NMHOOPMATUKA, BBIYNCJINTEJIbHA A
TEXHUKA 1N YIIPABJIEHUNE

Yeanbunckut gusuro-mamemamuveckuts sorcypran. 2018. T. 8, swun. 2. C. 227-236.

VIK 004.855.5 DOI: 10.24411/2500-0101-2018-13209

AHAJIN3 TEKCTOB 1JI4 ITPOI'HO3VPOBAHNA
OTTOKA KJIMEHTOB MHTEPHET-IIPOBAIIJIEPA

A. A. Kapskuna®, /1. C. Boros®

Yeanburckuti 2ocydapemeennviti yrHusepcumem, Yeasbunck, Poccus
“suein_i@mail.ru, ®dmbotov@gmail.com

[Iporno3upyercss OTTOK KJIMEHTOB HA OCHOBE JTAHHBIX POCCHICKOr0 MHTEPHET-TIpoBaiiaepa.
OmpemereHbl OCHOBHBIE 3TAIBI U MOAXOALI K MPEABAPUTEILHON 00paboTKe TEKCTOB KOM-
MeHTapueB orepaTopos. [IpeamokeHo UCIoIb30BATD I CPABHEHUST aJITOPUTMBI KJIACCH-
dukanum, TaKue KakK JIOTHCTHYECKAsT PErpeccusi, MeTos k-OamKaiimmx coceeit, rpain-
EeHTHDINT OyCTUHT, HAMBHBIN OaitecOBCKMIT aJiropuTM. B KatdecTBe BBIOOPKU cHOPMUPOBAH
MAaCCHB BXOJIHBIX NaHHBIX u3 23 npusnakoB 380 Teicsia abonenToB. [IpoBemenst ucipasite-
HEE OIleYaTOK € MOMOIILI0 paccTosgHus /lamepay — JleBenrnreiina u jieMMaTU3aIUs TEK-
CTOBOM MHMOPMAITIN C MTOCTEAYIONINM ITPeoOpa30BaAHIEM B BEKTOP IMPU3HAKOB C TIOMOIIHIO
merona TF-IDF u nobasiennem B Mmosesib. OnpeiesieHbl OCHOBHBIE TIOJIXO/ bl KOJIUPOBAHUS
KaTeropuaIbHBIX MPU3HAKOB. [locTpoeHbl mporHo3ubie Mojenn. [IpoBeieno cpaBuenne pe-

3yJIbTAaTOB HUCCJIeIOBaHUA Ha PA3HbBIX K.HaCCI/Id)I/IKaTOan " caeJiaHbl BBIBOJBI.

KurodeBbie cjioBa: npozno3uposaHue, ommor KAUEHMOS8, unmephem-nposatidep, python, o6-

PAWEHUA KAUEHNOB, KAACCUPUKAUUA, GHAAU3 MEKCMO8, tf-idf.

BBenenue

PoiHOK Te/leKOMMYHUKAINT BO BCEM MUPE CTAJIKHUBAETCA C MOTEPEil JO0XOJI0B M3-3a
JKECTKOI KOHKYPEHIINHN B 00Opb0e 3a MOTeHNINaTbHBIX KJINEeHTOB. [[oCKOMbKY yaepKaHme
KJINEHTOB B TeYeHUe JJINTEJHHOIO BPDEMEHH — 9TO CePbE3Has MpodIeMa, KOMITAHUYT BbI-
HY2KJIEHbI UCKATh CIHOCOOBI MCIOJIb30BAHUS METOJI0B MHTEIEKTYaJbHOIO aHAIN3a JIaH-
HBIX U CTATUCTUYECKUX WHCTPYMEHTOB JIJIsl OIIpejie/IeHUs IMPUYUHBI 3apaHee U HeMe/I-
JICHHBIX OTBETHBIX JieificTBuii. K c4acThlio, OTpacn TeJeKOMMYHUKAIIWI T€HEPUPYIOT U
HOJIEP2KUBAIOT OOJIBIION 00bEM JaHHBIX. Takoil pazmep mHMOpMAIUU 0OECIIeYnBACT
BO3MOYKHOCTH IIPUMEHEHUs] METOJIOB MHTEJIEKTYaIbHOTO aHAJIN3a JAHHBIX B TEJIEKOM-
MYHUKAIIMOHHON 0a3e JaHHbIX.

Cpein 5TuX JaHHBIX 00bEM MHMOpPMAIUU, JOCTYIHON TOJBKO B HECTPYKTYPHUPO-
BaHHOI TEKCTOBOI (popMme, OBICTPO PACTET, TTOITOMY METOJIbl KJIACCU(MDUKAIINU UTI'PAIOT
BaKHYIO POJIb B MAIIUHHOM UCCJIEIOBAHUN TAKUX KOPITYCOB.

