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MeTopbl MHTErpaLMM NEKCMKOHOB B MaLLIMHHOE 0DyYeHNe
[Ns CUCTEM aHann3a TOHaNbHOCTH

AHHOTaumsA. PaccMoTpeHa 3agava aHanu3a TOHaNbHOCTU PYCCKOS3bIMHBIX COOBLieHnA ceT TBUTTEp B BaHKOBCKOM
11 TENEeKOMMYHMKaLIMOHHOM cchepax. Ha ocHOBE MaLLMHHOMO 0By4eHNst U3NOoXeHbI pasnnyHble cnocobbl NpeacTaBneHns
coaepxaHns CoobLLEeHNi. MokasaHo, YTO MCMOMb3oBaHWE AOMOMHUTENbHbIX MPU3HAKOB COODLYEHMI Ha OCHOBE Cyllie-
CTBYIOLMX MM 3apaHee MOPOXAEHHbIX CIOBapel OLEHOYHbIX CNOB NO3BOMSIET MOBBLICUTL KAYECTBO KnaccudmkaLmm co-
obuweHuit. MccnenoBaHo BAMsHUE Pa3nnyHbIX TUMOB 0OyYaloWMX KONnekumin (cbanaHcupoBaHHbIx/He cbanaHcupoBaH-
HbIX), UX 0O0bEMOB, a TaKke MPeVMYLLECTBA MPUMEHEHUS HECKOMbKMX MPU3HAKOB HA OCHOBE NEKCHKOHOB Ha Ka4yecTBO
knaccudmkaumm. TMoaxod TeCTUpOBancsA Ha AaHHbIX OTKPBITOrO TECTUPOBAHMS CUCTEM aHanu3a TOHaMbHOCTM
SentiRuEval-2015 u SentiRuEval-2016. B utore 6binu nonyyeHbl pesynbTaTbl, NPeBbILAIOLME NyYlIMe pe3ynbTaThl
SentiRuEval-2015, 6nmskue k pesynbtatam nobeantens SentiRuEval-2016.

KnioueBble cnoBa: malumHHoe obyyeHune, SVM, aHanua ToHanbHOCTH coobLLeHMiA, nekcukoHbl, SentiRuEval.

BBepeHue

OpHMM W3 BaXXHBIX HAIpaBJICHUN B cdepe aB-
TOMAaTHYECKOTO aHallN3a TOHAIFHOCTH TEKCTOB SIB-
JISIETCS aHAIM3 MHEHUH U OI[EHOK, BHICKa3bIBAEMBIX
B COLIMAJIBHBIX CeTAX. B wacTHOCTH, OOJIBIIIOE YKC-
JIO WCCJENOBaHMA IOCBSIICHO aHATU3y MHEHHIA,
BBIp@XXCHHBIX B COOOIIeHHAX ceTdu TBHUTTEp, TO-
CKOJIbKY B HEll OOINAIOTCS TOJB30BaTeNH pa3iiny-
HOTO cTaTryca, oOpa3oBaHus, npodeccun. ITH
MHEHUSI HHTEPECHBI APYTUM TI0JIH30BATEISIM; KOM-
TMMaHusAM, KOTOPBIC UIIYT OT3BIBBI HA CBOW IPOAYK-
Thl WIH YCIYTH; COIIMOJIOTaM, HCCIEIyOIINM
00IIIecCTBEHHOE MHEHHE; TOCYJIapCTBEHHBIM Opra-
HU3AIUSAM JIJIS UCCIIEOBAaHUS TPOIIECCOB, ITPOWC-
XOJISIIUX B OOIIECTRE.

CooOmienust Teutrrepa (TBUTBI) HMEKOT He-
CKOJIbKO OCOOCHHOCTEH: OHU KOPOTKHE, NJTHHOW HE
6ornee 140 cumBosnoB. VX TeMaTuka U COMyTCTBY-
IOIIUE OIICHKU OYCHb JUHAMUYHBI, TECHO CBS3aHBI
C TPOUCXOMSIIAMHU COOBITHAMHU, YTO YCIOXKHSET
MHOTHE TPOLEAYpPHl aBTOMAaTHYECKOTO aHaIn3a
cooOmenuit TBUTTEpa, BKIIIOYAs aHAIW3 TOHAIb-
HoctH [1, 2].

TpamumroHHO paccMaTpUBalOTCS JBa MOIXOA
K aHAJIM3y TOHAJIBHOCTH, U y 00OHMX €CTh MpoOIIe-

MBI C KAYECTBCHHBIM aHAIIM30M TOHAIBHOCTH TBU-
ToB. IlepBbIil MOAXOA, TaK Ha3bIBAEMBIA JIMHIBU-
CTHKO-WH)XCHEPHBIH, OCHOBAH HA TOM, YTO DKCIep-
ThI COCTABJISAIOT BPYYHYIO CIIOBapU U MpaBUiIa JJis
BBISIBJICHUS TIO3UTHUBHBIX WJIM HETaTUBHBIX MHE-
Huid. OIHAKO JIGKCHKA, UCIIONb3yeMas B TBUTTEpeE,
OuUCHb pa3HOOOpa3Ha, IMHAMUYHO MEHSETCS, U
OUYCHb TPYAHO COOpaTh XOTh CKOJBKO-HUOYIH
MTOJTHBIN CIIOBAPH OIICHOYHOH JIEKCHKHU.

BTopoif moaxon ocHOBaH Ha MAaIIMHHOM 00y-
YCHUU C YUUTECJIICM, KOTda HCOGXOIII/IMO PasMCTUTD
00y4arolyr0 BBIOOPKY TBUTOB, IMPOCTaBUB JKC-
MEPTHYIO OLEHKY TOHaIbHOCTH. HOo pa3smedenHas
BBIOOpKA BCeTia OrpaHudcHa Mo 00beMy, U TOITO-
My MO Mepe NPOXOXKICHHS BPEMEHH KadeCTBO
MOCTPOEHHOTO  KJaccu(uKaTropa CYIIECTBEHHO
YXYyOLIaeTCsl.

B nanHO# paboTe IS pycCcKOro si3bka OyayT
WCCIIEJIOBaHbl BO3MOXKHOCTH KOMOWHHPOBAHHOTO
MOIX0Jla K aHaJu3y TOHAIBHOCTH TBHUTOB. Mccire-
JlyeMbIH MOAXO0J] 3aKJIF0YAeTCA B TOM, YTO MpH TO-
CTPOCHHH TPEJCTABICHUS TBHUTOB JJIsi aBTOMATH-
gecKod KiacCH(UKAIMu OyIyT TOPOXKIATHCS
CICIMATU3UPOBAHHBIC CJIOBApPHBIC TNPU3HAKA Ha
OCHOBE HECKOJIbKHX CJIOBapei, BKIOYas aBTOMa-
TUYECKH TMOPOXKICHHbIE W pydHOi. Takum oOpa-
30M, KIacCH(HKATOp, MOCTPOCHHBI Ha OCHOBE
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MAaIIMHHOTO 00y4eHus1, OyneT o0ydaTbcs He TOIb-
KO BKJIQJy OTIENbHBIX CJIOB U APYTUX MIPU3IHAKOB B
MO3UTUBHYIO WM HETATUBHYIO TOHAIBHOCTH, HO M
WCIIOJIb30BAHMI0 KOHKPETHBIX CJIOBapel B LIETOM.
DTO0 MOBHIIAET 0000IAOIIIE CITOCOOHOCTH KItac-
cuduKaropa, IMOCKOJIbKY B OOYyYalOUIMX IaHHBIX
MOYET BCTPETHTHCS OJHO MOIMHOKECTBO CIIOB M3
KOHKPETHOTO CJIOBapsi, a B TECTOBBIX JaHHBIX JIPY-
roe MOJMHOKECTBO CJIOB M3 3TOTO )K€ cioBaps. B
3TOM ciydYae JISKCHUECKHE MPU3HAKH, HCIONb3Y-
IOIIMe KOHKPETHBIE CJIOBa, HE CMOTYT IIOMOYb
KJTaCCH(HMKAIIMA TBUTOB, a CIOBapHbIE IMPHU3HAKU
MOTYT OKa3aThCs JOCTATOYHO TOJIE3HBIMHU.

IMogxon wuccnemyercss Ha AAaHHBIX OTKPBITBIX
TECTHUPOBAHMI MO aBTOMATHYECKOMY aHaJIH3y TO-
HAIGHOCTH  TBHTOB  HAa  PYCCKOM  SI3BIKE
SentiRuEval, npoBenennsix B 2015-2016 rr. [2, 3].
B pamkax maHHBIX TECTHPOBaHH OBUIM W3BIEUe-
HBI cooOmieHust TBUTTEpa 0 0aHKAaX M TEICKOMMY-
HUKAIIMOHHBIX KOMITaHUSIX. YUYacCTHHUKaM OBLIO
HEOOXOAMMO ONpENCIUTh, SBISICTCS I JaHHOE
cooOIIeHne TO3WTHBHBIM, HETAaTHBHBIM  HITH
HEUTPaIbHBIM OTHOCHUTENFHO pENyTallly YIIOMH-
HAeMOM KOMITaHUH.

