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UHTEJUIEKTYAJbHBIA METO/I U3BJIEYEHMUSI 3HAHU HA OCHOBE
OIPEJEJIEHUASI TOHAJIBHOCTH OT3bIBOB™

B smoii pabome uccredyemcsa gnusnue 603pacma u noia Npu aHalU3e MOHATLHOCHU OM3bl-
608, NOCKONKY MU OaHHbIe MOZYM NOMOYb Demeiiepam d1eKMpOHHOU KOMMEPYUU YEeTudums
npooadxcu, OPUEHMUPYACL HA OnpedeileHHble deMozpaguyecKue pynnel, a Makice Yeenudums
yoosnemeopeHiue nompebrHocmell 100ell pa3HbIX 803PACMHbIX U 2eHOepHbIx epynn. Mcnoab3yembiil
Habop Oannwvix copmuposan nymem coopa omsvieos o0 Knueax. Bein cozoan eonpochuk, codep-
Hrcaumull unhopmMayuio 0 npeonoUmMeHUax KHUNCHbIX Hocumenel (MHeHus noab3oeameneli 06 snek-
MPOHHBIX KHUAX, KHUSAX 6 MASKOU U MEepOoll 0ONONCKAX, UB0OPAXHCEHUAX U AYOUOKHU2AX), a
maxaice OaHHble 0 603DACMHOL epynne u 2eHoepHoll npunaonedxchocmu. Ilomumo smozo, 6onpoc-
HUK MAKdHCe COOepAHCUM UHDOPMAYUIO O NOTOHCUMETLHOM JUOO OMPUYAMETbHOM MHEHUU Kacde-
MO npeonoumenuti, KOmMopds NOCIAYICULA OCHOBOU OO0CMOBEPHOCU O KIACCUDUKAMOPOS.
B pesynomame, 6vi10 nonyueno 900 ankem, xomopuvle Ovliu pazoeneHvl Ha epynnvl HO NOL0BOMY
npusHaxy u eospacmy. Kadicoas KoHkpemHas epynna OaHHbIX Oblia pazoeieHa Ha 06yuarnuyo u
mecmosyio. Beinu npoananuzuposansvi ceemenmuposannvie OAHHble HA NpeoMem HACMPOeHUll 6
3A8UCUMOCTNU OM KAXHCOOTU 803pacmuoll epynnel u nona. Bospacmuas epynna «cmapue 50 nemy
NPOOEMOHCMPUPOSANA JyHuiie pe3yibmamvl N0 CPASHEHUIO CO 6CeMU OpYUMU BO3PACTHBIMU
2pynnamu 60 6cex KiacCUupuKkamopax, OaHHvie 6 JHCeHCKOU epynne nokasanu 6oee 8blCOKyI0 mou-
HOCMb NO CPABHEHUIO ¢ OAHHbIMU U3 2pynn 0e3 umpopmayuu o0 2eHOepHOU NPUHAOIEHCHOCHIU.
Buicokue pesyrbmamel, NOKA3AHHbIE SMUMU SDYANAMU, NOKA3BIBAIOM, YMO NOOX00bL K AHAIU3Y
MOHATLHOCHU CNOCOOHBL NPEOCKA3AMb HACMPOEHUS 8 IMUX SPYNNAX Jydule, yem 6 Opyeux. Anaius
MOHATLHOCMU NPOBOOUCA C UCHONBLIOBAHUEM PA3IUYHBIX NO0X0008 MAWUHHO20 00yyenus (ML),
BKNIOUAS MAKCUMATLHYIO DHIMPONUIO, MEMOO ONOPHBIX BEKMOPOS, CEEPMOUHYIO HEUPOHHYIO Cemb U
0071210 KDAMKOCPOUHYIO NAMSAMb.

Ananus monansHocmu; Mawunnoe obyuenue; c6epmoyHas HeUPOHHAs cemb, 00n2as Kpam-
KOCPOUHAS NAMAMb.

) VccnenoBanue BBIMOJHEHO MpU GrHaHCOBOIT moanepxke PODU B pamkax HAydyHOTo MPOEKTa
Ne 19-07-00099 a.
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E.M. Gerasimenko, V.V. Stetsenko

INTELLIGENT METHOD OF KNOWLEDGE EXTRACTION BASED
ON SENTIMENT ANALYSIS

The paper explores the impact of age and gender in sentiment analysis, as this data can help
e-commerce retailers increase sales by targeting specific demographic groups. The data set used
was created by collecting book reviews. A questionnaire was created containing questions about
preferences in books, as well as age groups and gender information. The article analyzes seg-
mented data on the subject of moods depending on each age group and gender. Sentiment analysis
was performed using various machine learning (ML) approaches, including maximum entropy,
support vector method, convolutional neural network, and long short-term memory. This paper
investigates the impact of age and gender in sentiment analysis, because this data can help
e-commerce retailers to increase sales by targeting specific demographic groups, as well as in-
crease the satisfaction of the needs of people of different age and gender groups. The dataset used
is generated by collecting book reviews. A questionnaire was created containing questions about
preferences in books (user opinions of e-books, paperbacks, hardbacks, images and audiobooks),
as well as data on age group and gender. In addition, the questionnaire also contains information
on a positive or negative opinion regarding preferences, which served as the basis for reliability
for the classifiers. As a result, 900 questionnaires were received, which were divided into groups
according to gender and age. Each specific group of data was divided into training and test one.
Segmented data were analyzed for sentiment analysis depending on age group and gender.
The age group “over 50 years old” showed the best results in comparison with all other age
groups in all classifiers; data in the female group performed higher accuracy compared to data from
the groups without gender information. The high scores shown by these groups indicate that senti-
ment analysis approaches are able to predict moods in these groups better than in others. Sentiment
analysis was performed using a variety of machine learning (ML) approaches, including maximum
entropy, support vector machines, convolutional neural networks, and long short term memory.

Sentiment analysis; machine learning; convolutional neural network; long short-term
memory.

