBO € OHOTO €CTe-
CTBEHHOTO A3bIKa Ha JIPYTOIT;

Q  annomuposanue, nim pegepuposanue (summation): juist ab3aies,
cTareil, IOKYMEHTOB WJIH ITOJIHBOK TOKYMEHTOB MOJKET IIOTpe-
6oBatbea anHotHpoBanue (pedepuposatie). NLP-rexuomorus
VCIEHIHO CIIPaBJIAETCA ¢ ATOI 3a1ayeii;

Q  pacnosnasainue u udenmudurayus umenosanivix oosexmos (Named
Entity Recognition, NER): umeeTcs B BIJLy H3BJIeHeHHUE U3 TEKCTA
HMeH JIo/ieH, HazBaHui reorpahHyecKiX u Ipodnx 06bexToB. Kak
IPABHJIO, 3TA METONKA HCIIOJIB3YETCs B COYETAHNN € JIPYTHMU 3a-
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nadaMu 06paboTKI ecTeC TBEHHOTO I3BIKA, HAIPUMEp ¢ 00paboTKO
3aIpOCOB;

Zpynnuposanue uigopmayuy: ITO BaXKHLIN aTan 00paboTKM — Ha
OCHOBE MCXOJHBIX TEKCTOBBIX JIAHHBIX CO3/JaeTcsi HabOp Kartero-
puii, oToOpakaolUMX ColepikaHue AOKyMeHTa. BaMm HaBepHsAKa
BCTPEYATNCh BeO-caiiThl, Iie MHGOPMAIHA T0CTATOYHO YA0OHO Op-
TaHM30BaHa 110 KATerOpHAM, a CIIMCOK 3THX KaTeropHil pa3MelieH
B JIEBOI YaCTH CTPaHUIIBL

mopghonozuueckas pasmemra (Parts of Speech Tagging, POST): npu
pelIeHIH IAaHHOI 3aa491 TeKCT Pa3buBaeTcss Ha Pa3IHYHBIE TPAM-
MaTH4ecKie 3JeMEeHTBI: CYHIeCTBUTENbHbIE, IJIaroJasl U T. M. JTO
VAOOHO [T JasibHeliIero aHaansa TeKeTa;

AHANU3 IMOUUONATLIHOU OKpacku mexcma (sentiment analysis): ¢ 1o-
MOIIbIO ATOI METOIMKH MOKHO OIPE/Ie/IATh, KaKie YyBCTBA JII0/IH
HCIIBITBIBAIOT M KaK OTHOCATCS K (PHJIbMaM, KHUTaM 1 MHOTHM JIPV-
TUM BelllaM (B TOM 4HcJIe U K IpejaraeMbiM Tosapam). C kommep-
4eCKOH TOYKH 3PeHHs NOJIe3HO 3HATh, KaK MOKYIaTeIH BOCIIPHHHA-
MalT TOT WJIH HHOH NMPOJYKT, NPHUMEHSA aBTOMAaTH3HPOBAHHYIO
METOJINKY;

omeemul Ha BORPOCHE: ATOT THIT 0OPabOTKY OBLT HATIISAIHO IPOjIe-
MOHCTPHPOBaH, Korja nporpamma Watson, paspabotannast KOpIo-
panueit IBM, sorurpana teseurpy Jeopardy'. Ho obmacts npume-
HEeHUs 3TOH MeTOJINKH BOBCE HEe OTPAHMYHBAETCS MIPOBBIMH IIOY,
OHA HCIOJIB3YETCS BO MHOTHX 00/IaCTAX YeJOBEYECKO 1eATEIbHO-
CTH, HAIIPUMEP B Me/IUI[ITHE;

pacnosnasanue peyu: 4eJI0BEYECKYI0 peub aHATH3UPOBATh TPY/IHO.
BoabmMHCTBO A0CTIDKEHUE B ATOH 00JaCTH ABIAIOTCSA pe3yJibTa-
TaMH IPHMEHEHNS TEXHOJIOTHH 00pabOTKY eCTeCTBEHHOTO A3BIKA;
zenepayus mexcmos na ecmecmeentom azvike (Natural Language
generation, NLG): 310 nipoIiecc reHepaliy CBA3HOTO TeKCTa U3 JlaH-
HBIX HJIH U3 CIeNUaMN3NPOBAHHOIO HCTOYHIKA JIAHHBIX (3HAHMIT),
Harpumep 13 6a3pl JaHHBIX. MeTonKa M03BO/AET ABTOMATH3UPO-
BaTh CO3/IaHIE OTYETOB M MH(OPMAIMOHHBIX CBOJOK, TAKHX KaK
METEOPOIOTHYeCKUE OI0JIIeTEHH WM PE3YJILTATBl MEIMIIHHCKHUX
obceioBaHuMiL.

B zajgauax 06]}360TI{H €CTeCTBEHHOT'0 A3bIKa 9aCTO HCIOJIb3YIOTCA Me-
TOAHNKH MalllTHHHOTO Of}y‘-IE‘HHH. B 0606H_EEHHOM BH/IE CYTDH 3TOTO ITOAXOT4
TaKOBa: CHa4yaJla MOJe/lb oﬁyanTcs{ BBITIOJTHEHUIO ITOCTABJIEHHOI 3aja4yu,

B Poccun ananoruunas TeJeHIpa Ha3blBaACTCA «Cpos Hrpas. - Hp.’.{..‘lvf nepees.
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MpOBEPAETCA KOPPEKTHOCTD BhIﬁpaHHOfI MO/JIeJIH, 3aTeM aTa MOJeJIb IIpH-
MEHAETCA 1A pelleHHA pEEUIBHOI:J{ 3amaun. bomnee HO,ELPO(’}HO MBI paccMoT-
PHM 2TOT [IpOIecc B pasjenie «OCHOBBI HCTTOJIB30BAHUS MOJIEICH B oﬁpa—
HOTKe ecTeCcTBEHHOTO A3bIKa» HUKE.

