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INPUMEHEHME METOJOB UHTEJUVIEKTYAJIBHOI'O AHAJIN3A JAHHBIX

B 3AJAYE KJTACCU®UKAIIUA SKCHHEPTHBIX OHEHOK
KAYECTBA BUHHbIX U3IEJINHU

Cunopuna C.A., Boponosa JI.H.

Mockosckuil mexHudeckuil yHusepcumem céazu u ungopmamuxu, Mockea

CIOXHOCTB OIpeJeeHns] KaueCTBa BUHHOI MPOAYKIUH COCTOUT B TOM, YTO 0€3 y4acTHs IKCIEPTOB HEBO3-
MO’KHO OJHO3HAUHO yCTaHOBUTH COOTBETCTBHE HOPMATHUBHBIM IIOKa3aTeNIsIM IO XUMUUECKOMY COCTaBy, OKpacKe,
HPO3PAYHOCTHU, APOMATy U BKYCY HalMTKA. B TaHHOM cTaThe OIMCHIBACTCS peaan3alusi HHCTPyMEHTa Kiaccuduka-
LIUH SKCIEPTHBIX CEHCOPHBIX OLIEHOK KaueCTBa BUHHBIX U3JEJIUH C IPUMEHEHHEM TEXHOJIOI NI MHTEIIEKTYa bHOIO
aHanu3a AaHHBIX. OCHOBHAS 3a/1a4ya 3aK/II0YaeTCs B 00yUCHHHU aJrOpUTMa MAIIMHHOTO 00y4YeHMS HAa OCHOBE BXOJ-
HBIX 3HAYCHHH (QU3MKO-XMMHYCCKHUX XapaKTePUCTHK KKI0ro odpasla ¢ MOKa3aTe/sIMH CCHCOPHBIX OLICHOK Kade-
CTBa MPOAYKTa. BayKHBIM dTaroM sIBISIETCS HCCICAOBAHUE 3aBHCHMOCTEH U U3ydeHHEe HCXOJHOrO Habopa JaHHBIX
Ha TIPeIMET IPOITyCKOB 3HAYCHUII ¥ BLIOPOCOB, YTO IIO3BOJIUT BBIOPATh ONTUMAIIBHYIO CTPATETHIO PEIICHUS 3a1auH.
JU71s1 KOHTPOJISL TOYHOCTH OOYUCHHSI MO IPUMEHSIIACh ClIeUaIbHAasl METPUKA, IOKAa3bIBAIOIIAs JOTI0 BEIOOPKH,
110 KOTOPBIM KJIACCU(UKATOP MPUHSI IPaBUIBHOE pelleHne. B kadecTBe aaropuTMOB HCIOIB30BAIICEH: CTOXACTH-
YEeCKHH TPaJUCHTHBIN CITyCK, METOZ 0OPaTHOTO PACIpOCTPAHEHHs OMIMOKU M BRIIPSIMICHHAS JTUHEHHAs QyHKIHSA
axruBauuu. [t pereHus HoCcTaBIeHHOM 3a1a4u ObLT BBIOpaH s3bIK nporpammupoBanust Python 3.6.4 u nunrepak-
TuBHas obonouka Jupyter Notebook. Helfiponnas ceTb, apXHTeKTypa KOTOPOIl IPEACTABISET COOO0I MHOTOCIOWHEIIH
MepcenTpoH ¢ 7 crnosiMu, pa3paborana B Gubnuorexe Skikit-learn.

KiiroueBbie cjioBa: MalimHHOE 06yqemle, HeﬁpOHHaﬂ CeTh, HHTE/VICKTyaJIbHbI€ CUCTEMBbI, KJ'laCCH(l)l/lKaIIMﬂ, skikit-learn

APPLICATION OF DATA MINING METHODS IN THE TASK OF CLASSIFYING

EXPERT QUALITY ASSESSMENTS OF WINE PRODUCTS

Sidorina S.A., Voronova L.I.
Moscow Technical University of Communications and Informatics, Moscow

The difficulty in determining the quality of wine products lies in the fact that without the participation of experts
it is impossible to unequivocally establish compliance with the regulatory indicators on the chemical composition,
color, transparency, flavor and taste of the drink. This article describes the implementation of a tool for classifying
expert sensory assessments of the quality of wine products using data mining technologies. The main task is to train
the machine learning algorithm based on the input values of the physicochemical characteristics of each sample with
indicators of sensory evaluations of product quality. An important step is the study of dependencies and the study of
the initial data set for missing values and emissions, which will allow you to choose the optimal strategy for solving
the problem. To control the accuracy of the model’s training, a special metric was used, showing the sampling rate
for which the classifier made the right decision. The following algorithms were used as the algorithms: stochastic
gradient descent, the back error propagation method and the rectified linear activation function. To solve this problem,
the programming language Python 3.6.4 and the interactive shell Jupyter Notebook were chosen. The neural network,

whose architecture is a multilayer perceptron with 7 layers, was developed in the Skikit-learn library.