Beeagenne. Poct nonyisippoctu VHTEepHETa NpUBEN K OTPOMHOMY IIPUTOKY JIaH-
HBIX, COJAEpKAIIUX OOLIMPHYIO M LEHHYI0 MHpOpManuio 00 OOIIeCTBEHHOM MHEHHH.
Kaxnprii monp30BaTelh MHTEPHETA, BBIPAKAIOUINA CBOE MHEHHE, CTAHOBUTCSA YaCTBIO
nH(pOPMALMOHHOH 1T , I/ie APYTrUe MOJIb30BATENH, U3yyas MyOInYHbIe 0030pbl, MOTYT
IIpUHUMAaTh 000CHOBaHHBIE perieHus. s onpeneneHus: o0IMEeCTBEHHOTO MHEHHUS (T0-
JIOKHUTEIHHOTO, OTPUIATEIBHOTO MIIM HEUTPATIbHOT0) MCIONB3YIOTCS JaHHBIE (0030pHI,
MIOCTHI, KOMMEHTapuH), COOpaHHbIE M3 PA3IMYHBIX CONHMAIBHBIX CETeH, TaKuX Kak
Facebook, Twitter, Amazon, Goodreads, IMDb wmu 6noros. Ilpouecc omnpeneneHus
MOJIIPHOCTH OOIIECTBEHHOTO MHEHUSI HAa3bIBACTCSl AHAIM30M TOHAIBHOCTH. AHAIIU3 TO-
HaJIbHOCTH OOBIYHO TPOBOJMTCS HA OCHOBE 0030poB ¢mibMOB [1, 2], 0630poB pecTopa-
HOB WJIM MPOAYKTOB NuTaHus [3, 4], a Takke AaHHBIX U3 MUKPOOJIOToB [5, 6], uTo momo-
raeT pa3INYHBIM OpPTaHM3ALUSAM YIYUIINTh OW3HEC-CTPATEeTMH 3a CYET IPUBJICUCHHSA
HOBBIX KJIMEHTOB. Pa3jieneHne KIMEHTOB MO BO3PACTY U MOJTY MO3BOJISET MOJYYUTh BaXK-
HYI0 WH(]OpMaluio, HCIOJIL30BaHHE KOTOPOW MOMOXKET 3(deKTHBHEE YA0BIETBOPUTH
MOTPEOHOCTH JIFOAEH Pa3HBIX BO3PACTHBIX M I'€HCPHBIX IPYIIIL.

AHann3 TOHAJBPHOCTH KaK HalpaBlIeHHE HHTEUICKTYaJbHOTO aHajlu3a IaHHBIX
[7—10] pasBuBasicst B TeUeHHE MHOTHX JIET, IPU 3TOM HCIIOIb30BAIKNCH PA3IHIHBIC METO-
JMKH Ha OCHOBE CJIOBapel M MaIMHHOTo o0ydeHus. C MosBICHHEM METOJIOB I'TyOOKOTO
oOydenust [11-13] npenmectBytomas HHGOpPMAIMS TaKXKe ChIrpajia OOJBIIYI0 pOJb B
a/1eKBaTHOM BBIPa)K€HUH NOJSIPHOCTU MHEHHH.

JIu n coaBropsl [14] NpeUIOKUIN CTPYKTYpPY, 0OECIEUHBAIOLIYIO OIpE/ACIeHHE
MOJISIPHOCTU MHEHMI NpH MOMOIIM aHalHu3a TOHAJIBHOCTH. B mpemioxkeHHOM noaxone
aBTOpBI NPUHSIM BO BHMMaHHE CyOBEKTMBHOCTH MHEHUSI M JIOBEpHE IOJIb30BaTEIEH.
Jloxenxo¢ u coaBTOops! [15] mpoaHanu3upoBay, Kak pasHble BO3PACTHBIC I'PYIIEI BBI-
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pakaroT CBOM SMOIMHU. ABTOPBI OOHAPYKWIIM, YTO MOXKWIIbIEC JIFOAW OIMCHIBAIOT IOJIO-
XKHUTEIbHbIC SMOIMH JIy4Ille, YeM OTPHIATENbHbIC, TI0 CPaBHEHUIO C 00Jiee MOJOABIMU
moneMu. LluMMepman n coaBTopsl [16] ucciaeqoBaiM TOHAJIBHOCTh B 3aBUCUMOCTH OT
Bo3pacta u noja [17]. Peynprarsl mokasainy, 4To JIOIU B IIOJPOCTKOBOM BO3pacte Je-
MOHCTPHPOBAJIM HAMMEHBUIYIO SMOIHMOHAIBHYIO PETYJISIHUIO 10 CPABHEHUIO C IPYTUMHU
BO3pPACTHBIMH TpyNIamMu. ['eHJepHbIe pa3nuyus MpOsBISUINCH KaK MPH 3aHWKEHUH, TaK
U IpU NEpeolieHKe KOHKpPeTHOH aMonuu. OX u coaBTOpsl [18] M3yumnu cermMeHTanuio
PBIHKA MO IIOJTy ¥ BO3pacTy IOJIB30BATENeH B LIEISAX ONpPEAeIeHHUs] MOTCHIMAIbHBIX Ha-
MIPaBJICHUH MTyTEIIECTBUI AT Pa3HBIX TPYII B 3aBUCHMOCTH OT UX JOXOJO0B M CBOOO-
Horo BpemeHH. Kemapu u coaBrops! [19] mpoanammsupoBanu 3pPpeKTHBHOCTE peKIaM-
HBIX OOBSBICHWH U pa3sHBIX TCHACPHBIX M BO3PACTHBIX I'PYI Ha OCHOBE TOTO, Kak
MOTPEOUTETN PearupyroT Ha 3TH peKJIaMHBIe OO0BsBIEHU. TakuMm oOpa3oM, OCHOBBIBA-
SICh HAa 3THX YCTAHOBJICHHBIX ICHXOJIOTHYECKHX PAa3IHUMSIX MEXIY JIFOIBMH Pa3HOTO
BO3pacTa U I0J1a, MBI I0OCTAPAEMCs BBIICHHUTD, CYIIECTBYIOT JIH 3TH Pa3iIN4usi B MHCHHU-
SIX, KOTOPBIE JIIOJIM BBIPAYKAIOT Ha OHJIAH-TIIaTopmax.

Ha puc. 1 noka3zaHa ocHOBHasl OJIOK-CXeMa CTPYKTYPBI, HCIIOJIb3yeMOU ISl aHAIH-
3a TOHAJIbHOCTHU OT3BbIBOB. OT3LIBI)I, co6paHH1>1e N3 COIHAJIbHBIX CeTeﬁ, HCIIOJIB3YIOTCH
JUIsL COCTaBJICHUS IBYX HAOOpOB NaHHBIX Ha OCHOBE BO3pAcTa U 10Ja. 3aTeM B IOJIy4eH-
HBIX Ha60an JaHHBIX BBIMOJJHACTCA aHaJIN3 TOHAJIBHOCTHU C NPUMCHCHUEM PA3JIMYHBIX
HOXOJIOB aHAJIM3a TOHAJIBHOCTH.
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Puc. 1. Brox-cxema cmpyxmypsl ananuza