TpyaHocTV 06paboTkn ecTecTBeHHOro $13bIka

Kax ormeuanoch Bbiire, npodiaemy 00pabOTKM €CTECTBEHHOTO 3bIKA
HeJb3s Ha3BaTh MPOCTON. TPYAHOCTH BO3HHKAIOT 110 PALY 0ObEKTUBHBIX
npuynH. HanpuMmep, cyIIecTBYIOT COTHH €CTECTBEHHBIX A3BIKOB, B KakK-
JIOM M3 KOTOPBIX HMEIOTCS CBOU CHHTaKcHueckue mpasuia. CloBa MOTYT
HMeTb PA3HBIE CMBIC B 3aBHCHMOCTH OT KOHTeKCTa yroTpebaenis. Hiuxke
MBI TOIPOOHEE OCTAHOBHMCS HA HEKOTOPBIX Hanbo 1ee BaXKHBIX (hakTopax,
3aTPYAHAIONINX 00pabOTKY €CTeCTBEHHOTO SI3BIKA.

Jlaxke Ha ypOBHE OTEIBHBIX CHMBOJIOB BCTPEYAIOTCS HEKOTOPBIE TPY/-
Hocti. Harpumep, Bcerzia ciie/1yeT yauThIBaTh KOAHPOBKY, HCIIOIB3YEMYIO
B KOHKPETHOM JOKYMeHTe. TeKCT MOKET XPaHUThCS B PAs/IMYHBIX KOIU-
poskax: ASCII, UTF-8, UTF-16 umu Latin-1. Takske Heo6xoaumMo mpu-
HUMAaTh BO BHUMaHHE 1 pyrue (hakTopsl, HALIPHMEP 3aBUCHMOCTD TEKCTa
ot peructpa 6ykB. Ocobbie Bujibl 06paboTKE MOTYT MOTPeGOBATHCS JJIs
3HAKOB IMYHKTYAIMK U /g dncest. VIHOTA TPUXOANTCS OTAeIbHO 0bpa-
GATBIBATH HCIIOIB30BAHNE 3HAYKOB, OTPAKAIONIHNX SMOIUH (KOMOHHAIINH
CHMBOJIOB HJIH CITEIIHATbHbBIE CHMBOJIBI), THIIEPCCHLIOK, TOBTOPSIONINXCS
3HAKOB IYHKTYALUH (... WIN ---), pacumpenuii Gaiiios 1 HMeH I10J1b30-
BaTeJIell, ColepKAIMX TOUKH. BoMbIIMHCTBO ATHX 3a/1a4 pelIaeTcs ¢ 1o-
MOIIBIO TIPeABAPUTEILHOI 00paboTKY TEKCTa, KOTOpast OyeT 06CyKAaTh-
ca B pazjene <IToaroToska JaHHBIX> HIKE.

[Mox aenenuvem Texcra Ha (parMeHTBI MM 9JEMEHTHI 0OBIMHO TOJ-
pasyMeBaeTcs MPeICTABICHHE TEKCTA B BH/E TIOCIEI0BATEIBHOCTH CIIOB.
B aToM cayuae cnoBa 00603HAYAIOTCS TEPMUHOM «IeKCUNECKUL IneMeHm»,
«JIeKceMa», WIH POCTO «moxen» (token), a mpolece eNeHUs TeKeTa —
«mokenusayuss (tokenization). DT0T MpolLECC He BBI3BIBAET 0COOBIX 3a-
TPVAHEHHUIT B 3bIKAX, UCIOIB3VIONINX MPOGeTbHbIe CHMBOJIBI IS pas/ie-
JIEHHS CJIOB, HO B SI3BIKAX, [OA00HBIX KHTAHCKOMY, 3TO €/IeJIaTh TOPa3/Io
TPV/HEE, MOCKOIBKY Heporaudbl MOTYT 0003HAYATD H CJOTH, U I1€JIble
CJIOBA.

Caosa 1 MopdeMbl MOTYT OBITh 0003HAYEHBI METKaMH, HAeHTH(HUIH-
PYIOLIIMH COOTBETCTBYIONYIO YacTh peun. Mopgema (morpheme) — ato
MHHUMATbHAs 3HAYUMas 4acTh c1oBa (Texcra). [Ipumepamu MmopdeM aB-
JIAI0TCA TPUCTABKY, KOpHE U cydrikest cios. [Ipu pabote ¢ oTaenpHbIME
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CJIOBAMH KaK C 3JIeMEHTaMH TEKCTa YacTO NPUXOUTCSA ONPE/IeATh CHHO-
HUMBI, aO0peBHaTYPbl, AKPOHIIMBI H TPABILIBHOCTD HATTUCAHIIA.

Omnpefenenyie OCHOBBI CI0Ba HMPeACTABIAET c000il elle OHY 3aady,
TpeOYIOUIYIO TIPAKTHYECKOTO pelleHus. TepMuHn cmemmunz (stemming)
0003HAYaeT MPOLECe ONPEeIEIeHNs OCHOBBI CJI0BA 10 €r0 Pas3/IMYHBIM
opmam (1IpirueM ocHOBa He Bcer/ia COBIaaeT ¢ KOpHeM cioBa). Hampu-
Mep, IS CJIOB «3aMe/UTHTD», «3aMe/IJIEHHBII », «3aMeIAI0NEI» OCHOBOMH
ABIIAETCS «3aMelT». [IpuMep u3 aHrimiickoro sA3pika: cosa «walkings,
«walked», «walks» mvetor ocnoBy «walk». [TonckoBbie MexaHU3MBI 4aCTO
HCTIOJIB3YIOT CTEMMHUHT JIUIsA VIIYUIIEHHS Ka4ecTBA OTBETOB Ha 3aIIPOCHL.