1. 0630p 6nKM3KMX NOAXOA0B

Ha mpotspkeHnn HECKONBKUX JIET B paMKax 3a-
pyOexxHoit koH(pepeHuuu SemEval mnpoBoasTCs
COpPEBHOBAHHMS 10 TOHAIBHOM KJIaCCU(UKAIUU CO-
obmennii B cetn TBurrep. Haumnas ¢ SemEval-
2013, B IpOBOJUMBIX TECTUPOBAHUSAX paccMaTpH-
BaJOCh JBa THMA 3amay: A — kinaccupukaius Ha
ypoBHe (pa3 u B — Ha ypoBHE BCEro COOOIICHHUS
[4, 5].

ABTOpBI TI0JX0/Ia ¢ HAWIYYIIUM PE3yJbTaTOM
SemEval-2013 [6] mocTpowsu JOMOTHUTEIBHBINA
KOPITyC Ha OCHOBE JaHHBIX CeTH TBUTTEp U aBTO-
MaTHYECKON pa3METKH TBUTOB IO TOHAJIBHOCTH.
Coobwmenust B TBUTTEpE comepxar OOJbIIOE KO-
JTUYeCTBO MeTanH(pOpManuu (#X3IITErH, IMOTHKO-
HBI), TIOJB3YSICh KOTOPOH MOYKHO TNPHHSTH pelie-
HUE O TOHAJIBHOCTU coobOuieHui. [lonydeHHas
TakuM 00pa3oM pa3MeueHHasl KOJUICKIUS UCIIONb-
3yeTrcs B IENIX 0O0ydeHWs KiaccudukarTopa, a
TaKKe JUIA COCTABIICHUS JEKCUKOHA OYEHOUHBIX
CII08 U BLIPANCEHUT.

JleKCcuKOHBI TIPENCTaBIAIOT COOOW  CIOBaph
map (w, S), B KOTOPOM ISl KaXKIOTO BXOISIIETO B
HEro CJIOBa W OIpE/IC/ICHA MMO3UTHBHAS WU Hera-
THBHAs TOHAIBHOCTH § € R. DTO MO3BOJISIET OTOO-
pasuTh Gpas3sl COOOIIECHUS B YHUCICHHYIO OICHKY

TOHAJIFHOCTH W, KaK CJEJICTBUE, MOIYYHUTH IPH-
OMIKEHHYI0 TOHAJIBHYIO OKPacKy COOOINECHUS B
nenoM. Kak mOCTpoeHHBIN JIEKCHMKOH (Ha OCHOBE
TOYCYHOU B3auMHOUN uHpopmaru PMI [6]), Tak u
JNIEKCHKOHBI HA OCHOBE JAPYTHX KOPIYCOB' HCOMb-
30BaIMCh aBTOpamu [7] mns cocTaBiieHuss Habopa
MPHU3HAKOB COOOIICHWIA Il MallMHHOTO O00y4e-
HUsS. ABTOPBI TaKXKe MPUBOJIAT PS TPU3HAKOB, KO-
TOpBIE TO3BOJISIOT OTAEIUTH TOHAIBHBIE COOOIIE-
HHS OT HEHTPANbHBIX’, YTO IOJOKHTEIHHO
CKa3bIBaeTCs Ha padoTe kiaccupuraropa.

Cxoxwii mogxon [8], mpumeHeHHbIH B 2014 1.,
JNIEMOHCTPUPYET MPUPOCT KAUECTBA MPHU UCTIOIB30-
BaHUU aBTOMATHYECKOW TOHAJIBHON pa3METKH CO-
oOmieHni ¢ Uenpl0 o0yueHHs Kiaccupukaropa u
CO371aHUs JOTOJHUTEIHHBIX JEKCUKOHOB. Pe3yib-
TATOM TaKWUX KCCJICIOBaHUI CTaJ0 BTOPOE MECTO
Ha copeBHOBaHUAX SemEval-2014. ABTOpHI TOn-
xoma obygaror SVM-knaccudukaTop Ha O0NBIION
KOJUICKIIUM TBUTOB, Pa3MEUYCHHBIX MOJOKUTEIIb-
HBIMH ¥ OTPHUIIATEIBHBIMH X3IITETaMH U SMOTHKO-
HaMU, TPEICTaBIsAsA TBUTH Kak HAOOp YHUTpaMM U
ourpamMm. OOyueHHE NPOU3BOAUTCS ISl 3aaud
KJIaCCU(UKAIIMK 10 TOHAJILHOCTUA Ha JiBa KJacca:
MOJIOKUTENBbHBIA U OoTpuuareiabHbid. [locime Toro
KaK KjiIacCU(pHUKATOp OOy4eH, U3 TMOJYyUCHHOU MO-
JICJIA M3BJICKAIOTCS Beca CIIOB U Ourpamm. JTH Be-
ca OTpakaroT OOIIYI TOHAJBHOCTh OSTUX YHH-
rpaMM H OHWTpaMM, TOCKOJBKY Kiaccu(HuKaTop
HACTpauBaeT Beca IS PelleHus 3aaul onpeere-
HUs TOHAIBbHOCTH. [1og00HO [6] Ha OCHOBE M3BJIC-
YEHHOTO CJIOBapsl MOPOXKIAIOTCS MPHU3HAKH IS
KJIaccupUKaMd TBUTOB Ha MJaHHBIX SemEval-
2013. Tloka3zaHO, YTO MPENJIOKEHHBIM TOIXOI K
W3BIICYCHHUIO JICKCUKOHA TO3BOJISET YIYUIIUThH Ka-
YeCTBO KJaccH(hUKauy TBUTOB.

B crarse paccMoTpeHo mocTpoeHue kinaccuu-
Karopa Uil PYCCKOS3BIYHBIX COOOIIEHWH CeTH
TBuTTEp C UCTIOIB30BAaHUEM HIEH TTOAX0MI0B [7, 8].
TectupoBanue MoAxoJa OCYIIECTBISETCS Ha JaH-
HBIX cOpeBHOBaHU SentiRuEval-2015/2016 [2, 3].

2. Onucanue nopgxopa

IIpennaraemplii MOAX0A Ha OCHOBE METOJIOB
MAIIUHHOTO OOYYEHHUSI COCTOHMT B CIIEAYIOIIEM.

! CnoBapu oueHounslx cnoB MPQA, Bing Liu, NRC-
Emoticon, Sentiment-140, Mcnonn30Baiuch s 100aBICHUS
MPU3HAKOB B padoTtax [7, 8].

? V4er KOIMYECTBA CIIOB B BEPXHEM PETUCTPE; YYET CJIOB C
OOJIBIIIMM YHUCIIOM TOBTOpCHHS OYKB; MPHU3HAKH Ha OCHOBE
MYHKTyaluu u 7.4 [7].
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[IpenBaputenbHO COOMPAIOTCS HECKOJIBKO CIIOBa-
pel OLEHOYHOW JIEKCUKH, KOTOpbIE BKIJIIOYAIOT B
cebst Kak aBTOMAaTHYEeCKH MOPOKIACHHBIE CIIOBApH,
TaKk W JIOCTyIHBIC PYYHBIC CIIOBapU OLICHOYHOMU
nexcuku. Takne coBapu OOBIYHO COEPIKAT COBO-
KYIHOCTh OLICHOYHBIX CJIOB W BBIPaXKCHUH, KOTO-
PBIM TIPUCBOCH YUCIIOBOW BEC MX TOHAIBHOCTH TaK,
YTO HETaTHBHAs TOHAIBHOCTH COOTBETCTBYET OT-
pHUIaTEeTIHHBIM BECaM, a MO3WTHBHAS TOHAIHHOCTH
— TONOXUTENbHBIM. [Ipu 3TOM, WeM Ooublie Mo-
IIyJTb Beca, TeM OOJIbIIIe BBIPAXKEHHOCTh TOHAIBHO-
ct cioBa. TakmMm oOpa3oM, clIoBa C BecaMmw,
OommkuvMu kK 0, TpeanoiararoTCs MPaKTHIECKH
HEUTpANBHBIMU. OJTH CJIOBapU OYIYyT HCIIOJB30-
BaThCs MpH (OPMUPOBAHUY CIIOBAPHBIX MPU3HAKOB
JUIST MalllMHHOTO OOY4eHMs, T.e. B KadecTBE IMpH-
3Haka OyJeT WCHOJIb30BaThCsl HUACHTU(DUKATOP
cloBapsi ¥ HEKOTOpas 4HCIIOBasl BEIMYWHA, TIOTY-
YeHHas Ha OCHOBE BECOB CJIOB M3 DTOTO CIIOBapA,
YHOMSHYTHIX B COOOIIIEHUH.

B kadecTBe MeTOna MamMHHOTO OOy4eHUs Oy-
JIET HWCTOIB30BaThcst METOA OIOPHBIX BEKTOPOB
SVM, nockoiibKy BO MHOTHX pa0oTax ObLIO MOKa-
3aHO, YTO 3TO JIYYIIUH METOA KiacCu(pUKaIuu
TEKCTOB BOOOINE W KJIACCU(UKAIUU TEKCTOB TIO
ToHANbHOCTH [8, 9]. Ucmomp3yercst peann3ariis
Meroaa SVM B oubnmoreke LibSVM [10].

B nanHO#1 paboTe MCIONB3YIOTCS aBTOMaTHYe-
CKHe€ CJIOBapH OLIEHOYHBIX CJIOB, a TAKXKE BPYIHYIO
CACNMAaHHBIH W  ONMyOJMKOBAaHHBIM  CJIOBaph
RuSentiLex [11].