B namHoil cTraThe MPOBOIUTCS MCCIEOBAHNE NCIOJIH30BAHUS METOJIOB MHTEJIEKTY-
AJTLHOTO aHAJIN3a KaK HA O0BIYHON MH(MOPMAIUK O KJIMeHTe (OILIATEL, JOITH U T. 1), TaK
U Ha TEKCTOBOIl, a TaKkzKe MMpobJieM, BOSHUKAIOIINX MIPU €€ 00paboTKe.

1. ®opmynupoBKa 33424

[IpoBecTn poBEpPKY BO3MOXKHOCTHU ITPUMEHEHUS aHAJIU3a TEKCTOB JIJIsi TPOTHO3UPO-
BaHUS BEPOATHOCTH MPEKPAIIEHUS MMOJIb30BaHUS yCIyTraMA KOMIIAHUN KJIACHTOM.



228 A. A. Kapsknna, /. C. Boros

JL1st 5TOT0 HEOOXOIIMO:

® 1IPOAHAIU3UPOBATH, arPErupoBaTh U cOOpaTh JIAHHbIE;

® IIPOBECTH IPEI0OPADOTKY TEKCTOB KOMMEHTAPHUEB OIIEPATOPOB B OOPAIEHUIX;

® IIPOBECTH IPEI0OPAOOTKY YHCIOBBIX TPU3HAKOB;

e BLIOPATDH AJTOPUTMBI JIJIsI IOCTPOEHUsT MOJIeJIel, CPABHUTH U OIPEIE/IUTD JIyUIIHi.

[InarupyemMblie pe3yabTaThl TPOEKTa CO CTOPOHBI MHTEPHET-IIPOBaiiiepa, peI0CcTaB-
JIIONEro JaHHbIe, — MOJE/IbL, KOTOpas ¢ BepodaTHoCThIo Oosee 50 % onpenenser abo-
HEHTa Ha OCHOBE €ro XapaKTEPUCTUK M KOMMEHTAPUEB OIEPATOPOB B €ro OOPaIEeHUSIX,
KOTOPBII 3aKPOET JIOTOBOP WJIM IPEKPATUT TOJb30BATHCA YCJIYTaMi KOMIIAHUH.

2. Dranbl KjJaccuduKaIUA TEKCTOB

OTHecenne TOKYMEHTOB K OIPEIEIEHHBIM KJTaccaM Ha OCHOBE UX COJIEPKUMOTO HA3bI-
BaeTcs TEKCTOBOH Kiaccudukarmeii. Pemenne 3a1a4n Kaaccu@uUKaIIl TEKCTOB MOXKHO
pas3/ieIuThL Ha JIBa dTala:

e [IpeobpazoBanue JJOKYMEHTOB — IPHUBEJEHUE ITOCJIEIOBATETLHOCTA CUMBOJIOB K
BEKTOPHOMY IIPEJICTABJICHUIO B IIPOCTPAHCTBE IMPU3HAKOB, TaK KaK OOJILITUHCTBO
AJITOPUTMOB MAaIlIUHHOIO 00yUeHus paboTaeT UMEeHHO B HEM. MeTomnl mpeobpaso-
BaHUs TEKCTAa B BEKTOP CIENMMUUIHBI JJIsi KaxKI0i 3aa9l U MOI'YT 3aBUCETH OT
KOJIJIEKIINH JIOKYMEHTOB, THIIA TEKCTa (IIPOCTOM, CTPYKTYPUPOBAHHBIN) U S3BIKA
JOKyMEHTA.

e [locrpoenne momenmn. KadecrBo kiaccudukammm Takyke 3aBUCUT U OT aJITOPUTMA.
4 3a1a9m KiaccuUKAIIU TEKCTOB METO/IbI MAITMHHOTO OOYYeHUS He ABJIAIOTCS
crienuUIHBIMU U IPUMEHSTIOTCS TaKzKe U B JAPYrux obsactsx [1].

Wupekcanpeil JOKyMeHTa HA3LIBAETCS MOy YeHne BEKTOPa IPU3HAKOB i Hero. Eé
MOKHO TIPEJICTABUTDH B BUJIE JBYX TAIOB [2]:

e [lonyuenne tepmoB (Term extraction) — Ha 9TOM JTale MPUMEHSIFOTCA METOJIbI
JIUIs IOMCKa ¥ BBIGOpa HauboJiee 3HAYMMbIX TEPMOB B KOPILyCe JOKYMEHTOB |3].

e Bspemmsanne tepmos (Term weighting) — omnpesesenue 3HaAITIMOCTH TepMa IS
BBIOPAHHOTO JIOKyMeHTa [4].

