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1. BBenenue

CJ10KHO IIePeoIeHNTh BayKHOCTh OOPaOOTKU M aHAJM3a JAHHBIX B CO-
BpeMeHHOM Mupe. B pasindHbIx 001aCTAX KU3HEIEATETbHOCTHA, TAKUX KakK
MeIUIIHA, TIPOMBIIIIEHHOCTD, SHEPTeTUKA U JPYTUX HAKAILITUBAETCS OTPOM-
HOE KOJIMYIECTBO JAHHBIX, 3a9aCTyIO0 MPEJICTABIEHHBIX B CJIOXKHOM JIJIsi 00-
paboTKM 1 aHAJMN3a JeJOBEKOM dpopmare.

MotuBanueii i KCCJIeOBaHUs TTOCIYKHUJI TOT (DAKT, UTO B HACTOSIIIIEE
BpeMsI PacTET MHTEPEC HAYIHOTO COODIecTBa U OU3HECa K TEXHOJOTUIM U
MeTOoJaM MAIIMHHOIO OOyYeHUs U aHaJJIu3a JAaHHBIX. Tak:Ke, HAOJIOIaeTCs
POCT KOJUYECTBA PA3JIUIHBIX HMPOrPAMMHBIX Pean3aluii CYIIeCTBYOIINX
AJTOPUTMOB U TIOJIXO/I0B.

Ho ceromusi, aTobbl HAYATH peliaTh KaKyIo-JIMOO peasibHYIO 3a/ia4dy Ma-
mmHaHOro 0o0yuenusi (Machine Learning, ML), meobxomumo o6Ja1arsh 10~
CTaTOYHO BBICOKOW KOMIIETEHIIMEell M pas3dupaTbcs HE TOJBKO B MaTeMa-
TUYIECKOM allliapare, HO U B COOTBETCTBYIOIINX IPOrPAMMHBIX ITPOIYKTaX.
Ceitqac HAOOP TEXHOJIOTHH IIPEJICTABIEH B BUIE OOJIBIIIOIO KOJUIECTBA Pa3-
JIMYHBIX IIPOJIYKTOB, Yallle BCEI0 HECOBMECTUMBIX MEXKJIy COOOIl, Hay InThCs
MI0JIL30BATHCsI KOTOPBIM B KOTOPOM JIOCTATOYHO CJIOXKHO.

Ha zape OypHOro pasBuTusi TEXHOJIOTHI W METOJIOB MAIIUHHOTO O00Yy-
JeHUsI KaXKJIbIi MCC/eI0BaTe/Ib CAMOCTOATEILHO pa3pabaTbiBaj cebe mpo-
rpaMMHOe obecriedeHue, Opapiiee Ha ceOd PYTUHHBIE OIEPAIIAH 110 IEPBO-
HAYAJIbHOW 0OpabOTKe MAaHHBIX W TMOMCKa ocHoBHOMW jmuum (baseline), sB-
JITIONIAsACAd B ODIEM CMBIC/IE OTTIPABHOM TOYKON IMPU PENIeHUN 3a]Ia9N Ma-
IMITHHOTO OOyYeHUd W MPEJICTABIIAIONIYI0 COO0I MeTO 0OpabOTKU JTaHHBIX.
OcuoBras juaus (baseline) maér nmpuemaeMyro BeIUYHHY METPUKH (Mepa
OIEHKY TOYHOCTU pabOTHI aJTOPUTMA,), KOTOPYIO MOXKHO TIOJIYYUTh 38 MUHU-
MaJIbHOE BpeMsl U MUHUMAaJIbHbIMUA ycuaugMu. [[o3ke Havam mogBIITHCS
CHUCTEMBI - arperaTophbl, MO3BOJISIONINE aBTOMATU3UPOBATH TOBTOPSIOIITE-
csI oreparuu. XOTs ITOJ00HbIE CUCTEMBI HAYAJHU TOSBISITHCS CPABHUTE/IHHO
HEJIABHO, MOMBITKY UX Pa3pabOTKH IIPEIIPUHIMAJINCH U PaHee. SHAUNTE b-
HBIX YCIIEXOB 3TH PaHHUE PEAJU3aIUNA JOCTUIDb TaK U HE CMOTJIN, IYTO MOXKHO

00BSICHUTD HEOAOCTAaTOYHBIM Ha TOT MOMEHT Pa3BHTHEM BbIYHUCJIMTEJIBbHBIX



MOIITHOCTEH W OIPAHUYIEHHON JOCTYIHOCTHIO TPOIPAMMHBIX ITPOLYKTOB.

CucreMbI-arperaTopbl COCTOSIT U3 HECKOJIBKUX KOMIIOHEHTOB. ApXHUTEK-
Typa ABJISIETCSA OCHOBOM KOMIIOHEHTOI ITOAOOHBIX CUCTEM, TaK KaK OHA, SIBJIsI-
eTcsd KapKacoM, OIpeJIessonuii (hopMaibHOE TTOBEJICHUE CUCTEMBbI, OT HEE
3aBUCUT KaKue CTPYKTYPhI U TATTEPHbI UCIOJb3YIOTCS JIJIST PEITeHUsT 3a,1a4.

[TporpamMmmHuast peann3aiuss — KOMIIOHEHTa, KOTOPas OIpeaesIdeT Kak
Oymer paborarh CHUCTEMa, KaKne HAIPy3KH OHa JOJI?KHA BBIIEP:KUBATH U1
Kakue JIaHHbIe OygaeT oopabaTbiBaTh. IIporpaMMHOil peann3aliiieil sBsieT-
csl KOJI, HAIIMCAHHBIN HA OJHOM U3 S3bIKOB IPOrPAMMUPOBAHUS, 32UACTYIO
BBICOKOYPOBHEBOM U O0bEKTHO-OPUEHTUPOBAHHOM.

[Tocsie Toro, kak pazpaboTaHa apXUTEKTyPa W BBIIOJIHEHA ITPOTPAMMHasT
peaJin3aliysi, CJIeIYIOIINM CJeIyeT anpodaliys U CpaBHEHNE ¢ KOHKYPEHTHBI-
Mu aHajioramu. Kaxkjiasi Takas CHUCTeMa YHUKAJbHA, XOTsI BCE OHU UMEIOT
CXOXKW€e YepThl, KAKNE-TO 00JIaIAI0T HEOCIIOPUMbBIMU TPEUMYIIECTBAMU I1€e-
pe APyruMu, KaKre-TO pa3paboTaHbl i PElIeHns Y3KOro Kpyra 3a1ad.

Tem, Kak OBICTPO W JIETKO MOXKHO C TIOMOIIBIO CHCTEMBI IOJYIUTh pe-
IIIEHNe 3a1a9M, OIPEIesIeTCs KOHKYPEHTOCIOCOOHOCTh IPOAYKTa Ha PhIH-
ke. [Ipumeps! 3a1a9 — KJacCUpUKAIUS U KJIACTEPU3AIUsI, KOTOPbIE UMEIOT
BasKHOE IIpaKkTUdeckoe npumenenue. Hampumep, B Memuimae akTyasbHO
ABJIAETCH 3aJlada O MPeJCKA3aHUM YCIIEITHOCTA TTPUMEHEeHU J1eOUuOPUIIIs-
. Jlebubpuandganusa — BUJ 3JEKTPOUMIIYJIbCHON Tepaluu, TPOBOIUMOIL
IIPU HAPYIIEHUSX CEPIeYHOr0 PUTMa, OHA BOCCTAHABJIMBAET PUTM CEPIIa
yTEM TIPOBEJICHUST JIEKTPUIECKOTO TOKA depe3 cep/lle. 3ajiada O MpeJicKa-
3aHUU B 9TOM KOHTEKCTE TPaKTyeTcd KaK 3ajiada KJIacCuPUKAIUU HadoOpa
XapPaKTEePUCTUK, MTOJYIEHHBIX U3 KapIuOorpaMMbl MAIlieHTa Ha JIBa KJIacca
(ROEA — nedbubpmuisamus okazanachk ycremnuoit 1 NOROEA — nedwu-
OPHJLIATS HE TTOMOTJIA).

[To/iBO/IS MTOT BBIIIECKA3AHHOMY, MOYKHO 3aKJIOYUTH, 9YTO CYIIECTBYeT
MOTPEOHOCTh PBHIHKA B TAKOW CHUCTEME, W WCCJIeJOBAHUE, MPEJIOKEHHOE B
9TOM paboTe sIBIsIeTCsS aKTyaJbHbIM, MOTHUBAIUS JId €r0 IMPOBEICHUS AB-

Jagercda 0OOCHOBAHHOM.