2.1. ABTOMaTU4YECKOE NOPOXKAEHME
NEeKCMKOHOB

Ji1 aBTOMaTH4eCKOrO TOPOXAEHUS JIEKCHKO-
HOB HCTIONB3YIOTCSI OOJBIINE KOJJICKIIMUA TBHTOB.
Coobuenuss B TBUTTepe 4yacTo conepikaT 3MOTHU-
KOHBI (CMalJIMK{) WM X3UITETH, MPOCTaBIsieMble
MOJIb30BATENAIMU U KOTOpPbIE MOXHO pacKiaccH-
¢UIMpoBaTh KaK IOJIOKHUTENbHBIE WM OTpHUIa-
TEJIbHBIE 110 TOHAJIBHOCTH, HAIIPUMED:

Hanucana pyccxuii 6e3 edunou ouubouxu
#cuacmoe #padocmo

XoTsi majmeKko He BCerjla TOHAJILHOCTh TBHUTA
COOTBECTCTBYCT TOHAJIBHOCTH IMPOCTaBJICHHOI'O
SMOTHUKOHA W/UIH XOUITera, HarpuMmep, n3-3a BbI-
CKa3bpIBacMOM HUPOHHHU, B ICJIOM MOXHO HIPCAIIO-
JIOKHUTB, YTO ITO3UTHUBHEBIC CJIOBA Yall€ BCTPECUAKOT-
Cia C MO3UTHUBHBIMHM SMOTHKOHaAMHM M XOIITCraMu, a
HETaTHUBHBIE CIIOBA — C HETaTUBHBIMH. TakuMm 00-
pa3oM, MOXHO aBTOMAaTHYE€CKH PasMETUTH TBUTHI

Ha OCHOBE 3MOTHKOHOB M XJIITETOB HAa MO3HMTHUB-
HbIC M HeTaTUBHBIC [8].

[MocTpoeHue JEKCHMKOHA MPOU3BOAMUTCSA Ha OC-
HOBE Mepbl MOYEUHOU 83aUMHOU uHgopmayuu [6]:

— P(t;Nt3)
PMI(t,,t;) = log, P(t)P(y) (1)

Takast Mepa OICHUBAET, HACKONBKO # U [
BCTPEYAIOTCS] BMECTE Yallle, YeM, eClii Obl OHU HC-
MOJIh30BAIMCh HE3aBUCHMO JIpYT OT Jpyra. B ka-
4YeCTBE BTOPOTO apryMeHTa f, pacCMaTpUBaeTCs
METKa, KOTOpas OYyJeT COOTBETCTBOBATH OJHOMY
W3 TOHAIBHBIX KJIACCOB, MPOCTABJICHHAS] HA OCHOBE
COOTBETCTBYIOLIUX YMOTUKOHOB U X3IIITEIOB:

o FExcellent — monoXuTeNbHAS TOHATBHOCTE;

* Poor — HeraTUBHAsI TOHAITLHOCTb.

Takum 00pa3oM, OTHOCHUTEIBHO KaKIOrO t;
MOXXHO YCTaHOBHUTH €r0 YHCIOBYI0 TOHAIBHYIO
OPHUCHTAIIHIO:

SO (t) = PMI (t, Excellent)- PMI (t,Poor). (2)

B pe3ynbTare JEKCHKOH CTPOMTCS CIICAYHOIUM
o0pazoM:
S:{(t,S0()) |t € K}. 3)

Ha ocHoBe ommcanHOTO 1MOAX0/a OBIITH COCTaB-
JIEHBI JBA aBTOMAaTHYCCKUX JIEKCHKOHA TPECTaB-
nennbix B Tabn. 1, rne T,,T_ — KoIM4YeCTBO Tep-
MOB C TMOJOXHUTEIHbHOM M HETaTHBHOW OIIEHKOM
COOTBETCTBEHHO, Y — OOIIEE YHCIO TEPMOB B JICK-
CHKOHE.

JlexcukoH [; cocTaBleH Ha OCHOBE KopIyca
cooOmeHnit cetrm  TBUTTEp, MOATOTOBJICHHBIHA
10. Pyouopoii [12] (manee Twitter-corpus). Kop-
myc cobupaics B nepuon ¢ Hostops 2013 no koHma
deBpans 2014 r. ¢ momompo API cetm TutTep.
3a 310 Bpems ObUIO cOOpaHo 15 MJIH COOOIICHUH,
KOTOpPBIC 3aTeM ObLIM OT(UIBTPOBAHEI (HAIPUMED,
ObUIH ymaJeHbl JAYONUpPYIONIMECS COOOIIeHUs), a
TaKkKe KIACCHU(UIIMPOBAHBI HA TOJOXHUTEIHHBIE U
OTpHULIATETIFHBIE HAa OCHOBE COJIEpKAIIUXCS B CO-
0OIIeHnIX SMOTHKOHOB. B HacTosmiee BpeMs KO-
nekius cofaepkut 100 ThIC. TO3UTUBHBIX U CTOJb-
KO JK€ HeratuBHBIX cooOmrennii. B Ta0um. 2
MPHUBEJICHBI IPUMEPHI CIIOB ¢ HauOOJBIIMMH 3Ha-
YEHUSIMU NO3UTUBHOI U HEraTUBHOW TOHAJIIBHOCTH
COCTaBJICHHOT'O JIEKCUKOHA /1.

Tabu. 1. [TapameTps! CO31aHHBIX JIEKCUKOHOB

L] rn [ r [ ¥

L 67441 54049 121490
l, 7370 228721 236091
L, 2774 7148 10668
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Tabn. 2. [Ipumep HamboIIee TOHATBHBIX
TEPMOB JIEKCHKOHA [

TTonmoxurenpHbIE ‘OL[CHKa ‘OTpI/IHaTCHBHHe OreHka

#ynbIOHYIIO +4.71 TEpaKT -6.88
1M03auMCTBOBaTh  +4.42 HEKPOJIOT -6.20
KPYTOTEHB +4.35 TTOTUOIITHIA -6.16
Eeeee +4.35 #emu -5.12
6eciomoOHbIil  +4.21 Tpayp -5.08
Pxau +4.21 KPUTHYECKHH -5.03
ITo3utus +4.21 o4 -4.89

Jlexcuxon [, ObLT COCTaBJIEH Ha OCHOBE COOOIIIC-
HU cetn TBUTTEp, COOpaHHBIX B TEUCHHWE SIHBApS
2016 T. OH ObUT cOOpaH A1 TOTO, YTOOBI OTPA3UTh
HOBYIO JIEKCHKY, BO3MOXXHO TOSIBHBIIYIOCS B TBHUT-
Tepe. CoOOIIEHNsT CeTH H3BICKAINCh C TIOMOIIBIO
Streaming Twitter APF. OmnpezneneHne TOHATBHOTO
KJacca KaKI0ro U3 COOOIICHHH MPOM3BOIMIOCH HA
OCHOBE COJIEpXalUXCs B HEM OMOTHKOHOB. B
Tabm. 3 mpuBeneHb NPHUMEPBI CAMBIX TOHAIBHBIX
TEPMOB COCTaBJICHHOTO JICKCHKOHA /.

Py4Hoii J1eKCHMKOH OlleHOYHBIX cJI0B. CioBa-
pU OIICHOYHBIX CIIOB, CO3JIaHHBIE OSKCIIEPTAMH,
OOBIYHO BKIIFOYAIOT WH(OPMAITHMIO O TOHATHLHOCTH
CJIOB, KOTOpasi aCCOLMUPYETCSI C JaHHBIM CIOBOM
mo ymomdanuto. Takas nH(OpMaIus MOXKET OBITh
MoJIe3Ha B TEX CIy4asX, KOTAa CIOBO OTCYTCTBO-
BaJIO B 00yuJaroIiei BeIOOpKe.

[Moaromy B kadecTBe erie ogHoro ciosaps (/3)
B WCCIICJJOBAHUU WCTIOIB3YETCs OIMyOINKOBAaHHBIN
B 2016 T. croBaph OIIEHOYHBIX CIIOB RuSentilex,
MOPOKJCHHBIN aBTOMAaTHYECKH Ha OCHOBE H3BJIC-
YeHUs WH(GOPMAINH U3 HECKOIBKUX UCTOYHHUKOB, a
3aTeM TPOBEpeHHBIH BpydHYyIO dKcrmepTamu. Cio-
Bapb COJICPXKUT: OICHOYHBIC CJIOBAa M CJIOBOCOYE-
TaHus u3 Te3aypyca PyTes; cieHroBeie clioBa, W3-
BIICUCHHBIC W3 COOOmMIeHW TBHTTEpa; clioBa C
HCTaTUBHBIMHU HJIN IIO3MTHBHBIMU aCCOLMAllUsIMH,
W3BIICYCHHBIC U3 HOBOCTEH (bespabomuya, ungs-
yus). Kaxnas enuanna cioBaps (T.e. CIOBO HITH
CJIOBOCOYETAaHHE) COCTOUT M3 Habopa aTpuOyTOB,
npejcTasieHHoro B Tabu. 4.

