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HNCCJIEJOBAHUE BJIUSAHUA ®OPMATA
MPEJACTABJIEHUS OBYUYAIOIIEN BRIBOPKH HA TOYHOCTD
KIIACCU®UKATOPOB, HIOCTPOEHHBIX METOJAMU MAIIIMHHOI'O OBYYEHUA
INVESTIGATION OF THE INFLUENCE
OF THE TRAINING SAMPLE PRESENTATION FORMAT ON THE ACCURACY
OF CLASSIFIERS CONSTRUCTED BY MACHINE LEARNING METHODS

AHHOTaHI/IH: HpOBe,ZleHO HCCIICA0OBAHUEC BIIMAHHUC BHUJAA HMCXOIAHBIX MAdAaHHBIX (06yqalou16171
BBHIOOPKM) Ha KauyecTBO OOy4YeHHUS MHTEJUIEKTYaJbHBIX KJIaCCU(PHUKATOPOB, CHUHTE3UPYEMBbIX
METOJaMU MAlTMHHOI'O O6y‘lCHI/IH.

BrimmonHeno aHaIuTHYECKOE CpaBHCHHC U IMPAKTUYCCKAA anpo6au1/151 B CUCTEME CUMBOJIBLHOM
MaTEMaTUKU TPEX 0a30BBIX MECTOA0B MAallTMHHOI'O O6y‘-ICHI/I$I.

Abstract: The influence of the type of initial data (training sample) on the quality of training
of intelligent classifiers synthesized by machine learning methods has been studied.

Analytical comparison and practical approbation of three basic machine learning methods in
the system of symbolic mathematics are carried out.

KuroueBble cjioBa: 00yyaroias BbIOOpKa, kKiaccupukaiys o0beKTOB, MalTUHHOE 00yUYeHUE.

Keywords: training sampling, object classification, machine learning.

Brenenne

JlBaauath mepBbIi BEK — BEK Pa3BUTUS HHPOPMAIMOHHBIX TexHosnoruil. C cepenuHsbl
JIBA/ILATOTO BEKA U 10 Ceil JIeHb YeJI0BEUYECTBO CTPEMUTCS OBJIAAETh 3araJI04HbIM [IU(POBBIM MUPOM.
OpHuM 13 HalpaBJIeHUH pa3BUTHUS CTajla 001acTh MATMHHOTO O0yYEHUSI.

CoBpeMeHHOE pa3BUTHE 3TOW 00JaCTH MOJApa3yMeBaeT UCIOJIb30BaHUE OONBLIOrO oObemMa
JAHHBIX JJ1 00yUYEeHUS U OLIeHKU Mojenel kinaccudukauuu. [Ipu aToMm, hopmar npeacraBieHus 3Tux
oOyyaromux BbIOOPOK OKa3blBa€T 3HAYUTEIBHOE BIUSHME HAa TOYHOCTh IOJy4YaeMbIX
kiaccupukatopoB. B naHHOM uccienoBaHUM MBI COCPEAOTOUMMCS Ha aHAJIM3€ STOrO BIUSHUS U
MIOMCKOM ONTHUMABHOrO (hopMaTa NpeACTaBICHUS OOy4arolUX BBIOOPOK Ui JIOCTHKEHHUS
MaKCHUMaJIbHOM TOYHOCTH KJIaCCU(UKALINH.

dopMaJibHasi IOCTAHOBKA 3a1a4H

OObeKTOM U TPEeIMETOM HCCIEAOBaHUs SBISIETCS MpodiieMa MOCTpOeHHsT 00ydaeMbIX
knaccudukaropo Buaa f:x—y,

rae X=(X1, X2, ..., Xn) — BEKTOp KOJIMYECTBCHHBIX U CUMBOJIbHBIX XapaKTEPHUCTUK OOBEKTA;

Y — HASHTU(PUKATOP KIacca K KOTOPOMY OTHOCUTCSI OOBEKT.
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Llenp wuccrmemoBaHWsi — TIPOBEIEHHE CPABHUTENBHOTO aHAIM3a PA3IMYHBIX  (HOpM
NIPEJCTABICHUS HMCXOJIHBIX HaHHBIX (oOyuaromield BBIOOPKM) M HCCIIEOBAaHUS UX BIMSHUSA Ha
TOYHOCTh CHHTE3a HMHTEIUICKTYaIbHBIX KJIacCH(PUKATOPOB Ha 0a30BBIX METOJaX MAIIWHHOTO
o0y4eHusl.

[IpakTuueckass ampoOarysi METOJIOJIOTUM MCCIEAO0BaHUS MPOOJIEMBbl OCYIIECTBISIACH Ha
OCHOBE KCIIEPTHOI CUCTEMBI JUIS OLIEHKH aBTOMOOMIIeH [1].

Taxum oOpa3om, B JaHHOM cily4ae KjlacCu(UKaToOp MpeICTaBUM B BUJIE!

f: (xa, X2, ..., X6)>Y.

B kadecTBe HCCIIEIOBATENBCKON AHATMTHYECKON IUIATGOPMBI HCIOIB30BAIACH CHCTEMA
cuMmBOJIbHON MaTtematuku Wolfram Mathematica [2], xoropas siBiseTcst omHol W3 HambOoee
COBPEMEHHBIX CPEJl MOJCIUPOBAHUS CHCTEM MCKYCCTBECHHOIO MHTEIUIEKTA W Peai3allid METOI0B
MAaIIMHHOTO 00YYCHHSL.