Co cTeMMHUHTOM TECHO CBA3aHA Jdemmamusauus (lemmatization), npo-
Hece onpeieleHHs HadaibHOoI (0cHOBHOI ) (hopMBI ¢I0Ba, 0603HAYAEMOT
TepMHHOM <«temmas (lemma). Hanpumep, ams cioBa <«ielicTBYOHii»
OCHOBOII ABJsieTCs «/IeficTB», HO ero JeMMa — <«JelicTBoBaTb» (B aHrI-
JIMICKOM fA3BIKE CJIOBO <«operating» HMeeT OCHOBY <Oper», HO JIEMMY
«operates). Jlemmaruzanus — 310 OoJsiee CJIOKHBIH M TOHKHI IpoIece,
4yeM cTeMMUHT. [l onpe/iesieHns JIeMMBI HCTIOIb3YIOTCS CI0Baphb (hopM
1 MOpQOIOTHYECKHE METOANKH. B HEKOTOpBIX ciIy4asx aTo MO3BOJILET
BBITIOJIHUTH O0JIee TOUHBII aHAIN3 TEKCTa.

CnoBa 00beIUHAIOTCSA B CIOBOCOYETAHHA W mpetoxkenus. Onpefe-
JIeHHe TPAHUI] TIPEIOKEHHI TOKe MOKET OBITh CBSI3aHO ¢ HEKOTOPBIMU
TPYJHOCTSAMH, XOTS HA MEPBBIH BIIJIAA KaKeTcs, 9YTO JI0CTATOYHO JIUIIb
HalTH TOYKY, 0003HAYAIOLLYI0 KOoHel npeatoxkenus. Ho Toukn moryt
BCTPeYaThCs U BHYTPH INPE/UIOKEHNs, HAPUMep MOCJe COKPAllleHHBIX
CJIOB I. HJIM H. 3., @ TaKKe IPHU HCIOIb30BAHHH OPUTAHCKOTO (hopMara
samucu qucen 12.834.

Yacto HeOOXOMMO 3HATH, KAKHE CJIOBA B IPELTIOKEHHN SBIAIOTCS CV-
HIeCTBUTEIBHBIMH, a KaKie — ra1arogamMi. M Hora npuxonres onpenesaTs
OTHOILIEHNA Meskay ciaoBamu. Hanpumep, ycranosnenue xopegepenmmo-
cmu (peepenyuansiiozo moxcdecmea — coreference resolution) onpenens-
€T B3aUMOOTHOUIEHHS MeJK/ly KOHKPETHBIMHU CJI0BAaMU B OIHOM HJIH B He-
CKOJIBKHX TPE/I0KeHIAX. PaccMOTPHM CIIeIyIoIie MpeiiosKeHus:

«Topox Beswk, HO Tpekpacet. OH 3aHUMAET BCIO JIOJHHY .
(«The city is large but beautiful. It fills the entire valley».)

3iechb cnoBO «0H» («it») KopedepentHo (pedepeHIHATBHO TOXKIECT-
BEHHO) CJIOBY <«TOpof» (<«city»). Eciu cioBo MOXKET MMeTh HEeCKOJIbKO
CMBICJIOBBIX 3HAYEHHI, LIS ONPelesIeHI eT0 CMbIC/IA B IAHHOM KOHKpeT-
HOM cJIydae MOKeT MoTpeOoBaThes BBINOIHEHUE OLEPALlIH paspetienis
aexcuteckou mnozoznaunocmu (word sense disambiguation, WSD). Unorja



L7

0030p MHCTPYMEHTanbHLX CpeAacTe 0DpalboTkn < 25

aTO CBA3AHO ¢ onpejeaeHHbIMU TpyaHocTAMU. Hanpumep, «/IxoH Bep-
HyJicg toMoit» («John went back homes ).

YT0 MMEHHO 3[eCh T0Apa3yMeBaeT caoBO «aoM» («home»): crpoe-
HHE, TOPOJL, KaKoe-THO0 MECTO WIH HedTo Apyroe? B HeKOTOPBIX ciryyasx
CMBICJI CJIOBA MOKHO OIPE/IETNTD U3 KOHTEKCTA, B KOTOPOM OHO YIIOTpeO-
asiercst. Hanpumep, «JIon BepryJics 1oMoil. Jom ero HaXoauiacs B KOH-
e tynuka» («John went back home. It was situated at the end of a cul-
de-sac»).

A HecmoTps Ha BCE NEpeYUCIEHHbIE TPYOHOCTH, TEXHONOrna obpaboTkn ectecT-
BEHHOro s3bika B DONbLUMHCTBE CAy4aeB crnocobHa AOCTATOMHO YBEPEHHO
CNpasnATbCs CO CBOMMK 3afa4amMmn, No3TOMY BECbMA NONE3Ha BO MHOrMx obna-
cTax. Hanpumep, No TBMTamM NOKYNaTeneil MoXHO BbINONHUTE aHANU3 3MOLMO-
HaNbHOWM OKPACKKM TEKCTA W NONYHNTE BO3MOXHOCTL NPEANOXKNTL HEAOBO/LHbIM
KNMEHTAM BAPWAHTLI KOMINEHCALMKW, B TOM Y1CNE Kakne-nubo BecnnatHele Toa-
pbl. MeguUWHCKME AOKYMEHTHI IErKO NoAAAKTCA aHHOTUPOBAHWUIO, YTO NO3B0-
NSEeT BuIAenaTe HaMbonee BaXHbIE YACTU TEKCTA U YBENWYWUTL NPOWM3BOAWNTENb-
HOCTb KX 0BpaboTkK.
AHHOTMpOBaHKWE, NNk pedepupoeaHmne (summarization) — 3To npouecc cocrae-
NIeHKUst KPATKOro OMUCaHWs PasfuyHbiX GParmMeHToB TekcTa. PparmeHTsl MOryT
COCTOSITb U3 HECKOMbKWUX NpeanoxeHuii, abaaues, Bknw4aTs B ceba uensiii no-
KYMEHT MUK JAXKe HECKONIBKO AOKYMEHTOB. 3afaqei aHHOTUpoBaHWa (pedepu-
poBaHWA) MOXET BbiTe ONpeaeneHre Tex NPeanoXeHuin, KOTOPLIE BblPaXaoT
OCHOBHOW CMbICN GparMeHTa, onpeaeneHne npeanockinoK, NoMOoramLLmx no-
HATE cofepxaHune dparMeHTa, UK NOWUCK 3aaHHbIX 3N1EMEHTOB BO (parmeH-
Tax. 3a4acTyto AN BbINONHEHWA 3TUX 33434 (1 334341 aHHOTUPOBAHWA B LLENOM)
0O4eHb BaxeH 0BLLMIA KOHTeKCT o6pabaTeiBaemMoro TekcTa.