[To TepMaMu MOHUMAIOTCST CJIOBA MJIN CJIOBOCOUETAHUST, HECYTINE HHMOPMAITIIO O Te-
MaTHKe JOKyMeHTa. TepMbl, WJIN KJII0UeBbIe CJI0BA MPEJICTABIISIOT COOOM KpaTKOe OIi-
carme joKyMeHTa. CyIIecTByeT HECKOJBKO CTAHJIAPTHBIX CIIOCODOB 3aJlaHus (DyHKITUHU
B3BemmBanus [5|:
e OysieBcKUii Bec — 1, ecoim CJIOBO BCTpedaeTcd B JJOKyMeHTe, nHade — 0;
e tf (term frequency, wacrora Tepma) — YACTOTHOCTH TEpMa, T.€. KAK YaCTO TEPM
BCTPEYAeTCs B JIOKYMEHTE;

e tf-idf — mpomsBesieHne TACTOTH TEpMa B JOKYMEHTE U 00PATHOI YaCTOTHOCTHU J10-
KYMEHTOB;

e maxstr (maximum strength — makcumasbnas cuia) — anprepuarusa idf.

[MIupokoro pacrpocTpanenus OYJIeBCKHiT Bec He MOy InI, TaK KaK OnHapHoit nHdop-
MAIH 3a9aCTYI0 OKa3bIBAETCS HEJOCTATOYHO JIjisi KaueCcTBeHHOl Kiaccudukaimn [6].

TF-IDF — npoctoii criocod OrneHuTh 3HATUMOCTD TEePMUHA JIJIs JJOKYMEHTA OTHOCH-
TEJILHO BCEX OCTAJIbHBIX, TOITOMY B JIAHHOW CTaThe Oy/IeT UCIo/Ih30BaHa 3Ta Mepa. OHa
BBIUHCIISAETCS I/ IONM obpasom |7]:

tf’LdfzJ = tfi,j hl (dﬁfl) s
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rae tf; ; — OTHOLIEHHE KOJIMYeCTBa BXOXKJEHUI cjioBa K OOIIEMy YHCIy TEPMUHOB J10-
KyMEHTa, df; — YUCI0 JOKYMEHTOB U3 KOJLJIEKIINU, B KOTOPBIX BCTpEYAETCs CJI0BO, N —
YUCJI0 JJOKYMEHTOB B KOJLJIEKITUN.

3. CnocoObl TOKeHU3aIu TEKCTa

Tokennsarust — pa3bueHne TEKCTa Ha OCMBICJIEHHBIE 9JIEMEHTHI (CJ10Ba, hpasbl, CUM-
BOJIbI), Ha3bIBaeMble TOKeHaMH [8].

CyHleCTByeT Ba HauboJree paCHpOCTpaHéHHbIX METOJa TOKCHHN3alln:
] 66CHOpH,HO‘{H06 IpeacTaB/JICeHNE JOKYMEHTA, TaK2KE Ha3bIBA€MOE€ «MEIIOK CJIOB» |

® MOJIeJTb N-gram.
Mermok ciioB (Bag-of-Words) — 510 yupoméntoe npejicraBjieHue, UCHOIb3yeMoe JIJIs

obpaboTku ecrecTBeHHOrO sizbiKa 1 IR. B 3T0it Mojie/in TeKCT OIUCHIBAIOT B BUJIE «MeEIIl-
Ka» €ro CJIOB, MTHOPUPYS I'PAMMATHUKY U JIazKe MOPSAJIOK CJIOB, HO COXPaHsisl MHOYKECTBEH-
HOCTb.

Moyiesib n-gram — 3TO MOJIeJIb IIPEJICTABICHUsST TEKCTOB B BHJE Habopa IOC/Ie/0-
BarTe/bHOCTEM, cocTodmux u3 N cjioB. Hampumep, OurpaMMbl COCTOAT U3 JIBYX CJIOB,
TPUTPAMMBI — U3 TPEX U T. JI.

B mannom ucciemoBanum OyeT UCIOIB30BATHCSA MOJIC/Tb «MEIIOK CJIOBY.

4. O6paboTka KaTeropuaJbHbIX MPU3HAKOB

Snadenns paKTOPHBIX TPU3HAKOB /Il AJITOPUTMOB OECIIOJIE3HbI: JAlle BCETO KATEro-
pUn KOAUPYIOT PA3HBIMU TEJIBIMU YHUCIaMU, HO UCIOJIB30BATh HA TAKUX JTAHHBIX KJIACCH-
“YeCKHe METOJIbl MAITUHHOTO 00y YeHMsI, ODUEHTHUPOBAHHbIE HA BEIECTBEHHBIE TPU3HAKH,
Hesb3d. /[y KareropmaabHBIX MPU3HAKOB MMEET CMBICJ JIMIIL Olepallid CPaBHEHUS,
[O9TOMY UX HY?KHO KojmupoBaTh. CyimecTByer HeckobKo crmocobos |9; 10|: one-hot-
KoZmpoBaHnue, hashing trick, kogupoBanne mHTEPIPETUPYEMBIMI 3HAYEHUSIMUA, TTPOEKITHS
Ha OKPYKHOCTb.

One-hot-koupoBanue mmojpazymeBaeT cosianue Jjist KoaupyeMoro hakTOpHOTO MpU-
3naka [N HOBBIX MPU3HAKOB, Tyie N — uucjo Kareropuit. Kaxkaprit ¢-it HOBBIN IpU3HAK —
OMHAPHBIN XapaKTEePUCTUIECKUIl ITPU3HAK -l KaTeropuu.