JIsl aHATUTHYECKOTO HCCIICIOBAHMS MPUMCHSUIUCH CICAYIOIINE KIACCHYECKUE METOIbI
MaIIMHHOTO O0YYCHHUS:

1. Jlorucrrueckas perpeccus;

2. Meron Mapkosa;

3. MHorocnoitHasi HEHpOHHAsI CETbh.

AHaM3MpOBAINCH PA3IMUHbIE BUABI IPEICTABICHUS UCXOAHBIX JAHHBIX:

1. HcxonHbie aHTI0s3bIUHbIC HaHHbIC [1].

2. CoOTBEeTCTBYIOIINE XapaKTEPUCTUKN OOBEKTOB, IPEACTABICHHbIE HA PYCCKOM SI3bIKE
OJTHIM CJIOBOM;

3. MHOroC/I0BHBIE PyCCKOSA3bIUHBIE XapAKTEPUCTUKU U UICHTU(UKATOPHI KIACCOB;

4. AnpuopHoe 1HM(pPOBOE  TPEACTABICHHWE HMCXOMHBIX  JaHHBIX  (OIU(pPOBKa
MI0JIb30BATETIEM);

o. OnmdpoBka B cpelie HCIONb3yeMOi aHATUTHIECKOH MI1aT(HOPMBI.

1 Hcxoanble aHT/10513bIYHbIE TAHHbIE

1.1 Hcxonusie naHnHbIe

MHOXeCcTBO BO3MOXHBIX 3HAUCHHH XapaKTEPUCTUK OOBEKTOB M HIEHTH(PHUKATOPOB KIACCOB
IIpeCcTaBIeHbI B Tabmuue 1

Tabmauma 1
MHO0KeCTBO 3HAYCHUI IEPEMEHHBIX
X1 X2 X3 X4 X5 X6 Y
vhigh, | vhigh, | 2, 2, small, | low, | unacc,
high, | high, |3, 4, med, | med, | acc,
med, | med, |4, more | big high | good,
low low 5more vgood

1.2 Mertoap! pemneHust

1.2.1 Jlocucmuueckas pecpeccust

Ha pucynke 1 mpezacraBnena mHpopmaius o kiaccupukarope, 0Oy4eHHOM C MOMOIIBIO
Metoaa Jloructuueckoi perpeccuu, o mpoiecce ero oOy4eHus: 1 COOTBETCTBYIOIIAs €My KpuUBas
o0y4eHus.
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Classifier information

Data type

Classes

Accuracy

Method

Single evaluation time
Batch evaluation speed
Loss

Model memory
Training examples usad

Training time

<

Mixed (number: 6)

acc, good, unacc, vgood
(863 t26)%
LogisticRegression

3.26 msiexample

12. examples/ms

0341+ 0038

314. kB

1728 examples

541s

Learning curve

100 500 1000

10 50
training examples used

Puc. 1 Mudopmanus o knaccudpukatope (Metosa JIorucTHueckoi perpeccu).

O1neHka TOYHOCTH TOCTPOCHHOTO KJIACCH(PHUKATOpa METOAOM JIOTUCTHUECKOW perpeccuu
MPEJICTaBIICHa HA PUCYHKE 2.

Classifier Measurements

Classifier method | LogisticRegression

Number of test examples | 1728
Accuracy | (87.1+08)%
Accuracy baseline | (70.0+1.1)%

Geometric mean of probabilities | 0.729 + 0.0020

Mean cross entropy | 0.315+ 0.071

Single evaluation time | 5.7 ms/example

Batch evaluation speed | 17.5 examples/ms
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Puc. 2 CBognas marpuiia omuOO0K Ki1acCH(PUKAINH

Me:xnyHapoaHbIil Hay4dHbIH kypHan "®narman Hayku' Ne9(9) Okrsaodps 2023
www.flagmannauki.ru | 8(812)9052909 | info@flagmannauki.ru



PA3JIEJI: Un>xeHepHOE A€10, TEXHOJIOTMH U TEXHUYECKUE HaYKH
Hanpasnenue: Texuuueckue HayKu

1.2.2 Mooenv Maprosa
Ha pucynke 3 mpencraBnena mHdpopMmamms o Kiaccu(uKaTope, 0Oy4eHHOM C MOMOIIBIO
MeToza MapKkoBa, o mporecce ero 00y4eHHs U COOTBETCTBYIOIAst EMy KpUBasi 00y4eHUsI.

Classifier information

Data type = Mixed (number: 6)
Classes | acc, good, unacc, vgood
Method = Markov
Single evaluation time | 5.33 ms/example
Batch evaluation speed | 4.29 examples/ms
Model memory | 196.kB

Training examples used = 1728 examples

Training time | 872.ms

Puc. 3 Uudopmarus o kinaccudukarope (Merox Mapkosa)

OmueHka TOYHOCTH IOCTPOSHHOTO KJacCH(UKAaTOpa METOAOM MapkoBa Npe/ICTaBiIeHA Ha
pUCYHKeE 4.