O630p NHCTPYMEHTaAbHbIX CPeACTB
06paboTKn ecTecTBeHHOro S13bIKa

CyiecTByeT MHOTO OOIIETOCTYITHBIX HHCTPYMEHTAIBHBIX CPEACTB, MO/
JEPAKUBAIONIX TEXHONOTHIO 00paboTKi ecTecTBEHHOro sA3bika. Heko-
TOpble U3 HUX BXOAAT B koMmiiekT Java SE SDK, o ux BoamoxuocTH
OrpaHHYEHBI I0CTATOYHO V3KIM KPYToM mpocTeiimmx 3axa4. [pyrue 6u6-
muotekn, Hanpumep OpenNLP (Apache) u LingPipe, npefocrasisior 6o-
Jiee MOIIHYIO H YCOBEPIIEHCTBOBAHHYIO MO/JIEPKKY METOANK 06paboTKu
€CTeCTBEHHOTO A3bIKa.

HuskoypoBHeBas mojjiepkka B s3blKe Java BRJIIOYAeT KJIACCHI JJIs
paboTsl co cTpokaMu: String, StringBuilder u StringBuffer. i kmaccst
COJIEP/KAT METO/Ibl, BBINOJHAINE ONepalii IIONCKA, COMOCTaBIeHHS
1 3aME€HbI TEKCTOBBIX (hparMeHTOB. Pezyapivie svipacenus (regular ex-
pressions) NIPUMEHAIOT CHEeHATH3NPOBAHHbIE METO/IbI ONIpele/eHUs Co-
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BIAJICHUSA TIOJCTPOK. Java Tpeaaraet 6oraTeiil BBIGOP HHCTPYMEHTANb-
HBIX CPEJICTB /LI HCIOJIb30BAHNS PETYIIIPHBIX BhIPAKEHHIL.

Panee y:xe oTMe4anoch, 4TO A pasjleleHUs] TEKCTAa Ha OT/eJIbHBIE
AJIEMEHTBI HCIIOJIB3YIOTCSA MEeXaHU3MbI MOKeHU3AUUN. Java MoJIepsKUBaeT
U 3TOT BHJL 00paboTKu:

QO werox split() B Knacce String;

Q xkmace StreamTokenizer;

QO «kmacc StringTokenizer.

Kpome Toro, juis s3bika Java Hanucano MHOKecTBo OGubmnortex/API
IS TTOJTEPIKKH 06pabOTKH ecTeCTBEHHOTO A3bIKa. HemonHslil cicoxk Ta-
kux 6ubnorek npuBoauTes B Tab/ 1.1, BoabIIMHCTBO U3 HIX ABJISIOTCA
NIPOEKTaMHU ¢ OTKPBITBIM HCXOIHBIM KOJIOM, HO CYIIECTBYIOT TAaKiKe 1 KOM-
mepueckue API u 6ubnuorexn. Mot 6yaem pacemarpusats API ¢ otkpbi-
TBIMH HCXO/ITHBIMH KOJIaMH.

Tabnuya 1.1. Cnucok APl Ha sa3bike Java, nognepxusaioLmnx
06paboTKy ecTeCTBEHHOr0 A3bIKa

API

URL

Apertium

http://www.apertium.org/

General Architecture
for Text Engineering

http://gate.ac.uk/

Learning Based Java

http://cogcomp.cs.illinois.edu/page/software_view/LBJ

LinguaStream

http://www.linguastream.org/

LingPipe http://alias-i.com/lingpipe/

Mallet http://mallet.cs.umass.edu/

MontyLingua http://web.media.mit.edu/~hugo/montylingua/
Apache OpenNLP http://opennlp.apach.org/

UIMA http://uima.apache.org/

Stanford Parser

http://nip.stanford.edu/software

Muorue u3 yrmomstayTeix Boiie API o6paboTkit ecTecTBEHHOTO A3BIKA
MO3BOJIAIOT 00BEMHATE 3a1a4u B Koueetepot (pipeline), coeobpasmbie
NOCJIe/IOBATEBHOCTH MaroB (OIeparii), UL JOCTUKEeHNA OlpejleseH-
HBIX 1eseit 06pabotkn Tekcra. [IpuMepaMy HHCTPYMEHTOB, MOJIEPKN-
Batonnx kouseiiepst, asaaioTces GATE u Apache UTMA.

B creayionux pasaenax Mbl oipodHee TO3HAKOMIM BaC ¢ HEKOTOPbI-
mu NLP API, pagum kpatiuit 0630p HX BO3MOKHOCTEH U U1 KAasKJI0TO
API npuBejieM CIHCOK MTOJIE3HBIX CCBLIOK.
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Apache OpenNLP

Ilpoexr Apache OpenNLP npegnasnaden i peteHus oOUMX 3a-
na4 00pabOTKM eCTeCTBEHHOTO S3bIKa U OY/IeT MIMPOKO MCIOIb30BATHC
B faHHoll KHure. OH COCTOMT M3 HECKONBKUX KOMIIOHEHTOB, KOTOpbIE
BBIMOJHAIOT COOCTBEHHBIE 3a1aul, (GOPMUPYIOT MOAENH s 0OydYeHHs
u 00ecneynBalOT MOIEPKKY TECTHPOBAHHA ATHX Mojeneil. OcHoBHad
MeTojuka, npuHATtas B OpenNLP, coctonT B coznanum skseMIsipa Mojie-
JIN J1JIsl KOHKPETHOI 3a/1a4i U MOCIeYIONeM BbITTOJTHEHUM MeTO/I0B 3TOH
MOJIe/H UL pelIeHns 3a/1a4i.