2. ITocranoBka 3aga4vn

[Tesip paboThl — pazpadoTaTh TEXHOJOTUIO, TO3BOJISIONLY 0 3 HEKTUBHO
peraTh 3aJa4un KJaacCuuKaIlnm 1 KjaacTepusanun. [Jjist JoCTrKeHust 9Toi

e Obl CCOOPMYTUPOBAHBI CJIETYIONTHAE O3 IaYN:

- Pazpaborath apXuTekTypy CUCTEMBI;

- IIporpamMMHO peasn30BaTh CUCTEMY, COTJIACHO TPEJJIOKEHHOU apXu-

TEKTYPE;
- IIpoBecTu ampobarnuio peaJn30BaHHON CUCTEMBI;

- IIpogemoHcTpUpOBaTH PAOOTY CUCTEMBI HA OCHOBE TPEX 3a1a4.

Hwuxe mpejicTaBiieHbI OCHOBHBIE TPEOOBAHUS, MIPEIbABIIIEMble K CACTE-
Me, Ha OCHOBE KOTOPBIX Oy/JeT BBIHOCUTHCS CyKJeHWE 00 YCIEeNTHOCTH IPOo-

BOJMMOI'O UCCJI€JOBaHMA:

1. Boamootchocmo 3azpyotcamsd dannvie. B cucreme mo/mKHA OBITH IIPEy-
CMOTPEHa, BO3MOXKHOCTH JI00aBJIsAITh CBOU JIaHHBIE, TIPEJICTABJIEHHBIE B
onpenesieHHoM popmare. IIpumepom Takux JaHHBIX MOXKET OBITH TEK-

CTOBBIII POPMAT CSV;

- Jlobasaamsv ceou anzopummol. JomkHa OBITH peau30BaHa, BO3MOXK-
HOCTBb 3arpyxKaTh aJrOPUTMbI, HAIIMCAHHBIE Ha A3bike Python B Buze

CKPUIITA B ONPEJIEJIEHHOM BU/IE;

- Hcnoavsosamov cywecmsyrowjue ar2opummost. Ilomrumo 3arpy3Ku cBo-
WX aJITOPUTMOB CHUCTEMA JIOJIZKHA 00JIa/IaTh yKe MIPeI3arpyKeHHbIMI

aJIFTOpUTMaMMt, KOTOPLIE I10JIb30BaTEJIb MOXKET II€PECUCIIOTIb30BaATDb,

- Haxodumv nausyvwwud aszopumm u3 3a2pysrcernux. Ipyrumu cio-
BaMM, HEOOXOIMMO HaJn4Ire PyHKIIMK IIOKCKa baseline 11o nmMerommmcst

JAHHBIMU U aJITOPUTMaM;

- Bboiempoiti cmapm. HacTpoiika 1 IOATOTOBKa CHCTEMBI, PABHO KakK U

oOyUeHne I0JIb30BaTesd, JOJ2KHBI 3aHUMaTh HEMHOI'O BPEMEHU;
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- Iloddeporcka soxasrusayuu. Cucrema T0KHA OBITH MYJIbTUSI3BITHOM,
a MMEHHO JIOJIZKHA OBITH IOIAEPXKKA KAK MUHUMYM TPEX SA3BIKOB: PYC-

CKOTI'0, QHIVIMIICKOI'O U KUTaCKOIO.



3. O630p

3.1. Kparkuit 0630p aHAJIOTOB

Ha ceromusiniauii 1eHb, CyIeCTByeT HECKOJIBKO MO00HBIX cucTeM. Crie-

JIJaeM KPATKUl 0030p 3TUX CUCTEM:

- Amazon Machine Learning (xomnanus Amazon) [2]. Kak uzsectHO
KOMITaHust Amazon ofuH U3 JIMJEPOB 10 MPEJIOCTABICHUIO
AWS (Amazon Web Services - obiaunbie yciyru). Paspaborankam
KOMITAHUHU YIAJI0Ch CO3JATh JIOCTATOYHO MOIIHYIO CHCTEMY JIJIsl aHa-
JIM32 IAHHBIX U MAIIMHHOTO 00y YeHUs, OJePKUBAOIILY 0 MHOIHME U3
COBPEMEHHBIX A3BIKOB. V3 HEJI0CTATKOB MOYKHO BBIIEIUTH BBICOKYIO
IIeHy U 3aKPBITHIH KOJI, CJIO?KHOCTh HACTPOWKHU pabovero OKpy»KeHus,
opuenTupoBanHocTb Ha API (B TekyImiem KOHTEKCTE - BO3MOXKHOCTD
0OpAINATHCS K BBIYMCIUTENbHBIM PECYPCaM YJIAJIEHHO) M HA MCIOJIh-

30BaHHE CEPBEPOB KOMIIaHUM.

- Azure Machine Learning (xomnanus Microsoft) [16]. Ilosossier co-
3/1aBaTh CBOM IIPOEKTHI, UCIIOJIb30BATH BCTPOCHHBIE AJITOPUTMBI, & TAK-
JKe 3arpyzKaTh CBOM AJTOPUTMbI HA PA3TMIHBIX SI3bIKAX MTPOrPAMMU-
poBanus. [To3BoJsisier MPOU3BOAUTL aHAJNU3 pe3yabTaToB. V3 Heso-
CTATKOB MOYKHO BBLJIEJUTH JIOCTATOYHO BBICOKYIO IIEHY, Caabble BO3-

MO>KHOCTH HACTPOUKHU W 3aKPBITYIO Peasin3alIluio.

- Google Cloud Machine Learning (xomnanus Google) [9]. Komnanus
Google cozmajia 1Mo HACTOSIIEMY ‘COBPEMEHHBIN MPOIYKT, CIIOCOD-
HBIII WHTErPUPOBATHCS BO BCE COBPEMEHHbBIE TEXHOJIOTUU U WCIIOJIb-
30BaTh CaMble IIepeIoBble Pa3pabOTKU B 00JIACTA MAIIMHHOTO 00yde-
Hust. HecMoTpst Ha cBOM MMPEUMYIIECTBA, CUCTEMa, 00/1a/1aeT U3JIUIITHEH
CJIO?KHOCTDBIO, IEPErPYZKEHHOCTHIO U BBICOKOW IEHO#, BKYyIle C 3aKPbI-

ThbIM KOIOM.

B Tabmumax 1-3 mpencTtaBiieHbl OCHOBHBIE OTJIMYMS pPa3pabOTaHHON CH-

CTEeMBbI OT aHaJIOI'OB.



Ne Cucrema HpoIIpueTapHast JUIEH3Us
1 Amazon Machine Learning +
2 Azure Machine Learning -+
3 | Google Cloud Machine Learning +
4 Paszpaborannast -

Tabsmna 1: Tabmuna cpaBaenus: cucreMm (1)

Ne | mporpamMHasi pacmmpsaeMOCTb | OBICTPBIN CTapT
1 + -

2 + -

3 ; )

4 + =+

Tabsura 2: Tabsmna cpaBrenus cucrem (2)

Ne | baseline | mpocToTa yCTaHOBKH M pa3BEPTHIBAHUSA
1 - +
2 - ,
3 i, .
4 -+ +

Tabmura 3: Tabsmna cpaBrenus cucrem (3)

B xoj1e quccepTalimOHHOTO UCC/IEIOBAHUS OBLIM PACCMOTPEHBI STH CYIIe-
CTBYIOIIUE PemieHns. ¥y BCeX MOJOOHBIX CUCTEM €CTh HEJOCTATKUA U OTPAHU-

yeHUd. BOT OCHOBHBIE U3 HUX:

- CiokHast HaCTpOMKa (Ioaruit cTapr);

- Ilpompuerapnas JTUIIEH3N;



- Henb3a menars IMOBEACHUE CUCTEMDBI 110 CBOEMY YCMOTPEHUIO;

- HeKOTOpre N3 HUX 3aTOY€HbI TOJIBbKO IIO/] HeﬁpOHHbIe CceTu.

3.2. MammmHaHoe ob0y4deHue

MarmuaHoe oOyUeHre W aHaJM3 JAHHBIX HAXOASITCS Ha CThIKe 00JacTei
MaTeMaTUKH, IPOIrPAMMUPOBAHUS U MaTeMaTHIECKOW CTaTUCTUKH. B 00-
meM cJIydae, MallnHHOe OOydeHne IPeICcTaBIdgeT cODOM IOMCK 3aBUCHMO-
cTeil MeXKIy JTaHHBIMUA W UCIOJIb30BAaHUE HANIEHHON 3aBUCUMOCTH JIJIS Pe-
IIIEHMSI TTOCTABJIEHHON M3HAYAJIHBHO 3aIa49M.

