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AHHOTANMA

IIpeamer ucciaenoBanus. [lopcemecTHoe yBenuueHne o0beMoB oOpabarsiBaeMoii HHGOPMAIIK HA 00BEKTax
KPUTHUECKOH MH(POPMANNOHHOI HHPPACTPYKTYPHI, MPEACTABICHHON B TEKCTOBOH (hOpMe Ha €CTECTBEHHOM S3BIKE,
co3zaeT npodiieMy ee KIacCU(pUKAIINH 10 CTeNEeHH KOH(PHUACHINATFHOCTH. YCIeX pelIeHHs JTaHHO! 3a/1ad/ 3aBHCHUT KaK
OT CcaMoil MOJIeNTU-KI1acCH(UKATOPa, TAK U OT BEIOPAHHOTO CIIOCO0a M3BJICUCHHUS TPU3HAKOB (BeKTOpHU3anun). TpedyeTcs
MaKCHMaJIbHO MOJIHO HEePeiaTh MOJEIH-KIACCU(HUKATOPY CBOMCTBA MCXOIHOTO TEKCTA, COAEPIKAIIIE BCIO COBOKYITHOCTh
JleMapKalMOHHbIX IPH3HAKOB. B paboTe mpencrasieHa sMnupuyeckas olueHka 3G (HeKTHBHOCTH aIrOPUTMOB JIMHEHHOM
KJ1accu(UKaIMM, OCHOBaHHAsl HA BRIOPAHHOM CIIOC00€ BEKTOPHU3ALINH, A TAK)KE 3HAYEHUH KOJTMUECTBA HACTPAUBAEMbIX
rmapaMeTpoB B cllyyae IPUMEHEHNUs BekTopuzaropa xemuposanus (Hash Vectorizer). Meroa. B kauecTtBe naracera amist
00y4eHHs M TeCTHPOBAHUS AITOPUTMOB KJIACCU(HUKAINN HCIIOIb30BAaHbI TOCYAAPCTBEHHBIE TEKCTOBBIE JOKYMEHTEI,
YCJIIOBHO BBICTYTAIOIINE B POIH KOH(PHUICHIHANBHBIX. BBIOOp M0g06HOTO TEKCTOBOTO MaccHBa 00YCIOBICH HATUIHEM
crenu(prIecKoil TepPMUHOIOTHH, TIOBCEMECTHO BCTPEUAIOIICHCS B PACCEKPEUEHHBIX JOKyMeHTaX. TepMHHUPOBAHHOCTD,
SIBJISISICH TIPUMHUTHBHON JeMapKaIllMOHHOM IpaHUIIEe U BBICTYIIAsi B POJIM KIACCH(HUKAIIMOHHOTO IIPU3HAaKa, o0ierdaer
paboTy aIropuTMOB KiIacCU(PHKALMH, YTO B CBOIO OYEPE/b II03BOJISIET CKOHIICHTPUPOBATh BHUMAaHHE HA TOW JIOJIH
BKJIaJia, KOTOPYIO BHOCHUT BBIOPAaHHBI CI1OCO0 BEKTOpHU3alMu. METPUKO# OIICHKH KadecTBa pabOThl aIFOPUTMOB
BBICTYIAET BEIMYMHA OIIMOKH KIacCU(UKALUK. 3a BEIMYUHY OIMINOKK MIPUHATA BEIUYMHA, 00paTHAs! J0Je IPaBUIbHBIX
OTBETOB anroputMma (accuracy). [IpoBeaeHa oneHka anropuTMoB o BpeMeHH oOydeHus. OCHOBHbIE pe3yJbTaThbl.
[omyuenHble THCTOTPAMMBI OTPAXKAIOT BEIWYMHY OLIIMOKH aATOPUTMOB M BpeMs oOyueHus. Brienens! Hanbonee n
HanMeHee ()(eKTHBHBIEC ATTOPUTMBI TSI KOHKPETHO 33aHHOTO crocoba Bekropm3anui. [IpakTuueckasi 3HAYUMOCTh.
Pe3ynbrarsl paboTHI O3BOJISIIOT HOBBICUTH AP ()EKTUBHOCTH PELICHHS PEabHBIX MPAKTHISCKUX KIACCH(HKAIIMOHHBIX
3a/1a4 TeKCTOBBIX JIOKyMEHTOB HEOOJIBIIOro 00beMa CO CBOMCTBEHHON CIIeNU(pUIECKOH TEPMHUHOIOTHEH.
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Abstract