Hanpumep, cienyionmii npuMep BBIIOMHIET padOUBKY POCTOI CTPO-
K1 Ha a7eMeHThL. [L71s KoppeKTHOI paboThl Kojia B HeM 10J/DKHA ObITh pea-
nusoBaHa obpaboTka HckmoueHni FileNotFoundException m I0Exception.
Brnok nonbITki mosiydeHMs pecypca co3/laeT SK3eMILIAp MOTOKA BBOJA
FileInputStream u oTKpbIBaeT ailn en-token.hin. ItotT dailn comepxut
MO/1eJ1b, 00YYEHHYI0 Ha BRIOOPKE ¢ TEKCTOM Ha aHTTTHHCKOM SI3BIKE:
try (InputStream is = new FileInputStream|

new File(getModeDir(), "en-token.bin")))

// 3pece BCTABNASTCA KOO OMA TOKSHM3AUMM TEKCTA.
catch (FileNotFoundException ex) |

catch (I0Exception ex)

3areM Ha ocHOBe 3TOTO (haiiina BHYTpH GJI0Ka L1y CO3/IAeTC IK3EMILIAP
kmacca TokenizerModel. [lanee cospaerca aksemiuiap kiacca Tokenizer,
Kak IMoKa3aHo HUKe:

TokenizerModel model = new TokenizerModel (is);
Tokenizer tokenizer = new TokenizerME (model);

[Mocne sroro nmpumensiercs Metof tokenize (), xoTopomy HepejnaeTcs
obpabaTbiBaeMblil TekeT. MeTo/1 Bo3BpaljaeT MaccuB 00BEKTOB String:

String tokens[] = tokenizer.tokenize("He liwves at 1511 W. Randelph.");

Onepa’rop for-each nmocaenoBaTenbHO BBIBOJUT BCE JIEMEHTBL, MMOJIY-
HYeHHbIE B pe3yiabTrare 06pa60TI{H TEeKCTa. KBa,[[paTHhIe cKobOKN HCHOJIb3Y -
H0TCA I Hosee 4eTKOro BbIJI€JIEHUA 2JIEMEHTOB!
for (String a : tokens) |

System.out.print ("[" + a + "] ");

System.out.println();
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[Tpu BeiOTHEHIH OYET BBIBEICH CIEAYIONINH Pe3yIBTaT:

[He] [lives] [at] [1511] [W.] [Randolph] [.]

B nannoMm cirygae Mojiesib TPaBUJIBHO OIIPEIeTHIa, YTO leMeHT W, —
ATO COKpallleHHe, a TOCIe/HAA TOYKA ABJAETCSA OT/IEBHBIM 3JIEMEHTOM,
0003HAYAIOIIIM KOHEIL TIPeJI/IOKEHNS.

Bo MHOrHX IpuMepax B 3Toil kHure Mbl Oy1emM 1mosb3oBatbesas OpenNLP
API. Cebunku Ha paspmenst npoekta OpenNLP npusesenst B tadm. 1.2.

Tabnuuya 1.2. Cebinku Ha pasgensi npoekta OpenNLP
Paspnen npoekra

OpenNLP Ccbinka Ha pasgen eeb-caiita
JomalwHas cTtpaHnuua https://opennlp.apache.org/
LokymeHTaumnsa https://opennlp.apache.org/documentation.html

Hokymentauma g dopmarte | http://nip.stanford.edu/nip/javadoc/javanip/index.html
Javadoc

3arpyska daitnose https://opennip.apache.org/cgi-bin/download.cgi

BrubnnoTekn

Wiki https://cwiki.apache.org/confluence/display/
OPENNLP/Index%3bjsessionid=32B408C73729ACCC
DDO071DSEC354FC54

Stanford NLP

Pabouag rpynmna Stanford NLP Group mposoauT ucciepoBanust B 00-
macT 06paboTKH eCTECTBEHHOTO A3bIKA H MPEIOCTABIAeT HHCTPYMEHTHI
s pemenns 3agad NLP. Opnnm u3 takux #HaGopoB HHCTPYMEHTATb-
Heix cpencts ssasgerca Stanford CoreNLP. Tpymma npepnaraet takixe
ApyrHe HHCTPYMeHTsl, Takie Kak Stanford Parser, Stanford POS Tagger,
Stanford Classifier. Uactpymentst Stanford mopiepsxuBator anriauiic kit
U KATAHCKHUIT A3BIKH, 00eCeunBaloT pelleHie OCHOBHBIX 3a1a4 06paboT-
KM eCTeCTBEHHOTO s3bIKa, BKJIIOYasa TOKeHH3AIHI0 1 PACIIO3HABAHIE HMe-
HOBAHHBIX 0OBEKTOB.

Wucrpymentst Stanford sermyckaores Ha yeaosusx jmnensun GPL,
HO WX HCIIOJIb30BAHUE B KOMMEPYECKHX TPIJIOKEHNAX 3alPellieHo — /I
ATOTO HEOOXOIMMO HPHOOPECTH CIENHANBHYI0 KOMMEPUYECKYIO JIHIIEH-
auto. bubmnorexa Stanford NLP xopotiio opraHnzosata u mojyiepKuBaet
Bce OCHOBHBIE (hYHKIIMH 00palOTKH €CTECTBEHHOTO A3bIKA.