Keywords: machine learning, neural network, intelligent systems, classification, scikit-learn

OneHka KayecTBa BUHHBIX W3JICTUH SB-
JISIETCSl HE MPOCTHIM MPOIIECCOM 0e3 MpoBe-
JACHUS CIICHHAJIbHBIX na60paToprIx TECTOB
W DKCHEpTHBIX Jerycrauuid. [Ipumenenue
METOJIOB MHTEIJICKTYyallbHOTO aHallnu3a JaH-
HBIX B BHUHOJEIBICCKOW OTPACIH MO3BOJIUT
3HAYUTENIIBHO 00JETYUTh MpoLlece orpeene-
HUA Kaye€CcTBa BHHA.

Bnaromaps Tomy, 4Tto 3a mOcieqHHE He-
CKOJIBKO JIET ObLIM pa3paboTaHbl MHOTOYHC-
JICHHBbIC OMOJIMOTEKU C OTKPBITHIM HUCXOTHBIM
KOJZIOM W MOIIHBIC alTOPUTMBI, TTO3BOJISIOIIUE
00HapYKMBATh B TAHHBIX TTOBTOPSIIOIITHECS 00-
pasbl, CTAJIO0 BO3MOXXHBIM [A€JIAaTh ITPOTrHO3LI
0 OyayIIuX COOBITHSX.

Takum 00pa3oM, OCHOBBIBASICH TOJIBKO Ha
HabOpe XMMHUUECKUX MoKa3arelell, kinaccudu-
Kalisl KaueCcTBA BUHHBIX W3JICTHN OyleT mpo-
M3BOJUTHCS 0€3 y4acTusl SKCIIEPTOB.

Ilocmanosxa 3a0auu
u onucanue Ha60pa OaHHbIX

OCHOBHOHM 1eNbI0 AaHHOW PaOOTHI SIBIIS-
ercsi pa3paboTKa NPOTrPaMMHOTO TPOTYKTa
JUTSL KITacCU(DUKAITUN DKCTIEPTHBIX CEHCOPHBIX
OIIEHOK Ka4eCTBa BUHHBIX H3/IEIHI Ha OCHOBE
(U3NKO-XMIMUYIECKHX TECTOB.

s uccnenoBaHus MPEAMETHOH 00IacTu
UCTIONIb30BaJIcs HAOOp AaHHBIX OenIoro Mmopry-
ranbckoro BuHa «Vinho Verde» [1], B3AThIN 13
obmenoctynHoro xpaamwimiia UC Irvine [2].

DTOT HabOp MAHHBIX comepkar 3298 yHH-
KaJIBHBIX 9K3eMIUBIPOB Oesoro BuHa ¢ 11 du-
3UKO-XUMHUYECKUMH XapaKTePUCTUKAMH, TaKHU-
MU KaK:

1 — ¢uxcupoBanHas kuciaoTHocTh (fixed
acidity);

2 — meTydast KUCIIOTHOCTH (volatile acidity);

3 — nuMoHHas KucoTa (citric acid);
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4 — ocrarounslii caxap (residual sugar);

5 — xnopuzsl (chlorides);

6 — cBoOOMHBIN uokcu cepsl (free sulfur
dioxide);

7 — obmmii mmokcupa cepsl (total sulfur
dioxide);

8 — motHOCTH (density);

9 —pH;

10 — cynbdarsr (sulphates);

11 — anxorons (alcohol).

Kpome »3toro, skcreprsl B Xone AeEry-
CTaIliu OIEHWIN KadecTBO BHHA OT 0 (oueHB
w10xo0) g0 10 (oyeHp xopoiio). YcpelHeHHbIS
CCHCOpHBIE OLIEHKH TI0 KaXJIOMY NPHMEpY CO-
JIeprKaTcs B 9TOM JKe Habope JTaHHBIX.

HpaKmulteCKa}z peaiuzayuu

DTanbl NPaKTHYECKON pealn3aliiu 3aKIIo-
YaroTCs B CIIETYIOIIEM:

I. B unTepakTuBHOIl o000y0OuKe Jupyter
Notebook [3] moaxirouaOTCss HEOOXOAMMbIE
OubMoTeku [4] MHTEIUIEKTYalbHOTO aHAJIN3a
JTAaHHBIX.