O030p McTOYHUKOB. J[0 MOSBIICHUs] MHTEPHETA OBbLJIO MPOBEJICHO MHOKECTBO HC-
CIIeZIOBAaHUIL, MOCBSIIEHHBIX TOMY, KaK pa3HbIe JIFOIU CIIPABISIIOTCS C Pa3HBIMU AMOIUIMH
U BBIpaXaroT uX. ABTOpHI [20] mcciaenoBan TeHIEPHBIC pa3iIudus MPH MPOBEICHUN HC-
cnepoBaHus 400 cTyZIEHTOB M3 KOJJIEIDKEH, pa3/ieIeHHbIX Ha ISITh BO3PACTHBIX TPYIIL: OT
JIOIIKOJIEHUKOB JI0 B3pocibIX. MccrenoBanne OBLIO CBSI3aHO CO CTEPEOTHIIAMH ITTOJIOBOM U
BO3pACTHOM SMOLIMOHAIBHOMN BbIpazuTenbHOCTH. CTOyHEp U coaBTOph! [21] paccmarpuBa-
JIM JTIofielt 000X IT0JIOB M Pa3HbIX BO3PACTHBIX I'PYIII C LEJBIO N3YYEHHS MX CIIOCOOHOCTH
BBIpaXXaTh THEB. VccienoBaHue MMOKa3ano, YTo B IPYIIIE MOJIOJBIX JIFO/ICH THEB OBbLT BBI-
paxkeH OoJiblIe, YeM B CTapIIMX BO3PACTHBIX IpylIax. B 1aHHOM nccnenoBaHuy aBTop He
00HapyXHJT OOJBIINX PA3INYHMH 110 TIOJIOBOMY IIPU3HAKY B 3TOM ACIIEKTE.

WccnenoBanme J[pBuca [22] mo TeHACPHBIM pa3Nu4MsIM B BBIPAXECHHH OTPHIIA-
TENBHBIX SMOIMH ITOKA3al0, YTO MAJIBYUKH MPOSBILUIN OOJBINE OTPUIATEIHHBIX 3MO-
[IWH, KOT/1a OBUIH pa304yapoBaHbl, IO CPAaBHEHUIO C JIeBOYKaMU. bpomu u coaBTopsl [23]
Oosiee IETaIbHO HCCIIEA0BAIN T€HIEPHYIO U SMOIMOHAIBHYIO SKCIPECCHIO U MOKa3aly,
YTO TeHIECPHBIC PAa3JIMUMs B dMOIMOHAIHHON BRIPA3UTEIHHOCTH OBIIM KyJIBTYPHO CIIe-
IUGUIHBI CPeIu a3UaTCKUX HHOCTPAHHBIX CTYAEHTOB. B mccinenoanun Kpunra u coas-
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TOpOB [24] rpymme CTYICHTOB OBUTH MPOAEMOHCTPUPOBAHBI YMOLIMOHAIBHBIC BHICO, U
yUYeHbIE MONYYMII MOATBEPKACHHE TOTo (hakTa, YTO JKCHIIWHBI, KaK MpaBmio, Ooiee
BBIPa3HUTEINILHbI, Y4eM MYKUYHMHBI, JaXKe B Cllydae MEepeKUTHIX aMouuil. B nccnenoBanun
Bepaurra [25] n3y4anuck BO3pacTHBIE M T€HJIEPHBIC PA3INYUs MIPHU OIMHCAHUU SMOLHO-
HaJBHBIX peakiuid. B sxcniepumenTe npuHsim yyactue 185 yenosek (M3 HUX — 85 Myk-
uyuH U 100 sxeHIuH) B Bo3pacTe oT 13 10 99 net. Pe3ynbTaT HcciienoBaHus MOKa3ai, 4TO
MIOJIPOCTKH ¥ MOJIOZBIE B3pOCIBIE Halle COOOIIa O THEBE M JIaBallkl Ooyiee NHTEHCHB-
HBIE OTPHULATEIbHBIE OTBETHI, YEM T'PYIIa B3POCIIBIX MYKUUH

MertopoJiorus. [ns o6paboTki 0030pOB BEIIOIHAIOTCS CIEIYIONINE IIard, OTO-
Opa’keHHBIE Ha puUC. 2.
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Puc. 2. Brox-cxema, npeocmasnaowasn wazi, npeonpuHamole 015 aHAIu3a
MOHANbHOCMU

V3navanbHbI HAOOp JMAaHHBIX pa3felieH Ha JBa IMOAMHOXKECTBA, HA3bIBAEMBIX Ja-
TaceTaMu (OT aHIJL. data set — HA0Op JAHHBIX), & 3aTeM KaKIbIH U3 HUX TOMOJHUTEIHHO
paszienieH Ha TPYIIIBI, B 3aBUCHMOCTH OT KOHKPETHOTO Bo3pacTa M moja. Kaxkmas KoH-
KpeTHasl TpyNIla JaHHBIX pa3JielisieTcsl Ha oOyJarolie JaHHbIe M JaHHbIE ISl TEeCTHPO-
BaHMs. AJITOPUTM KIIacCU(HUKALUK peanu3yercs B KOoHle (a3bl 00ydeHust mocie npe-
BapUTEIBHOW 00pabOTKY TaHHBIX W M3BIICYCHUS XapaKTEPUCTUK U UCIOIb3yeTcs Ha da-
3€ TECTUPOBAHUSI IS MTOMYUCHHUS OKOHYATENBHBIX pe3ynbTaToB. O030pHI MOJIB30BaTEICH
MIPOXOJAT MPEIBAPUTEIFHYI0 00pa0OTKy M M3BJICUCHHE XapaKTCPUCTHK Ha 3TAIe TeCTHU-
pOBaHUs, a 3aTeM MPOXOIAT ITAN KIIaCCH(PHUKALINH.

O030pBI MpenBapUTENEHO 00padaTHIBAIOTCA C LENBI0 yNAICHUS HEHYXXHOH WH-
(dopmarmu, KoTopast He BIHUACT Ha TOJSIPHOCTH NPEATIOKEeHHS [26], ¢ ITOMOMIBIO 3TaIOB,
MIPECTAaBICHHBIX HUXKE:

1. YnaneHue 3HAKOB NpENUHAHUS, HU(GP U CUMBOJIOB, MOCKOJIbKY OHM HE HECYT
CMBICJIOBOM Harpy3KH.

2. YajeHue CTOI-CJIOB, IOCKOJIBbKY OHHM HE BIMSIOT Ha OLEHKY HACTPOEHHS BbI-
CKa3aHHOTO MHEHHSI.

3. 3aMeHa abOpeBHATyp CI0BA PEATBHBIM CIIOBOM.

4. IIpeobpa3oBaHKe TEKCTa B HWOKHUH PETUCTP.

5. 3amMeHa cMalIMKOB SMOIMSIMH, KOTOPBIE BEIpayKaeT CMaMJIMK.