B nanHOi# pabote mns MOCTpOEHUs JEKCHKOHA
OBUIH PaccMOTPEHBI TOJIBKO T€ IMHMIIBI CIOBaps,
KOTOpBIE OMKCHIBAIIM CIIOBO (T.€. CIOBOCOYETAHHUS
UTHOPUPOBANUCH). M3 Bcex aTpuOyTOB, MpE/ICTaB-
neHHbIX B Tabi. 4, WCIIONB30BaINCh TOJBKO JleM-
MAmMu3upoOBaAHHAs hopma N MOHATLHOCHb. ATpH-

3 M3 Bcero moToka CoOBLIEHHH HCMOMB30BATICH TOIBKO pyc-
CKOSI3BIYHBIC COOOIICHUS.

Tabu. 3. IIpumep Hanboiee TOHATBHBIX TEPMOB
JICKCHKOHA [,

TTonoxurensHbIe ‘OHCHKa ‘OTpI/II_IaTCHLHbIe Orenka

#badoo +7.23 3TIOCTHBIN -7.62
#happynewyear +4.39 YXyIlIEeHHE -6.18
BBI3IOpOBJICHHE  +3.79 XHBIK -6.10
OoapHIid +3.74 YHKECT -6.03
AKTHBHBIN +3.73 mporuBopeuuth  -5.85
xaxax +3.54 HEepEeLLIEHHBIH -5.81

Ta0:. 4. dopMaT npeacTaBICHHsSI SHMHHUIIBI CIIOBAPS

RuSentiLex

ATpudyT BosmosxHBIE [pumep
3HAYCHHS
Cnoso i ¢paza Crpoka HPECHBIN
Yacts peun Adj, Noun Adj
JlemMaTusupoBaHHas Crpoka IIPECHBII
¢dopma
ToHanpHOCTH positive, negative,  negative
neutral
Hcrounuk opinion, emotion, emotion
TOHAJIBHOCTH fact
OTCBUIKY K ITOHITHSIM Crpoka (BO3MO>KHO .
HeskycHblii

te3aypyca PyTe3 mycras)

OyT TOHAIBHOCTH MPEOOPA3OBBIBANICA B UUCAOGYIO
monanvnocms (-1 — negative, 0 — neutral, 1 —
positive). TIocKOJBKY HEKOTOpBIE CIIOBa MOTYT
OBITh TMPEICTABICHBI B HECKONBKHX DPa3IHYHBIX
TOHAIBHOCTSX, TO OyJeM paccMaTpHBaTh TOJBKO
TE U3 HUX, TOHAJBHOCTh KOTOPBIX OMpEeIeHa O/
HO3HAYHO B PaMKax BCErO CIOBAPS.

B  pesynabrare, cmucok map  {(J1eMMa,
YKCJIOBasi TOHAJIBHOCTb)  00Opasyer pe3yJibTH-
PYIOILMIA TEKCUKOH 3, 00bEM KOTOPOTO COCTaBIIs-
et okoio 10 teic. cioB (Tabm. 1).

2.2. ObpaboTka coobLeHmi

[pornecc 06paboTKH COOOIICHH KOJIIEKITUU
COOOIIICHUI COCTOUT U3 CICAYIOMNINX ATAIOB:

1. Jlemmartu3anusi CIIOB COOOIICHUH C IENBIO
TOJTyYeHHNs CIIHCKA TePMOB”;

2. VYnaneHue w3 COOOIIECHUS CIEIYIONTNX Tep-
MOB: CHUMBOJBI «PeTBHuTa» (TEpMBI CO 3HAUCHHEM
«RT»), nmena nonb3oBatenei cetn TBuTTEp (TEp-
MBI ¢ npedukcom «@»), URL-agpeca. Takum
00pazoM, MOMHUMO CJIOB €CTECTBEHHBIX SI3bIKOB B
COOOIIEHUH OCTAIOTCS TOJIBKO #X3IITETH;

* Ucnonsayercs naxer Yandex Mystem:
http://tech.yandex.ru/mystem/

CKYCCTBEHHbIA UHTENNEKT W MPUHATUE PELEHWN 212017



H.J1. PycHaueHko, H.B. ykawuesuy

3. 3amMeHa HEKOTOPHIX OWUTpaMM M yHHIPaMM
Ha TOHaJIbHbIC IPedUKCH. [l BBIIOTHEHUS 3TOTO
JTamna, UCTOIb3YyeTCs MPEIBAPUTENBHO COCTaBIICH-
HbIA cUcoK map Dipne = (t,S), TAet — Tepm, a
S — ToHanmbHas OleHKa («+» mimu «—»). Ha atom
JTarne A KaXIoro Tepma t; cooOILIeHus m Tako-
r0, 4TO t; € D¢one BBINOJIHAETCS 3aMEHA HA COOT-
BETCTBYIOILYIO OIIGHKY S, KOTOpas CTaHOBUTCS
npedukcoM creayromero Ttepmat;,q. Illpumep
npeoOpa3oBaHus (CIHCOK HKCIOJIB3yEMBIX CIIOB H
CIIOBOCOYETaHMH mpuBeaeH B Tab. 5):

m YUCIA KTUEHMO6 Modicem npueecmu
K CHUMCEHUIO Kadecmea 06Cﬂy9fcu6aHu}l
+yucna KiueHmoes moocem npueecmu
K - Kauecmea O6Cﬂy3fcu6(lHu}l

4. Kaxnoe coOOIeHNEe TMPEICTaBIAETCS Kak
BEKTOp TEPMOB; B KaueCTBE MEPHI BECOBBIX KOI(-
¢unmeHToB ucnons3yercs tf-idf:

tf —idf(t,d,D) = tf(t,d) - idf (t, D), (4)
raet — TepM; d — DOKYMEHT 3JIEMEHT KOJUICKIIMU

BceX JIOKyMeHTOB D; ¢yHKuus tf omnpenenser ua-
cmomy ecmpeyaemocmu TepMma t B JOKyMeHTe d:

tf(t,d) = = (5)

lal’

I[lon idf ToHUMaeTCsI uH8epMUPOBAHHAA
yacmoma mepma B KOJJICKIUHU JTOKyMEHTOB. Uem
Oonpie 3Hauenue idf(t,d), TeM BBIIE YPOBEHb
«YHUKQJIIBHOCTU» TepMa t B KOJUICKIMU TOKYMEH-

TOB D:
|D|

idf (t,D) = log 1= o

(6)

[ToMUMO TEpPMOB, COCTaBJIAIONIMX BEKTOP CO00-
IEHUSI, BRIYUCIISFOTCS eIlle CIEAYIOIINe MPU3HAKM:

® Ha OCHOBE 4YHCIa TOHAJIBHBIX MPEe(UKCOB:
E, —E_, tne E, — uucno npedurcoB «+»; E_ —
YUCIIO IPEPUKCOB «—»;

® [OJICYET KOJMYECTBA TEPMOB, 3aITMCAHHBIX B
BEPXHEM PET'MCTPE [7];

® [OJICYET YHWCJIAa 3HAKOB TpENUHAHUA: «?»,
«, «I» [T7].

2.3. CnoBapHble NPU3HaKuU NpeacTaBneHus
coobLweHus

Ha ocHoBe HMMEIOIIMXCS JCKCUKOHOB OI[EHOUY-
HBIX CIIOB BBIYHUCIIAIOTCS HECKOJIBKO MPHU3HAKOB
coobOmenuit. Ilycte L — MHOMXECTBO COCTaBJICH-
HBIX JIEKCMKOHOB, TOIJa OTHOCHUTEJILHO KaXXI0I'0
nekcukona lj € L myist cooOuieHus: m, BEIYUCIIAIOT-
Cs TIPU3HAKHY:

N
Xy = Z L), Xpmin = ir=n1i..r11v Li(ty),
i=1

Xmax = Ela)l\(l i(t), rnet;€m

(7

Ecnmu tepM t; OTCyTCTBYET B JIEKCHKOHE, TO B
Ka4yecTBe ko3 dunmenta  paccMaTpuBaeTcs
l;(t;) = 0. Ecim y tepmat; mpUCYTCTBYET TO-
HaJIBHBIN TIPEPHUKC «—», TO paccMaTpUBaeTCs 3Ha-
YECHUE OLEHKU TOHANBHOCTH —; (¢;).