Classifier Measurements

Classifier method =~ Markov
Number of test examples 1728
Accuracy  (88.3:08)%
Accuracy baseline  (70.0+11)%
Geometric mean of prebabiliies  0.779 £ .01
Mean cross entropy 0249 +0.014

Single evaluation tima  9.02 ms/example

Batch evaluation speed  4.23 examples/ims
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Puc. 4 Cognast MaTpuia ommOOK Kiaccupukanum
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1.2.3 Mnococnounas netiponnas cemo

Ha pucynke 5 mpencraBneHa uHdopManus o kiaccudukarope, o0y4eHHOM C HOMOIIbIO

MeToZa MHOTOCIIOWHOW HEHPOHHOH CeTH, O mporecce ero o0ydeHHs M COOTBETCTBYIONIAS €My
KpHuBasi 00y4eHusl.

Classifier information

Data type | Mixed (humber: 6)
Classes | acc, good, unacc, vgood
Accuracy (89.0 x08)%
Method | NeuralNetwork
Single evaluation time | 11.2 ms/example
Batch evaluation speed 5.68 examples/ms
Loss | 0.0158 + 0.011
Model memory | 474 kB
Training examples used | 1728 examples

Training time S5mindds

< Learning curve >

-

0.50 |

0.05}

10 50 100 500 1000
training examples used

Puc. 5 Uudopmarnus o knaccudukatope (MeTo 1 MHOTOCIOWHONW HEHPOHHOW CETH)

OI_ICHKa TOYHOCTH TOCTPOCHHOT'O KJ'IaCCI/I(bI/IKaTOpa NpeaACTaBJICHA HA PUCYHKC 6.

Classifier Measurements
Classifier method | MNeuralMNetwork
Number of test examples | 1728
Accuracy (99.71+0.13)%
Accuracy baseline (FO.O+11)%
Geometric mean of probabilities | 0993 + 00022

Mean cross entropy  0.00738 + 0.0022

Single evaluation time 34 ms/example
Batch evaluation speed 3.36 examples/ms
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Puc. 6 Matpuna ommbok 00y4eHus] HeHPOCEeTEeBOTo KiIaccupuraTopa
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1.2.4 Cpasnenue memooos obyueHus
B Tabnune 2 npencraBieHa TOYHOCTh 00y4eHUS KIacCU(PUKATOPOB pa3InYHBIMUA METOAAMHU
MalIMHHOTO 00yYEeHUsl.

Tabmuma 2
CpaBHeHUE TOYHOCTH 00yUYEHHSI
Meroa MalIMHHOIO Jloructuueckas Mogens Heiiponnas
00y4eHus perpeccust MapkoBa CEeTh
Tounocts knaccudukammm, % | ~87,1 ~88,3 ~99,7
2 OaHoCJI0BHBIN pyCcCKHit

2.1 Hcxonusie nanubie
MHOXeCcTBO BO3MOXHBIX 3HAUYCHHH XapaKTEPUCTUK OOBEKTOB H
MpeACTaBJICHBI B TAOIHIIE 3

UICHTU(UKATOPOB KJIACCOB

Tabmuma 3
MHOK€eCTBO 3HAYCHUI NTEPEMEHHBIX
X1 X2 X3 X4 X5 X6 Yy
BBICOYEHHAs, BBICOUEHHa, 2, 2, MaJIeHbKasl, HHU3Kasl, HEeY,
BBICOKAS, BBICOKaS, 3, 4, CpemHsis, CpemHsis, YIOBJI,
cpenHss, cpenHsis, 4, >4 | GombIast BBICOKas XOpoLIo,
HH3Kas HM3Kas >=5 OTJINYHO

2.2

Meroas! pereHust

2.2.1 Jlocucmuueckas pezpeccust
Ha pucynke 7 mpencraBneHa wH(opMaius o Kiaccudukarope, 0Oy4eHHOM C TIOMOIIBIO
MeToaa JIOTHCTHYECKOW perpeccuu, O mpolecce ero OOy4YeHUsI U COOTBETCTBYIOMIAsl €My KpHBast

o0ydeHusl.

Classifier information
Data type

Classes

Accuracy

Method

Single evaluation time
Batch evaluation speed
Loss

Model memory

Training examples used

Training time

<

Mixed (number: 6)

Heya, YAOEBN, XOPOLWO, CTANUHO
(93.0 +19)%

LogisticRegression

3.16 mslexample

45 .6 examples/ms

0186 + 0.026

368.kB

1728 examples

884s

Learning curve >
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500 1000

Puc. 7 Madopmarnus o xnaccudukarope (Meron JIorucTuueckon perpeccun).
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O1eHKa TOYHOCTH MTOCTPOSHHOTO KiTacCu(UKaTOpa MPECTaBIeHa Ha pUCYHKE 8.