6. Toxenuzamus.

Jlanee mpouCXOQUT U3BJIEUEHHE XapaKTepUCTHK. M, HakoHel, alropUTM KiaccH-
¢uKaropa mpeacka3blBacT METKY, KOTOpasi IPH CPAaBHEHUH C OCHOBOIOJIAralomiel aoc-
TOBEPHOCTBIO OMPEIENeT TOYHOCTH KiIacCHu(UKaTopa.
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Beutn coOpaHBl TaHHBIE O MPEANOYTSHUSX JTIOACH B OTHONICHWH KHHT (TBEPABIHA
TIePeIUIeT, SJICKTPOHHBIE KHUTU WM ayAHOKHUTH), a Talkoke MH(popMaIms o Bo3pacTe u
nojie. B monaxone peanusyrorcs pa3nuyHbIE aITOPUTMBI aHAIHW3a TOHAJIBHOCTH AT KaXK-
J0r0 Habopa JTaHHBIX B OTJEJIFHOCTH, @ 3aTEM PE3YJIbTaThl CPABHUBAIOTCS, U BBISBIISIOT-
Csl COOTBETCTBYIOLIME pasziauyus cpeau rpynm. Takxke, B coOpaHHOM Habope JaHHBIX
ObUI peaM30BaH I0/IX0/1 aHAIN3a TOHAILHOCTH Ha OCHOBE CIIOBApSL.

Jl1g n3BNIeUeHNUs XapaKTepUCTUK MIPUMEHSIeTCS «MEIIOK cloBy» [27] (ucnonb3yercs
B Meronax NB, ME u SVM), a word2vec co3aeT BEeKTOp MPU3HAKOB, HCIOIB3Ys JTHOO
HETIPEPBIBHBIN TTAKET CIIOB, IHO0 Mozens SKip-gram, kotopas B HanpHEHIIIEM HCIIONB3Y-
ercst B LSTM u CNN. MeToab! onmvcansl HUKE.

1. «Mewox cnoe» (Bag of Words)

Bag of Words — ouens rubkast u mpocTast MOJIEINb, HCTIOMb3yeMast ISl M3BICICHUS
XapaKTePUCTHK. JTa MOJETH OTCICKABACT KOJTHMYECTBO BXOKICHUH, TAK)KEe Ha3bIBACMBIX
YaCTOTOM KaKIOTO CJIOBA, MCIIONB3YEMOTO B MpeuioskeHIH. KpoMe Toro, KaxmoMmy clio-
BY B IIPEUIOKEHUH TIPHCBANBACTCS KOHKPETHAs OllEHKa CyObeKTHBHOCTH. OO11as oueH-
Ka TOHAJIBHOCTH NPEJJI0KEHUS CKIIABIBACTCA U3 CYMMBI OLIEHOK KaXKA0TO CJIOBa.

2. Word2Vec

Mogens Word2Vec wucnonb3yercs aiast GOPMHPOBAHUS BCTPaWBaHUS CIIOB. JTa
MO/JIeIb OYEHb T10JIe3Ha, OCKOJIBKY OOHapyKUBAeT CXOJCTBO CJIOB B BEKTOPHOH (opme,
a He B TEKCTOBOM (hopmaTe. DTH CXOJCTBAa 0OHAPYKHUBAIOTCS HA OCHOBE 3HAYEHUSI CIIO-
Ba, YTaJaHHOTO IO €r0 MPOILTBIM MOSBICHUASM H ACCOIHAIIAN C JPYTUMH CIOBAMH.

3. Crosapb Ha ocHoge Knaccugurkamopa

VADER (Valence Aware Dictionary u sEntiment Reasoner) — 3T0 JIeKCHKOH U UH-
CTPYMEHT aHaJIM3a HACTPOCHUI HAa OCHOBE MPABWJI, KOTOPHIH CIIEIHAIFHO HACTPOCH Ha
YyBCTBA, BBHIPAXCHHBIC B COLMANBHBIX CEeTAX. KakIoMy CJIOBY, MPHUCYTCTBYIOUIEMY B
IIPEUI0KEHIH, IPUCBANBACTCS OLIEHKA TI0 3HAYE€HHUIO TOTO CJIOBa B ciloBape. PaccunTol-
BAeTCsl UTOTOBAs CIOKHAsS OllEHKa MPEIOKEHHUsI, KoTopasi Bapbupyercs oT -1 g0 1. Orta
OIIEHKa MTOKA3bIBACT, SBISACTCS JIU MPEATIOKEHNUE MOJIOKHUTEIBHBIM UIH OTPULATEIbHBIM.
CocraBHOii 6ayul Uil KaXJOro IpeIUIoKeHns] B Habope NaHHBIX O0beNUHSETCS, U IS
BCEro JOKYMEHTa aHAIM3HUpYeTCs cpeaHui Oama. YToOsl CpaBHUTH €T0 C APYTUMH IOJ-
X0/IaMH MAaIlIMHHOTO O0Y4YeHUs], MBI IIPe00pa3yeM CPEAHIOK OLIEHKY B TOYHOCTH, pa3jie-
JIUB OLCHKY BCETrO JOKyMEHTa Ha oO0Iiee KOIUYECTBO MPOBEPOK B ATOM KOHKPETHOM
Habope TaHHBIX.

Kaaccuduxaropsl Ha 0cHOBe MAIIMHHOIO 00y4eHHMs1. Mbl IPUMEHWIN NATh all-
TOPUTMOB, OCHOBAaHHBIX Ha MAITUHHOM OOYYEHUH, AJIS OMpPEIeNICHUs TOYHOCTH Habopa
JTAHHBIX.

1. HauBHBI OaliecCOBCKHUIT METO.I.

2. MaxkcuManbHasi SHTPOIIHS.

3. Meton onopHBIX BEeKTOpoB (SVM).

4. Nonras xpatkocpouHas namsate (LSTM).

5. Ceeprounas ueiiponnas cetb (CNN).

OctanoBuMcs noapoOHee Ha LSTM u cBepTOYHOIT HEHPOHHOIT ceTH.

Ha mepBom stame onpenensercs nHGpopMaIus, KoTopas OyAeT yaajieHa U3 sUeiHKu
namsta (ypaBHeHue 1). CHTMOBHIHBIN CJIOH BBITIONHSET 3TO PEIICHHE MOCe MPOCMOTpPA
npeablyiei nadopmannu i,_, M TEKyIIEro BBOJA Cy. ITOT CUTMOBH/HBIN CJI0i BBIBO-
aut ynciio ot 0 10 1, KoTopoe ornpesernseT KoJMIecTBO HHPOPMAIUU, KOTOpOe HE00X0-
JMMO COXPaHHTh, OCHOBBIBasiCh Ha Bece W,. 0, mpezcrasisier coO00H BEIXOAHOW CHUTHAI
TEKyIIEeH siueiiku, a by mpeacTaBiseT co00# CMEIEeHHE TS 3TOH KOHKPETHON SUYCHKH.