O0603HauNM X, — 3HAYEHHE JIIOOOr0 MPHU3HAKA
Ha ocHOBe JiekcukoHa (1). g momydeHus OKOH-
YaTeJIbHBIX 3HAYEHUH MPU3HAKOB, HPUMEHSACTCS
HOpMaJM3anusl TONMYyYEeHHBIX 3HAYCHWH B Juaria-
3oHe [—1,1] Ha ocHOBe mpeoOpa3zoBaHus:
s=1—ell x, >0
{s —(1 — e""'), x, <0

(®)

Tab6u. 5. ClIMCOK HCIOJIB3YyEMBIX CIIOB U CJIOBOCOYETaHUH, UCIIONb3YEMBbIX JUIS 3aMEHBI
Ha TOHAIBHBIE MIPEPHUKCHI «+)/«—»

TlonoxxurenbpHbIe

OTtpunarenbHble

Abconomno, abconomuvlil, Oe3yMHO, 0e3)CN06-
Hblll, GecbMda, 6Ce 6peMs, @blpacmu, 20pasoo,
OUKUM, JICYMKO, JICYMb KAK, 3AMEMmHbIUL pOoCcH,
3anpedevbHblll, 3anpocmo, 3HAYUMENbHbI, U30bl-
MOK,  KOJIOCCAbHO,  KpatiHe, ~MACulmabHOCb,
MAcuimabHblll, MHO20, HAMHO20, HAPACMAHUE,
HACMONLKO, He NpOCMO, HeBeposimHoO, HegooOpa-
3UMBIL, HEMBICTUMDBIL, HeoOLIYAUHO, Hem HUKAKOU,
0CODEHHO,  OCMpbIl,  OYeHb, NO-HACMOSUEMY,
nOGbIUAMY, NOBbIULEHUE, NOJHbIL, NOPSIOOYHO,
npoCcmo, pocm, CULbHetuull, CUTbHO, COBEPULEHHO,
coscem, yBenuuums, YCUIUNb, IGHbLI

bes, oadxce ecnu, sanpem, sawuma om, uzba-
sumbcs, uzbasneHue, UMUMUPOBAMb, KOHel,
JuKeudayus, JUKBUOUPOBAMD, JUUAMb,
JUAMbCSL, TUWUMb, He, HeOOCMAMOYHO, HElb3sl
Ha3eamv, Hem, HUKAKOU, Huue2o, O0Ciabum,
ocnabnams,  OCmMpull, OMCYMCmeue, Omcym-
€cmeoeamv, naodeHue, NepeceKamv, nepecmamy,
nomeps, npeoooaeHue, NPOMUBOOeNUCmMBO8aANDy,
paspyuiams,  paspyulenue, paspyuiuims, CHu-
JHCAMBCA,  CHUdICEHUE, CHUMAMb, CHAMb, CNAo,
Mepsimb, YMEHbUAMb, YMEHbUEHUE, YMEHbULUMD,
ympama, ympamums, Ympaiueams, sikoovl
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2.4. TeKCTOBbIE KONNEKLMK

st o0yuenus: knaccu(puKaTopa UCHONb3YIOTCS
COOTBETCTBYIOIIME KOJUISKIIMU JAHHBIX COPEBHO-
Baamii SentiRuEval 2015 u 2016 T., KOTOpHIE CO-
JepKaT TBHUTHI, OTHocsmmecss kK Oankam (bank)
U TEIEKOMMYHUKAIIMOHHBIM KoMHaHusM (tcc). B
Tabn. 6 N,, Ny, N_ — 9rcio cooOIIeHnH MOI0XKHU-
TETHHOTO, HEUTPATHFHOTO W HETaTHBHOTO KJIACCOB
COOTBETCTBEHHO; Y. — OOIII€e YUCIIO COOOIICHUI B
KOJUIEKITUH.

[TockonpKy B IpeOCTaBISIEMBIX JAHHBIX YHCIIO
TOHANBHBIX COOOIICHWH CYIIECTBEHHO YCTYyIaeT
00BbeMy Kilacca HEHTpaJIbHBIX COOOILEHHH, TO HO-
MOTHUTENFHO OBUIa CO3[aHa COANAHCUPOBAHHASA
obyuarowasn rkonnexyusi. B pabore [9], npumeHn-
TeNBHO K Kiaccugukaropam Hausnozo baiieca n
SVM, oTmedaeTcs CyIIECTBEHHBIH MPUPOCT Kaue-
CTBa IIPH HCIIOJIb30BaHUH KOJIIEKINI cOaTaHcupo-
BaHHOTO THIIA.

s pemieHns TOAOOHON 3aa4H BOCIIOJIB3yEM-
csl yIIOMSHYTBIM paHee KoprycoMm Twitter-corpus’,
B KOTOpPOM Ka)XI0o€ COOOIIeHHE aBTOMATHYECKH
pacmpefefieH0 B OAHY W3 TOHAJIBHBIX TPYII:
positive 1 negative. JlJis ocTpoeHUs cOaTaHCHPO-
BaHHOW KOJUIEKIIMH TpeOyeTcsi CyIIECTBEHHO
MEHBIIEE YHCIO COOOIIEHHH, YeM MpearaeTcs B
TOHAJFHOM KopItyce. B cBsi3u ¢ »THM, BeIOEpeM
HeOOIBIIoN Habop Hanboiee YMOIMOHAIBHBIX CO-
OOIIeHMIA:

® IMyCTh MMEETCS JIGKCUKOH [, nocmpoeHHblll
Ha ocHoBe Twitter-corpus i onpeneneHus Cruc-
Ka HauboJiee IMOIMOHATBHBIX TEPMOB;

e coo0meHue mOyaeM CUHTaTh Hauboaee
IMOYUOHANBHBIM, €CIT JUIA HETO BBITIOJHEHO ClIe-
Jytolliee yciIoBue:

max;=1.yl(t;)| > B, 9

rae B —moporoBoe 3HaueHue; t; — TEPMBI cOOOIIIe-
Hus m; N — o01miee KOJIMIecTBO TEPMOB B co00TIIe-
HUH M.

Takum oOpa3oM, ObUTH cOalaHCHPOBAHBI KOJI-
JIEKIUH, omucanHeie B TaoOum. 6. Ilapamerpsr mo-
MOJTHUTENIFHO COCTaBJICHHBIX KOJUICKIHMH Tpe.-
craBnensl B Tabxn. 7, toe Ny, Ny, N_ — pasmep
KJlacca KOJUIEKIUHU (TIOJIOKUTENFHOTO, HEWTpallb-
HOr0, HEraTMBHOI'O COOTBETCTBEHHO); Y, — 00IIee
YHCIIO COOOIIECHUN B KOJUICKITHH.

5
Kopmyc KOpOTKHX TEKCTOB Ha PYCCKOM S3bIKE Ha OCHOBE
«tocToBy» cetn Twitter: study.mokoron.com

Tabn. 6. Oby4aromye KOJIeKIHN

HasBanne ’ N, ‘ N, ‘ N_ ‘ >
Lo 356 3482 1077 4915
I, 956 2269 1634 4859
138k 1354 4870 2550 8783
2 704 6756 1741 9102

tcc

Tabx. 7. CoanancupoBaHHBIE 00YJAIONTHE KOJICKITHN

Hasganue ‘ N, ‘ A ‘ N ‘ ¥
Bid .« 3400 3400 3400 10400
B, 2269 2269 2269 6888
BiS.k 6756 6756 6756 20268
BLS. 4870 4870 4870 14610

Tabi. 8. DTaloHHBIE TECTOBBIE KOJIJIEKIINH,
MPEIOCTABIICHHBIC OPraHU3aTOPAMHU

Ha3zBanwne ‘ N, ‘ N, ‘ N_ ‘ )
BANK; 5 348 3548 668 4564
TCCys 399 2601 916 3916
BANK, 312 2240 772 3324
TCCyq 226 1016 1054 2296

OOyueHHasT HA TaKUX KOJUIEKIHUIX Kiaccugu-
KallMOHHAsE MOZEJIb IPHMEHSIETCS K MeCcmogblM
Oannvbim. TecTOBBIC KOJJICKIIUH COJEpXKAT Hepas-
MEUYEHHBIC COOOIIEHUS, OTHECCHHBIC M0 YMOJ4Ya-
HUIO K HEHWTpaJbHOMY Kiaccy. Takum o0pazom,
KJIaCCU(PHUKAIIMOHHOW MOJEIN TpeOyeTcs Bhlle-
JIUTH U3 3TUX COOOIIECHUN TOHAILHBIE COOOIICHUS
W MPOCTABHUThH COOTBETCTBYIOIIHIA KIacc.

IIpoBepka MOAEIH OCYIIECTBISIETCS C ITOMO-
MBI 9manouHblX Koanekyuti. OHU HAXOIATCS B
OTKPBITOM JOCTYIIE Cpa3y MOCJe OKOHYAHHUS MpPO-
BeleHUsT copeBHoBaHWi. B Tabm. 8 mpuBomsarcs
XapaKTEPUCTUKU ITAJIOHHBIX KOJIICKITHH.

3. TectupoBaHue nogxona
Ha AaHHbIX SentiRuEval

KadecTBO pabOThl MOATOTOBICHHBIX MOJCINEH
OIICHUBAETCS Ha OCHOBE F'| MEPBI:
P-R
P+R

F,=2- (10)

Takast Mepa NO3BOJISIET OJTHOBPEMEHHO YUYMUTHI-
BaTh PE3yJbTAThl CICAYIOUUX I[MapaMeTPOB OTHO-
CHUTEJIBHO HEKOTOPOTO Kiacca:

® TOYHOCTH (Precision) — KOJIWYECTBO COO00-
IICHUN, KOTOphIe KiIacCU(UKATOp TMPABUIBHO
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Tabm. 9. HacTpoiiku BeKTOpH3aluU COOOIIECHIHA

3Hak "X" moka3pIBaeT UCIOJIb3yeMble IPU3HAKY B KaX 101 MoaeIn

Mogens | Tepmst Hon. npu- e - L - < -
SHari I il e DT s vl e D ol .
1 X
2 X X
3 X X X
4 X X X X
5 X X X X X
6 X X X X X X X X X X X

OTHEC K JTAJIOHHOMY KJIAcCy, MO OTHOIIEHHUIO KO
BCEMY 0O0BEMYy COOOIICHHMIA, ONMPEACICHHBIX CH-
CTEMOM B 3TOT KJacc;

e monHoTa (Recall) — KOTUYECTBO COOOIICHIH,
KOTOpbIEe KJIacCU(PHUKATOp MPaBHIBLHO OTHEC K JTa-
JIOHHOMY KJIacCy, IO OTHOIIEHHIO K KOJIMYECTBY
BCEX COOOIIEHU 3TaTOHHOTO KJacca.