B npumep KoampoBaHWs MHTEPIPETHPYEMBIMI 3HAYEHUSAMI MOYKHO IMIPUBECTH 3aMe-
Hy Tapuda aboHeHTCKOW mjaroil. Torja HOBBII NPU3HAK YHOPSJA0OYUT KATETOPHUH IO
JIOPOTOBU3HE.

Hashing trick (xsmmpoBanne npusHakoB) — Jjisi KaxKJI0il KATErOPUE OIIPEIeJIsieTCst
CBO# yHUKAaJbHBIN KOj. OCHOBHBIM IIPEMMYINECTBOM one-hot mepes apyrumu crocoba-
MU KOJIUPOBAaHUs ABJISIETCS IIPOCTOTa peasu3aruu u ObicTpad Mojudukaims. Takxke
IIPENMYIIECTBO TAKOT'O KOJMPOBAHUS COCTOUT B TOM, UTO Pe3yIbTAT JIBOMYHBIN, a He
MOPSATKOBBINM, 1 BCE HAXOUTCA B OPTOTOHAJILHOM BEKTOPHOM IIPOCTPAHCTBE.

B nammom uccienoBanuu BeiOpan criocod one-hot-koguposamus.

5. Aaropurtmbl KiaccuukKaImm

[IpakTu4eckn Bce METOBI MAITMHHOTO OOy YeHUsT TPUMEHUMBI K 3a/1a4e KJIacCuduKar-
UK TEKCTOB. Halle UCIOJIb3YIOTCA U TTOKA3BIBAIOT JIyUIITUE PE3YJILTATHI CJICIYIONINE aJl-
TOPUTMBI: HAWBHBIN OaiiecOBCKUil KaccudukaTop, MeTojl k-OJIHKaANUIINX coceieit, CIy-
JaiiHblil J1ec, jorucrudeckas perpeccus [11].

Cityuaitublil jiec — yCTOWYMBBIA U TMOKUN METOJ, OJHAKO STO HE CAMBIH JIydIuit
BBIOOD TIpU PadOTE ¢ Pa3PEKEHHBIMU JTAHHBIMU OOJIBITION PA3MEPHOCTH, TUIIUYHBIM TTPH-
MEPOM KOTODBIX SABJIACTC «MEIIOK CJI0B» [12].
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Perpeccunonnoe MojietmpoBanne — MeTO/I, KOTOPBIN 9aCTO UCIIOIb3YEeTCs IS TIOUCKA
CBA3€Ell MEXKJTy BEIECTBEHHBIMU ITapaMeTpaMu. 1eM He MeHee ero MOXKHO NPUMEHUTH U
JIA 33J1a49 KJIaCCU(PUKAIIUY, TTIOTOMY YTO OMHApHbIE 3HAYEHUST MOYKHO PacCMaTpHUBATD
KaK JaCTHBIN c/Tydail BEIECTBEHHBIX, 1 HEKOTOPbIE PEI'PECCHOHHBIE METO/IbI, TAKNE KaK
JIOTHCTUYECKAs PEerpeccus, TaKzKe eCTECTBEHHBIM 00pa30M MOJIEJIUPYIOT U JUCKPETHBIE
suavenus [13]. Takzxke B [12; 14| pekoMen IyeTcs: UCIIOIB30BATH JJOTUCTUIECKYIO DErpec-
CHUIO TIpU paboTe C pa3speKEHHBIMU JAHHBIMUA OOJIBIION Pa3MEPHOCTU, TAKIMMHU KaK «Me-
MOK cJIOB». [loaToMy nannas pabora Oy/1eT OCHOBBIBATHCA Ha KJIACCU(DUKAIINN C UCIIOJTb-
30BAHUEM MMEHHO 9TOI0 aJrOPUTMAa CO 3HAYCHUSMU TUIEPIIapaMeTPOB 0 YMOJTIAHUIO.
Ho rakyke OysieT mpoBejieHO CpaBHEHUE C JPYTHMU MOJEIAMI: HAWBHBIN OaiiecOBCKMIA
KJ1accupuraTop, MeTo k-OmKaiimmx cocejieil, rpaJiIteHTHBIN OyCTHUHT.