0, = o(Wp * [ig—1, c] + by. 1)
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3arem ompenenseTcs HOBasg WHPOpPMAaNusA, KOTOpas MOJDKHA OBITh OOHOBIICHA B
SYeWKy maMsATH. DTOT MPOIEcC MPOUCXOANT B JIBa 3Tala: CHavyala 3aAeHCTBYETCS CHT-
MOBHUHBIN CIIOW /IS ONpejAeNeHus 3HaYeHUH /I OOHOBICHHUS U 3aTeM KOPHYHEBBIN
CJIOW ISl CO3AaHMsI BEKTOpPa HOBBIX 3HAa4YeHWH (ypaBHeHue 2). n, o0o3HayaeT MHPOP-
Malyio, KOTopas JOJDKHA ObITh OOHOBIEHa Ha ocHOBe Beca W, u cmemenust by,
a V, — 5T0 JlaHHbIE, KOTOPBIE JIOJKHBI OBITH BKIIOUEHBI B HH(POPMAIIMIO O TEKYIIEM CO-
cTossHuM (ypaBHEHUe 3):

ny = oWy * [iq, ] + bp), 2
Vt = tanh(WV * [it—l’ Ct] + bV); (3)

Hanee sta nHpOpManus OOHOBISETCA B CICAYIOIIYIO SUEHKY V, IMyTeM yMHOXe-
HUS cTaporo coctostaus Ha 0, cormacHo (4).

Ve =0 *Veg + 1 %V, 4

Ha 3akio4uTebHOM IIare Mbl CHOBA HCIOJIb3YeTCSl CUTMOBH/IHBINA CIIO#, ITOOBI
HAWTH f;, KOTOpas 0003HaYaeT HHPOPMAIIUIO, KOTOpasi OyIeT MPEeIOCTaBICHA B KAYECTBE
BBIXOIHBIX JaHHBIX Ha OocHOBe Beca Wy u cMemenus by (ypasuenue 5). Croit tanh 06-

HOBIISICT HEOOXOMUMBIC YacTH W BBIAACT MX B KAUeCTBE BBIXOIHBIX JAaHHBIX SUCHKA
(ypaBHeHue 6).

fe = U(Wf * [ip_1,ce] + bf)' (5)

ip = fy »tanh (V), (6)

OxOHYATeJbHBIA BBIBOJ M3 ITOW SYEHKU OYAET CIy)KUTh B KayecTBE NpeaBap M-
TeJNbHOW MH(MOPMAIMU VIS CIEeNyIoNel sSUeiKy, 4ToOBl ONpPEACIUTh ee Mocieaylonee
COCTOSIHUE.

Mpr 06yumnu mojesib CNN [28] ¢ ucmosib30BaHHEM OJHOTO CJIOS Ha XapakTep U-
CTHKaX, U3BJICYCHHBIX U3 MPEJIOKEHUH ¢ UCToNb30BaHKeM Mojaenu word2vec. Ilep-
BBIH CJIOM — 3TO CBEPTOYHBIN CJIOH, B KOTOPOM MBI IIepeMeliacM HEeCKOJIbKO (PHIBTPOB
Pa3HBIX pa3MepoB 1Mo 128 M3MEPEeHUsIM BIIOKECHHUS CIIOB, YTOOBI CO3/1aTh KapTy 00BEK-
TOB Ha OCHOBE KOHKPETHOTO (pribTpa. 3aTeM HAET CIIOM MaKCHMAIBHOTO ITYJUTHHTA,
KOTODPBIH CBOPAYMBAET PE3yJbTaThl NPEABIAYLIErO CI0 B OAUH JJIMHHBIA BEKTOP I H-
3HaKoB. CII0if MAaKCUMaIIEHOTO MYJUIMHTa HAXOIUT HanboJee 3aMeTHBIA BEKTOP 00BEK-
TOB U3 KapThl 00BEKTOB, MPUHAMISKAIUH KaXKIOMY (QIIBTPY, KOTOPHI 3aTEM MOJHO-
CThIO TIepe/iaeTcs MOJAKIUYEHHOMY ciloto softmax. Perynspusanusi oTceBa BBIMOJH sI-
eTcs J0 TOro, Kak MBI HCIOJb3yeM ciiol softmax juist kimaccudukanuu pesynbrata.
Perynsipuzanus ciydailHpIM 00pa3oM BBIOPACHIBAET HEKOTOPHIE CKPBITHIE STUHUIIBI U3
CJ1051, YTOOBI TPEJOTBPATHTh COBMECTHYIO aJaNTalMi0 00y4aroluX AaHHBIX, KOTOpas
MOJKET IIPUBECTHU K MEperpys3Ke.

Xoa ucciieioBaHusl U pe3yabTaThl. B kayecTBe Habopa AaHHBIX AJISL 3TOTO HC-
cieoBaHUsS OBUTH HCITONB30BaHBI 0030pbI 900 denoBek. OO30pHI MPEICTABICHEI B BUIC
BOIIPOCHUKA, COAEPX AILEro HECKOJIBKO BONPOCOB, KACAIOMIMXCS NPEANOYTEHUM KHHX-
HOTO HOCHUTeNs (MHEHHS IOJIb30BaTes 00 SJCKTPOHHBIX KHHWTAaX, KHATAX B MSTKOH U
TBEpIIOH 00JIOKKAX, M300paKCHUAX M ayJUOKHUTAX). Kpome Tor0, B BOIIPOCHHUKE 00CY-
KTAeTCsI, CYNTACT JIM IOJIb30BaTeNb, YTO HU(PPOBBIE HOocHTend, Takue kak Kindle mmm
AJIEKTPOHHBIC KHUTH, MOTJH OBl 3aMEHUTHh KHHTH B TBEPJOM IEPEILICTE WIA B MSATKOU
00710:kKe. BOIpOCH! yTOUHSIIM, HPABATCS JIM TOJIB30BATEII0 ayJUOKHUTH OOJBINE NpY-
rux (opMaToB, a TAaKXKe MPEeIaraloch KpaTKo H3JI0KHTh COOCTBEHHOEe MHeHHe. Bo-
MIPOCHHUK COACPKUT MHEHHE IMOJIB30BATENA, a TAaKXKe IOJI U BO3PACTHYIO TPYIILY OIpa-
mmBaeMoro. Hapsimy ¢ MHEHHEM TONb30BaTeNiel, OHM TaKXke CoAep KaT WH(POPMALUIO O
MTOJIOKUTETHHOM / OTPHUIIATEIFHOM MHEHHH KacaeMo IMPEINOYTEeHUI, KOTOpas CIYXHT
OCHOBOH JIOCTOBEPHOCTH JIJISI KITAaCCU(PUKATOPOB.

44



Pazgen I. UckyccTBEHHBIN MHTENIEKT U HEUETKUE CUCTEMBI

60 % 0030pOB SIBISIOTCS MTOJIOKHUTENBHBIMHU, a OcTaibHble 40% — OTpUIATENbHBI-
MH. DTOT HaOOp JaHHBIX MBI PA3ICNIIM Ha OTACIbHBIC TPYIIIEL: cHavaa o oy (70 %
MIPUHAICKUT KeHIuHaM, 30 % — My»XYlHaM), 3aTeM 110 BO3pacTHOMY npusHaky (40 %
MpUHAAJIeKAT K Bo3pacTHO# rpyme g0 20 net, 30 % — Bo3pactHoii rpymme 21-34 rona,
20 % — BospactHoii rpymme 35-50 net, 10 % — Bo3pacTHO# rpymime — crapiie S50 neT).