Classifier Measurements

Classifier method | LogisticRegression
Number of test examples | 1728
Accuracy = (93.5:08)%

Accuracy baseline | (70.0+11)%

Geometric mean of probabilities | 0.839+ 0.0071
Mean cross entropy | 0176 £ 0.0084

Single evaluation time | 7.92 ms/example

Batch evaluation speed | 15.1examples/ims
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predicted class

Puc. 8 Matpuna omm6ok o0yueHus

2.2.2 Mooenv Mapkosa
Ha pucynke 9 mpencraBneHa uHdopmanus o kiaccudukarope, oOy4eHHOM C IOMOIIbIO
MeToZa MapkoBa, o mporiecce ero o0y4eHHs U COOTBETCTBYIOIIAst eMy KpUBasi 00y4eHusl.

Classifier information

Data type | Mixed (number: 6)
Classes | Heya, yA0BA, XOPOLIO, OTAMYHC
Method | Markov

Single evaluation time | 5.26 ms/example
Batch evaluation speed | 3.93 examples/ms

Model memory | 197 kB
Training examples used | 1728 examples

Training time | 980.ms

Puc. 9 Undopmanus o knaccudukarope (Mmeron Mapkosa)
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OneHka TOYHOCTH ITOCTPOSHHOTO KiIacCU(HKaTopa MpeicTaBiIeHa Ha pucysnke 10.

Classifier Measurements

Classifier method | Markow
Number of test examplas = 1728
Accuracy (88.3+028)%
Accuracy baseline (7.0 x1.1)%
Geometric mean of probabilities | 0772 + 0.0
Mean cross entropy | 0.249 + 0.014

Single evaluation time 9. 34 ms/example

Batch evaluation speed 4.6 examplas/ms

HeyA
YA0BN

1210

yOo0BMN 384

actual class

XOPOLLO 69

OTIMNHYHO 65

predicted class

Puc. 10 Marpuna ommbok kiraccupukanmuu

2.2.3 MHoeocnotinas HellpOHHAs cemb

Ha pucynke 11 mpeacraBineHa nHdopmainus o kiaccupukarope, 00y4eHHOM C IOMOIIBIO
MeTo/la MHOTOCIIONHONM HEMpOHHOW CceTH, O MpoIecce €ro OOy4YeHHs M COOTBETCTBYIOIIAs €My
KpuBas 00y4eHHUS.

Classifier information

Data type | Mixed (number: &)
Classes | Heya, yAOBN, ¥OPOLIO, OTAMYHO
Accuracy | (99.6+05)%
Method | NeuralNetwork
Single evaluation time | 10.2 ms/example
Batch evaluation speed | 7.35 examples/ms
Loss | 0.00584 + 0.0052
Maodel memory | 599.kB
Training examples used | 1728 examples

Training time 7min36s

< Learning curve >

0.500

0.100 |
0.050

0.010
0.005 |

10 50 100 500 1000
training examples used

Puc. 11 Uadopmarnus o knaccudukarope (Metoa MHOTOCIONHONW HEHPOHHOW CETH)
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OueHka TOYHOCTH IIOCTPOEHHOTO HEHWPOCETEBOrO KiacCU(UKaTopa TPENCTABICHA Ha
pucynke 12.

Classifier Measurements

Classifier method | NeuralNetwork
Number of test examples | 1728

Accuracy | (100.000000000000{00<22))%

Accuracy baseline | (700219)%

Geometric mean of probabilities | 100z 6.2x1077
Mean cross entropy | 427x107% £ 52x 1077

Single evaluation tima | 14 mslexample

Batch evaluation speed | 3.81examples/ms
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predicted class

Puc. 12 Marpuna ommbok o0ydeHus HeHpoCeTeBOro KiacCupukaropa

2.2.4 CpasHenue memooos 0b6yueHus
B Tabmuue 4 mnpencraBieHa TOYHOCTh OOYYEHHUS KIIACCH(PHKATOPOB HCCIIEIYEMBIMU
METO/IaMH MaIllHHHOTO O0YYEHHUSI.

Tabnuua 4
CpaBHeHHE TOYHOCTH O0yUYEHHS
Jloructrmueckas Monenb o
MeToa MalIMHHOTO 00y 4YeHMSI Heliponnas cetb
perpeccus Mapkosa
Tounocth Kaccudukarmm, % | ~93,5 ~88,3 ~100
3 MHoOroc/I0BHBIi pycCKHMii

3.1 Hcxonusie nanaeie
MHO0XeCTBO BO3MOXKHBIX 3HAYCHHI XapaKTEPUCTHK OOBEKTOB U UACHTH(PUKATOPOB KIACCOB
MpeICTaBJIeHBI B TaOIHIIE 5.

Tabmama 5
MHOKECTBO 3HaUCHUH TIEpEMEHHBIX
X1 X2 X3 X4 X5 X6 Y
O0UeHb BbICOKAS, OUeHb BbICOKASL, 2 2 MANeHbKasl, HU3KASL, Heyo,
8blCOKAA, 8vicoKas, 3 4 Ccpeonsis, Ccpeonsis, V0081,
cpeonsis, CpeoHsis, 4 >4 | 6onvwas 8bICOKAsL Xopouto,
HU3KAsL HU3KASL >=5 OMJIUYHO
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3.2 Meroasl pemeHus

3.2.1 Jlocucmuueckas pezpeccus

Ha pucynke 13 npezncrasiena mapopmMaus o kimaccudukarope, 00ydeHHOM C TOMOIIBIO
MeToza JlorucTuueckoil perpeccuu, o mporecce ero o0y4eHuss U COOTBETCTBYIOLIAasl €My KpuBas
oOydJeHwusl.