6. Ommcanme Kopmyca

B kadectBe KOpIiryca OBLIM B34Thl JI@HHBIE OJHOIO POCCUHCKOTO WHTEPHET-
nposaiijiepa 3a 4 mecdrna okosio 350 ThICAY TEKYIUX abOHEHTOB, Y KOTOPBHIX €CTh 0e3-
JuMuTHBIH wHTepHeT. OTTOK KJIUEHTOB ObLI B34T 3a IEpUOJl B JBA I'0JA, BCJIEJCTBUE
Yero KOJUIECTBO YIIEIINX aDOHEHTOB JIJIsi BEIDOPKH YIAJ0Ch YBEJIUIUTD 70 30 THICAM.
st KaxkJI0r0 U3 HUX TaK:Ke ObLIM U3BJIEUEHBI JAHHBbIC 3a 4 MecsIa JI0 pacTOPKEHUS
JIoroBopa. BeIOop mpu3HAKOB 3a JIaHHbIN ITePUO]T TOKa3a/I HAWIYYITe pe3yabTarhl. s
KaXKJI0r0 KJIMEHTa OBLIN BBIOPAHBI CJIETYIONNE TTPU3HAKY:

® BEKTODP IPU3HAKOB, IOJYYEHHBI M3 KOMMEHTApHUEB OIEPATOPOB B OOpAIEHUSIX
(6oJtee mojipobHOE onucaHue MPOOJIEMbI U BAPDUAHTBI €€ PEIIeHNUs );

® KOJIMIECTBO OILIAT;
® CpeJHsIs CyMMa OILIaT;

® CpeJHsIA PA3HUIA B JIHAX MEXKJIY OILIaTaMu;

® KOJIMYECTBO CMeH TapudoOB 3a BCE BPeMsl KU3HU;

® CaMbIil DOJIBITION JIOJIT;

e OaJjlaHC Ha KOHEIl IIPOIILIOro MecsiIia,;

® CKIJIKA Ha KOHEI[ IIPOILIOr0 MecsIia,;

e XBaTaer JIM Ha OIJIATY CJIEYIOIero Mecsna (OMHAPHBI);
e ObLI JI OTPUIATEIbHBI Oastanc (OHHAPHDIT);

e cymMMa abOHEHTCKOl TJIaThl ¢ yI6TOM CKUJIKH;

® 1I0JIb3YETCsl JIN IPUJIOYKEHUEM TpoBaiijiepa (GUHapPHBIIA);
® KOJINYECTBO YCTPOMCTB, ¢ KOTOPBIX 3aXOJUJI B IIPUJIOZKEHHUE TIPOBaiiJIepa;

® KOJIMYECTBO OIIMOOK B IPUJIOYKEHUH IIPOBaiiiepa;

eCTh JIn KabesIbHOe TesieBu/ieHne (OMHAPHBII);
IPOJOJIZKUTEJIbHOCTD 2KU3HU C KOI\lHaHI/IeI';I;

cpejiHuil pasMep TpaduKa B JEHb 32 IIOC/IEIHIOK HEJIEI0;
cpejiHuil pasMep TpaduKa B JeHb 3a IOC/IeHIEe 2 HeJIe/In;
CyMMapHbIii pasMep TpaduKa B IeHb 3a IOCICTHUNR MECHIL;

KOJIN9EeCTBO Hpe6bIBaHI/H71 B aIMUHUCTPaTUBHOM OTKJIIO‘IGHI/II/I/HpI/IOCTaHOBIIeHI/II/I

3a BCE BpeMs >KU3HU,

e caMoe JI0JIToe TIpeObIBaHNE B aJIMIHICTPATUBHOM OTKJIIOUCHUH /IPUOCTAHOBIICHIN
3a BCE BpeMs *KU3HU;

® HAXOJWUTC JIM Ceiiuac B aJIMHHUCTPATHBHOM OTKJIIOUEHUH /TIPUOCTAHOBICHUN WJIN

HET;

® CAMBbIil 9aCThI CIIOCOOBI OILIATHI;
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® I[I0CJIeIHUIL CIIOCOO OILIATHL.

OOGparrennss — 3TO MHIMIEHTHI, KOTOPBIE CO3IAI0OTCs IPH JIFOOOM B3auMOIECTBUN
¢ kjneHToM. B Hux BKJO4atoTcsd kKak 3BoHKH 1 CMC, Ttak m Bompochl B 4are. Jljs
IIEpBOTO TIpU3HAKa OBbLIO ITPOAHAM3UPOBAHO OKOJIO THICAYHM THUIIOB HMHIUJIeHTOB. [loj
TUIIOM ITOHMUMAETCsl YHUKAJIbHOE coueTaHne B OOpaIlleHun CepBUCa, IPUIUHBI U ITPU3HA~
Ka. Dbl MCKIITOUeHbl MHIMIEHTHI, KOTOPhIE CO3/Ial0TCsS aBTOMATUYIECKH, a TaKxKe Te,
KOTOpBIE COJIEP:KAT B KOMMEHTAPHUIX OIEHKY KadecTBa OT KJIMEHTa OIepaTopy, TakK Kak
BO3MOKHOCTD OIEHUBAHUSA KJIUEHTOM YCJIyT TMOABUIACH B KOMIIAHUY HEJIABHO M 110 TAKUM
oOpallleHusIM HeJ0CTaTOYHO JaHHBIX /IS UCIIOJIb30BaHUs B IIPEACKA3aHIU. | UIThl WHIIH-
JIEHTOB, 110 KOTOPBIM OBLIIO HaiiJleHO MeHee b oOpallleHnil, He paccMaTPUBAJIUCH. TaKKe
MOHAI00MIOCH BPYYHYIO pa3/e/InTh WHIMJIEHTHI Ha T€, KOTOpPble ObLIN TOJYYEeHBI OT
abOHEHTOB, W Te, KOTOPbIE CO3IAJIICh ITOC/Ie 3BOHKa oneparopa. Oneparopbl peiKo caMu
3BOHAT aDOHEHTaM, IIOITOMY B JIAHHOM CJIydae MHTEPEC BBI3BIBAIOT TOJIHLKO OOpaIleHUs
OT KJIMEHTOB. B KOMMeHTapusix MHIIUJIEHTOB OIIEPATOPbI OIUCHIBAIOT O0JIee pa3BEPHYTO
poOJIeMY KJIMEHTa, IIyTH e€ peleHns u pe3yabrar. Ho manHasg nandopMalins 3aucbiBa-
eTcd He IPH KaxkKJI0M obpallieHuu. TakzKe ecTb MHIIUJIEHTHI, KOTOPhIE CO3/IAI0TCs IIOC/Ie
OOITIeHUsT KJIMEHTa, C OllepaTopoM B YaTe. B TakoMm ciiydae KOMMEHTApPUU COJEPKaT TEK-
CTBI 9THX ITEPEIHICOK.