Ipymnma Stanford o6ecniednsaet HOIEPKKY HECKOIBKHX METOIUK TO-
xeHn3anmuu. Mbl BocnoseayemMcs kinaccoM PTBTokenizer s ileMOHCTpa-
win BozmozkHocteil atoit NLP-6ubmnorexu. Konerpykrop, mokazanHbiil
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HIKe, puHUMaeT 00beKT Reader, apryment LexedTokenFactory<T> u cTpo-
KY, ONPEIEIAI0NYI0 HEKOTOPbIE JIONOMTHUTEIbHbIE TapaMeTphL.

LexedTckenFactory — aTo unTepdetic, peannsalus KOTOPOTO BHIIOTHA-
eTcsa Kaaccamu CorelabelTokenFactory u WordTokenFactory. IlepBetit coxpa-
HsAET MO3UIIHN HAYaIbHOTO M KOHEYHOTO CHMBOJIOB 3JIeMeHTa, a BTOPOil
MPOCTO BO3BPAIAET AJIEMEHT B BIIE CTPOKH Oe3 Kakoi-nmnbo uxgopma-
unu o ero pacrnonoxenun. Ilo ymomuanuio ucnonssdyercs Kiaace Word-
TokenFactory.

Crepyomuil npuMep Hcnonb3yeT Kiaacce CorelabelTokenFactory. Omn
coaftaet 06beKT StringReader u3 3amaHHOM cTpokn Tekera. B nmocennem
apryMeHTe IepeiaioTcs JOIOJIHHTe/IbHbIe TapaMeTPbl, HO B JJAHHOM IIPH-
Mepe OHM OTCYTCTBYIOT, 0O3TOMY Hepefaercs null. Peanusanus unrep-
(petica Iterator BeinosnHseTcs kinaccoM PIBTokenizer, 4To MO3BOJIAET IIPU-
MEHHTh MeTo/bl haslext () u next () 715 BBIBO/IA 3JIEMEHTOB:

PTBTokenizer ptbh = new PTBTokenizer|
new StringReader ("He lives at 1511 W. Randolph."),
new CorelabelTokenFactory(), null);

while (ptbh.hasNext())
System.out.println(ptb.next());

[Ipumep BeIBesIET CIIeIVIOUI pe3yILTaT:
He
lives
at
1511
W.
Randolph

B ganbHeiiiem Mt Oy1eM ak THBHO HCTIOB30BaTh Oubsnorexy Stanford
NLP. B a6 1.3 npuBoauTest CIUCOK CCBLIOK HA MAKETHI HHCTPYMEHTOB
Stanford. Cesuikn Ha fokyMeHTaIMIO ¥ Ha (hail/bl U1 3aTPY3KH MOKHO
Ge3 Tpy/a HailTH Ha COOTBETCTBYIONINX caiiTax.

Tabnuya 1.3. UHcTpymeHTansHeie cpegcrea Stanford NLP

Stanford NLP Ccbinka Ha pasgen eeb-caiita
Nomawnss crpanuua | http://nlp.stanford.edu/index.shtml
CoreNLP http://nlp.stanford.edu/software/corenip.shtmi#Download
Parser http://nlp.stanford.edu/software/lex-parser.shtml
POS Tagger http://nlp.stanford.edu/software/tagger.shtml
Cnuncok paccbinkun https://mailman.stanford.edu/mailman/listinfo/java-nlp-user
java-nlp-user
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LingPipe

Bubmmortexa LingPipe coctout uz nabopa HHCTPYMEHTOB JUIS BBINOJI-
HeHus o0umx 3a/a4 06paboTKH eCTeCTBEHHOTO SI3BIKA U MOJUIEPKUBAET
obyuenue u TectupoBaHite Mojeneil. Cyiiectsyior ase epeun LingPipe —
cBoboHas 1 KomMepueckas. McnonbzoBanue cBoOOIHON BepcHH MOJ-
pasyMeBaeT HeKOTOPbIE OTpaHHYEeHNS.

Jlna gemonctpanun npaktudeckoro npumenenus LingPipe pacemot-
puM puMep pa3dUBKU TEKCTA HA 3JIEMEHTBI ¢ HOMOIIBIO Kaacca Tokenizer.
CHauana oOBABAAIOTCS /[BA CINCKA: OJMH — Ul XPaHEHHs 2JIEMEHTOB,
BTOPOIl — /151 XpaHeHUs POOeTbHBIX CHMBOJIOB!

List<String> teokenlist = new ArrayList<>();
List<String> whitelist = new ArrayList<>();

Q 3arpyska MCX0[AHbIX KOAOE NPUMEPOE
Ckauarb daiinel ¢ npyuMepamu NPorpaMmMHOro Koga anst KHUr M3gaTtenscrsa
«[IMK MNpecc» MoXHO Ha cailte www.dmkpress.com unn www.amk.pd B paspe-
ne «Yutarenam — Paiinbl K KHUrams.

,[[a.rlee obbaBIgeTCA CTPOKA C HCXOHBIM TEKCTOM!
String text = "A sample sentence processed \nby \tthe LingPipe tokenizer.";

3areM cosjlaeTcs aK3eMILiAp kiacca Tokenizer. Kak nokasano B cie-
avioueM pparmenTe, cratudeckuii Mmetoy tokenizer () uenosnb3yerca s
CO3/IAHNA HK3eMILIAPa Kiacca Tokenizer Ha ocHOBe Kiacca-habpuku Indo-
European:

Tokenizer tokenizer = IndoEuropeanTokenizerFactory.INSTANCE.
tokenizer (text.toCharArray(), 0, text.lengthi());

,[[anee BBI3OBOM MeTO/ia tokenize () aToro kjiacca MPON3BOJHUTCA 3al10.J1-
HeHHe CITHCKOB, 0OBABICHHBIX paHee:

tokenizer.tokenize (tokenlist, whitelist);