The widespread increase in the volume of processed information at the objects of critical information infrastructure,
presented in text form in natural language, causes a problem of its classification by the degree of confidentiality.
The success of solving this problem depends both on the classifier model itself and on the chosen method of feature
extraction (vectorization). It is required to transfer to the classifier model the properties of the source text containing the
entire set of demarcation features as fully as possible. The paper presents an empirical assessment of the effectiveness
of linear classification algorithms based on the chosen method of vectorization, as well as the number of configurable
parameters in the case of the Hash Vectorizer. State text documents are used as a dataset for training and testing
classification algorithms, conditionally acting as confidential. The choice of such a text array is due to the presence
of specific terminology found everywhere in declassified documents. Termination, being a primitive demarcation
boundary and acting as a classification feature, facilitates the work of classification algorithms, which in turn allows
one to focus on the share of the contribution that the chosen method of vectorization makes. The metric for evaluating
the quality of algorithms is the magnitude of the classification error. The magnitude of the error is the inverse of the
proportion of correct answers of the algorithm (accuracy). The algorithms were evaluated according to the training
time. The resulting histograms reflect the magnitude of the error of the algorithms and the training time. The most and
least effective algorithms for a given vectorization method are identified. The results of the work make it possible to
increase the efficiency of solving real practical classification problems of small-volume text documents characterized
by their specific terminology.
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BBenenue

VYBenuueHue 00beMOB 00pabarsiBaeMol HHPOPMALIUH
Ha 00BEKTaX KPUTHIECKOI HH(DOPMAIIMOHHON HH(PACTPYK-
TYpBI, B TOM YHCJIC TPEJCTABICHHON B TCKCTOBOM (hopme
Ha CCTECTBEHHOM S3BIKC, HCIIPEMCHHO BJICYCT 32 COOOM
LIENBIA PSIT TPYIHOCTEH, CBA3aHHBIX, B TIEPBYIO OYEPEb, C
ee oOpaborkoit. OmHa U3 TakuX 3a7a4 00padOTKH — 3a1ada
KkimaccuuKau JOKyMeHToB [1].

DIeKTPOHHBIE TEKCTOBBIC JOKYMEHTHI Ha €CTECTBEHHOM
SI3BIKE, HE3aBUCUMO OT CTENEHU KOH(UICHIINAIBHOCTH,
HUMEIOT JIOCTATOYHO IMUPOKUH CIIEKTP KIACCUPUKAITMOHHBIX
MPU3HAKOB, HAYWHAs OT TEMAaTUYECKON COCTaBIAIOLIEH,
cTerneHu (hopMaau3auy U Ma0JIOHU3ALNH, ¥ 3aKaHIHBAsI
TOHAJIBHOCTBIO M CTUJIEM M3nokenus [2, 3]. U3 nanHoro
(bakTa creayeT BBIBOM: JUIsl KQXKIOW OTIEIBHO B3SITOM 3a-
Jla4¥l KJacCH(UKAIMU U COOTBETCTBYIOIIETO € Jaracera
CYIIECTBYET JICTCPMUHUPOBAHHBIN U HE BCET/Ia OUCBHTHBII
MeTox ee pemieHus. Takum oOpaszom, mepe] pemeHueM
Ki1accu(pUKaIMOHHON 3aa4yil HEOOXOAMMO TIPOBECTH €€
JIeTAJIbHBINA aHaJIU3 C IEIBI0 BBIISIEHUST Hanboiee BaKHbBIX
JMeMapKalHOHHEIX MTPU3HAKOB U MAaKCHMAaJIBHOTO CyKe-
HUS «IHaNa30Ha» BO3MOXKHBIX METONOB ee pemreHus [4].