Classifier information

Data type | Mixed (number: 6)
Classes | Heya, yAORN, XOPOWO, OTANUHO

Accuracy (926 +2.0)%

Method LogisticRegression

Single evaluation time 3.26 msfexample
Batch evaluation speed | 39.3 examples/ms
Loss 0152 + 0027
Model memory 300 kB
Training examples used | 1728 examples

Training time 5.31s

< Learning curve >

05F

10 50 100 500 1000
training examples used

Puc. 13 Uudopmarnus o knaccudukarope (Metoa JIOTHCTHUECKOH perpeccun).

O1eHKa TOYHOCTH MTOCTPOSHHOTO KiIacCU(UKATOPa MPeCTaBIeHa Ha pUCYHKe 14.

Classifier Measurements

Classifier method | LogisticRegression
Number of test examples | 1728
Accuracy | (93.6:08)%
Accuracy baseline | (F0.0+11)%
Geometric mean of probabilities | 0.858 + 0.0087
Mean cross entropy | 0.153 + 0.010

Single evaluation time | 5.87 ms/example

Batch evaluation speed | 13.5 examples/ms
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Puc. 14 Marpuna ommbok 00yueHus
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3.2.2 Mooenv Mapkosa

Ha pucynke 15 mpencraBneHa nHdopmanus o kiaccupukarope, 0Oy4eHHOM C MOMOIIBIO
MeToza MapkoBa, o mporecce ero 00y4eHHs U COOTBETCTBYIONIAst EMy KpUBasi 00y4eHUsI.

Classifier information

Data type  Mixed (number: 6)
Classes  Heya, yAORA, XOPOLWO, OTMUHO
Method = Markov

Single evaluation time ~ 6.62 ms/example
Batch evaluation speed  3.23 examples/ms
Model memory  197.kB
Training examples used 1728 examples

Training time ~ 807.ms

Puc. 15 Uadopmanms o knaccudukarope (Meroq Mapkona)

OrneHka TOYHOCTH OCTPOEHHOTO Kilaccu(ukaTopa rnpeacTaBieHa Ha pucyHke 16.

Classifier Measurements

Classifier method | Markow
MNumber of test examples | 1728
Accuracy | (883 x08)%
Accuracy baseline | (70.0+11)%
Geometric mean of probabilities | 0.779 + 0.071
Mean cross entropy | 0.249 + 0.014

Single evaluation time | 10.8 ms/example

Batch evaluation speed = 3.5 examples/ms
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Puc. 16 Marpuma ommubok KiaccupuKaim
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3.2.3  MHnoeocnotinas HellpoHHas cemb

Ha pucynke 17 mpencraBneHa nHdopmanus o kiaccupukarope, 00y4eHHOM C TMOMOIIBIO
MeTosla MHOrocinoiiHOW HEMpOHHOM ceTH, O Mpolecce €ro OO0y4eHHs] M COOTBETCTBYIOIIAS €My
KpuBasi 00y4eHusl.

Classifier information
Data type Mixed (number: 6)
Classes HEyA, YAOBA, XOPOLWO, OTAMYHG
Accuracy (G886 +05)%
Method MNeuralMNetwork
single evaluation time 10.6 ms/example
Batch evaluation speed 7.35 examplesims
Loss 000584 + 0.0058

Model memory 656. kB

Training examples used 1728 examples
Training time Tmin23s
< Learning curve >

0.500

0.100
0.050

0.010
0.005

10 50 100 500 1000
training examples used

Puc. 17 Uadopmanus o knaccudukarope (Metoa MHOTOCIONHON HEHPOHHON CETH)

OueHka TOYHOCTHM IOCTPOEGHHOTO HEWPOCETEBOro KiacCU(HKaTopa IpeICcTaBlIeHA Ha
pucyHke 18.

Classifier Measurements

Classifier method | NeuralNetwork
Number of test examples | 1728
Accuracy | (100.0000000000000(00+22))%
Accuracy baseline | (70.0+11)%
Geecmetric mesn of probabilities | 1.00+ 62 x1077
Mean cross entropy | 427x10°% £ 6.2x1077

Single evaluation time | 141 msfexample

Batch evaluation speed | 4.46 examples/ms
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Puc. 18 Marpuua ommnbok o0y4deHus HeilipoceTeBoro kiaccupukaTopa
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3.2.4 CpasHenue memooos obyueHus
B Tabmume 6 mpencraBiieHa TOYHOCTh OOYdYEHHUS KIACCH(DHUKATOPOB HCCIEAYEMBIMHU
METOJIaM{ MAIIMHHOTO O0Y4YeHUS

Tab6muma 6
CpaBHeHUE TOYHOCTH 00yUYEHHSI
Meroa MalIMHHOIO Jlorucrtuueckas Mogens Heiiponnas
o0yueHus perpeccust MapkoBa CETh
Tounocts knaccudukarmmu, % | ~93,6 ~88,3 ~100
4 Iu¢posoe npeacraBjieHne HCXOAHBIX JAHHBIX 10/1b30BaTE/1EM

4.1 Hcxonusie nanubie
MHOKeCTBO BO3MOXKHBIX 3HAYCHHUI XapaKTEPUCTUK OOBEKTOB U UACHTH(PUKATOPOB KIACCOB
IpeJICTaBJICHBI B TA0HIIC 7.