Tonbko y 30 % abonenTos ecthb obpainenus. Beero 6b110 B3a10 290 UHIMICHTOB C
KOMMEHTAPHUsMU, B KOTOPBIX CpeHee KOJIUIECTBO TOKEHOB — 21.

Komneuno, TekcThl caMux pasroBopoB ObLM ObI Oojiee MHGPOPMATUBHDI, OJIHAKO KOM-
[aHug He IPeI0oCTaBIIa TaKUX JAHHBIX W PEIInja IPOBECTU IOKa aHAJIN3 BINAHUS Ha
pecKasaHe OTTOKa KJIMEHTOB TEKCTOB KOMMEHTAPHUER OIIEPATOPOB.

7. IlpemobpaboTKa TekcTa

[Tepes ucriob30BaHMEM MAIITMHHOTO OOy U€HUS HAa TEKCTOBBIX JIAHHBIX TIEPBBIM JIEJIOM
HEOOXOIUMO TIePEBECTH KOMMEHTAPHUH KarK0I0 KJIMEHTa, B YUCI0BOI BEKTOP IIPU3HAKOB.

JLnst Havata Bce KOMMEHTApUN OBLITH CTPYIITUPOBAHBI 110 KJIMEHTAM B €JIMHBIN TEKCT,
IPUBEJICHHDIN K HIZKHEMY PEruCTpPY. 3aTeM ObLIN OTCESHBI BCE CUMBOJIBI, KOTOPbIE HE siB-
JII0TCS OyKBaMU, HAIIPUMeED, 3HAKHM MPENUHAHUS U CTON-cJIoBa. CTOM-C/I0BA BKJIIOYAIOT
B ce0sl caMmble PACIHPOCTPAHEHHBIE YACTU PEYU, TaKhe KaK IPEJJIOrd, COI3bl U MECTO-
nmvennst [15]. OHI HCKITIOYAIOTCS IS CHUYKEHHST Pa3MEPHOCTH HMPOCTPAHCTBA TE€PMOB.
C TOMOIIBIO0 PeryJIsipHBIX BBIPDAYKEHUI U CJI0Bapst OBLIO IPOU3BE/IEHO y/IAJIEHIE HEe3HA-
YUMBIX JIJI TAHHON 00JIACTH CJIOB, TAKUX KaK Ha3BaHUS FOPOJOB, MeCsIeB, THEl HeTen,
a TakxKe (paMUINN, IMEHa ¥ OTYECTBa KJIMEHTOB.

B komMmenTapusx ornepaTopoB ObLIO 3aMEYEHO 3HAYUTETHHOE KOJTUIECTBO OMEYaTOK
1 >KaproHHLIX ¢JI0B — 0K0J10 30 %.

Bo Bpemsa mpoBejienus jgeMMaTH3aIId TEKCTA C MOMOIIBI0 OubmoTekn pymorphy?2
OBLIN MCKJTIOYEHBI U3 NIPUBEJIEHNsT K HOPMaJIbHOM (hopMe YKaproHHbIE CJI0BA U 3aMeHEeHbI
BPYYHYIO Ha CXOXKHe [0 CMBICTY U3 CJIOBapH.

