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TEXHOJIOT'TI DATA MINING TA MACHINE LEARNING

B. B. Cnecapes, B.IO. Muxanuxk
(Vxpaina, [quinpo, HTY «/IHimpoBChKa MOJITEXHIKA)

DataMining - gocmimkeHHs 1 BHSBICHHS "MamMHOW" (aJIropuTMaMH,
3aco0aMu MITYYHOTO IHTENIEKTY) B CUPUX JAHHUX MPUXOBAHUX 3HAHb, K1 paHilie He
Oynu  BIOMi HETpUBIAIbHI MPAKTUYHO KOPUCHI JOCTYIHI JUIsl 1HTEprpeTarii
JIOAUHOIO.

OCHOBHUMU 3aBAAHHSIMU aHATI3Y JAHHX €:

- 3aBnanHs Kjacu]ikaiii 3BOJUTHCS 10 BU3HAYEHHS KJacy O@KTa 110
floro xapakrepuctukaM. HeoO0XigHO 3ayBa>KuTH, 110 B IbOMY 3aBAaHHI 0€3714 KJIaciB,
710 SIKUX MOYE OYTH BiIHECEHUH 00'€KT, BIJOMO 3a3/1aJICTi/Ib.

- 3aBnaHHs perpecii moai0Ho 3aa4i Kiacudikallii 103B0JISIE BU3HAYUTH 32
BIJOMUMH XapaKTePUCTUKaMH OGKTa 3HAYCHHs JesiKoro Horo mapamerpa Ha
BIIMIHY BIJ 3aBJaHHs Kiacu(ikalii 3HAUYEHHSIM MapaMeTpa € HeKIHIeBe Oe3niu
KJIaciB, @ MHOKMHA JIMCHUX YHCEI.

- [Ipu momryky acolliaTUBHUX MPaBHII METOK € 3HaXOJKEHHMACTHX
3aJIe)KHOCTEeM (abo acormiariiif) Mixk o0'ektamMu abo moisMu. 3HaANEHI 3aJIEKHOCTI
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MIPEACTABIISIIOTLCS Y BUTIISAI TPABWI 1 MOKYTh OyTH BHKOPHCTaHI SK TSI KPAIoro
PO3yMIHHS IPUPOIU aHATI30BAHUX JTAHUX, TAK 1 JAJIA Mepe0adeHHS MMOSBH MMOIIH.

- 3aBAaHHS KJacTepusalli IMoJisirae B TMONIYKY HE3AJIEKHUX TPyl
(kacTepiB) 1 X XapaKTEpUCTHK y O3l aHalli30BaHUX AaHUX. BupimieHHs 1boro
3aBJaHHS JoMoMarae Kpaiie 3po3ymiTu gaHi. KpiM Toro, yrpynyBaHHS OZHOPIIHUX
00'€KTIB JI03BOJISIE CKOPOTHUTH 1X UHCIIO, a OTXKE, 1 ITOJICTIIUTH aHaTi3.

DataMining Moxe ckiagaTucs 3 IBOX a00 TPhOX CTaIIi:

Cranis 1. BusBieHHst 3aKkOHOMIpHOCTEHN (BUIBHUI MOIIYK).

Cranis 2. BuUKOpUCTOBYBaHHS BHSIBJICHUMX 3aKOHOMIPHOCTEH MJii MPOTHO3Y
HEB1JIOMHX 3Ha4yeHb (IIPeIUKATUB HeMo IeatoBaHHs ). Ha momaTok o mux cramiit iHodl
BBOJISITh CTAJ(110 OIIHIOBAHHS (Badijailii) , HACTYMHY 3a CTaJI€0 BUIBHOTO TMOIIYKY.
Mera Bamigariii- nepeBipka JOCTOBIPHOCTI 3HAWJCHUX 3aKOHOMIPHOCTEH.

Cramis 3. AHami3 BHUKIIOYEHb - CTajis MOpU3HAUYe€HA 7S BHSBICHHA 1
MOSICHEHHST aHOMAJTiH, 3HAHJICHUX B 3aKOHOMIPHOCTSIX.