Tabmuua 7
MHOKeCTBO 3HAYCHUIN NTEPEMEHHBIX
X1 X2 X3 X4 X5 X6 y
4 4 2 2 1 1 1
3 3 3 4 2 2 2
2 2 4 8 3 3 3
1 1 5 4

4.2 Mertoapl pemeHust

4.2.1 Jlocucmuueckas peepeccus

Ha pucynke 19 npencraBnena nndopmanus o kinaccupukarope, 00y4eHHOM C TOMOIIBIO
MeTos1a JIOTHCTHYECKOW perpeccuu, O Mpoiecce ero 0Oy4YeHHs U COOTBETCTBYIOIIAS €My KpUBas
o0ydeHwusI.

Classifier information
Data type = Mixed (number: 6)
Classes | 1,2, 3,4
Accuracy | (83.6zx28)%
Method | LogisticRegression
Single evaluation time | 3.09 ms/example
Batch evaluation speed  54.6 examplesfms
Loss | 0416+ 0048
Model memory | 265 kB
Training examples used = 1728 examples

Training time 3.39s

< Learning curve >

10 50 100 500 1000
training examples used

Puc. 19 Undopmarnus o knaccudukarope (meroa Jloructuueckoit perpeccun)
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OneHka TOYHOCTH ITOCTPOSHHOTO KiIacCU(HKaTOpa MpeIcTaBIeHa Ha pucyHke 20.

Classifier Measurements

Classifier method | LogisticRegression
Number of test examples | 1728
Accuracy | (839:09)%
Accuracy baseline | (70.0+11)%
Geometric mean of probabilitizs |~ 0.686 + 0.0021
Mean cross entropy | 0.377 £ 0.013
Single evaluation time | 5.7 ms/example
Batch evaluation speed | 12 8examples/ms
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Puc. 20 Marpuua ommbox o0y4deHus

4.2.2 Mooenv Mapxosa
Ha pucynke 21 mpencraBneHa nHdopmainus o kiaccupukarope, 0Oy4eHHOM C MOMOIIBIO
MeToZa MapkoBa, 0 mporiecce ero 00y4eHHs U COOTBETCTBYIOIIAsi €My KpUBasi 00y4IeHUSI.

Classifier information
Data type = Mixed (number: 6)
Classes | 1, 2,3, 4
Method = Markow
Single evaluation time | 5.4 ms/example
Batch evaluation speed = 3.27 examplas/ms
Model memory | 217 kB
Training examples used | 1728 examples

Training time | 858 ms

Puc. 21 Nudopmarnus o knaccudukatope (Meroa Mapkosa)
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O1eHKa TOYHOCTH MTOCTPOSHHOTO KITacCU(UKATOPa MPECTaBIIeHa Ha PUCYHKE 22.

Classifier Measurements

Classifier method = Markow
Number of test examples = 1728
Accuracy (73.6+11)%
Accuracy baseline (7O.0+11)%
Geometric mean of probabilities | 0408 + 0.017
Mean cross entropy | 0.897 + 0.0
Single evaluation time 9.83 msfexample

Batch evaluation speed 436 examples/ms
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Puc. 22 Marpuma ommuboK KiaccupuKaium

4.2.3 Mmnoeocnotinas HellpoOHHAs cemb

Ha pucynke 23 npencraBneHa nHdopmanus o kiaccupukarope, 0Oy4eHHOM C MOMOIIBIO
MeTo/la MHOToC/IoNHOW HEMpOHHOM CeTH, O MpOLEcCe €ro OOy4YeHHs] U COOTBETCTBYIOIIAs €My
KpHUBasi 00y4eHusl.

Classifier information

Data type | Mixed (number: 6)
Classes | 1, 2,3, 4

Accuracy (993 x0.6)%
Method | NeuralNetwork
Single evaluation time 9.9 mslexample
Batch evaluation speed 7.63 examples/ms
Loss 0.00975 + 0.0075
Model memory 639_kB
Training examples used 1728 examples

Training time & min10s

< Learning curve >

10 50 100 500 1000
training examples used

Puc. 23 Uudopmarnus o knaccudukarope (Metoa MHOTOCIONHONW HEHPOHHON CETH)
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OueHka TOYHOCTH IIOCTPOEHHOTO HEHWPOCETEBOrO KiacCU(HKAaTOopa IPEeICTaBICHA Ha
pucyHke 24.