Jlnst ucripaB/ieHns OnevaToKk HeoOXOUMO OBLIO JJIs KaXKJI0M U3 HUX HAWTHU B CJIOBape
HanOoJIee TIOXOXKee CJIOBO U 3aMEHUTH Ha Hero. [ljisg 9Toro mcrmosb30Baioch pacCTOSHIE
Hamepay — Jlesenmmreitna [16] ¢ momndukanmeit, nperoxentoit B [17]. Heobxomumo
N3MEHUTH «CTOMMOCTB» OIE€paIliii BCTABKM W y/ajleHus Ha 2, oreparuu oOMeHa Ha 1,
a OIlepAIH 3aMeHbl OJTHOIO CHMBOJIA JIDYTUM BBIYUCIATH CJIELYIONIM 0Opa30M: ecJin
KJIABUIIIM, COOTBETCTBYIOIINE CPABHUBAEMbBIM CHMBOJIAM, PACIIOJIOXKEHBI PSIJIOM Ha KJla-
BUATypE WU CPABHUBAEMbIE CUMBOJIBI IPUHAJIEXKAT OJIHOH (POHETUIECKO IpyIie, TO
«CTOUMOCTB» 3aMeHbI — 1, mHave 2. Bouta Halijiena oudbmoreka pyxDameraul.evenshtein
[18] ¢ OTKPBITBIM HCXOIHBIM KOJIOM U CKOPPEKTUPOBAHA 10| MOIUDUKAIIIIO.
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[lepes mogadeit KOMMEHTapHUEB KazKI0r0 KJANEHTa MOJIE/IH OHU OBLIIN ITPe0OPa30BAHEI
B BEKTOPBI IPU3HAKOB ¢ momoribio moayas TfidfVectorizer 6ubimorexku sklearn.

8. IIpenobpaboTKa YMCIIOBBIX JAaHHBIX

[Ipormyrennble 3HaYMEHUs OBLIN 3AI0THEHBI HyJ1siMu ¢ tomorisio DataFrame.fillna(0),
TaK KaK 9TO He CJIydaifHble MPOIYCKU W UX HEOOXO/IMMO YIUTHIBATH.

Jlnst npusnakoB «Camblilt 9acThIil criocod omatbly u «llocemauii criocod oriaTb»
BBIJIEJIEHO YeThIpe cIiocoba orjiaT: B oduce mposaiijiepa, GaHKOBCKOW KapToil, uepes
TepMUHAJI, depe3 KakKyro-mbo cucrtemy. OHI ObLIN 3aKOJIUPOBAHBI C UCIIOJIb30BAHIEM
Moyt OneHotEncoder n xaxkaprit 3 Hux nmpeobpasoBasicss B maTpuity. [lpumep gactn
OJIHOI M3 HUX IpeJIcTaBaeH B TaOJI. 1.

Tabruua 1
Yacmvb mampuyot
Omara B oduce Omrara Ormtata wepes | Onsara uepes
npoBaiiaepa OAHKOBCKOI KapToit TepMUHAJ CUCTEMY
0 0 0 1
0 0 1 0
0 1 0 0
0 1 0 0

9. IlocTtpoenue mojeseit 1 OIeHKa pe3yJ/IbTaTOB

Jannbie ObLIM pasjesenbl Ha JBE YaCTH ¢ HoMoIbio dyHKiun train  test split mo-
nyns sklearn.model selection:

e obyuatonas Bbioopka (60 %),
e recroast BeiGopka(40 %).

HpHBeﬂéHHOG COOTHOIIIeHUEe ABJIAeTCA HalJIyYIInuM JIJId JaHHOT'O Ha6opa JaHHDBIX 1 6bIJIO
BBIOPAHO OIIBITHBIM ITYTEM.

yH_Ie,ZLH_II/IX KJIMEHTOB B JIE€CATDH pa3 MeHbIIEe, 9YeM aKTHUBHBIX, IIO9TOMY 61)1.)'[& IIpousBe-
JleHa OaJlaHCHPOBKA KJIACCOB METO/IOM smote m3 Moayns imblearn.over sampling.

PesysibraThr Mojieneit, mosryyeHHbIE ¢ TPU3HAKAME U3 TEKCTOBON MH(MOPMAIINHT, TIPe/I-
craBjienbl B TabJ1. 2. PesysbraThl Mojiesieil, moydeHnbie 6€3 Mpu3HaKoB U3 KOMMEHTAPH-
€B, IIPeJICTaBIeHbl B Ta0. 3. Tak Kak B UCCIEIOBAHUT TTPOTHOBUPYETCS OTTOK KJIMEHTOB,
TO B JJAHHBIX TaOJUIAX IPUBEJIEHBI METPUKH TOJIBKO KadecTBa IPeICKa3aHns yIIIe IIIX
abOHEHTOB.