PopmabHO, MAITUHHOE OO0y IeHNe — MaTeMaTuIecKas JTUCITUTLITNHA, BbI-
JIeJISTIONIAsT 3HAHUA U3 JaHHBIX, UCIOJIb3YIOIAasd Pasaesbl MaTeMaTHIeCKOMR
CTATUCTUKM, YMCIEHHBLIX METOJOB ONTHUMM3AIUNA, TEOPUU BEPOSITHOCTH U
JUCKPETHOTO aHAJIN3a.

JI1obas 3a/1a1a B MaIIMHHOM 00yUYeHUU (pOpMaJIbHO 3alIUChIBAETCs KaK:
X — 00beKTHl (MHOXKECTBO), Y — OTBETHI (MHOXKECTBO), y : X — Y —
HeKOoTOpasl 3aBUCUMOCTD (target function).

Hano: {z;,...,1;} C X — obyuaromiasi BLIOOPKa,

y; =y(z;),i=1,...,l — orBersl (N3BECTHBIE).

Tpebyercst: HaiiTu: permatoryio dyHkIwo (decision function) s, mpubm-
JKAIOIILYIO Yy Ha MHOXKeCTBe X .

B cBoro ouepeab, MaInHHOE 00y YeHNe TI0IPa3IesIdeTcs Ha ABa IIOATHIIA,

Pa3IMYAIONIIXCS CITOCOOOM TOTO, KaK MOJAEb OyaeT o0yveHa:

1. Obyuenue ¢ yuuresem.

DTOT ciaydail siBiasieTcsi HamboJiee pacupoCTpaHEHHBIM. Heobxommmo
HaMTU (byHKHI/IOHa.HbHyIO 3aBUCUMOCTDb ME2KIY O6’beKTa,MI/I n OTBETa-
MH.

2. Obyuenue 6e3 yaures.

Tpebyercst nckaTh 3aBUCUMOCTU MEXKTy O00bEKTaMM, TaK KaK OTBETHI

He 3a1al0TCd. HpI/IMepOM MO2KET CJIY2KHUTDb 3aJa4a KJIaCTepHu3allu1, KO-
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T'la y HaC €CTb TOJIbBKO MHO2KECTBO OOBEKTOB U U3 HYZ2KHO pPa3dcJInThb

Ha HECKOJIbKO KJIaCCOB.

3.3. Annpokcumaliusi GYHKINUN C IMIOMOINBbIO JIMHEMHON’

KOMOMHAIIUN N3BECTHBIX (DYHKIINI

Bagada 00 ammnpokcuMalnin QYyHKIINT 110 €€ 3HAYeHUSIM NMeeT OOJIbIIOoe
KOJIMIEeCTBO 00JIacTeil IpUMeHEeH!s, B YaCTHOCTH B MAIIIMHHOM OOy YIe€HUM.

[TpeamonokuM, 9TO B TOYKAX T1, X2, ..., TN U3BECTHBI 3HAYEHUS (PYHK-
1 g (), OIpeieIeHHOl Ha HeKoTopoM MHOXKecTBe X, x; € X, i =1,2... N,
[TycTs 3a7au HabOp dDyHKIWMH a1(-), az(:) ... a,(-), ONpeIeIeHHBIX HA TOM K€
mHO)KecTBe X . Tpebyercs: annpokcumMupoBaTh GyHKIMO Y(+) ¢ TOMOIIBIO

JIMHEHO KoMOuHamuu (QYHKIUHE a;-, T.e. MMojIo0paTh HAOOpP mapaMeTpoB

(koabPpurmenToB):

IIPU KOTOPOM (DYHKITUS

r

s(xz,0) = Z a;(x)0;,

i=1
B COOTBETCTBUM C HEKOTOPBIM (PYHKIIMOHAJIOM KAadeCcTBa, HAUIYIIIUM 00pa-

30M npezcrasisger y(x). Hacro paccMaTpuBaoT QyHKIIMOHA KAIeCTBA

F(6) = / ly(z) — s(z. 0)|[2P(dz)

ABJIIONIUICS, TI0 CyTHU, MEPOU CPETHEKBAIPATHIHON OITMOKH AITITPOKCUMAa-
IUAN.
[TpeamosiozkmM, 9TO 3aJ/laH HEKOTOPBIN KPUTEPUl KadecTBa aIllIPOKCH-

MaIlUU U y2Ke HalJIeH ONpeJiesisieMblil 9TUM KpuTepueM Habop 6.

11



O6o03HaUYUM

ai(xy,)

az(zn)
¢n = !
ar(xn)
3Hauenud y() B 3aJaHHBIX TOYKAX I, L2, ..., LN MOXKHO IIPEJICTABUTH B

BHJIE

y(l’n) :¢£9+Umn: 17277N7

B KOTOPOM IIOCJIEAOBATEJIbHOCTL BEJIMYMH Uy, TPAKTYyETCAd KaK oImbKa m3-

MEpeHHd IIOJIESHOI'O CUI'HaJIa

s(xp,0) = ¢£9,n =1,2,,N

3.4. HeilipoHHbIE ceTHn

[TycTtb mMmeercss HEKOTOpasi CUCTEMA, OPraHU30BAHHAST CJICIYIOIIMM 00-
pas3oM: [P HPeIbsBJIEHUN i BXOIHOIO CUTHAja (CTUMYJIA) w OHA BbIPa-
6aThiBaeT, B 3aBUCKMOCTH OT 3HAYEHUsI MATPUIIBI IAPAMETPOB ), 3HAUeHUsT
dbyukIwit a;(z, #) n Beraucasier ux cymMmmy s(x, ) ¢ COOTBETCTBYIOIIMME BECO-

BbIME KOdbdurmentamu [22, 24]. Tak onpenensitorcss MHOXKeCTBa (06pa3bI)

Xi(0) =x:s(x,0) > 0,X5(0) =x : s(x,0) <0

U pacCMaTpUBaeMasi CUCTEMa B COCTOTHUY KJIACCU(PUITUPOBATD JIIOO0M BXOJI-
HOW CUTHAJI T, OTHOCS €ro Jub0o K MHOXKECTBY X1, OO K Xo.

Onucannas cxema 00y4aeMOil CUCTEMBI MOXKET OBITh PeaIt30BaHa C II0-
MOIIBIO TaK HA3bIBAEMBIX IEPIIENITPOHOB — CJIOXKHBIX CETell M3 MOPOTOBBIX
9JIEMEHTOB.

3a1ava, N3JI03KEHHAsT BbIIIE SBJISIETCA 3a/iadeil caMOOOyIeHNsT NI TaK-

JKe Ha3bIBaeMOU 3ajiadeil 00ydYeHus ¢ yIuTesaeM
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1 mocTpoeHnsT MOCAEIOBATETHHOCTU OIEHOK TTapaMeTpPOB HEMPOHHOM

CE€THU MOXKHO BOCIIOJIb30BaTbCA I'PaJIUMEHTHBIM CIIyCKOM.

A

én =01 — ap(s(zy, én,l)) U S(Tn, én,l),n =1,2...

C HEKOTOPOH IMOCJIeIOBATEIbHOCTBIO TOJIOKUTEIbHBIX dnces {a,},a — 0.
KOoMIIOHEHTHBI BEKTOPaA-TPaJIMEHTa, \/ \S(Z, k) BBIYUCIISIOTCS [0 CIIE/ LY FOIIM

dbopmymam [23]:

dsc(f Y ZA du( Z/\”x] ))di ZAJ,%
j=1
ds(z, \) Z
ng Z)\ di ( ZA”% YAed( Z )

k=1,2,....,m, m=1,2,...,p.

3a1a1a caMO00yIeHMsI TECHO CBSA3aHA C 33Ja9eil aBTOMATHIECKON KJ1ac-
cucdpukanu m SIBJIAeTCA 0000IIEHNEeM ITOCJeIHEN Ha CJIydail HEeM3BEeCTHOI'O
pacIpeiesieHus, ONPeIe/IsIOIIero CTaTUCTUKY T0Ka3a KJIACCUMUIITPYEMbIX

CUT'HAJIOB.

3.5. Kinacrepuzanus n KJjgaccuduKaiys

[Tpobsema KiaccuuKaIyy BXOIHBIX CUTHAJIOB (CTUMYJISITOPOB, O0bEK-
TOB) — TUIUYHasi pobjiemMa B Teopuu obydenus. lIporecc Kiraccuduka-
MU BO3BPAIIAeT CUTHAJIBI, KOTOPhIE XapaKTePU3YyIOT I'PYIITy 00bEKTOB KakK
HAOOp JIAHHBIX WM KJacchl (Kiacrepbl). CieoBaTeIbHO KAXK bl CUTHAJT

MOKeT ObITh OTHECEH K OIPeJIeIEHHOMY KJIaccy:

Xk(X) - Qla"'7Qk

rJle MHOXKECTBO X COJIEP:KHUT k He IIyCThIX KJIACTEPOB

X = Uk

1=

€2
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LNQ;=0,i+# 7.