Classifier Measurements

Classifier method | MeuralNetwork

Number of test examples | 1728

Accuracy | (99.94 xo.08)%

Accuracy baseline | (FO.0:1.1)%

Geometric mean of probabilities | 0.999 + 0.00054

Mean cross entropy | 0.000545 + 0.00054

Single evaluation time | 12.2 ms/example

Batch evaluation speed | 6.57 examples/ms
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Puc. 24 Marpuua omnbok o0y4yeHus HeilipoceTeBoro KiaccupukaTopa

4.2.4 Cpasnenue memooos ooyuenus
B Tabmume 8 mpencraBiieHa TOYHOCTh OOYYEHHUS KIACCH(PHKATOPOB HCCIIEAYEMBbIMU
METOJIaM{ MAIIMHHOTO O0y4YeHUS

Tabnuia 8
CpaBHeHUE TOYHOCTH 00yUYEHUSI
MeToa MaImHHOrO Jloructnueckas Monens Heiiponnas
0o0yueHus perpeccust MapkoBa CeTh

TouHocTh Kaccudukarmu, % | ~83,9 ~73,6 ~99.9

5 ABTOMaTH4YecKasi ol{u(PoOBKA 3HAYEHHU I UCXOTHBIX JAHHBIX B CHCTEMe

51 Hcxonusie naHHbIE

[Ipumepbl  BO3MOXHBIX  3Ha4YeHUH  ONU(DPOBAHHBIX  XAPAKTCPUCTHUK OOBEKTOB H

HJIEHTH(DUKATOPOB KJIACCOB MPEACTABICHBI B TAOIHUIIE 9.
Tabmuia 9
[Tpumepsl 3HaUeHUI OIM(PPOBAHHBIX EPEMEHHBIX

X1 X2 X3 X4 X5 X6 y
0.68365022 | 1.588157234 | 0.593496792 | 0.842597174 | 0.86602540 | 2.04894375 | acc
86886217 9320594 2671609 1729311 37844386 7547123
0.62827723 | 0.090977339 | 0.603160724 | 0.861518559 | 1.73205080 | 2.11919176 | acc
88863171 69213573 862996 1569103 75688772 73893665
0.57290424 | 1.406202555 | 0.612824657 | 0.880439944 | 0.86602540 | 2.18943977 | Go
90840126 547788 4588311 1408894 37844388 723161 od
1.93077341 | 1.633426253 | 0.391706208 | 0.045026434 | 0.86602540 | 1.30329258 | vgo
12461777 3750854 90925684 23597426 37844386 1181396 od
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5.2  Meroasl pemeHus
5.2.1 Jlocucmuueckas pezcpeccus
Ha pucynke 25 mpencrasiena mHdpopMmanus o kiaccupukaTrope, 00y4eHHOM C MTOMOIIBIO

MeTona Jloructuueckoil perpeccuu, o mpoiecce ero 00y4eHHus U COOTBETCTBYIOIIAS €My KpuBas
oOydJeHwusl.

Classifier information

Data type | NumericalVector (6)

Classes | acc, good, unacc, vgood
Accuracy | (683 £3.5)%
Method | LogisticRegression

Single evaluation time | 4.03 msfexample
Batch evaluation speed | 67.1examples/ms
Loss | 0.752=x0.052
Medel memory | 236.kB
Training examples used | 1728 examples

Training time |~ 375

< Learning curve >

10 50 100 500
training examples used

1000

Puc. 25 Undopmarus o knaccudukarope (Meroxa Jloructuaeckoit perpeccun)

OrneHka TOYHOCTH TIOCTPOCHHOTO KIIACCH(HUKATOpPAa METOJOM JIOTMCTHYECKON perpeccun
MpeACTaBjIeHa Ha pUCYyHKe 26.

Classifier Measurements

Classifier method = LogisticRegrassion

MNumber of test examples
Accuracy
Accuracy baseline

Geometric mean of probakbilities

Mean cross entropy

1728

(69.5£11)%
(70.0£1.1)%

0.501 + 0.0085

0691+ 0.017

Single evaluation time = 4.57 ms/example

Batch evaluation speed 12.3 examples/ms
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Puc. 26 Coanas maTpuia ommoOOK KiaccuuKauu
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5.2.2 Mooenv Mapkosa

Ha pucynke 27 npeacraBineHa nHdopmanus o kiaccupukarope, 00ydeHHOM C MOMOIIBIO
MeTos1a MapkoBa, o rpoliecce ero o0yueHusi 1 COOTBETCTBYIOLIAs eMy KpuBasi 00y4eHusl.

Classifier information

Data type | NumericalVector (6)
Classes | acc, goed, unacc, vgood
Method | Markov
Single evaluation time | 9.18 msfexample
Batch evaluation speed | 3.35examples/ms
Model memory | 184 kR
Training examples used | 1728 examples

Training time | 620.ms

Puc. 27 Undopmanus o kinaccupukarope (Metox Mapkosa)

OmueHka TOYHOCTH IOCTPOEHHOTO KiIacCH(UKAaTOpa METOAOM MapkoBa Npe/iCTaBiIeHA Ha
pucyHke 28.