Merta texnonorii DataMining - 3HaX0/PKeHHS B JaHUX TaKUX MOJIETIEH, SKi HE
MOXYTh OyTH 3HAW/ICH] 3BUYaHUMU METOJJaMU.

Ha chorognimHiii 1eHb iCHye 0€37114 aJrOpuTMIB MAllMHHOTO HaBYaHHS, Ha
OCHOBI SIKUX MOKHa MOOyAyBaTH Mojeib (mpencrarieHi Ha mai. 1): DecisionTree
(mepeBo mpuitHATTA pimeHb), KNN (Merton k-nanOmmkunx cyciaiB), SVM (meton
onopHux BekTopiB), NN (Heitpomepexka). I Bubip mMojeni BapTo 3aCHOBYBAaTH Ha Te,
yoro MM Bix Hel xodemo. [lo-mepine, HACKUIBKW pIillleHHS, 110 BIUIMHYJW Ha
pe3yJbTaTH MOJECII, TOBUHHI OyTH 3po3ymiauMu. [1o-n1pyre, MOXKIMBICTh 3MIHIOBATH
IPUCTPI MOJEN BiJ OJHOIIAPOBOI HEHPOHHOI Mepexi, J0 OaraTorapoBoi, IO
BOJIOJII€ BIJIMIHHOIO 3JIaTHICTIO 3HAXOJWUTHU HEIIHIMHI 3aJeKHOCTI, 3MIHIOIOUN TIPH
IIbOMY BCHOT'O TApPy PSIJIKIB KOTY.
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Puc. 1. [TopiBHSHHS aaropyuTMiB MAallIMHHOTO HABYAHHSI
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Knacudikamis - une Haimpocrtima 1 mnomupeHa 3agada DataMining. B
pe3ynbTaTi pillieHHs 3aa4i Kiacudikalli BUSBISIOTHCS 03HAKH, SIKI XapaKTepU3YIOTh
rpynu OO0'€KTIB JOCIIKYBAaHOTO Ha0Opy NAHUX - KJIAacH; MO LMX O3HaKax HOBHM
00'eKT MO>XHA BIJHECTH JI0 TOT0 a0 1HIIIOTO KJacy.

VYV 1943 poui Yoppen Mak-Kamnok 1 Yonrep IliTTc 3anmponoHyBaiy MOJEIb
MaTeMaTUYHOTo HelpoHa, a B 1958 porii ®penk Pozenbiatr Ha ocHOBI HelipoHa Mak-
Kannoxka-Ilutrca cTBOpUB KOMIT'FOTEpHY Mporpamy, a MOTIM 1 (Pi3UIHUN TPUCTPIH -
NEePHEenTpPoH. 3 BOTO 1 Moyanacs iCTopis WTYYHUX HEHPOHHUX Mepex. PosrisHemo
CTPYKTYpPHY MOJIEJb HEUpPOHA Ha puc. 2.

-1
L}{\ﬁk

9(s,) | tiew

R R

Puc. 2 dynkirionanbHa cxeMa MOJIeN ITYYHOTO HEHpOoHa

ne:

1. X - BxigHu#t BekTOp mapameTrpiB. Bekrop (crosmers) uncen (6ion. CtymiHb
aKTUBALlll PI3HUX PELENTOpPiB), K1 MPUUILLIM Ha BXia HeWpoHa. W - BeKTOp Bar (B
3arajibHOMY BUIIQJIKy - MATPHUIIS Bar), YUCJIOB1 3HAYEHHS, SIKI 3MIHIOIOTHCSI B TIPOIIEC]
HaBYyaHHs (010JI. HABYAHHS HA OCHOBI CHMHANTHYHOI IJIACTUYHOCTI, HEMPOH BUUTHCA
PaBUWJIHHO pearyBaTH Ha CUTHAJIM 3 OTO PeLenTopiB).