Hns wacreit x"(X), merku dynkuun v,+» : X — 1.k coorBercTByrOT

TOYKe KJIACTepa, OMPEIe/IIeEMOTO CAEIYIONNM 00pa30M:

Yyr(x) = i, if and only ifz € ;.4 € 1.k,

Urak

Q = {x € X|yu(x) = i}.

PazmmaaniM k 13 X COOTBETCTBYIOT pasamdnbie dacTn X (X).

Cremyrtoree CBOMCTBO JOIKHO OBITH COOPMYINPOBAHO MATEMATHIECKI:
00bEKThI, HAXOSIINECA B OJTHON TPYIINE JTOJKHBI OBITH O0Jiee OJIU3KHU, COOT-
BETCTBEHHO, PA3JIUIHBIE TPYIIIILI ITPEJIIOIATAI0T OOIbIITNE PASTUIAST MEXK LY
00 bEKTaMU.

CraHmapTHBIN MOIXOM 3aKJIFOUAETCS B TOM, YTOOBI CBSA3aTh HEKOTOPBIE
dbyurun nckaxkenusi (mrpada, KaIecTsa) ¢;, OMpPeIeIseMble Kak “Mepa
6im3ocTH” KyacTepa ¢ OCTAJbHBIME Kjacrepamu (rpynmamu) @ € 1.k, pac-

CMOTPHUM 3aJa1y MHUHHUMHUI3AIIWNI:

k
PO w) = 37 ula)ai( @, ) — min
1=1

3.6. OneHKa TOYHOCTHU KJIACTEePU3aAIUN

Kaxk yxke yrnmomuHaj0Ch, BBIOOD MOJIe/ N, KOTOpasd Oy/IeT MCIOJIb30BaTh-
Cd B KJIACTEPHOM aHAJIN3€, U B YACTHOCTH OICHKA «UCTUHHOI'O» KOJIMYECTBA
KJIACTEPOB, ABJSETCA JOCTATOYHO CJIOXKHOM HpoOJIeMOil, MMEIOIIeil CyIie-
CTBEHHOE 3HAUeHWe il KJaacTepHoro anamsa [21, 20].

Muorue aBTOpPBI MpeA/IaraioT NCIOIH30BATH MTPOIIE Y Phl IIOBTOPHOM JTUC-
KpeTu3aluu, KOTOpble OCHOBaHbI Ha KOHIIEIIINN «CTaOUJIbHOCTHU KJIaCTepay,
B Ka4eCTBe TOJIXOJ0B K ITPOBEPKE MPABUJILHOCTU (DOPMHUPOBAHUS KJIACTEPA
5, 8, 14, 18].

Paccmorpum ojiHy M3 METpPHK, & UMEHHO CKOPPEKTHPOBAHHBIN CJIydaii-
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Hblii wHjieke [11]. Berauciienue BHEITHUX UHIEKCOB OCHOBAHO HA TaK Ha3bl-
BaeMO TaOJIMIE TTEePEKPECTHONU TAOYISIIUNA UJIU TaOJIUIBI COTPS?KEHHOCTH.
CpaBHIBaeM 4JI€HCTBO 3JIEMEHTOB B JIByX pas3buenusx X' u X°® 3 ogHOro u
TOTr'O 2Ke Habopa JaHHbIX. [IycTs T} ; 0003Ha"aeT KOJIu4ecTBO 3JIEMEHTOB, KO-
TOPBIE ABJSIOTCA YieHaMU B KjtacTepe 1 u3 X', uB ju3 X° 1 € 1.r, j € 1..s.

CpaBHeHusI MOXKEM IPOU3BOJIUATL C IIOMOIILIO KO3 (MUIMEHTa KOPPeIaIin
Kpawmepa [19, 25].

S r
T =Y TjielarTi=Y Tyjicl.s,
j=1 =1

OueBugHO, 9TO:

Ty -y
i=1 j=1

Kpurepnit xu-kBajipar:

X = i i Wi —esg)” ei’j)27 €ij = @;ﬂr'

e. .
i=1 j=1 4J

Kosdpdpurument Kpamepa:

z2
V= : :
Tmin(r —1,s — 1)

HeckoabKo n3BeCTHBIX BHEIITHUX WHJIEKCOB UCIIOJIB3YIOT CTATUCTUKY

15, 12, 7):

r S

Z:ZZTEJ-

Z = 05035, (T5)) + X0, (7))
(5) |
(z-T)
TP+ S (02— Z—T)

R=1+
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(Z-T)

PM = — =
2 (Zj:21 j) (Zzzlez)

Brermuuit nHIeKC HOPMUPOBAH TaKUM oOpa3oM, 9To () - 3JIeMEeHTHI CJIy-
JaiiHbl, 1 - UIeaJbHO COBIAIAIOT.
Ob6mast bopmyia, npeajiaraeMas JIjisi HODMAPOBAHUS WHIEKCA, BBITJISI-

JuT cyeyonmM obpasom [10]:

Ind — E(ind)
Indyee — E(Ind)’

riae Ind,,,, - MakcuMaJIbHOE 3HadeHue uuiaekca Ind.

Ind =
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4. ApXuTeKTypa cucTeMbl

OcHoBHBIE 3JIEMEHTAMHU APXUTEKTYPbI CUCTEMBI SIBJISTIOTCSI:

- Crpykrypa 6a3bl JaHHBIX;

- BzaumoneiicrBre KimeHTa u cepBepa;

- Crocob xpaHeHust MoJIeIelt / TaHHBIX / Pe3yJIbTATOB;

- Crocob ocytrecTBIeHns aHaIn3a 1 00PabOTKN Pe3y/IbTaTOB.

CrpyKTypa 6a3bl JaHHBIX
brina pazpaborana cTpyKTypa 6a3bl JaHHBIX, ITPEICTaBIeHHA

Ha pucyHke 1.

i project 1] sqlite_master
.id type
L title name
description tbl_name
» modified_at rootpage
f sql
projectidd
projeqt_id:id
] algorithm
id
| data o!
title
.id Iy
- projedt_idfiddescription
» filename .
) . filename
project_id
. preloaded
) project_id
recofd:id A
i result_types 1 analys_classif
Lid L id algorithm_id :id
2 hame project_id
o title record

LVW analys_c?ssif_id: id ’7

i1l concater_table
algorithm_id
analys_classif_id
result_types_id

Puc. 1: CrpykTypa 6a3bl JaHHBIX

Ha pucynke 1 mipeacTraBieHbl CBA3U:

- Muorue ko MHOrUM (y CTpPOKH TabauIbl A MOXKET OBITh HECKOJBKO

COBIAJIAIONINX CTPOK TabsmIibl B).
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- OmH KO MHOTUM (CTPOKE TabIHIIBI A MOYKET COMTOCTABIISITHCS HECKOTh-

KO CTpOK Tabsuibl B, u HaoGopor).

KauneHT - cepBep

BzaumoneiicTBre KJIMEHTa U cepBepa MOCTPOEHa Ha MCIIOJIb30BAHUHT
JSON (cnenmaim3upoBaHHBIN TEKCTOBBIH (hopMAaT) il epeIadn JAHHbBIX.
Heobxomumo 66110 coriacoBaTh KaKue I0JIg OTBEYAIOT 33 KaXKJIbII THII T1e-
pelaBaeMbIX 3HaYeHuii. B urore mosyunsiock npocroe u Hagexuoe API (un-
Tepdeiic TPUIOKEeHNsT ), TIO3BOJIAIONIEe TTOJb30BATEI0 TAPAHTUPOBAHHO IT0-
JIVIUTH TPeOyeMbIil pe3y/IbTaT.

XpaHeHue Mojeien

Heobxomumo ObLIO CIIPOEKTUPOBATH MOJIE/b XPaHEHUs] O0yYeHHBIX MO-
Jiesieit, yauTbiBasd TpeOOBaHUE CHUXKEHUsT HATPY3KU HA BBIYUCIUTEIbHbBIE Pe-
cypchl cepBepa. [Lmg 3Toro ObLI IIPEJIoXKEH TOIX0/T UCIIOJIH30BAHUA OTTIE-
JaTKa MOJEJH, TPEJACTABJIAIONINNA cOOOM XeIl-CyMMy OT JAHHBIX U TEKCTO-
BOI'O KOJIa aJITOPUTMa, OJiarojapsd KOTOPOMY HEe MPOUCXOJIUT MOBTOPHOTO
obyUeHns y2Ke paHee 00yIeHHOTO aJIrOPUTMA.