B cnywae, xoraa HeoOXOAWMO OICHUTH Kade-
CTBO pabOTHl MO METPHKE F; OTHOCUTENFHO He-
CKOJIBKMX KJIACCOB, TO IIPUMEHSIOTCS YCPEAHEHUS
Mephl. PaznuuaroT MHKpPO- U MakpOyCpeIHEHHUS.
Jns BeiunciaeHus ycpeagHeHHod F; mepsl ompene-
JSIFOTCS [TapaMeTpPhl TIOJIHOTHl ¥ TOYHOCTU C COOT-
BETCTBYIOIIUM YCPEAHEHHEM OTHOCHUTEIILHO MHTE-
pecyromux Hac KIaccoB.

MakpoycpeaHeHre MpuaaeT OJUHAKOBBIA BeC
KaXIOMy M3 YCPEIHSIEMBIX KJIacCOB, B TO BpEMs
Kak MPH MUKPOYCPEJHEHUH BEC yYUTHIBACTCS Ha
OCHOBE YHclia TOKYMEHTOB B Kiacce. IIpu ucnosns-
30BaHUU F|-MaKpO CMEILEHUE CPEIHEr0 3HAYEHUS
OyZeT MpOM3BOAMTHLCS B CTOPOHY TOT'O Kiacca, JUIs
KOTOPOTO KiaccupukaTop cpabotan myume. B To-
JKe BpeMsl, IPU UCIOJIb30BaHUU F;-MHUKpO, cMellie-
HUe OyJeT MPOW3BEICHO B CTOPOHY HAMOOIBIIIETO
kimacca [13].

B nmanHO#N 3ajmaue Hac HMHTEpECyeT KayecTBO
OIIpeIesIeHHs] TOHAIBHBIX TBUTOB, T.€. COOOIIEHUH
COOTBETCTBYIOLINX MOJOXKHUTEIbHOMY (Positive) n
oTpunarensHoMy (Negative) kiaccaM. bynem pac-
CMaTpHUBaTh PE3yJbTATHl C Makpoycpeonenuem Fj
mepuot (7):

PN pPN
Fi Smacro = 2

macro
PN PN
Pmacro + Rmacro

'Rrellgcro (11)

B TectupoBaHuMM y4yacTBYIOT TIPOXOIBI C
HACTpOWKaMH, TpejacTaBieHHbIME B Tabm. 9. Bcee
MPOXOJBI OYIyT OMHOBPEMEHHO MPOTECTHPOBAHBI
B nByXx oOmactsax: BANK — oT3wiBEI 0 0aHKax,
TCC — OT3BIBBI O TEIEKOMMYHHUKAIIMOHHBIX KOM-
MMAHMAX.

3.1. TecTMpoBaHue Ha AaHHbIX
SentiRuEval-2015

Paccmotpum kauecTBO paboThI Kinaccu(prKaIu-
OHHBIX MOJIeNIed KaXXJ0ro M3 MPOXOJO0B ISl KOJI-
nekuuii BANK ;s u TCC)s nmansweix SentiRuEval-
2015 B 3aBUCUMOCTH OT THIIa OOydYaromied Koui-
nexkmmu (I — HecOamaHCHPOBaHHOU, B — cOamaHCH-
poBaHHOI). Pe3ynbTaThl NMPOBEAECHHOTO TECTHPO-
BaHus 3adukcupoBanbl B Tabn. 10, rae >KupHBIM
mpru(TOM OTMEUEHBI JTyUIlIie Pe3yIbTaThl OTHOCH-
TEJIbHO Ka)XXJ0#l 3amaud. Pe3ynpTaThl [ moydeHb
HA UCXOIHBIX 00YYarONIMX KOJUICKIUAX, Pe3yIbTa-
Thl B — Ha cOanaHCUPOBaHHBIX.

IIpu npumeHeHHM TPEACTaBIEHHOIO IPoxoja
MOYXHO BHJIETh, YTO, HE3aBHCUMO OT THIIA TECTH-
pyeMoil KoJUleKIuu, M00aBJICHHE NPU3HAKOB Ha
OCHOBE JICKCMKOHOB CTAa0WJILHO IOBBIIIAET Kade-
cTBO Kinaccupukanuu. Tak, HayuMHas C MPOX0Ja
Ne3, Habmrogaercs NpUPOCT KavuecTBa.

HaubGonpmmit pe3ynbraT JOCTUTAETCs B IIPOXO-
nme Ne6, rhae mo KaxkaoMy Hu3 JISKCHKOHOB Taom. 1
BBIYHCIIAIOTCS BCE NPHU3HAKUA: CyMMa, MHUHUMYM
U MaKCHMyM TOHAJbHOW OIIEHKH CJIOB B COOOIIe-
Huu. JloOaBieHHE TMOCICAHUX IBYX IPH3HAKOB
B BEKTOPH3AIHUIO COOOIICHUN H3MEHWIO PE3yIbTaT

Tabu. 10. Pesynwsraret FEY, ..., TecTUpOBaHus
Ha koyekuuu SentiRuEval-2015

BANK 7CC
Ne 1 B 1 B
1 3670 4193 4610 45.67
2 3804 4178 4691 4530
34032 4280 4782 46.97
4 4141 4275 4912 4756
5 4128 4331 4910 4741
6 4221 4556 5012 49.11
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KagectBa Ha +2.25 mgna xonneknwu BANK, m Ha
+1.02 nns xomnekuuu TCC, ecau cpaBHUBATH C
mpoxoaoM Ne5.

Ecnmu mpoananusupoBaTh pe3yibTaT C TOYKH
3peHusl BIUSHUS OaNTaHCUPOBKH, TO 3/eCh OHa
yAydllldia pe3yjabTaThl s Komiekuun BANK.
CpenHuil HmpHPOCT MO KAKAOMY MPOXOAy, NpHU
CpaBHEHHUU pe3ynbTatoB [ ¢ B, cocrasun +3.02.

Teute! koimekmuy TCC  KmaccuUITIPYIOTCS He-
CKOJIBKO JTyuliie. Ta 0COOCHHOCTh OTMeuaeTcst B [1],
4TO OOBSCHSIETCA yXYALICHHEM CHTyallud Ha YKpa-
WHE B TIepHo]T cOopa COOOIIeH I ISl TECTOBOM KOJI-
nekuy BANK xotopasi BbI3Basia mMpobiieMbl B pado-
Te OaHKOB, YTO MPOSBHIOCH B COOTBETCTBYIOLIEM
MOTOKE TBUTOB. Tak, HallpuMep CIIOBO «CaHKIIHM
YacTO HECET HETaTUBHBIM XapaKTep B TECTOBOW BbI-
Oopke, B TO BpeMsi KaKk B OOydYaromieil KOJUICKIIUH
AQHAJIOTUYHOE CIIOBO SIBIISIETCS HEUTPATIbHBIM.

Ecnu cpaBHUTH Jyuluii OJTy4YE€HHBIN B TaHHOU
CTaTbe pe3yJbTaT C pe3ylbTaTaMH YYaCTHHUKOB
copeHoBauuit SentiRuEval-2015° (Ta6n. 11), To
HAWITYYIINA pe3yIbTaT CPelIy yIaCTHHUKOB IO MET-
puke FFN. .cro Ha Komtexkuuu BANK s cocTapisier
35.98 (yuactauk Ne4), a misa komtekuuu TCChs —
48.04 (yuactauk Ne3). Takum oOpazom, TEeKyIuii
MPOXOJ JOCTHT JYYIIEro pe3yjbTara Mo CpaBHe-
HUIO C pe3ylbTaTaMH YYacTHUKOB SentiRuEval-
2015. CpaBHuBas Jy4IIMH pe3yJbTaT COPEBHOBA-
HUS ¢ mpoxosoM Ne6, MOKHO BHUJETH, YTO OTPHIB
MPEUIOKEHHOTO TPOX0/la OTHOCHTEIBHO MOOean-
tens SentiRuEval-2015 no merpuxe FIN. . .o co-
craBiasgeT +9.58 mna 3agaun BANK, n +2.08 mua
samaun TCC.

3.2. Yyactue B COpeBHOBaHUAX
SentiRuEval-2016

B suBape 2016 1. copeBHOBaHUS MO0 TOHAIBHOMN
knaccuduranuu coodmenuii cetn TBurrep ObLTH
MpoIOJDKEHBI. B KadecTBe obOnacTeidt Takxke OBLTH
BBIOpaHBl COOOIIECHHsSI 0 OaHKax M TEJICKOMMYHH-
KallMOHHBIX KOMMAaHUIX. TecTOBBIE KOJUIESKIIUU
BANK; ¢ u TCCyg cOCTaBISIUCH B TIEPUOJI C CEH-
T6ps 2015 u no navana 2016 r. (Tab:x. 8). Takum
o0Opa3omM, mMesi Bech HaOOp HEOOXOIUMBIX KOJI-
JMEKIUH 711 TeCTUPOBAHUS, PACCMOTPUM PE3yilb-
tatel (Tabm. 12), KoTOophle OBUTA TONYYCHBI IPH
MPUMEHEHUH Pa3HbIX poxoaoB Taom. 9. s o0y-

6 Pe3ynbrarsl yuacTHHKOB copeBHOBaHHMH SentiRuEval-2015:
https://docs.google.com/spreadsheets/d/
11IxGFhGO4zS5t356FePIMdIQ51U6-tkpetoOzoXpGLPs/edit#gid=0.