,[[J'IH BBIBO/JA 2JIEMEHTOB TEKCTA UCIIOJIB3VETCA OIlepaTop for-each:

for (String element : tokenlist) |
System.out.printielement + " ");

System.out.println(};
3Jtot IIpUMED BBIBEAET CJCAVIONUHE Pe3yJIbTaThbl:
A sample sentence processed by the LingPipe tokenizer

B Tabn. 1.4 npHBOANTCSA CIHCOK CCBLIOK HA PasHble pas/ielibl PoeKTa
LingPipe.
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Tabnuya 1.4. Ccbinku Ha pa3gensi npoekrta LingPipe

LingPipe Ccbinka Ha pasgen eeb-caiita

Homawnasa crpanuua | http://alias-i.com/lingpipe/index.html

YuebHble nocobus http://alias-i.com/lingpipe/demos/tutorial /read-me.html
JavaDocs http://alias-i.com/lingpipe/docs/api/index.html

Paiinebl 3arpyaku http://alias-i.com/lingpipe/web/install. html

Anpo BubnmoTekn http://alias-i.com/lingpipe/web/download.html

Mopenu http://alias-i.com/lingpipe/web/models.html
GATE

General Architecture for Text Engineering (GATE) — ato nabop uHcTpy-
MEHTOB Ha Java, paspabotanubiii B yHusepcurere ropoja [lledduma
(Aurmuga) (University of Sheffield, England) u nmoepsxusatornmii muo-
rue a3bikn 1 Tunel 3agad NLP. GATE Taxke MOKHO HCII0JIB30BaTh B Ka-
gecTBe KoHBeliepa st NLP-o6paborku.

API noiepxusaer cosmectyto pabory ¢ GATE Developer, uncrpy-
MEHTOM IPOCMOTPA TOKYMEHTOB, KOTOPBII BBIBOAUT TEKCT € AaHHOTAIIM -
MH. 3TO yI0OHO TP U3YUECHUN JOKYMEHTA, COEPIKAIIEro BbeTeHHbIE
annoranuu. Takxke goctynen GATE Mimur — HHCTPpYMEHT [ULS HHJIEKCH-
POBaHIA H IOUCKA B TEKCTe, COOPAHHOM U3 Pas/IMYHBIX HCTOYHUKOB. [Ipu-
menennte GATE nns pemenus MHOTHX 3a7a4 00pabOTKH €CTeCTBEHHOTO
A3bIKa Tpebyer Hanucanus HeGoObIIOro oObeMa HeXoaHOro Koja. [l
BeTpanBanus (pyHKIHOHANBHBIX BozmoxkHocTell GATE nenocpenctsen-
HO B Koj nipitoxkenna ucnonbdyerca naker GATE Embedded. Cepuikn
Ha pasjesst npoekta GATE npusenenst B Tabi. 1.5.

Tabnuya 1.5. Ccbinku Ha pa3gens npoekra GATE

GATE Ccbinka Ha pasgen eeb-caiita
Homalwnas ctpannua | https://gate.ac.uk/
JokymeHTayma https://gate.ac.uk/documentation.html
JavaDocs http://jenkins.gate.ac.uk/job/GATE-Nightly/javadoc/
Paiinel 3arpyakm https://gate.ac.uk/download
Wiki http://gatewiki.sf.net/

UIMA

Opeanuszayus no passumuio cmandapmos cmpykmypuposanion undop-
mayuu (Organization for the Advancement of Structured Information
Standards, OASIS) — 5T0 KOHCOPIIMYM, OCHOBHOH 3agadeil KOTOPOTO sAB-
JIeTCS Pa3BUTHE TEXHOIOTHIL 3IeKTPOHHOH KOMMepIH i OH3Hec-Ipo-
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ektoB B oOmactu U'T. OASIS paspabotai ctanjiapt apxumexmypol ynpas-
aenus necmpyrmypuposannoi ungopmavueit (Unstructured Information
Management Architecture, UIMA) kak 6azoByto pabo4yio cpey 1/ KOH-
BeliepoB 00pabOTKH eCTECTBEHHOTO A3BIKA. DTOT CTAHAPT MO/l PKHBA-
eTcs HHCTPYMeHTanbHOoil 6ubanorexoit Apache UTMA.

Hecmotpsa Ha To uto crangapt UIMA B 0cHOBHOM OpHEHTHPOBAaH Ha
MOJUIEPIKKY CO3/IaHMs KOHBEIepPOB, OH TakyKe MO3BOJISET OIMHCHIBATD 110-
CJIE[IOBATENBHOCTH 1MAGI0HOB TPOEKTHPOBAHNS, Pa3/IUHbIe BAPHAHTHI
NpeJICTAaBJIeHHsS JIaHHBIX W POJH TI0JIb30BaTeNeil /Ul aHalIu3a TeKcTa.
Cesunkn Ha pazzenst npoexta Apache UIMA npusesenst B Tabu. 1.6.

Tabnuya 1.6. Ccbinku Ha pa3gensi npoekra Apache UIMA

Apache UIMA Ccbinka Ha pasgen seb-caiita
Oomawnas crpanuua | https://uima.apache.org/
LokymeHTaumnsa https://uima.apache.org/documentation.html
JavaDocs https://uima.apache.org/d/uimaj-2.6.0/apidocs/index.html
aiinel 3arpy3aku https://uima.apache.org/downloads.cgi
Wiki https://cwiki.apache.org/confluence/display/UIMA/Index

O630p 3aaa4 0bpaboTkn TekcTa

CyuiectByet goctatouHo Hosbiioe pasHoobpasue 3agad 0OpaboTKH ecre-
CTBEHHOTO SA3BIKA, HO MbI COCPEIOTOYUMCS JIMIIL HA OTPAaHHYEHHOM HX
nojMHoKecTBe. Hike mpejictaBienbl Kpatkue 0030pPHbBIE XaPaKTEPHCTH-
KU 3ajia4, KOTopbie OyayT Gosee moApoGHO PaCCMATPUBATHCS B MOCJHE-
AVIONINX [JIaBax:

MONCK )PATMEHTOB TEKCTA;

TIOUCK TPEeJIOKEHHI;

MOUCK JIFOIeH U HEOJIYIIEBJIEHHBIX UMEHOBAHHBIX 0OBEKTOB;
onpeesieHIe YacTeil peyi;

KJIacCH(UKAIUS TEKCTOB U JOKYMEHTOB;

BbIJIEJIEHHE B3aMMOOTHOIIICHHI;

KOMILIEKCHBIE METOHKH 00pabOTKH.