II. Habop nmaHHBIX TIpesicTaBieH B Qaiiie
dhopmara *.csv. OH 3arpykaercsi B OTiepaTUB-
HYIO IIaMATh.

III. IlepemenHoOl Y IPpUCBAaUBAETCS BEKTOP
CO BCEMHU 3HAUCHUSMM CEHCOPHBIX OLEHOK,
3HAYEHHsI OCTaJbHBIX IIPHU3HAKOB 3aIHCHIBA-
IOTCS B IEPEMEHHYIO X.

IV. Ilocne TOro Kak JaHHBIE 3arpy’KEHbI
HEOOXOJMMO MTPOBECTH KaueCTBEHHBIN aHAIH3.

Ananus oanneix

ABTOpaMH TIpOBEIEH CTaTHCTHUYECKHIH
aHaJIN3 TaHHBIX Ha OCHOBE MMEIOIIErocs Ha-
Oopa m ObUIH oOmpeneraeHbl MUHHMAIbHOE,
MaKCHMaJlbHOE, CpeIHEEe U CTAHIAAPTHOE OT-
KJIOHEHHE 3HAauUCHUH BCeX SK3CMILISIPOB JIsd
Ka)XZI0r0 MpHUMepa, KOTOPBIC MPEACTaBICHBI
B Ta0auIeE.

Hcxonupiii HAOOp HE COICP)KUT OTPHILa-
TEJIFHBIX 3HAYEHHUH U IIPOITYCKOB, a4 TaKKXE€ HU
OJWH W3 BHUHHBIX 3K3EMIUIAPOB HE IOJTYy4YHIT
OLICHKY HIDKe 3 miM Beilie 9, mostomy chop-
MHUPOBAHO 7 KJIaCCOB KauecTBa.

Apxumexmypa HelponHOoU cemu

Mopnenb HEUPOHHOW CETH MPENCTaBISIET
cO00OH MHOTOCIIOWHBI TEPCENTPOH, CXeMa-
TUYHO U300pakeH Ha puc. 1.

CratucTudeckue TaHHbIe 10 Habopy

IIpusHak MuH. Makc. Cp. 3Hau. Ct. OTKIL.
Fixed acidity (r\mv?) 3.800 14.20 6.855 0.842
Volatile acidity (r\nm®) 0.080 1.100 0.278 0.100
Citric acid (r\nm?) 0.000 1.660 0.333 0.121
Residual sugar (r\nm?) 0.600 65.80 6.406 5.108
Chlorides (r\nm?) 0.009 0.346 0.046 0.021
Free sulfur dioxide (mr\mm?) 3.000 289.0 35.33 17.16
Total sulfur dioxide (mr\nm?) 9.000 440.0 138.4 42.99
Density (r\cm?) 0.987 1.039 0.994 0.003
pH 2.740 3.800 3.188 0.150
Sulphates (r\nm?) 0.220 1.080 0.490 0.114
Alcohol (%) 8.000 4.200 10.52 1.237
Quality 3.000 9.000 5.877 0.890

(100, 5)

Puc. 1. Apxumexmypa MHO20CI0UIHO20 hepcenmpona
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model = MLPClassifier(hidden_layer_sizes=[100]*5,solver ='sgd’,

' '

activation="relu’, random_state=42).fit(X_train, y_train)

model.fit(X_train, y_train)
predictions =

model.predict(X_train)

print (model.score(X_test, y test))

print (model.n_layers_)

Puc. 2. [Ipumep npoepammrozo kooa 0/ 00yueHUs HelPOHHOU cemu

Bxomnoii cioii 0603HaYeH KpacHBIM IIBE-
TOM W BKJIIO4aeT 11 BXOAHBIX MapameTpoB,
MIEPEYUCIICHHBIC B [IEPBOM CTOJIONE TaOIUIBI.
OmnpezneneHne KOJIMYECTBA CKPBITBIX CIIOEB
1 HEHPOHOB B HUX 3aBUCHUT OT IIOKA3aTeNsl TOU-
HOCTH (accuracy). OTIBITHBIM TIyTEM YCTaHOB-
JIEHO, 9TO 5 CKpBITHIX cioeB 1o 100 HeiipoHoB
KK/ SIBISICTCS ONTUMAIbHBIM, B MPOTHB-
HOM cllyyae OyZeM UMeTh OoJiee HU3KHE MOKa-
3arenu oOyuyaemoctu ceTd. llocneanuii cnoi,
CHUHUH, COCTOMT W3 7 BBIXOAHBIX 3HAYCHUM
KJIACCOB KaueCTBa.