2. Cymatop - (pyHKIIOHaIbHHMM OJOK HEHpOHa, SKWUW CKJIaJae€ BCE BXIJHI
napaMeTpHy MOMHOEH1 Ha BIJAMOBIIHI IM Baru.

3. OyHKIISA aKTUBAIlli HEWpPOHA - € 3aJIeKHICTh 3HAUCHHSI BUXOAY HEUpOHa BIJ
3HAUEHHS MPUNIIOB BiJ] CyMaTopa.

4. HactynHi HEMpOHHU, Ky Ha OJHUH 3 0e3Jui iX BIACHUX BXOJIB IMOJAETHCS
3HAUEHHS 3 BUXOJY JaHOT0 HeipoHa (el map Moxke OyTH BIACYTHIM, SIKIIO IIeH
HEHPOH OCTaHHIH, TepMIHAIBHU).

[ToTiM 3 TTUX MIHIMATBFHUX CTPYKTYPHUX OJIMHUIIh 30MPAIOTh KJIIACHYHI IITYYHI
HEepoHHI Mepexi. Tomooris Mepexi CKIaIaeThCs 3 TPhOX HIapIB:

- Bxignuit (peuenTopHuii) map - 1e BeKTop napametpiB (o3Hak). Lleit map He
CKJIaZa€eThCcsl 3 HEMpoHIB. MokHa cka3zatv, 10 e nudpoBa iHopmalis, 3HATA
peuenTopaMu 3 «30BHIIIHBOTO» CBITY. [lpomapok NHOBUHEH MICTUTH CTUIBKH
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€JIEMEHTIB, CKIJIbKM BXIIHHUX MapameTpiB (Iuroc bias-term, moTpiOHUN A 3CYBY
HOPOTY aKTHBAIII]).

- AcowiatuBHUM (MIPUXOBAaHWI) IIap - TJIMOMHHA CTPYKTypa, 37aTHa [0
3amaM'aTOBYBaHHS TMPUKIAAIB, 3HAXOMKCHHIO CKJIQJHUX KOPEJAid 1 HEeTHIHHUX
3QJIEKHOCTEH, 10 MOOY0BM aOCTpaKilii Ta y3arajibHeHb. Y 3arajibHOMY BUIAJKY 1€
HaBITh HE IIap, a 0e3Jy MmapiB MK BXIIHUMHU Ta BUXITHUMHU. MOKHA CKa3aTH, M0
KOXKEH Iap ToTye HOBUU (O1IbIN BUCOKOPIBHEBUM) BEKTOP O3HAK JJII HACTYITHOTO
mapy. Came 1eil map BiANoBiJlae 3a MOSIBY B IMpolieci HaBYaHHS BHCOKOPIBHEBUX
a0CTpaKIii.

- Buxigauii map - me map, KOKeH HEHpOH SIKOro BIJIOBIJA€ 32 KOHKPETHHM
kimac. Buxig 1poro 1mapy MoOKHa IHTEPOPETYBaTH SK (YHKIIIO PO3MOJILITY
WMOBIPHOCTI TMPUHATIEKHOCTI 00'ekTa pizHuX KiaciB. [llap MicTuUTh nuie oauH
HEHpPOH KJIAaciB MPEACTaBICHO B HaBYaIbHIA BUOIpi. SIKIIO Kiacy /ABa, TO MOXKHA
BUKOPHUCTOBYBATH JIBa BUXITHUX HEUpOHA a00 OOMEXKHTHCS JuIe ogHUM. B Takomy
BUTIAJIKY OJWH HEHPOH SK 1 paHilie BIAMOBIIA€ TITLKH 3a OJHWH KJac, ajie SKIIO BiH
BUJIa€ 3HAYCHHSI OJIM3bKI J10 HYJs, TO €JIeMEHT BHOIpKH MO MOro JIOriii MOBUHEH
HaJIeXKaTH 1HILIOTO KiIacy.