Jlng rocTuKeHHA MOCTABIEHHOI 1Ie/In MHOTHE 3a/[a4M HCIIOIb3YIOT-
cs1 B KOMILIeKce. B laHHOIT KHUTEe MbI HEOJHOKPATHO Oy/ieM HabI0/1aTh
npuMepsl Takoro oOwveuHenns. Hamnpumep, pasbuska Texkcra Ha aJe-
MEHTBI YaCcTO MPUMEHAETCS B KaUeCTBe HAYANBHOTO 3Tana JJIs MHOTHX
APYTHX 3a/1a4, TOATOMY MOJKHO CKa3aTb, YTO 3TO OCHOBHOI, (hyHAaMEH-
TaJIbHBIH 2Tall.

(ONONONONONON®
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Mouck dpparmeHTOB TEKCTa

TexeT MOKHO pasjlelnTh Ha JEMEHTHI Pa3HBIX THIIOB — CJIOBA, Mpeji-
JokeHns, abzanst 1 T. A, CyllecTBYeT HECKOIbKO coco0oB Kkiaccudu-
KalM} TAKUX 3JIeMEeHTOB. [0BOps 0 4acTax TekcTa B JIaHHOH KHHTE, MbI
HO/IPasyMeBaeM CJI0Ba, HHOI/IA 0003HAYAEMBIE CIIEIIHAIBHBIM T€PMIHOM
«aexcemar, wnu «moxei» (token). Mopgporoeus (morphology) nsyuaer
CTPYKTYPY U (hopMBI ¢10B. B anbHeiineM Mbl 4acTo OY1eM M0Ib30BATHCA
MOPGOTOTHYECKHMH TePMUHAMU. A ceifuac IIPoCTo MePeHHCINM HEKOTO-
pble OCHOBHBIE CTIOCOOBI KJIacCH(PUKAIIMHN CIIOB!

Q  npocmuwie crosa — coBa B 00BIYHOM, 001IEM CMBICTE, KaK, HATPH-
Mep, 14 c10B B IaHHOM TPE/LTOKEHNH;

QO mopghemvt (morphemes) — MUHHMAIbHBIE 3HAYHMBIE YACTH CJIOB,
KOTOpbIE COXPAHAIT CMBICJOBOE 3HaudeHHe. Hampumep, B cioBe
«JmcHity Mopdemoii gistetcs «ics (B canose «bounded» mopde-
Ma «bound»). Mopdemanmu MOTYT ObITH KOPHH, TIPHCTABKU 1 Cy(h-
(huxchl, HalpUMep B CJIOBe <«MepecKa3blBaTh» MOJKHO BBLIETHTD
MopgeMsl «1iepe» (IIpHCTaBKa), «cKa3» (KOpeHb) U «bIBa» (cyd-
¢dukce), a B anrnmiickom caose «bounded» cydike «ed» Taxke
npecTasiaget coboit Mopdemy;

Q  npucmaska/cygduxc — npucTaBka pacroyaraercs nepes KOpHeM
c10Ba, cy(hgUKe — 1ocse KOpH:A €/10Ba, HO TIepej] ero OKOHYaHNeM
(ecmu oHO ecTb). Hanpumep, B cJI0Be <«I1epeBO3YHK» IIPHCTABKOM
aBisgeTcs <ieper, a cyddurcom — «unk». B anrmmiickom ciose
«graduation» cyhukce «ations IpUCOSTHHAETC K PELYIIHPOBAH-
Holl hopme cioBa «graduates;

O  cunonumvt — cIOBa, PA3IMYHBIE 110 3BYYaHHIO, HO TOJKIECTBEHHbIE
niii GJIM3KHeE TI0 CMBICITY, 4 TAK/Ke CHHTAKCHYECKUE W TpaMMaTiye-
CKHe KOHCTPYKIIMH, COBIIAJIaloNIye 110 3HaYeHuo. B kauecrse npu-
MEPOB MOJKHO TIPHUBECTH T1aPbl CJIOB «IIyTh» — <«/[0POTa», «0OTPOM-
HBII» — «KOJIOCCANBHBIIT», B aHTJIHIHCKOM A3bIKe: «small» — «tiny».
Pa6ora ¢ cunonnmMamit TpedyeT pa3pelieHns JeKCHIeCKoH MHOTO-
3HAYHOCTH;

O coxpawenus c106 — B TEKCTaX 4acTO MPUMEHSAIOTCA COKpaIleH s,
HalpHMep BMECTO «rocnoAinH YepHoB» nmuiryT «r-H YepHoB», BMe-
cro «Mister Smith» — «Mr. Smith»:

Q  axponumvt u abopesuamypvi — BeCbMa HIHPOKO UCIIOJIB3VIOTCS BO
MHOTHX 00/1acTaX fedaTesibHocTH, B ToM yncie u B VT, IIpencras-
JI0T €000 KOMOMHAIIMH HAYATbHBIX OVKB (OIHOI WM HECKOJIb-
KIHX) CJIOB, BXOJAIINX B COKPAIIAEMOe CJI0BOCOYeTaHIe, HAIpUMep
u3 FORmula TRANSslation coctaBieno na3BaHue g3bIKa IPOrpam-