Harpumep, BbIOEpeM 1s COCTABIICHUS 1aTaceTa Mare-
pHaIbl pacCEKPEUEHHBIX JIOKYMEHTOB O MTOJIOKEHUH e B
crpane!, BeICTYIarOIIME B POJIK KOH(QUIEHIIMAIBHBIX, U OT-
KPBITBIX HOPMATHBHO-TIPABOBBIX aKTOBZ. JJOKyMEHTHI TIpe/i-
CTaBJICHBl B TEKCTOBOW (pOpME HA €CTECTBEHHOM S3BIKE.
OTMeTHnM, 4TO A7 Oosiee KaueCTBEHHOM MX JIeMapKalluH
HE0OX0AMMO 0OpaTUTh BHUMaHHE Ha TaKOH Kiraccu(pu-
KaI[MOHHBIN MPU3HAK KaK YPOBEHb TEPMHUHUPOBAHHOCTH
[5], KoTOpBIif y paccekpeueHHBIX JOKYMEHTOB HOCHT SIPKO
BBIpOKCHHBIN 1 crieninuueckuii xapakrep [6, 7].

J1ist ycrenHoro peienus 3a1a4u Kiaccuukanmum yka-
3aHHBIX JJOKYMEHTOB JIOCTATOYHO HCIIOIb30BaTh KiIaccugu-
KaTop, CIIOCOOHBIN pa3/ieuTh MPOCTPAHCTBO MTPHU3HAKOB
00BIYHOM pa3zzessitoneii runepruiockoctsio [8]. B cBsizu ¢
9THUM B HACTOSIIEH padoTe MPUBEICHBI PE3yNbTaThl paboTHI
MPOCTEHIINX aNrOpUTMOB Kiaccudukanmu [9].

I Paccekpedennbie nctoanuku // MicTopudeckue Marepuaibl
[Dnekrponnsiii pecypc]. URL: https://istmat.info/node (nara
obpamenus: 20.12.2021).

2 Vkaswl u pacniopsbkenus [Ipesunenta Poccuiickoii dege-
patu // Kogndukarws PO [Dnexrponnsiii pecype]. URL: https://
rulaws.ru/president (gara obpamenus: 20.12.2021).
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WccnepnosaHuve cnocoboB BEKTOPU3aUMN HECTPYKTYPMPYEMbIX TEKCTOBbLIX JOKYMEHTOB Ha €ECTECTBEHHOM A3bIKE...

OJuH U3 KIIFOUEBBIX (PAKTOPOB, ONPENEAIONHX YCHeI-
HOCTb PELICHUs KJIACCU(PHUKALMOHHON 3a1a4l — BBIOOP
HaWIy4IIero crocoda npeacrapienus 3uanuii [10], conep-
HKAIIMXCSI B TEKCTOBBIX JJOKYMEHTaX, TPH KOTOPOM MaKCH-
MaJIbHO COXPAHSIOTCSI CBOMCTBA HCXOIHOTO TEKCTA U COfIep-
JKaIHecst B HeM 3aKOHOMEPHOCTH [9], UTo B CBOIO oUepep
OTpakaeTcs Ha pe3ynbTaTtax paboThl Mofeme-kiaccupu-
KaToOpOB.

Bbi16op cnioco0a BekTOpH3aALUH

CaMple TpIMEHsIEMBIE B HACTOAIIEE BPEMS CIIOCOOBI
BekTopuzanuu Tekcta: TF-IDF (Term Frequency-Inverse
Document Frequency) u Hash Vectorizer [11]. Boimonaum
CpaBHCHHUE JIAHHBIX CIIOCOOOB 10 BEJIMUMHE OMIMOKH, a
TaKKe BpEMEHH O0yUEeHHs allTOPUTMOB KJIACCU(HKALIUH.

Bexropusarop TF-IDF yacto ncnonb3yercs 11st co3za-
HUSI BEKTOPOB CJIOB M3 Habopa nokymMeHToB. OH MacIira-
OMpyeT 4acToTy TEpMOB, ITPHAaBasi MEHBIIYIO 3HAYUMOCTb
HanboJee yacTo BcTpeyaeMbIM U3 HUX [12]. OmgHako B Ta-
KOM CIIydae 3apaHee TpeOyeTcs HUIMYHUE ITOJIHOTO CIIOBaps,
YTO /It OONBIIMHCTBA MPAKTUIECKUX 3a/1ad HEBO3MOXKHO
BBU/Ty TIEPHOJMIECKOTO €T0 MonoHeHus1. BenencTue yero
nocTosHHBINA nepecyeT BekTopoB TF-IDF kpaitae Head-
(heKTHBEH B BBIYMCIUTEILHOM TUIAHE, YUUTBIBAS IIPU ITOM
HIMPOKYI0 MPUMEHUMOCTh BEKTOPU3aTOpa HA OOJIBIINX
o0bemax Kopiycos!.