Anamm3 u pe3yabTaThl KjiaaccuduKarm

[Tonbp30BaTE I MOXKET CAMOCTOATEIHHO OIPEJIETUTh KAKUe METPUKU KC-
MIOJIH30BAaTh U KaKue IpaduKu eMy HeOOXOIUMO MTOCTPOUTh. TaKyKe B CUCTe-
Me yrKe IPOTPAMMHO 33JIaHbl CTAHIAPTHBIE METPUKHU (METPHUKA) U IIPOCTEN-

e rpadukn (rpaduk).

18



5. IIporpammHas peajgun3arus

[Tpu manucanuu koja ucnosb3obajcs narrepa MVC (Model-View-
Controller). Ko xopoIro mpogoKyMeHTHPOBaH, B HEKOTOPBIX MeCTaX JAHBI
HEeOOXOIMMbIE TIOSICHEHHSI B BUJIEe KOMMEHTAPUEB.

KiamenTckast 9acTtb

OcHoBHO# KMeHTCKU KoJI ObLT Hamucan Ha JavaScript m Angular JS
(mepBast Bepcus).

CepBepHasi 4acThb

g peanm3anuu cepBepHOU YACTU OBLIM MCIIOJIb30BAHbI:

- 43bik mporpamMupoBanus Python

B XOJie pa3spabOTKU TEXHOJIOTHHU, BCTAJ BBIOOP OCHOBOI'O S3BbIKA ITPO-
rpaMMUPOBAHUSA Ha KOTOPOM OblLja OBl HalMcaHa CHCTEMa, W3 BCETO
MHOT00pa3ud SI3bIKOB OBIJT BBIOPAH 9TOT A3bIK, KaK JJOCTATOYHO MPO-
CTOM JIJIT OCBOEHUS M B TO YK€ BPeMsl JJOCTATOYHO MOIIHBIN JIJI TOTO,
9TOOBI BBIJIEPKUBATH BBICOKHE HArPY3KH (OCHOBHBbIE OMOJUOTEKH K

s13bIKy Hamucanbl Ha C).

- mukpodpeiimBopk Flask

dpeiiMBOPKY HYKHBI JIJId TOI'O, YTOOBI pa3paboTInKaM IPOTPAMMHOIO
MIPO/TYKTa He MIPUXOAUIOCH KazKIbI pa3 3aHOBO MPOEKTUPOBATH U Pe-
aJIM30BbIBATH HU3KOYPOBHEBYIO ApXUTEKTYPY W KapKac IMPOrpaMMHbIX
Mo ryJieii. @peiiMBOPK IT03BOJIFET OBICTPO PA3BEPHYTH BEO-TIPUJIOKEHNE,
HCIIOJIb3Ysl y2Ke TOTOBBIE KJiacchl u Momyan. MukpodpeiimBopk Flask

OBbLI BBIOPAH 3a €ro IIPOCTY U OOJIBIIIOE COOOIIECTBO.

- O6ubJImoTeKa MAIIMHHOTO OOyUYeHUsI U aHaJIu3a JaHHBIX scikit-learn

9Ta 6MOIMOTEKA 11O TTPABY CUYUTAETCA OCHOBHOM, KOTJa PeYb 3aXOJIUT O
pa3pa6OTKI/I CUCTEMDBI JJId MaIIMHHOI'O O6y‘{eHI/Iﬂ, TaK KaK COLECP2KUT
OOJIBIIIOE KOJMYECTBO T'OTOBBIX PeAIM3AIUil aJTOPUTMOB, METPUK U

MHOT'UX APYI'UX ITIOJIE3HBIX KOMIIOHEHTOB.
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- bubsmoreku scipy, numpy, matplotlib miasa sa3eika Python

9T OMOJIMOTEKU IIPEACTABISIOT COOON MaTeMaTUYIeCKue MaKeTbl JIIsl
si3biKa, Python, ux mcxomnbrit kom HanucaH Ha s3bike C, 3a CIET 9ero
JIOCTUTaeTCsi BICOKOE ObIcTpodeiicTBre. Vciosmb3oBanne 3Tux 6ubamo-

TEK IIO3BOJIAET IIPOU3BOAUTL BBIYMCJICHUA B HECKOJIBKO pPa3 6I)ICTp€e.

- 6aza mamabix SQLite

3Ta Oa3a JaHHBbIX KOMIIaKTHad, IIPOCTad B YCTAaHOBKE 1 MCIIOJIb30OBaHUM
pPeIAIIMOHHAaA baza JaHHbBIX, ITO3BOJIAIOIIAI 0e3 JIUITHAX BPEMEHHDbIX

3aTpaT cO37aTh TPEOYEMYyIO apXUTEKTYPY.

- oubsmmoreka 1ta a3bika Python Keras

oubmmoTeka, ocHoBaHHasi Ha TensorFlow u Theano, mossBoJistiornias pa-

0oTaTh ¢ HEHPOCETEBBIMU MOJIEJISIMU.

XpaHeHUEe ITPOEKTOB

[Tpm cozmanmm mpoekTa, CUCTEMa aBTOMATUYECKU CO3/IAET TAIKYy C IIPO-
€KTOM.

Hanpumep, cozmaaum mpoekT “nedpudpusiarop’. Jdomyctum, 9To B cH-
cTeme He OBbLIIO JI0 9TOr0 HU OJHOTO TpoekTa. CrucreMa CO37acT CJIETYIOITYIO

CTPYKTYpY IAIOK:

-1

I

algorithms

data

I

models

I

results

I

CrpyKTypa JaHHBIX
Texmosiorug mpeanosaraeT BO3MOXKHOCTDh 3arpy3KHU JIAHHBIX ITOJIb30Ba-

TeJIeM B IIoJIyaBToMaTudeckoM pexkume. [IpunnMmarorcs ganHble B (popMaTe
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csv (TeKCTOBBIN bopMaT st XpaHEHWS JTaHHBIX B TaOJUIHOM Buje). Pas-
nesmresnb: . s 3aga4 KiaacCcuUKAIIMY TOCJIEIHAM IPU3HAKOM TOJIXKEH
OBITH KJIACC.

[TpuMmep maHHBIX B IPABUJILHOM (pOopMaTe:
0.06372113,0.18939289999999998,0.26748174,0
0.10083995,0.33313184,0.32653288,1
0.045220182000000005,0.1191672,0.16017328,1

CrpykTypa ajaropurmMa

Cy1ecTBEHHBIM OTJINIUEM PA3PA00TAHHON TEXHOJIOT U SIBJISIETCS TO, 9YTO
OHAa, TTO3BOJIAET WCIOJb30BaTh HECKOJBKO aJTOPUTMOB, KOTOPBIE IMOJIb30Ba-
TEJIM MOTYT 3arpyzKaThb CaMOCTOSTE/ILHO, HalucaB WX Ha sa3bike Python.
Tak:ke 1OIB30BaATEIb MOYKET BBIOPATH OJWH W3 TPEA3arpPyKEHHBIX aJIro-
PUTMOB, KOTOpbIE B CHUCTEeME XpaHdATCcd Kak common algorithms.

DaKTUIECKU, AJTOPUTM MOXKET OBITH JIIOOBIM UM MCHOJb30BATH JIIOObIE
II0JIXO/IbI MJIA TE€XHOJIOIUH, €CJIM OH IIOJAXOIUT 110 TpeboBaHus. 1 pedboBaHust

K aJITOpUTMY:

CooTBeTcTBUE CTPYKTYPE;

Hanucan na a3bike Python;

Nnmeer TOYKY BXO/Ia U TOUKY BBIXOJA (HE IPUBOJIUT K 3AIUKIUBAHUIO ).

Ucnosrb3yeT cTangapTHBIE OMOIMOTEKN MJITU CAMOCTOATEIHHO CITOCOOEH

UMIIOPTUPOBATDH (HACTPAUBATH CTOPOHHUE);

Hanenen na permrenne 3a7iaum KJIaCCU(PUKAIINNA WA KJIACTEPUIAIINN;

,ZLO.H}KGH YCIICIITHO 3allyCKAaTbCA B JIOKAJIBHOM PEXKHUME.

B suctunre 1 npuBenéH mpumep Koja, KOTOPBI MOXKHO 3arpy3UTb B
cucteMy. TeKyIuii IpuMep UJTIOCTPUPYET PEAJTUIAIUI0 AJITOPUTMA CJIY-
gaiinoro Jieca (u3 scikit-learn). TpeboBanust K 3arpyKaeMbIM aJTOPUTMAM:
HeoOxoauMo Hajuuue 3 GyHKIui train, test, classify, BbimosHsOIIMUX CO-
oTBeTCTBYyIOIINE 3aMa9u. Kakux-11bo 0oJiee MUPOKUX OrpaHUYeHUil Ha 3a-

rpykKaeMble aJrOPUTMbI HA HAKJIAIBIBAETCH, Pa3pabOTINK MOXKET BBIOPATH
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JIIOOYIO MOJIESTh U aPXUTEKTYPY, BKIIOUYass HEMPOHHBIE CETU U MCIIOJIb30BATH

B CBOEM aJIrOpUTMe JIoOble OnOmoTekn i s3bika Python.