Tabx. 11. CpaBHeHHE JTydIIHX TPOXOAOB YYACTHUKOB
copeBHoBanuit SentiRuEval-2015
C OIMCAaHHBIM B CTAaTbHC MPOXOA0OM

v BANK ICce
AT F:f)—Nmacro Ff—Nmicro Ff—Nmacro Ff—Nmicro
1 29.86 32.26 34.19 38.0
2 33.54 36.56 48.29 53.62
3 - - 48.04 50.94
4 35.98 34.30 46.70 50.60
8 32.76 34.32 38.43 42.83
9 - - 35.27 37.65
10 35.2 33.70 44.77 52.82
CTaThs 45.56 51.36 50.12 54.41

JeHus Kiraccudukaropa ObUIM pacCMOTPEHHBI He-
cOanancuposanubie (/) u cbanancupoBaHHbIe (B)
Bepcuu 2016 r., mpeacrasienHsie B Tabdn. 6 u 7.

B pesynbrare MOXHO HabOIIOIATh CXOXKYIO Kap-
THUHY, 4To U B npoxone 4. Bo Bcex 3amavax
HaOIIoaeTcss PocT Pe3yibTaToB, €CIH YBEIUYH-
BaThb YHCJIO NPU3HAKOB HA OCHOBE JIEKCUKOHOB
(mpoxomsr 3 — 6).

[Ipu TectupoBanuu Ha 3amaue BANK, makcu-
MaJIbHBIH pe3yibTaT HaOnromaercs B mpoxone 0,
u cocrapiser FFN, ... =51.73. Kak u B TecTu-
poBaHMM Tpoxoja 4, pe3yabTaT MOCIEIHEro AaeT
cpemnmii mpupoct B +1.6 Ha KoUieKIuu | ©
B+3.0 mpu oOyueHun Ha B mpu cpaBHEHHHU C
npoxojamu 3 — 5.

Just 3agaun 7CC cutyanus B IETIOM aHAJIOTHY-
Ha OAQHKOBCKOH KOJJIEKIMH, 32 HCKIIOYCHUEM
TOTO, YTO YyTh JIyYIIWH pe3yJabTaT AOCTUTACTCS B
npoxoge Ne5, tme F{N. e = 52.90, uto Ha
+0.27 myume pe3yapTara MOCIEAHEr0 MPOXO/a.
B urore, pesyaptat npoxona Ne6 B ouepeaHoi pa3
MOKAa3bIBAET MOJIE3HOCTh MPUMEHEHHS HECKOJIBKUX
pa3HBIX MPU3HAKOB HA OCHOBE JIEKCHKOHOB.

Ta6mn. 12. Pesynbratsl F{N,, ro TECTHPOBaHHUS
Ha xoyutekimu SentiRuEval-2016

BANK TCC

Ne I B I B
| 4877 4553 4832 5090
2 5024 4736 4948  50.69
3 5028 4753 4890 51.95
4 5045 4713 4931 5272
5 4972 4699 5055 52.90
6 5173 5025 51.66 52.63
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CpaBHMBas pe3ynbTaThl NPU HCHOJIb30BaHUU
PasHBIX THUIIOB OOYYaroLIMX KOJUIEKLUH, NPUPOCT
MOXXHO HaOmronaTh Ha 3amade 7CC. Ilpu ucmonb-
30BaHUM BepcMU B oH cocraBmser +2.26
B CpEeIHEM I KaXKIOro MpoxoJa MpU CpaBHEHUHU
¢ [I. lnsa 3agauu BANK cutyanus oOpartHas, mo-
CKOJIBKY Pa3HOCTb B CPEIHEM IO KaKJIOMY U3 MPO-
XOJI0B Ka4eCTBO NMpH OOy4YeHUH Ha Bepcusix B u [
cocraBser 2.73.

B cnenytomem paszgene paccMOTPHUM, HACKOJIb-
KO U3MEHHTCA 3Ta pa3HHIla mmocje HacTpoiku SVM
KiaccudukaTopa.

3.3. U3ameHeHune HacTpoek
SVM knaccudumkatopa

PaccmoTpuM OuHAMUKY W3MEHEHHS pe3yibTa-
TOB, B 3aBUCHUMOCTH OT BEJIMYUHBI OTCTYyNa IJIs
pasnmeneHus kimaccoB SVM kmaccudukaropom. B
nakere LibSVM oTcTynm u3MeHsieTcsi Ha OCHOBE
napametpa C.

Ha Puc. 1 nokazanbsl pe3ynbTaTbhl NPOrOHOB C
M3MEHEHNEeM 3HaueHHs IapameTpa, OTBEHAOLIETO
3a BeNMuuMHy oTcryna B auanasoue [0.1,1] ¢ ma-
rom 0.1. Panee, pesynprarer Tabmn. 12 ObutH mOITy-
YeHBl NP MAaKCHMaJbHOM 3HAa4YCHHH IapameTpa
B paccMaTpHBaeMOM JuanasoHe, T.e. npu C = 1.

F-macroineg, pos)

02 03 04 05 06 07 0B D8 1

SWM 'Cosl’ Parameter Value

a) TCC, I

F-macrofneg. pos)

1 02 03 D4 05 06 07 08 08 1

SYM ‘Cost’ Parameter value

¢) BANK, I

Jlydmme pe3ynbTaThl MO KaKAOMY OBUIM BBIHECE-
Hel B Tabm. 13.

CpaBHUBasE pe3yJbTaTbl OTHOCHTENBHO HCIOJb-
30BaHMS Pa3HBIX TUIIOB 00YYAIOIINX KOJUICKLIUM, IS
HecOanancupoBaHHBIX ~ Koimiekmmii  (Puc. 1, a, ¢)
MOJKHO HaOI0aTh PE3KUi Craj MpU HCIIOJIb30Ba-
HUM Majoro 3HadeHus napamerpa (C < 0.4). Uro
KacaeTcsi BCEX PE3yJIbTaToB, TO IOJIOKUTEIbHBIH
s ekt ot moOaBICHNS MPU3HAKOB HA OCHOBE JICK-
CHUKOHOB cOXpaHseTcsi. B OOJbIIMHCTBE cly4yaeB
JMYUIIM{ pe3yabTaT JOCTUTraeTcs npu noaxoae Neb,
YTO MOXXHO Obulo Habmomats B Tabm. 10 u 12.

Ta6n. 13. Haunyuruue pe3ynbTatel FEY pero
JUISL KOKI0H 331241 TI0 KaXKI0MY U3 TIPOTOHOB.
Kpome Toro dukcupyercs 3Hadenue napamerpa Cost,
OpH KOTOPOM JOCTUTACTCSI TAKOW pe3ysIbTaT

BANK 7Cce
Ne I /cost ‘ B /cost I/cost ‘ B/cost
1 48.93p6 46.7103 48.5707 53.500:2
2 50.6906 47.3305 49.48x0 53.31n0s
3 51.2bps 48.00/06 49.56/05 53.46/04
4 51.52p0s 48.43p0s5 49.840s 54. 2504
5 51.33p07 48.390s5 50.55/10 54. 2605
6 52.820.7 51.5007 52.0206 55.46/0.3

F-macroneg, pos)
o
5
§

1 02 03 D4 05 06 07 08 08 1
SYM 'Cost’ Parameter value

b) TCC, B

F-macrofneg. pos)

039 BANK_0L ——
038 BANK_D2

037 BANK_D3

0.36 BANK_D4 =
035 BANK 05

034 BANK_DE —s—

1 02 03 D4 05 06 07 08 08 1

SYM ‘Cost’ Parameter value

d) BANK, B

Puc. 1. Bmusane napamerpa mrpaduoit pyakmmm SVM knaccudukaropa (C) Ha pe3ynbTaTsl IPOTOHOB
s 3agad TCC u BANK SentiRuEval-2016 Ha pa3Hbix o0y4aronux koutekuusx (I/B)
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Haubonbmuii OTphIB TAKOTO MOAX0Aa OTMEYACTCS
Ha Puc. 1, d. KpuBeiMu Ha rpadukax 0003HAYEHBI
IMpoOXoakl, HOMEpa KOTOPBIX COOTBETCTBYIOT
HacTpoiikam Tabn. 9. 3HaueHue mapamerpa u3Me-
psioch B ipeaenax [0.1,1] ¢ marom 0.1.
[MocMoTpeB Ha pPabOTy KIACCH(PHUKAIMOHHBIX
MoOJIeNiell ¢ TOYKH 3pCHUS W3MCHEHHS HACTPOEK,
MOXHO PEKOMEHJIOBaTh HCIMOJB30BAHHUE JIEKCHUKO-
HOB JUIS COCTaBIICHHUS JIOTIOJTHUTEIBHBIX TIPH3HAKOB.

3.4. CpaBHeHMe ¢ pe3ynbTaTaMi Y4aCTHUKOB
TectupoBaHusa SentiRuEval-2016

Ha SentiRuEval-2016 kauectBo Kimaccuguka-
LMY TECTOBBIX KOJUIEKIUH OLIEHHWBAJIOCH IO MHK-
po- u makpoycpeanennio V. W3 Bcex monyue-
HBIX pe3yiibTaToB’ B TaGn. 14 BKIIOYEH ITydImwii
pe3yabTaT KaXkKA0Tr0 yYacTHHUKA.