MBpI MOTYy4YHiIM Pe3yNIbTaThl ¢ UCIONB30BAaHUEM KIACCU(HKATOPOB Ha OCHOBE Ma-
IIMHHOTO OOYYEeHWS M OCHOBAHHBIX Ha cjioBape. Pe3ynbTaThl 5THX KJIaCCH(HUKATOPOB
BEIPAKEHBI B TEPMUHAX TOYHOCTH [29].

KOJIMYECTBO IPaBH/IbHO NMPE/CKa3HHbIX HAO/II0eHUI
ToyHOCTb = — .
o6lee KOJIMYECTBO HaOJIIOAEeHUN
Brusnue sospacmnozo ghakxmopa
W3BnedeHHplit HabOp NAaHHBIX, OCHOBAHHBIM Ha BO3pacTe, MOApa3AeiieTCs cle-
QYOI TPYNIbL: mepBas rpynmna — muafme 20 net, BTopast — ot 21 1o 34 aet, TpeTbs —
ot 35 nmo 50 net u mocnenuss — crapme 50 iet. Takum 0Opa3oM, BCETO CO3MaHO YETHIPE
TPYIIBI, COAEpIKAIIUe MOJOKUTENbHbIE U OTPUIATENLHBIE OT3bIBBI OT JIIOJACH Ka)KIon
KOHKPETHOH BO3pacTHOW rpymmbl. [pyras rpymma (0e3 wHpOpMamuu o BO3pacTe), COo-
Jepakaiast 0030pbl U3 BCEX BO3PACTHBIX TPYII, CPOPMHUPOBAHA JJIsI CPABHCHHS €€ pe-
3yJIBTaTOB C IPYTUMU IPyIIIaMH, KaK IMOKa3aHo Ha puc. 3.

W Below 20 = 21-34 35.50 W Above 50 @ Without Age Information

Lkl

SVM Vader LST™M CNN
@) (b) (©)
Classifiers

Accuracy (%)
i 3

Puc. 3. Cpasnenue paznuunbix Menooos u3eieueHus XapaKmepucmux Ha 0CHOGe
sospacma: ((a) — knraccuguramopul, OCHO8AHHbIE HO MAUIUHHOM 0OYYEHUU;
(b) — knaccugpurxamopwr na ocnoge crosapsi; (C) — n0OX00bL MAWUHHO20 OOYUEHUS
€ UCNONBb306AHUEM MEMOOA U3GLeHeHUs. NPU3HAK08 Word2vec)

Bospacthas rpymnna «crapuie 50 5eT» OEMOHCTPHPYET JIy4dlIHe Pe3yIbTaThbl 1O
CPaBHEHHUIO CO BCEMH JPYTMMH BO3PACTHBIMHU TIPYIIIIAMHU BO BCEX KiacCH(UKaTOpax c
MaKCHMaJIbHON TO9HOCTBIO 78 % B Kiaccupuxaropax CNN u SVM. BospactHas rpynmna
«mo 20 mer» uMeeT Oosiee BBICOKYIO TOYHOCTh 110 CPABHEHHUIO C JIBYMS JPYTHMH TPYII-
IIaMH CPEIHETo BO3pacTa, Te Bo3pacTHas rpymma «21—4» mokasslBaeT JydlIHid pe3ysib-
TaT, 4YeM JAPYrue BO3pPAcTHbIE TPYHIBI BO BCEX CIOydasX, XOTS pasHHULA MEXAY STHMH
JIBYMSI BO3PACTHBIMH TpYNIIaMH He3HauuTeNdbHAa. BBICOKME MOKa3aTenu CTapIIuX BO3-
PacTHBIX T'PYII MMOKa3bIBAIOT, YTO MOJXO/bl aHAIN3a TOHAJILHOCTH CHOCOOHBI Ipe/ICKa-
3aTh HACTPOCHMS B 3TOM BO3pPAcTHOM Ipynne Jydlle, yeM B APYrux rpynnax. I'pynna
JaHHBIX 0e3 Kakoi-m1bo nHpopMauu o Bozpacte padoTaet iayunre B LSTM u CNN.

Bausinue ¢axkropa reHaepHoii nmpuHamiiexkHOCTH. VcxomHblii HabOp JaHHBIX
pasJiesieH Ha JBE TPYIIIBI B 3aBUCHMOCTH OT ToJia (MY>KCKYIO M )KEHCKYIO) U COJIEP)KUT
MTOJIOKUTEIBHBIE W OTPUIATEIIbHBIE OT3BIBBL. J[aHHBIE TakKe MPOXOMIAT dTambl IpeaBa-
pHUTENILHON 00pabOTKH, M3BJIEUECHUS] XapaKTEPUCTHK M MPUMEHEHHS KIacCH(PHUKATOPOB.
PesynbraThl npencTaBieHs! Ha puc. 4.
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B Without Gender information ® Female Male

7
"
o
&
o
[
) ‘
@
NB ME SVM CNN
- > -

Vader LSTN!
(@) (b) (<)
Classifiers

Accuracy (%)

Puc. 4. Cpasnenue pe3yismamog no nor08omy NPUHAaKy cpeou PasiuyHbix Memooos
U36/IEUEHUS XAPAKMEPUCTIUK U KIACCUDUKAMOPO8 (@) — KAACCUGUKAMOPbI, OCHOBAHHbLE
Ha mawuHHOM obyuenuu, (b) — Knaccuguxkamopul Ha ocHose cro8apsi; (c) — L0OX00bl
MAUUHHO20 00YHeHUs ¢ UCHOTb308ANUEM MEMOOA U3BNeYeHUs NPUsHaKos word2vec)

Xopo1o BUJHO, YTO JaHHBIE B )KEHCKOH TpyIIe UMEIOT 60Jiee BBICOKYIO TOUHOCTh
[0 CPaBHEHUIO C JIaHHBIMU W3 Ipymn 0e3 reHaepHol nHpopMaunu 1 My>XcKoi. JlaHHbIe
U3 KEHCKOH TPYIIBI UMEIOT JIy4IIyI0 TOUHOCTb B Kiaccudurarope CNN — 80 %, Hexe-
oM B JIPYrux Kiaaccuukaropax. DTOT pe3yibTaT COIJACyeTcsl C ICHXOJIOIMYEeCKHMH
HCCIICAOBAHUAMU, COTJIACHO KOTOPBIM, KCHIIWHBI BBIPAXKAIOT CBOC MHCHUE JIYUIlIC, YEM
MYX4YHUHBL. HacTpoeHHs B >KEHCKMX TpyNnax Jierde Hpencka3arh, YTO JacT OOJBIIYIO
TOYHOCTh Pe3yNbTaTa.