I[J'U[ CJIOBapsA ¢ AMHaAMUYCCKHU U3MEHAIOMIUMCA KOJIU-
4yecTBOM TepMoB Oosiee addexrrBen Bekropuzarop Hash

! [Dnexrponnbiii pecypc]. https://habr.com/ru/post/515036/,
https://habr.com/ru/post/515084 (nata obpamenus: 20.12.2021).
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Fig. 1. The magnitude of the error of classification algorithms when using TF-IDF and Hash Vectorizer with different number
of parameters
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Vectorizer, MOMyJIIpHOCTh KOTOPOTO JIsi OOJIBITNHCTBA
IIPaKTUYECKUX 3aJiad BCe yalle Bo3pacTaer. Mcnonb3ys
32-6urnyto pyukuuro MurmurHash3!, paspaGorannyro
OcTtrHOM DmmiadH, 3TOT BEKTOPU3ATOP MO3BOJISET TIPO-
BOJUTBH HEMPEphIBHOE 00y4YeHUE [0 Mepe IO0CTYIHOCTH
TAHHBIX, He YTOYHSA 3apaHee o0beM cioBaps [13].

Pe3yabTarhl pagoThbl KiaccupukaTopos

BBI/I}Iy TOro, 4To 3aja4dya KJ'IaCCI/I(I)I/IKaHI/II/I B )IaHHOﬁ
pa60Te HOCHUT JOCTATOYHO HpHMHTHBHBIﬁ Xapakrep, 00J1b-
IMWHCTBO aJITOPUTMOB KJ'IaCCI/I(l)I/IKaL[I/II/I MOKa3bIBArOT MpaK-
THUYCCKU NUACATIbHBIC PE3YIIbTATHI 110 ITOKA3aTCJI0 accuracy.

[To aTo#t mpuumHe, 1yt GoJiee HAMVISITHOTO MPEICTABICHHS
pe3yNnbTaToB paboThl U KAYeCTBEHHON MX OLCHKH, Mepei-
JIeM K PaCCMOTPCHHUIO BEJIMYHHBI OIIMOKH, SIBISIOIICH-
csl 00paTHOW BENMYMHON IS IOJH MPABHIBHBIX OTBETOB
anroputMa (accuracy). I'mcrorpammesl, pencTaBiIeHHbIC
Ha puc. 1 B jorapupMuIecKkoM Macirade, moKas3bIBakoT,
4TO I BekTopr3aTopa Hash Vectorizer mpu yBenmuennn
kosnuecTBa napamerpos ¢ 210 1o 221 npocnexusaercs
TEHACHLUS K YMEHBLICHHIO BEIMYUHBI OIIUOKH.
[Tepexons K pacCCMOTPEHUIO TAKOTO IOKa3aTes, KaK
BpEMA O6y‘-IeHI/I$I, MMOAYEPKHEM, YTO B 3aBUCUMOCTHU OT BbI-
OpaHHOTO cr10c00a BEKTOPU3ALMH JaHHAS BEJIMUMHA BapbU-
pyeTcs B MIMPOKHX Mpe/ieNiax U YBEIMIUBACTCS C POCTOM

koinuecTBa rnapamerpos Hash Vectorizer (puc. 2). [lns
Goree HAMISTHOTO MTPEICTABICHHMS 1IKaJIa, 0TOOpakaroIast
MIOKa3aTellb BpEMEHH, IIPEJICTaBIICHA B JIOTApHU(PMUIECKOM
Mmaciirade.

I MurmurHash [Dnextponnsiii pecypc]. URL: https://
www.sites.google.com/site/murmurhash (mara obpamenus:
20.12.2021).