Listing 1: Ckpunr ¢ aJropurMom

from sklearn.ensemble import RandomForestClassifier

def

def

def

train (X, Y):
rf = RandomForestClassifier ()
rf. fit (X, Y)

return rf

test (model, X, Y):
metrics = {}
metrics [ 'mean_accuracy ’] = model.score (X, Y)

plots = None

return metrics, plots

classify (model, features arr):

res arr_ class = \

| model. predict (i) for i in feat arr]
res arr_proba = \

| model . predict (i) for i in feat arr|

return res arr class, res_ arr proba

Cucrema MOXKeT perrarh W 3aJ1a49M KJIaCCUPUKAIINN, U 3aa9l KJIACTe-

pU3AIU, HO XOTs 3aJa4d ITOXOXKHU, CHENN@UKa CaAMHUX MOJIejeil, MeTPUK

" II0JIy49a€MbIX PE3YJIbTaTOB OTJIMIHBI. (jOOTBeTCTBeHHO7 B CUCTEME IIpEeay-

CMOTPEH BBIOOP MEXKJTy STUMU JIBYMs TUIIAMU 3318, TP BHIOOPE KOTOPHIX

CHUCTEeMa aBTOMATUYECKN U3MEHUT CBOE IIoseacHue.

OcHoBHass QYHKIIMOHAJIbHOCTh CHUCTEMbI

BryTpennee ycrpoiicrBo cucrembl moctpoeno 1o nputiuiny MVC (Model
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View Controller) u MVP (Model Template View). Ucnomp3yercss Mux-
podpeitmBopk Flask [6].

OcHoBHbIe dyHKIINHU, obecreunBaoIire (PyHKINOHAJIHLHOCTh PaCIOJIO-
JKeHbl B ¢aitiax views.py u models.py.

processing.py — 3/7eCh TPOUCXOIUT padOTa C MAITUHHBIM OOyYEHHEM WU
aHaJIM30M JIaHHBbIX.

IIpoTokoJbI mepesavu JAHHBIX MEXKJAYy KOMIIOHEHTAMU CHCTEe-
MBI

[Mepenavua maHHBIX MexK Ly KiueHToM (javascript) u cepsepom (python)
ocymectBysgercsa no npunruny REST uepes JSON. Bce dyukiun sBiis-
IOTCS ACHHXPOHHBIM U HEOJIOKHUPYIOIIUME, YTO B CBOIO OY€PEIb IMO3BOJISET

00y4aTh HECKOJIbKO MOJIesIeil OJTHOBPEMEHHO.
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O6paboTrka pe3yJibTaTOB

O6yuenue Mojie/ 3aHUMAET OOBITHO TTPOOIKUTETHHOE KOJTUIEeCTBO Bpe-
MeH, 9TO MOxKeT [losaTomy, B paboTe peyioyKeH TOIXO0, TTO3BOJIAIONTAN OT-
CJIEYKMBATHh KaKWe MOJEeNM yKe ObLim oOydenbl. Jlyg sToro mpumenseTcs
OTTIEYATOK, TTOCYNTAHHBIN Ha OCHOBE JJIMHBI CKPUIITA AJTOPUTMa U JIJTAHBI
JAHHBIX. DTOT IOAXOJI ABJISIETCS OJHOBPEMEHHO ITPOCTHIM, HE HAKJIAIbIBas
UBJIUIITHIX BBIYUC/IUTEIbHBIX HATPY30K, U BMECTE C TEM JIOCTATOYHO 3alllH-
IMIEHHBIM OT KOJIJITA3MUIA.

[TpuBeném mpumep:

algorithm.py - mmeer mymay 1080 cuMBOIIOB.

data.csv - 74150 cumBOJIOB.

CootrBercrBernno 74150 x 1080 = 80082000 — HaIm ormedaToK. 3aMeTUM,
YTO W3MEHEHWEe aJTOPUTMa WU JAHHBIX TOBJIEYET M3MEHEHUWe OTIedaTKa
U COOTBETCTBEHHO TMepeoOydeHre MOJEJU, & TaKoe MOBeJdeHWe KaK pa3 u
TpedyeTcs.

Tak:ke, B TEXHOJIOTHH TPEyCMOTPEH PACYET METPUK, MOCTPOEHUE T'pa-
(PpUKOB C BBIBOJIOM Ha CTPAHUILY KJIMEHTA, a TaK»Ke MOUCK HAWIYIIIero aJ-

rOpUTMA.
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6. Anpobaius

s rectupoBaHug pa3paboTaHHON TEXHOJIOTUN BBITIOJIHEHA €€ ITPOrPaMM-
Has peaJyim3aliusd. Bui TiaBHOW CTpaHUIIBI, Pa3pabOTaHHON CUCTEMBI IIPE]I-
CTaBJIeH Ha PUCYHKe 2.

Ha pucynke 3 mpejictaBieHa cTpaHuIa, Ha KOTOPOU ITOJIb30BATEb MO-
JKeT CO3/aTh MPOEKT, 3a/1aB ero Ha3BaHWe, ONMMCAHUE. 37eCh YK€ MOXKHO TI0-
CMOTPETH y2Ke CO3JaHHbIE IPOEKThI, Y3HATH NH(POPMAIIUIO O JIaTe U BpeMeH!
CO3JIaHUS ITPOEKTA.

Ha pucynke 4 npejcraBiieHa cCTpaHuIla 3arpy3Ku JaHHBIX B cucTeMy. Ha
9TOM YK€ CTPAHUIIE MOYXKHO ITOJIyYUTh ONMUCAHUE TOI'0, KAKKUE JaHHbIE CUCTEMa,
MOZKET IMPUHUMATH U B KaKOM opMaTe. TakzKe MOXKHO BbIOpATh IPOEKT U
y3HATh KaKWe JaHHbIe y2Ke ObLIN 3arpy>KeHbl B CUCTEMY.

Ha pucynke 5 ipejictaBeHa CTpaHUIa 3aTPY3KU &JITOPUTMOB B CUCTEMY .
Ha sToii ke cTpanuiie MOXKHO TIOJIYyYUTH OMMMCAHUE TOTO, KAKHUE aJITOPUTMbI
crcTeMa MOXKET ITPUHUMATH U B KaKOM (popMmare.

Ha pucynke 6 mpeacraBieH CHUMOK dKpaHa, MPEJICTABIAIONIAN TpeIbl-
JYIILYIO CTPAHUILY, TYT HOKA3aHO, YTO CUCTEMa II03BOJIAET BHIOPATH IMPOEKT
U BBIBECTHU WHMOPMAIIUIO O y2Ke TPe3arpy>KeHHbIX aJrOPpUTMax, COrJIaCHO
BBIODAHHOMY THITY 331849 (KJIACCUMDUKAIIMS WU KJIACTEPU3AIHA).

Ha pucynke 7 mpejicraBiieHa cTpanuiia ¢ 00paboTKOil pe3yIbTaTOB KJIac-
cuduKaImm / KJIacTepu3alui. 37eCh BbIBOIUTHCS PE3YIbTUPYOMas HHMOP-
Mallisd 3aBUCUMOCTHU OT THUIIA BHIOPAHHOTO PE3YJIbTATA.