3akarouenue. B 3Toll cTaThe MBI CPAaBHUIIN PA3IMYHbIE METO/IBI aHAIN3A HACTPOE-
HUH B HabOpe AaHHBIX, cocToamuM u3 900 aHKeT, copepxKamux HHPOPMAIHIO 0 BO3pac-
T€ ¥ IOJIE MOJIb30BaTes. YTOOBI MpoaHaIM3MPOBATh BIMSHME BO3pacTa M IOJa Ha To,
KaK I10JIb30BaTeIN BHIpa)KaloT CBOE€ MHEHHE, HaOOp JaHHBIX OB pa3jieneH Ha 4YeThIpe
TpynIibl. JIJ'ISI OIMPCACIICHNA TOHAJIBHOCTHU OT3bIBOB UCIIOJIB30BAJIMCh METO/IbI MalllTMHHO-
To O6y'-IeHI/I$I " CJIOBApPHBIC TEXHUYECCKUC MTPUCMBIL. B HUTOTEC, JXCHCKasd rpymnra mnokasaja
JY4IIyI0 TOYHOCTH IO CPaBHEHUIO C MY)KCKOH, a Bo3pacTHas rpymma crapuie 50 ser
uMeeT Oosiee BBICOKYIO TOYHOCTb, I10 CPaBHEHHIO CO BCEMH APYIMMH BO3pPAacTHBIMU
TpynIamMH.

BUBJIMOI'PAGHMUYECKUIA CITMCOK

1. Manek A.S., Shenoy P.D., Mohan M.C., Venugopal K. Aspect term extraction for sentiment
analysis in large movie reviews using gini index feature selection method and svm classifier,
Worldw. Web., 2017, No. 20, pp. 135-154.

2. Dos Santos C., Gatti M. Deep convolutional neural networks for sentiment analysis of short
texts, Proceedings of the COLING, the 25th International Conference on Computational Lin-
guistics: Technical Papers, Dublin, Ireland, 23—29 August 2014, pp. 69-78.

3. Kiritchenko S., Zhu, X., Cherry C., Mohammad S. Nrc-canada-2014: Detecting aspects and
sentiment in customer reviews, Proceedings of the 8th International Workshop on Semantic
Evaluation, Dublin, Ireland, 23-24 August 2014, pp. 437-442.

4. Pontiki M., Galanis D., Papageorgiou H., Manandhar S. Androutsopoulos I. Semeval-2015
task 12: Aspect based sentiment analysis, Proceedings of the 9th International Workshop on
Semantic Evaluation, Denver, CO, USA, 4-5 June 2015, pp. 486-495.

5. Cao D., Ji R, Lin D., Li S. A cross-media public sentiment analysis system for microblog,
Multim. Syst., 2016, No. 22, pp. 479-486.

6. Ghosh R., Zhang L., Dekhil M.E., Liu B. Performing sentiment analysis on microblogging data,
including identifying a new opinion term therein. US Patent 9,275,041, 1 March 2016.

46



Pazgen I. UckyccTBEHHBIN MHTENIEKT U HEUETKUE CUCTEMBI

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.
24.
25.

26.

217.

28.

29.

Ullah M.A,, Islam M.M., Azman N.B., Zaki Z.M. An overview of multimodal sentiment analysis
research: Opportunities and difficulties, Proceedings of the 2017 IEEE International Conference
on Imaging, Vision & Pattern Recognition, Himeji, Japan, 1-3 September 2017, pp. 1-6.
Cambria E. Affective computing and sentiment analysis, IEEE Intell. Syst., 2016, No. 31,
pp. 102-107.

Liu B. Sentiment analysis and subjectivity, Handb. Nat. Lang. Proc., 2010, No. 2, pp. 627-666.

. Kumar S., Yadava M., Roy P.P. Fusion of eeg response and sentiment analysis of products

review to predict customer satisfaction, Inf. Fus., 2019, No. 52, pp. 41-52.

Kim J.H., Kim B.G., Roy P.P. Jeong D.M. Efficient facial expression recognition algorithm based on
hierarchical deep neural network structure, IEEE Access, 2019, No. 7, pp. 41273-41285.

Yoo S.M., Cho C,, Lee K.H., Park J., Jin, S., Lee Y., Kim B.G. Structure of deep learning infer-
ence engines for embedded systems, Proceedings of the IEEE 2019 International Conference
on Information and Communication Technology Convergence, Kuala Lumpur, Malaysia,
24-26 July 2019, pp. 920-922.

Kim J.H., Hong G.S., Kim B.G., Dogra D.P. Deepgesture: Deep learning-based gesture recog-
nition scheme using motion sensors, Displays, 2018, No. 55, pp. 38-45.

Li Y.M,, Li T.Y. Deriving market intelligence from microblogs, Decis. Support Syst., 2013,
No. 55, pp. 206-217.

Lockenhoff C.E., Costa P.T., Lane R.D. Age differences in descriptions of emotional experiences
in oneself and others, J. Gerontol. Ser. B Psychol. Sci. Soc. Sci., 2008, No. 63, pp. 92-99.
Zimmermann P., lwanski A. Emotion regulation from early adolescence to emerging adulthood
and middle adulthood, Int. J. Behav. Dev., 2014, No. 38, pp. 182-194.

Kaur B., Singh D., Roy P.P. Age and gender classification using brain—computer interface,
Neural Comput. Appl., 2019, No. 31. pp. 5887-5900.

Oh H., Parks S.C., Demicco F.J. Age-and gender-based market segmentation: A structural
understanding, Int. J. Hosp. Tour. Adm., 2002, No. 3, pp. 1-20.

Keshari P., Jain S. Effect of age and gender on consumer response to advertising ap-
peals, Paradigm, 2016, No. 20, pp. 69-82.

Fabes R.A., Martin C.L. Gender and age stereotypes of emotionality, Personal. Soc. Psychol.
Bull., 1991, No. 17, pp. 532-540.

Stoner S.B., Spencer W.B. Age and gender differences with the anger expression scale, Educ.
Psychol. Meas., 1987, pp. 487-492.

Davis T.L. Gender differences in masking negative emotions: Ability or motivation?, Dev.
Psychol., 1995, No. 31, pp. 660-667.

Brody L.R. Gender and emotion: Beyond stereotypes, J. Soc. Issues, 2010, No. 53, pp. 369-393.
Kring A.M., Gordon A.H. Sex differences in emotion: Expression, experience, and physiology,
J. Personal. Soc. Psychol., 1998, Vol. 74, pp. 686-703.

Birditt K.S., Fingerman K.L. Age and gender differences in adults’ descriptions of emotional
reactions to interpersonal problems, J. Gerontol. Ser. B Psychol. Sci. Soc. Sci., 2003, No. 58,
pp. 237-245.

Kharde V.A., Sonawane S.S. Sentiment analysis of Twitter data: A survey of techniques, Int. J.
Comput. Appl., 2016, No. 139, pp. 5-15.