CymiecTByeT HECKOJIBKO METOIOB 00yde-
HUS HEHPOHHOU CeTH M B Halel 3aaade OyjeT
HCTIOJIB30BATHCSI AITOPUTM 0OPaTHOTO pacipo-
CTpaHEHUs OIIMOKHU, KOTOPBIH HCIONB3YET CTO-
XacTU4YecKuil rpamueHTHBIN ciyck (SGD) [5]
B KayecTBE aJroOpuUTMa ontumuszauuu. OyHK-
LIME€H aKTUBAallUd HEHUPOHOB BBICTYIAET BbI-
npsimiieHHast uHeliHas ¢ynkus (ReLU) [6].
Ha puc. 2 u300pakeHa 4acTb MPOrpaMMHOTO
KoZa, HeOoOX0AuMast JUIsl peain3any 00ydeHust
HEWPOHHOU CETH.

JUJ1s1 OLICHKH TOYHOCTH PaOdOTHI UCIIONb3Ye-
MOTO aJITOPUTMA IPUMEHSIETCS TaKast METPHUKa,
KaK JOCTOBEPHOCTb.

OM@HK(,Z mo4YrHocmu ajieopumma

JocToBepHOCTH (accuracy) — 3TO OIS BhI-
OOpKH, 1O KOTOPBIM KIACCH(UKATOP TPUHSLI
npaBuIbHOE perieHue. J[0CTOBepHOCTh cUnTa-
eTcs 1o GpopmyIe:

TP+ TN
TP+ FP+FN+1N = (D

Accuracy, =

e Accuracy, — TOCTOBEPHOCTh C-TO KJIacca,
TN — UCTUHHO-OTpHULIATEIbHOE pelieHue, TP —
UCTUHHO-TIOJIOKUTENIbHOE pelenue, FP —
JIOKHO-TIOJIOKUTENIbHOE perenue, FN — J10x-
HO-OTpHIIAaTEeIBLHOE perieHue [7].

J1st OLIeHKH TOYHOCTH palboThI alropuTMa
WCXO/IHBIA HAOOp JaHHBIX OBLT CITyYaifHBIM 00-
pa3oM paszesieH Ha O0y4arollyl0 U TECTOBYIO
BBIOOPKY B COOTHOIIIEHHH 7:3 COOTBETCTBEHHO.

OOyunB MozeIb HEWPOHHOH CETH W TPO-
TECTHPOBAB €€ Ha JaHHBIX BTOPOW BBIOOPKH
MOJIydWJICA  CIEAYIOUIMA  pe3yabTaTr: accu-

racy=0.453532. Jlns TOBBIIICHHS accuracy
MOYKHO TIBITAaThCS MOA00paTh Oosiee yaadHbie
runepnapamMeTpbl WIK BOCIIOJIbB30BAaTLCA APY-
TUM aJITOPUTM.

3akjoueHue

B xome perieHusi MOCTABJICHHOW 3aja4u
OblTa CIIpOEKTHpOBaHA W OOydeHa MOJeTh
HEUpPOHHOM CETH, MPOBEJIEHO HUCIbITAHHWE Ha
TECTOBOH BBIOOPKE U TMOJTy4YCHA OLCHKA TOYHO-
CTH aJITOPUTMA.

Takum 00pa3oM, MOXKHO 3aKJIFOYHTh, YTO
Ha TPHUPOCT TOYHOCTU BIHUSAIOT MHOMKECTBO
(haKTOpOB U HIOAHCOB, JJISI TOTO M3HAYAIBHO
PEKOMEH/TyeTCsl Ka9YeCTBEHHO MCCIIEIOBAThH Ha-
0Op JaHHBIX, CBSA3HM MEK/Y Pa3IUUYHBIMH IPH-
3HAKaMH, KOPPEISIHI0. JTO TIO3BOJUT Jy4lle
MIOHSTH JIAHHBIC, C KOTOPBIMU MPEICTOUT pado-
T4 W B MEPCIICKTUBE HAWTH ONTHMAIBHYIO MO-
Jiesb 00y4YeHwHs.

Jannas paboma gvinoinena 6 pamkax Kyp-
€08020 npoexma no oucyuniune «Memoouvl
UHMENNEeKMYATbHO20 AHATU3A OAHHBIXY, Hd-
VuHblll pyKogooumenv — 0.¢.-M.H., npogeccop
Boponosa JL.U.
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