B pesynbrare TecTupoBaHusa OBLIN YCOBEPIIIEHCTBOBAHBI HEKOTOPBIE KOM-
ITIOHEHTHBI CUCTEMBI, JIOOABJIEHO HECKOJILKO JOTIOTHUTEILHBIX TTIPOTPAMMHBIX
MotyJieit. B uTore ampobarius crucTeMbl TTOKa3aJI0 XOPOIIHe Pe3yabTaThl, CO-
OTBETCTBEHHO €€ MOYKHO CUUTATDH YCHEINTHON, a TEXHOJOTUIO TPUTOTHON JI/Is

JAaJbHENNIIETO NCIIOJIb30BAHUSI.
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Menu Pycckuin

[naBHast MAIN

TexHonorus ANsa MogennMpoBaHusa U aHanu3a cuctem KﬂaCCVIq.)I/IKaLI,VWI Ha oCHOBE MalWHHOro OﬁyHBHMH

MpoekTbl

Modelling and analysis technology for classification systems based on machine learning approach

[aHHble
Anroputmbl

AHanmus n Knaccugukauus

Puc. 2: I'naBrasg crpanuiia cucTeMbl

Menu Pycckuii

fnasnas PROJECTS

Hosblih npoekT
lMpoexTbl
Aaktbie HassaHue
ANroputMb!
AHanu3 n Knaccubukauus Onwvcative

Co3sparb

nfecdubpunnstop °

MNIST (> ]

Puc. 3: Cosnanune mpoekTa

26



®opmar gaHHbIX

X_1,X2 oou XN,Y
X_1,X2 oou XN,Y

X_1,X_2 «vu XN,Y

Puc. 4: 3arpy3ka JJaHHBIX

®opmar anropurma

def train(X, Y):
return model

def test(model, X, Y):
metrics = {}
plots = {}
return metrics,plots

def classify(model, features_arr):
return predicted_res_class, predicted_res_proba

Puc. 5: 3arpyska ajropurma
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Menu Pycckuit

nasHas ALGORITHMS

MpoexTbl Boibepuite Tvn 3apaun

[aHHble Knaccudmkaums

AnroputMmbl

Onucanve

Axanus n knaccudukaums

Bbibpatb NpoekT

log_reg
scikit log_reg

random_forest
scikit random_forest

svm
scikit svm

Puc. 6: Anropurmbl

ANALYS AND CLASSIFICATION

( )
[naBHas OB6yunTb, MONYYUTL METPUKU U rpadunkmn
MpoekT
MpoekTbl MonyunTsb pesynbTar
L ) y' pesy.
[aHHble v
r N MeTpukn
AnroputMbl mean_score: 0.9298245614035088
aHHble .
AHANN3 1 KNacCUUKaLYS A log_loss: 2.423773782098996
\ J
v padmku
- \ classes_by_first_two_features
08 Classes by first two features
Anroputmbl
0.7 ©t
- J 0.6 .
' 05
( )
o 04
Pesynbtathbl 03
0.2
& J .
01 .
0.0
0.00 0.05 0.10 0.15 0.20 0.25

Puc. 7: Crpanumna ¢ pe3yabraraMu
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7. DKCIIepPUMEHTbDI

B kadecTBe 3KCIIEpUMEHTOB OBLIM BBIOPAHBI HECKOJIBKO 3a/a4, C IIOMO-
IIIbI0 KOTOPBIX OBLIN IIPOJIEMOHCTPUPOBAHBI OCHOBHBIE TIPUHITUITHEI PAOOTHI €
TEXHOJIOTHEN, W OBLT IMIPOAEMOHCTPUPOBAH TMPUHITUIT €€ WMCIIOJTb30BaHUS Ha
peaJibHbIX 3aJa4ax.

B muccepranmonHOM HMCCI€I0BAHUN OBLIN PACCMOTPEHBI TPU 33 1a9M:

1. Ilpenckazanue yCHnenrHoCTH Je@UOPUIIIAIINN;
2. Knaccudukaiys BuH;

3. Kiracrepusarust nzobpaxkenuit mudp.

i Toro, 4ToObI TPOJEMOHCTPUPOBATH PA0OTY TEXHOJOTUU OBLIU, CO-
OpaHbl JaAHHBIE JIJIsI KaXKJI0U 3a/1a49u, M0/I00paHbl U 3arPy>KEeHbI aJTOPUTMbI
B CUCTEMY U OCYIIECTBJIEH aHAJIN3, a TaK»Ke BBITIOJTHEH CPABHUTEIbHBIN aHa-
JI3 TOYHOCTH AJTOPUTMOB C ITOMOIIBIO BO3MOXKHOCTEH CUCTEMBI HaXOJIUTH
HAWJIY YA aJIrOPUTM U3 3aJaHHBIX. /[J1s1 9TOT0 ObLIa MCIOIH30BAHbBI CJIe-
JIYIOIIEe METPUKU:

Jna xknaccudpukarmm:

CORRECT
ALL

mean accuracy =
Hutst kitacrepusarum (cM. paszert 3):
adjusted rand score

Anropurmbl KJjaccuduKanum

Brimu ucnosb3oBaHbl U3BECTHBIE aJITOPUTMBI:

1. Random Forest [17];
2. Logistic Regression [17];
3. SVM [17];

4. Random Algorithm (cayuaiinbrii BBIOOP Kjacca).
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HeiipocereBass mozensb (kKiaaccudukausi)
[ToMmuMoO yKa3aHHBIX BBIIE AJTOPUTMOB, B XOJI€ WMCCJIEIOBAHUS ObLIA
IpeIoyKeHa HeipoceTeBast MOJe/b, & TMEHHO:
Heitponnas ceTb - meprienTpoH.
Co cemyromumMy mapaMeTPaMu:
Onrumuzarop: adam [4]
AxTuBarusa (curmonn)
2 BuyTpennux cJog (15,10)
dropout mocie kaxoro ckpsrroro ciost (0.2,0.1)
loss: categorical crossentropy (binary)
200 epoch, 5 per batch
HeiipocereBas osesib ObLIa peau30BaHa mpu oMol oudsmorexku Keras.

AropuTMbl Kjaacrepusanuu
1. k-means [17];
2. Mini Batch KMeans [17];

3. Birch [17].

7.1. Bamadya npeackKa3aHUA yCIIEIITHOCTH

nIpuMeHeHus: aedndpuiiaaropa

[IporecTupyem paboOTy CHCTEMBI Ha OCHOBE PEIIeHUd 331a9N TPOTHO3U-
POBAHUS YCHENTHOCTH Je(DUOPUIIAIINHN.

BBenenue B 3agauy

OcHoBHast uest B TOM, YTOOBI HAYIUTHCA B PEXKUME PeaIbHOIO BPEMEH!
UCIIOIb30BaTh CTpuM (MTOTOKOBYIO TepeJiavdy JAHHBIX) C OTBejeHuil medu-
OpuIATOpPa JJIT TOTO, YTOOBI B ABTOMATUYIECKOM PEXKUME ITPEJICKA3hIBATh
MOMEHT, KOT/Ia HEeOOXOIUMO JIaTh pa3psd, YTOObI OCTAHOBUTH YIPOXKAIOIIEEe
JKU3HU OTIACHOE MaTOJJOTHIECKOE COCTOSTHIE — (PUOPUIIIISIIINIO 2KEJTYT0IKOB.

DTO JIOCTATOIHO II00aIbHAS 3a/1a9a, PACCMOTPHUM B JIUCCEPTAITUN HEOOIb-

IO [IO/I3a0a9y — IIPEJICKA3aTh MOMOXKET JI J1ePUOPUIIIATOP B OIPEIeICH-
HOM ciydae (7a - 1, Her - 0). Yemosro oboznauns nux — NOROEA, ROEA.
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[TosicneHUsT MCIIOJIB3YEMbIX TEPMHUHOB JaHbI B pas3jese J.

Co6op gaHHBIX

Boum mosrydyenbl TaHHBIE O XapaKTepUCTUKaX puTMma cepara. [locie ob-
PabOTKM MCXOIHBIX “ChIPBIX  JAHHBIX OBLIM IOJIYYEHbI CJIETYIONINEe XapaK-
TEPUCTUKH CUTHAJIA, TPEJICTABIEHHBIE B pOpMAaTe, KOTOPBIA MOXKET ObITh
WCTIOJIb30BaH JJIT TPEHUPOBKU M BAJIUJIAIIUNA MOJIEJICH.

Bcero 19 npuznakos.

B urore:

FEATURES ARRAY — class
rie class — ROEA(1) wimm NOROEA(0)

KosmmyaecTBO 1m0 KaxKI0My U3 KJIACCOB:

NOROEA = 155 (ume momorJio)
ROEA = 15 (momoruio)
Bcero 170 mpumepos.

Bce mpumepst 151 00y1denust Ob1tr 00beiuHeHb! 1o Bpemenn (0—4+5—9
CEKYHJI JIO pa3psijia).

OKcIlepuMeHTaIbHast 9acTh PabOThI 3aKJII0Yajach B TOM, YTOOBI OIle-
HATH HACKOJIBKO XOPOIIO MOYKHO ITPEJICKA3bIBAThH YCIENTHOCTh J1ehuOpui-
JIATIIMN Ha MMCIOINMUXCA JaHHDbIX.

PesyabTaThl

Boum mpoBeieHbl 9KCIIEPUMEHTHI C 9TUMU JAHHBIMUA U OIeHUM. Pe3yiib-

TaTbI IIPEJICTABIEHBI B TabUIIE 4.

7.2. 3agadya KJjaccuduKannuyu TUIIOB BUH

BBenenue B 3amauy

3ajada 3aKJII09aeTCss B TOM, YTOObI HA OCHOBE XMMHYECKOTO aHAJIN3a
BUHA TPEJICKA3aTh ero copt (ofuH u3 Tpéx). Buna Obuin Beipamiens: B MTa-
JIUH.