Tabauya 2
Pesyavmamuv, modeseti ¢ y4wE€mom KoMMEHMAPUES ONEPLTNOPOS
Asropurm Tounocrs | IlosroTa | F1
Jlorucrmyeckas perpeccus 0.66 0.70 0.75
Meros k-OmmzKaimmx coceieit 0.55 0.60 0.69
['pajmenTHbiit 6ycTUHT 0.59 0.60 0.62
Hawugnbrit 6aitecoBckuit KiaccudukaTop 0.43 0.71 0.62

JlarHable moKa3aTean OBLIN IOJIyYeHbl Ha IMOJ00PAHHBIX OINTHMAJbHBIX BecaxX KJIac-
coB. Jlig Kimacca «TeKyIux KJneHToB» Bec paseH 0.3, majst «ymreaiuxy — 0.1. [TombiTka
U3MEHUTDh CTaHIAPTHBIN MOPOr KJIacCu(UKATOPOB He MPUBEJa K YIydIIeHHI0 METPUK.
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Tabauua 3
PESyJL’meLmbL modeaeti 6e3 y%é'ma KOMMEHMAPUES ONEPATNOPOB
Asropurm Tounocrs | Ilosmmora | F1
Jlorncrmyeckast perpeccust 0.72 0.89 0.80
Metos k-OnmmKaiimmx coceieit 0.60 0.85 0.70
['pasimenTHbIN GycTHHT 0.66 0.86 0.69
Hawugnbrit 6aitecoBckuii KiaccudukaTop 0.55 0.92 0.69

Jlydmme pesysibraThl IIOKa3aja JOTMCTHYECKas Perpeccusl Ha JaHHbIX 0e3 IIpu3Ha-
KOB 13 KoMMeHTapues. CrieoBaTeIbHO, MOXKHO CJI€IaTh BHIBOJI, UTO JJIs JaHHON KoMIIa-
HUM MaJias J0Jisd KJIMEHTOB UMEeEeT MHIUJACHTHI, OTOMY MX KOJIMYECTBA HEJIOCTATOYHO
JIUIS XOPOIIEro oOydeHns MOJIE/N ¥ TEKCThI U3 KOMMEHTApPUEB OIIEPATOPOB HE SBJISIFOT-
cs1 mHMOPMATUBHBIMU. TakzKe Ha MpeJICTaBIeHHbIE TIOKA3aTe M 3HAUNTEIbHO TTOBJIHSLIIO
YBEJUIEHIEe KOJTMIECTBa YIIENINX KINEHTOB.

Ko my1st TOBTOpeHNsT BBIIEU3I0KEHHOTO 9KCIIepIMenTa HaxouTes B [19]. Uemoss-
30BaH $3bIK TporpammupoBanusi Python, cpenpr pazpaborkum PyCharm wu I[Python
notebook u Gubsmorexa scikit learn, pandas (ayst paboTel ¢ maHHbIME), numpy (s
paboThl ¢ MACCHBAMN).

10. 3akJiroueHue

B npejcraBienHOM HMccIeI0BaHUM JIAHHBIE POCCUIICKOTO MHTEPHET-TIPoBaiiiepa Mo I-
BEPrHYThI METOJIAM UHTEJIIEKTYaIbHOI'O aHaJIN3a, JJaHHBIX C 1IeJIBIO IIPeICKa3aHud OTTOKA
KJINEHTOB. VI3 IpOBeIEHHOI0 SKCIIEPUMEHTa MOXKHO 3aMETHTh, YTO KOMMEHTAPUN OIlepa-
TOPOB JIJIsA JIAHHOW KOMIIAHUU HEMH(MDOPMATUBHBI JIJIA NIPEJICKA3aHUA OTTOKA KJIMEHTOB.

Bruin mpoBeién cpaBHUTE/IBHBIN aHaIN3 MOJIEJIel, TOCTPOEHHBIX Ha COOPAHHBIX JIaH-
HBIX, W BBISBJICH JIVUIIUN aJTOPUTM JIJIsd JTaHHOM 3aJa9i — JIOTUCTUYECKas perpeccus,
IoKa3aBIlasg HanboJiee BbICOKHME 3HAUEHUS METPHUK.

NsBieuenne yieamux aOOHEHTOB 3a JIBa I'0JIa C IEJIBIO YBEJIUYEHUs IPUMEPOB I10-
JIO?KUTEJILHOTO KJIACCA JIJIsl JIYUIIero o0ydeHusi MOJIEN W TOI00p ONTUMAJIbHBIX BECOB
KJIACCOB TIPUBEJ K MOBBIIEHUIO TOYHOCTU PE3YIHTaTOB.

B OymymeMm 1mraHupyercs MOJIYIUTh TEKCThI Pa3roBOPOB OOpallleHuil KJINEeHTOB U
KJIacCU(PUIIUPOBATh UX C COXPaHEHHEM CBA3eil MeXKIy CJIOBaMU.
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The possibility of forecasting the churn of customers based on the data of the Russian ISP
are considered. The basic stages and approaches to the preliminary processing of the texts
of operators’ comments have been determined. It’s offered to use classification algorithms
such as the logistic regression, k-nearest neighbors method, the gradient boosting, the
naive Bayesian algorithm. As a sample, an array of input data from 23 features of 380 000
subscribers was formed. Typos are correcting with using the Dahmerau — Levenshtein
distance and lemmatizing of the textual information, and then they are converted into a
feature vector using the TF-IDF method and are added to the model. The main approaches
of categorical features coding are determined. The forecast models are constructed.
Comparison of the results of the study with different classifiers is made and conclusions

are drawn.
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