[ TF-IDF

[ Hash Vectorizer ¢ komuuectBoM napamerpos 20
[C_JHash Vectorizer ¢ konmu4ecTBOM mapameTpos 2'°
[ Hash Vectorizer ¢ KoIM4ecTBOM mapaMeTpos 22!
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Fig. 2. Training time of classification algorithms when using TF-IDF and Hash Vectorizer with different number of parameters
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Bonee neranpHOE CpaBHEHUE PACCMOTPEHHBIX AJITOPUT-
MOB KJIacCU(UKALMH C Pe3yJIbTaTaMu uX paboThl, OTpaxa-
IOIIMMH BpeMs 00yUeHUsI, TECTUPOBAHUS U JIOJTIO IPaBHIIb-
HBIX OTBETOB AJTOPUTMA Pa3MEIIEHO B TOKYMeHTe!,

OTMeTHM, 9TO MIPH YBEIMYCHHUH YHCIIa HACTpaWBac-
MBIX NapaMmeTpoB Bekropusaropa Hash Vectorizer ¢ 210
10 221 anropuT™bl Ki1acCU()UKAIINK MOKA3bIBAOT JIyYLINE
pe3yabrarsl, 4yem rpu ucrosb3oanuu TF-IDF BexTopusa-
Topa. IIpu 3TOM 3HAUUTETHHO YBEITMUUBAIOTCS BPEMECHHBIC
3aTparhl Ha 00y9YeHHEe MOJIEIIH, YTO CBSI3aHO C YBEIIMUYCHUEM
Pa3MEpHOCTH LIEIOYHUCIICHHBIX UH/IEKCOB, IPUCBANBAEMbIX
COOTBETCTBYIOIIMM TOKEHAM CJIOBapsi. DTO MPUBOJUT K
YMEHBILIEHUIO YKclia Kojunsuid [ 14, 15] u 3HaunTenpsHOMY
YBEJIMYECHUIO BPEMEHH O00yUCHHSI.

OuenuBast 3(p(HheKTUBHOCTD aJTOPUTMOB IIyTEM OTHO-
LICHUS J0JIN TIPABUIIBHBIX OTBETOB K BPEMEHHU OOYUYEHUS
(accuracy/train-time) BHIHO, YTO IIJIsI BCEX HCCICTYEMBIX
C1I0c000B BEKTOPU3AINH CAMBIH JIyUIIHK alTOPUTM KJIac-
cupukanum — kNN, mokazaBImIAA JTydIIne pe3yabTaThl
110 JTOJIM TPAaBHJIBHBIX OTBETOB M BPEMEHU OOydUCHWS.
HaubGonee Bricokue pesynsrarsl (0,992/0,001) manHbII
aJTOPUTM TOKa3ajl MPHU MCTOIB30BAaHUU BEKTOPHU3ATOPa
Hash Vectorizer ¢ xoanuectBom napamerpos 210,

1 [DmexrponnsIii pecypce]. https://docs.google.com/document/
d/1pSAWQSE7H-CBeuTZPxoQPf-yFsLWiXxy/edit (nara obpa-
menust: 20.12.2021).
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3akJ/oueHne

B pabote BhINOIHEHA CPaBHUTEIIbHAS OIICHKA KaueCTBa
pabOThI AITOPUTMOB JTMHEHHON Ki1acCU(UKAIINU B 3aBUCH-
MOCTH OT BRIOPaHHOTO crioco0a BeKTopu3aiuu (peacTas-
JIEHUS) UCXOJITHOTO TEKCTA.

Hecmotps Ha oueBHIHOE TPEUMYILIECTBO BEKTOPHU3ATO-
pa Hash Vectorizer no cpaBHenuro ¢ TF-IDF npumennTerns-
HO K JJOKYMEHTaM HEOOIBIIOT0 00beMa, TIPOSBISIONISECS
B YBEITMYCHUH JIOJH MPABIIIFHBIX OTBETOB aJITOPUTMOB H,
COOTBETCTBEHHO, YMECHBIICHUN BEIMYMNHBI OIIHUOKH, TT0-
KasaTellb BpEMEHN 00ydYeHHsI B OOIIEeH TCHACHIINN TaKKe
BO3pacTaer.
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COOTBETCTBUS BEJIMUYUH TOKa3aTesicii OMMOKH U BPeMEHU
00ydYeHUS allTOPUTMOB KiTacCU(DHUKAIIMK KOJTHUCCTBY Ha-
CTparBaeMbIX MMapaMeTpoB crocoba Bekropusaiuu Hash
Vectorizer MO3BOJHUT CYIIECTBEHHO MOBBICUTh KA4eCTBO
pelIeHus MTOAOOHBIX MPAKTHYSCKUX KIacCU(DUKAITMOHHBIX
3aja4 My TeM CY)KEHHS JMaITa30Ha BEIOOPa HACTPAUBAEMBIX
mapaMeTPOB MOJIEIICH-KIIaCCH(PHUKATOPOB.
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