Cb6op gaHHBIX

Hannbie 6putn nosrydensl u3 [3]. Ouu npezgcrapisor coboit Habop BEK-

TOPOB, pa3MepHOCcTbIO 13. Beero 178 mpumepon. Tpu Kimacca BHUH.
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Anropurm mean accuracy
Random Forest 0.86
Logistic Regression 0.93
SVM 0.91
Random Algorithm 0.45
Perceptron 0.91

Tabsuma 4: Merpuku OIeHKM TOYHOCTH Kjaccuduranuu (3amada: jgedu-
OpUILISITOD )

KosmaecTBo 1m0 Kak10My U3 COPTOB:
class 1: 59
class 2: 71
class 3: 48
Huzke mpuBeIH CIIUCOK TOTO, YTO KAXKIbII U3 TPU3HAKOB (KOMIIOHEHTOB

BEKTOPA) O3HAYAET.

AJIKOT'0JIb;
MaJIeMHOBaA KUCJIOTA;

30714

IIIEJIOYHOCTD 30JIbI;

MAarHuii;

obrriee conepxkanue (PEeHOJI0B;
d1aBaHOUIHI;

Hed1aBaHOUIHBIE (DEHOJIBI;

© 0 N o N

IIPOaHTOIMaHNHDBI,

—
e

MHTEHCHUBHOCTD IIBETA;

—_
—_

. OTTEHOK;
OD280/0D315 pasbaB/ieHHBIX BUH;

. TIPOJIUH.

[T —
Y

XapaKTepHOl 9epTOi 3TUX JAHHBIX SIBJIAETCSI TO, 9YTO OHU HE CJIUIIKOM

CJIOKHBI U WILTIOCTPUPYIOT pobiiemy “well behaved” [1].
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PesyabTaThl

PesysibraThl 1mpejicTaBieHbl B TaOIUIIE 5.

Anropurm mean accuracy
Random Forest 0.95
Logistic Regression 0.98
SVM 0.42
Random Algorithm 0.34
Perceptron 0.74

Tabmuma 5: MeTpuku oneHKr TOIHOCTH KyraccuduKamn (3a1a49a: BIHA)

7.3. Bamadya KJjacTepus3alini HAa N300pa*kKeHnuAX

Kaptuaok MNIST

Bsenenune B 3amaay MNIST (“Mixed National Institute of Standards
and Technology”) — nabop mauubix “hello world” KoMIbIOTEPHOrO 3peHUs.
[Tocse Bomycka B 1999 romy 3ToT KIaccuyecKuii HAOOp PYKOITMCHBIX U300~
paskeHuil TOCJy>KUJI OCHOBOI IJI CPABHUTE/HLHOI'O aHAJM3a AJTOPUTMOB
KJIaccudukanmu u Kiaacrtepusanuu. [[o mepe mogBieHns HOBBIX TEXHOJIOT U
obyuenusi, MNIST ocrtaercsa HaaeKHBIM PECypPCOM JIJIsl UCCJIeI0BaTE e,

3aJiava COCTOUT B TOM, YTOOBI IMPABUIBHO UJICHTUMUIIMPOBATDH ITUMPHI
u3 HabOpa JAaHHBIX, B KOTOPOM COOPAHbI M300paXKEeHUsT JeCATKOB ThICSIY PY-
KOITMCHBIX U300PaKeHUI.

Cb6op JaHHBIX

Hanmubte 661 mosyaens! u3 [13]. Beero Beibopka Oblia cocraBieHa u3
4200 ipuMepoB Jjid OOy YeHUS.

Pacnpenenenue mo Kiaaccam:

0: 425
1: 460
2: 454
3: 386
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0 510152025 0 5 101520 25 0 510152025

Puc. 8: Ilpumep mamasrx MNIST

409
398
436
427
404
401

Kaxkipiit 06beKT, XapaKTepu3yeTcsi BEKTOpOM pas3meprocTu 784 (28 na

28 mmkcesteil B n300pazkeHun).
PesyabTaThl

Pesynabrarsr npeacraBienbl B Tabsuiie 6.

Anroputm adjusted rand score
KMeans 0.38
Mini Batch KMeans 0.37
Birch 0.30

Tabmuma 6: Merpukn orenkn TouHOCTH Kiacrepusanun (3agada: MNIST)
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8. 3akJjIroueHue

OcHOBHO#T BBIBOJI, KOTOPBIII MOYKHO C/IeJIATh Ha OCHOBE WCCJIEIOBAHUSI,
OTIMCAHHOTO B JIMCCEPTAINH, 3aK/TI0YAETCA B TOM, UTO Ha CETOMHATITHUN MO-
MEHT CYIIECTBYeT CBOOOTHAS HUINA B OOJIACTH MPOTPAMMHBIX ITPOIYKTOB U
CHUCTEM, arperupyoInx METO/IbI U TTOIX0/Ibl aHAJIN3a, JIAHHBIX U MAITTHHOTO
obyJeHUsl.

B yc/ioBusIX TOCTOSTHHOTO POCTa ¥ pa3BUTHUA 00JIACTH IyBCTBYETCH HEXBAT-
Ka MPOJIYKTOB, CIIOCOOHBIX PEIIaTh 3aJIa49u, 3aJIeUCTBYS MUHUMAJIbHBIE YCHU-
JINSI CO CTOPOHBI JIaTa-CA€HTUCTOB U UCCJIeI0BATEIEH.

Takke B xX0Jie pabOTHI, Ha OCHOBE PEIeHNsT HECKOJIbKIUX 3a/1a4, ITPEJII0-
JKeHHas TeXHOJIOTHS ObLJa MPOTECTUPOBAHA.

B xome aT0it paboThl OBLIN TTOJIYYEHBbI CJIETYIONINE PE3YIbTATHI.

- Pazpaborana apxuTrekTypa miaT@OpMbI, arperupyroIas o IX0aIbl Ma-
IIIAHHOTO OOYYeHUsI W aHAJM3a JAHHBIX, CIIPOEKTUPOBAHA CTPYKTYpa
6a3bl JAHHBIX, CIPOEKTUPOBAHO KJMEHT-CEPBEPHOE B3aMMOJIEHCTBUE.
Pazpaboran npuHmun xpaneHus oOyUYeHHBIX MOJEJIel U MOy YeHHbIX

pe3yabTaTOB KJIACCUMDUKAIINN;

- Bruimosimena mporpaMmHas peasin3anus Ha S3bIKe TPOrPaAMMUPOBAHU
Python, Takxke ObLIu mcmoab3oBaH s3bIK JavaScript. IIporpamvuast

peasm3alisi TOCTpoeHa Ha ocHoBe dpeiimBopkoB Flask n Angluar;

- Cucrema nporectupoBaHa. PaccMOTpeHbI BCe BO3MOXKHOCTH CUCTEMBI,
JTaHbI HEOOXOIMMbIe IIOSICHEHUs, ITOKa3aH 0o0pa3el] aJropuTMa, KOTO-

PBIil MOXKET OBIThH 3arpy2KeH B CUCTEMY;

- Pabora cmcreMbl mpoaeMOHCTpUPOBaHA Ha PEIIeHnr TPEX 3ajad. B
X0JIe peleHns ITUX 33124 ObLI MPOBEIEH CPABHUTEIbHbBIN aHAJINS AJl-
TOPUTMOB KJIACCUMDPUKAIMU U KJIACTEPU3AIMU CPEJICTBAMU CUCTEMBI,
B YACTHOCTU OBILJIa MCIIOJH30BaHA TaKXKe COOCTBEHHad HeipoceTeBas

MOJIEJIb, TIPEJICTABJIAIONIas COOOM IePIEIITPOH.
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Open source

Ncxonustit Koa, JOKYMEHTAIMS W WHCTPYKIUS IO Pa3BEPTHIBAHUIO CH-
CcTeMBbI OBLIN BBLIOYXKEHBI B OTKPBITBIN JOCTYIT U HAXOAATCS IO aJIPeCy
https://github.com/nsmalimov/ml_analysis_ws.

Takyke, B KauecTBe MpuUMepa CUCTeMa ObLIa Pa3BEPHYTA HA YIAJEHHOM
cepBepe, JIOCTYII K BeO-uHTepdeiicy MOXKHO TTOJIYUYUTh, TTePeiijis 10 CChLIKE:

http://mlanalysisws.com — TecTOBas yCTAHOBKA.

OTMeTHM IPOCTOTY YCTAHOBKH, JIOPAOOTKU M PA3BEPTHIBAHUS CUCTEMBI,

a TaK2Ke€ IIOAOEP2KKY MYJIbTUA3SBIYHOCTH.
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