Saini R., Kumar P., Roy P.P., Pal U. Trajectory classification using feature selection by genet-
ic algorithm, Proceedings of the 3rd International Conference on Computer Vision and Image
Processing. Springer: Berlin/Heidelberg, Germany, 2020, pp. 377-388.

Kim Y. Convolutional neural networks for sentence classification, Proceedings of the 2014
Conference on Empirical Methods in Natural Language Processing (EMNLP), Doha, Qatar,
25-29 October 2014, pp. 1746-1751.

Saito T., Rehmsmeier M. The precision-recall plot is more informative than the roc plot when
evaluating binary classifiers on imbalanced datasets, PLoS ONE, 2015, No.10. e0118432.

CraTplo peKOMEH/IOBaJI K OIyOJIMKOBAaHUIO JI.T.H., podeccop A.B.-boxkeHIok.

I'epacumenko Eprenus: MuxaiiioBHa — HOxubplii QemepanbHplii  yHuUBepcuteT, e-mail:
egerasimenko@sfedu.ru; 347928, r. Taranpor, nep. Hekpacosckuii, 44; Ten.: 88634371651; ka-
(benpa cucTeM aBTOMaTH3MPOBAHHOTO TIPOSKTUPOBAHUSI; JIOIICHT.

47



Ussectus ODY. TexHuueckue HayKu Izvestiya SFedU. Engineering Sciences

Creuenko Banentuna BuranbeBna — e-mail: stecenko@sfedu.ru; kadenpa cucrem aBToMaTH3H-
POBaHHOTO POCKTHPOBAHUS; MATHCTPAHT.

Gerasimenko Evgeniya Michailovha -  Southern  Federal  University;  e-mail:
egerasimenko@sfedu.ru; 44, Nekrasovskiy lane, Taganrog, 347928, Russia, phone:
+78634371621; the department of computer-aided design; associate professor.

Stetsenko Valentina Vitalievna — e-mail: stecenko@sfedu.ru; the department of computer-aided
design; master student.

YK 519.712.2 DOI 10.18522/2311-3103-2020-4-48-59

JLLA. 'nagkos, H.B. 'nagkoBa

SBOJJIOINNOHUPYIOIME MHOI'OAI'EHTHBIE CUCTEMbI
M SBOJIIOIIAOHHOE ITPOEKTUPOBAHME"

Cmamua nocssiujeHa 06CcysHcOeHur0 npobaem noCmpoeHuss 360I0YUOHUPYIOWUX MYTbIMUA-
2EHMHBIX CUCTEM HA OCHOBE UCNOIb308AHUS NPUHYUNOS IEONIOYUOHHO2O NPOEKMUPOBAHUS U 2UD-
PpuoHwvIX mooenetll. Paccmompeno nowamue acenma. Ilpedcmagnen Habop 6a306vix c8oUCME azeH-
ma. Paccmompenvl ananozuu Mexcoy MHO20A2eHMHbIMU U I8OMOYUOHHLIMU cucmemamu. Pac-
CMOMPenbL NPUHYUNBL ROCMPOEHUS U OP2AHUIAYUU MYIbMmUazeHmuulx cucmem. Ommeuensl cxo0-
Ccmea mexncoy OCHOBHbIMU ONPeOeneHUsMU MeoPUL azeHmos u meopuu 36onioyuu. Ommeveno, ymo
OCHOBHbLE MOOENU I6ONIOYUL U IBOTIOYUOHHBLE ANSOPUMMbL, MO2YN ObIMb C YCHEXOM UCNONb3064a-
Hbl NpU NPOEKMUPOBAHUU MHO20A2EHMHBIX cucmem. IIposedeHn ananus cyuecmayiomux memooos
U MEMOoOON02UL NPOEKMUPOBAHUS A2EHMO8 U MHO20A2eHMHbIX cucmem. OmmeueHvl cyuecmsyio-
wue pasiuuus 8 nooxooax K NpOeKmuposaHuro MHO20a2eHmubvIx cucmem. ORUCAHBI OCHOGHbIE
munsl Mooenell U npuseoeHsvl Ux eadicHeluwue xapakmepucmuru. Ilpedcmasnena mooensb 83aumo-
Oelicmeus azenmos, SKIIUAWAs ONUCAHUE YCye (Cepsucos), 63aumocsssell u 0oa3amenscms,
cywecmeyiouux mexcoy azenmamu. Onucana mooens OmHoweHull (KOHMAaKmos), Komopas 3a0a-
em KOMMYHUKAYUOHHbIE CEA3U MedcOy azenmamu. OmmeueHa 8adCHOCMb U NepCHeKMUSHOCMb
UCNONL306AHUS A2EHMHO-0PUEHMUPOBAHHO20 NOOX00A K NPOEKMUPOBAHUIO MHO0A2EHMHBIX CUC-
mem. IIpeonosicena Konyenyus npoeKmupo8anus A2eHmos U MHO20A2EHMHBIX CUCTEM, CO2NIACHO
KOMOPOU npoyecc NPOeKMuposanus sxaouaem 6 cebs 6a308vie KOMNOHEHNbl CAMOOPSAHUSAYULU,
6 MOM YUCIe NPOYECchbl 83auUMO0eUCMBUs, CKpeWusanus, aoanmayuu Kk cpede u m.o. Paccmompe-
Hbl pA3IUYHble NOOX00bL K IB0NIOYUOHHO20 NPOEKMUPOBAHUIO UCKYCCMBEHHbIX cucmeMm. IIpedno-
orcena DOMOYUOHHAS MOOeTb POPMUPOBAHUS A2EHMOB8 U A2EHIMCME, KAK OCHOBHOU KOMNOHEHM
9B0NIOYUOHHO20 npoeKmuposanus. TIpeonodicenvl Mooupuyuposannvle I601I0YUOHHbIE ONEPAMO-
Dbl KPOCCUH206€pa OISl peanu3ayuu npoyecca NPOeKMupOSaHus a2eHmos.

Mynvmuazenmas cucmema,; azeHm, C60UCMEA A2EHMOS, A2EHMCMBO; IBOMOYUOHHOE NPOEK-
Muposanue; 3601I0YUOHHbIE ONEPAMOPLL; MEMOOON02U NPOEKMUPOBANUS, CUOPUOHbLE MEMOObL.

L.A. Gladkov, N.V. Gladkova

EVOLUTIONARY DESIGN AS A TOOL FOR DEVELOPING MULTI-AGENT
SYSTEMS

The article is devoted to the discussion of the problems of constructing evolving multi-agent sys-
tems based on the use of the principles of evolutionary design and hybrid models. The concept of an
agent is considered. A set of basic properties of the agent is presented. The analogies between multi-
agent and evolutionary systems are considered. The principles of construction and organization of mul-
ti-agent systems are considered. The similarities between the main definitions of the theory of agents
and the theory of evolution are noted. It that the main evolution models and evolutionary algorithms can
be successfully used in the design of multi-agent systems is noted. The analysis of existing methods and
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