Classifier Measurements

Classifier method | Markov
Number of test examples | 1728
Accuracy = (70.0+1.1)%
Accuracy baseline | (70.0+11)%
Geometric mean of probabilities | 0,101+ 0.0082
Mean cross entropy | 2.29 +0.088

Single evaluation time | 11.9msfexample

Batch evaluation speed | 4.87 examples/ims
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Puc. 28 Coxnas marpuia ommoOoK KiraccupuKaim

5.2.3 MHoeocnotinas HelipoHHAs cemb

Ha pucynke 29 npezncrasiena mapopMarus o kimaccudukarope, 00ydeHHOM C TOMOIIBIO
MeToZa MHOrocinoiHoi HeHpOHHON ceTH, O mpolecce ero oOyueHHs M COOTBETCTBYIOLIAS €My
KpuBas 00y4eHHUs.
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Classifier information

Data type = NumericalVector (6)
Classes = acc, good, unace, vgood
Accuracy | (932 +19)%
Method = NeuralNetwork
Single evaluation time | 7.89 ms/example
Batch evaluation speed | 13.6 examples/ms
Loss | 0160 + 0.035
Model memory = 386.kB
Training examples used | 1728 examples

Training time | 1min37s

< Learning curve >

10 50 100 500 1000
training examples used

Puc. 29 Uadopmanms o knaccudukarope (MeToq MHOTOCIONHON HEHPOHHOM CETH)

OI_ICHKa TOYHOCTHU IMOCTPOCHHOT'O Knaccn(bHKaTopa NMpeaACTaBJICHA HAa PUCYHKE 30.

Classifier Measurements

Classifier method | NeuralNetwork
Nurnber of test examples | 1728
Accuracy | (94.2 t08)%
Accuracy baseline | (70.0x11)%
Geometric mean of probabilities | 0.869 + 00032
hWMean cross entropy | 01471 £ 0.0094

Single evaluation time | 10.8 ms/example

Batch evaluation speed = 8.33 examplas/ms
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Puc. 30 Marpumna ommbok 00ydeHus HeHpOCETeBOro KiiacCu(puKaTopa
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5.2.4 CpasHenue memooos 0byueHus
B Tabnume 10 mpexncraBieHa TOYHOCTH OOYYCHHS KIACCH(DUKATOPOB HCCIICAYEMBbIMU
METOJIaM{ MAIIMHHOTO O0Y4YeHUS

Tab6muma 10
CpaBHeHUE TOYHOCTH 00yUYEHHSI
Meroa MalIMHHOIO Jloructuueckas Mogens Heiiponnas
00y4eHus perpeccust MapkoBa CEeTh
Tounocts kinaccudukammu, % | ~69,5 ~70 ~04,2
BbIBOaBI U 3aKIIIOUEHHE
B pesynbrare ucciaeaoBaHus MbI MOTY4YHId Tabauiry 11:
Tabmuna 11
Htorosas Tabnuia cpaBHEHHs! pa3IU4HbIX (POPMATOB IPEACTABICHUS UCXOIHBIX TaHHBIX
Jloructuueckas | Monens | Heiiponunast
Meton oOy4eHus
perpeccust MapkoBa | ceThb
[IpencraBnenue Tounocts 00yueHus1, % Cpensin o
TOYHOCTE, %
AHII0A3bIYHBIE UCXOIHBIE JaHHBIE ~87,1 ~88,3 ~99,7 ~91,7
330aHOCIOBHBIC PYCCKHUE JIAHHBIC ~93,5 ~88,3 ~100 ~03,93
MHOTrOCIIOBHBIC PYCCKHE JAHHBIE ~03,6 ~88,3 ~100 ~03,97
OnudpoBaHHbIE BPYUHYIO ~83,9 ~73,6 ~99,9 ~85,8
WCXOJIHBIC JTAHHBIC
OnudpoBaHHBIE TPOTPAMMOMA ~69,5 ~70 ~94,2 ~77,9
WCXOJIHBIC JTAHHBIC

[To maHHBIM TaONHIIEI BUIHO, YTO C HEOOIBIIUM OTPHIBOM B ~2% (B mpeenax morpenrHoCcTH)
C aHTJIOS3BIYHBIMU JaHHBIMU (~91,7%) ogHOCHOBHBIE pycckue naHHble (~93,93%) u MHOTOCTIOBHBIE
pycckue manubie (~93,97) okasamuch Hamboiiee NPUTOAHBI JJIS OOy4YeHHs Kiaccu(UKaToOpOB
BbIOPaHHBIMU METO/IaMHU.

XyImmMu Jutst 00y9eHUsT OKa3aIiCh UCXOIHbIE TaHHbIE, on(poBaHHBIE BCTpOoeHHBIMH B [1O
Wolfram Mathematica cpeacrtBamu: mnoHmwkennem pasmepHoctd (~77,9%). OuudpoBaHHbIe
BPYUYHYIO JaHHbBIC TOKA3aJIH XOpoIuii pe3ysbtar (~85,8%), 0o1HaKO OH SBISETCS HA TOPSIOK HIKE,
94eM pe3yJIbTaT S3bIKOBBIX JIaHHBIX.

Jlenasi BBIBOJ, OTMETHM, YTO SI3bIKOBBIE MCXO/HBIC JaHHBIC B TEKYIIUX YCIOBUSAX MOKa3aJn
pe3yJIbTAT JIYUIIHHA, HEKEIH ITUPPOBBIC HCXOTHBIE TaHHBIE.

Cnucok numepamypol.

1. Car Evaluation Data Set. URL.: https://archive.ics.uci.edu/ml/datasets/car+evaluation

2. Wolfram Mathematica Official WebsiteURL.: https://www.wolfram.com/mathematica/

3. Meron Jloructuyeckoit Perpeccun. URL: https://habr.com/ru/companies/io/articles/
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4. Monens Mapkosa.URL: https://habr.com/ru/articles/455762/
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