IIpoxon, paccMOTpeHHBIN B TaHHOH CTaThbe, Te-
crupoBainics nog Nel. Ilocine okoHUaHUS TECTUPO-
BaHMS OBUT MpOJENaH PsA YIydIIeHHH: go0aBie-
HHUE MPU3HAKOB MaKCUMyMa/MUHHUMYyMa Ha OCHOBE
JIEKCUKOHOB, M TIPOM3BElE€HAa HACTpPOWKa KIacCH-
¢ukaropa. PezynpTaroM TakMX yIy4IIEHWH CTal
pesynbTaT npoxoaa Ne6 (Tabs. 13). DroT pesyinb-

TaT C JONOJHMUTEJIbHO BBIUUCICHHOM Mepoi
PN
Fi Cmicro OBUI 100ABIIEH K CPABHEHUIO C yYaCTHH-

kamu B TaoOim. 14. OnmcaHne MOAXOI0B Y4YacTHH-
KOB COpeBHOBaHHUH MpezacTasieHo B Tabm. 15.

Tabn. 14. CpaBHEHHE JTy4IINX IPOTOHOB YYaCTHUKOB
copeBHOBaHu# SentiRuFEval-2016 ¢ onucaHHBIM
B CTaThe IPOXOI0M

v BANK Ice
HACTHIE Flp—Nmacro Ff—Nmicro F1P—Nmacro Ff—Nmicro
1 46.83 50.22 52.86 66.32
2 55.17 58.81 55.94 65.69
3 34.23 3524 39.94 39.94
4 37.30 39.67 49.55 62.52
5 38.59 46.40 34.99 40.44
6 23.98 31.27 3545 52.63
7 47.10 51.28 48.42 63.74
8 44.92 47.05 48.71 57.45
9 51.95 55.95 54.89 68.22
10 46.59 50.53 50.55 62.54
crathsa  52.82, 54.815 55.46, 70.47,

Tabnuua c¢ pe3yiabraTamMM IPOTOHOB BCEX YYaCTHHKOB
COPEBHOBaHMH, a  TaKKe  HACTPOHMKAaMU  IPOrOHOB:
https://docs.google.com/spreadsheets/d/1rCaklClawfnnSnyk4q
8CW4zWuO3P38DSrLw_f2wyyjg/editt#gid=0.

Tabx. 15. CpaBHEHHE JIyYIIHX IPOTOHOB YYACTHUKOB
copeBHOBaHu# SentiRuEval-2016 ¢ onvicaHHBIM
B CTaThe MPOXOJIOM

Vyacrt-
HHK

Hacrpoiiku ay4mumx npoxoaos

1 Hacrpoiiku npoxoma No5 u3 Tab6m. 9. [ns
00y4eHUs] HCIOJIB30BAINCH CcOalaHCHPOBaH-
Hble Komneknuu BiS,, w BLS nna samaun
BANK n TCC cootBercTBeHHO [14].

2 PexyppenrtHas HeiiponHas cerka (LSTM); B
KauyecTBe Npu3HakoB Word2Vec, oOy4yeHHBIN
Ha BHENIHEH KOJUIeKIMH (TI0CThl U KOMMEHTa-
pHUH U3 COMANBHBIX cereit) [15].

4  CroBapHble TpU3HAKKM + TPU3HAKH MeTa-
KJaccU(pUKAaTOpoB (JIOTHCTHYECKasi perpec-
CHsI, PUDK-perpeccus, Ki1accupuKaTop Ha oc-
HOBE T'PaJINEHTHOTO OYCTHHTA U KJIACCH(HKa-
TOp Ha OCHOBE HEUPOHHOW CETH) U JIMHEUHBI
SVM B xayecTBe Ki1acCUPHUKATOPA.

8  Tlomck 3MOIMOHANBHEIX CIIOB TI0 citoBapio (200
TBIC. CII0BO(OpM), TIpaBmiIa MX KOMOWHHpPOBA-
HHAS Ha OCHOBE CHHTAKCHYECKOI'O aHajIu3a;
MIPUMEHEHUE OHTOJIOTHUECKUX TPaBHII, Xapak-
TEPHBIX JJIS JAHHOM MPeMETHOMN 00J1acTy.

9 SVM: yuurpammbl, OHIpaMMbl, CJIOBapb
RuSentiLex, yuer wacTtell pedu, MHOTrO3Hau-
HBIX CJIOB (aBTOMAaTHYECKHH CIOBaph KOHHO-
tarui o HoBocTsM it TKK 3amgaun).

10 SVM, B xauecTBe NMPU3HAKOB UCIOIH30BAIHUCH
YHUTPaMMBI, MOJBEPILIMECs MPeoOpa3oBaHU-
aM (ne + c1060 = 00uH npusHax, MHOXe-
CTBEHHBIE IIOBTOPEHHS CHMBOJIOB 3aMEHSIOT-
Csl JIByKpaTHBIM; CCBUIKM, OTBETBI, JaThl,
YHcila — 3aMEHSIOTCSl TIaTTepHaMH U ApYrHe
mpeoOpa3oBaHus); TOAKIIOYCHHE CIOBapS

RuSentilLex.

HyXHO OoTMeTHTH, 4TO BCE IIydIHe MPOXOJbI
Ha TectupoBanuu (1, 2, 9, 10) ucnonp3oBanu a0-
MOJHUTENFHYI0 WH(pOPMaLUIo, TOMUMO 00ydaro-
el BRIOOPKH, YTO TTO3BOJIMIIO MM JIYYIIE IIPEO0-
JIETh pa3IuIue MEXIy OoOydJaroImed W TeCTOBOM
BeiOOpko#  (Tab6m. 14, 15). Jlyummit pesyabTat
yuacTHUKa No2 CBSI3aH € UCIOJIB30BaHUEM JIOTION-
HUTEIHHOW MH(POPMAIINH, IMOTYYESHHOW Ha OCHOBE
00paboTKu OONBIIOTO O00BbeMa KOMMEHTApHEB B
COLMANBHBIX CETSX, MPEICTABICHHBIX B BHIE CO-
KpaIIeHHOTO BEKTOPHOTO IMPOCTPAHCTBA C IMOMO-
b0 HHCTpyMeHTa Word2Vec®.

¥ https://radimrehurek.com/gensim/models/word2vec.html
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3aknoyeHue

B crartbe ObU1 OnHcaH MOJXOA K PELICHUIO 33141
TOHAJBHOM KIIacCH(UKAIK COoOIIeHuit cetn TBUT-
Tep C HCIONB30BaHUEM JIEKCMKOHOB. OHHM HAILIA
CBOE MpUMEHEHHE B KauecTBE JOMOJIHUTEIBHBIX
MIPU3HAKOB B BEKTOPE IMPEACTABIICHUS COOOIICHUM, a
TaKXke It 0TOOpa COOOIICHUH ¢ MENBI0 YBETMICHHUS
00beMa 00yJaroINX KOJUICKLIUH.

KauectBo pabGoTel kiaccudukatopa OBLIO
MPOTECTHPOBAHO HA MaHHBIX TECTHPOBAHWA CH-
CTeM aHaJM3a TOHAILHOCTH PYCCKOTO S3bIKA
SentiRuEval-2015 n SentiRuEval-2016. Jlob6aBnss
B COOOIIEHNs MMPU3HAKK Ha OCHOBE JIKCUKOHOB, a
TaK)Ke TPUMEHSS JIEKCHUKOHBI JUIS PACIIUPEHHS
KOJUIEKIUH HanOoee TOHATBHBIME COOOICHUSIMH,
yAanochk AOOUTHCS CTAOMIBHOTO POCTa KadecTBa
KJTacCU(DUKAITIH.

[ocne mpoBeneHNsI HACTPOWKH Kiaccu(UKaTo-
pa, paccMaTpuBaeMblii B CTaThe MOIXOZ MOXHO
CUHMTATh OJHWUM W3 HanOoJee YCIEINIHbIX Ha Cero-
JTHSIITHAN JeHb JUTS TPOBEIEHHs TOHAILHOW Kiac-
cupuKaluu COOOIICHUI pa3INyYHBIX o0nacTei
pyccKosi3pIYHOM ceTH TBUTTED.
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Methods of lexicon integration with machine learning for sentiment analysis system
N.L. Rusnachenko N.V. Loukachevitch

Abstract. This paper describes the application of SVM classifier for sentiment classification of Russian
Twitter messages in the banking and telecommunications domains of SentiRuEval-2016 competition.
Varieties of features were implemented to improve the quality of message classification, especially
sentiment score features based on a set of sentiment lexicons. We study the impact of different training
types (balanced/imbalanced) and its volumes, and advantages of applying several lexicon-based features.
Before SentiRuEval-2016, the classifier was tuned on the previous year collection of the same competi-
tion (SentiRuEval-2015) to obtain a better settings set. The created system achieved the third place at
SentiRuEval-2016 in both tasks. The experiments performed after the SentiRuEval-2016 evaluation
allowed us to improve our results by searching for a better *’Cost” parameter value of SVM classifier
and extracting more information from lexicons into new features. The final classifier achieved results
close to the top results of the competition.

Keywords: machine learning, SVM, sentiment analysis, lexicons, SentiRuEval-2016
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