Ha Bxoni HeiipoHa MaeMO BEKTOp MapaMeTpiB, PEJICTABICHI B YUCIOBIN (hopmi
X@)=1{&x@1l,x(@1) 2, .. x (1) n}. [Ipu ubomy koxuoro x(i) 3ictaBaenuit Y (1) -
KJlac, 110 3aJ0BUIBHIOE Hammii ymoBi. Helipomepeka, mo cyTi, MOBHHHA 3HAWTH
ONTHMAJIbHY, IO PO3AUISE TINEPIOBEPXHOCTh B BEKTOPHOMY IMIPOCTOPi, PO3MIPHICTH
SIKOTO BI/MOBiTAa€ KUTHKOCTI O3HAK. HaBuaHHS HEHPOHHOT MEpEeXi B TAKOMY BHUIIAIKY
- 3HaXO/PKCHHSI TaKMX 3HA4YeHb (Koe(imieHTiB) Marpuili Bar W, mpu SKUX HEHPOH,
SKAW BIANOBIJAe 3a Kiac, OyJe BHJAaBaTH 3HAYCHHS OJM3bKI JO OJUHHUIN B THX
BUMAJIKaX, OJIM3bKUX /10 BUKOHAHHS YMOBH, 1 3HAQUE€HHS OJIM3bKI O HYJIS, SIKIIO
JTAJIEKO JT0 BUKOHAHHS YMOBH.

h{X)= I(:Ellw.-'.} Sol1-x)

Sx BUAHO 3 GopMynH, pe3yiabTaT poOOTH HeMpoHa - 1e (YHKIIS aKTUBaIlii
(uacTo mo3HauvaeThcs vepesf(x)) Bil CyMH TBOPHM BXIJHUX MapaMeTpiB Ha IIyKaHi B
npoIeci HaBYaHHS KOe(IIi€HTH.

Konu € 1 HaBuanpHa BUOipKa, 1 TCOPETUYHI 3HAHHS, MOYKHA TIOYMHATH HAaBYAHHS
momeni. OmnHak mpobGiema TOJsSTaE B TOMY, IO YacTO €JIEMEHTH MHOXHH
OpeCTaBlieHl B HEPIBHUX Mporopuisx. HameBHO, MeTpuka TOYHOCTI B TaKOMY
BUIMAJKy TOBUHHA OyTH IHIIOK, Ta W HABYaTH MOTPIOHO TEX PO3YMHO, 100
HelipoMepeka HE 3poOmia Takoro X OYEBHJIHO HEBIPHOTO BUCHOBKY. sl 11p0rO
MOJKHA «TOAYBaTH» HEHpPOMEpeKy HaBYAIbHUMH TPHUKJIAJaMH, IO MICTITh OTHAKOBY
KUIBKICTh €JIEMEHTIB PI3HMX KjaciB. BuOpaBmm Monaenb 1 ajaropuTM HaBUaHHS,
Oa)kaHO PO3AUIUTH BUOIPKY HAa YaCTUHH: MIPOBECTH HABYaHHS Ha HABYAIbHINA BUOIPII,
o craHoBuTh 70% Bij Bciel, 1 moxkepTByBaTH 30%.

[TinroryBaBIu MojeIb, HEOOXITHO aJACKBATHO OIIHMUTH 11 SKICTh. J{Js1 11b0TO 1
CHYIOTh TaKi MOHATTS:
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- TP (TruePositive) — ictuno mo3utuBHUE Kiacudikatop Bupimmp
pe3ynbTaT Ma€ OyTH MO3UTUBHUM 1 BiH OYB MO3UTHBHUM.

- FP (FalsePositive) - xuOHonosutuBHuil. Krnacudikarop BuUpIIUB 1110
pe3ynbpTaT Mae OyTH TO3WTHUBHHM, ajie BiH OyB HeraTWBHHM. lle Tak 3BaHa MOMMIKA
nepiioro poay. Bona He Taka cTpaiiHa, K MOMHJIKA APYTroro poay, OCOOJIMBO B THUX
BUIIAJIKAX, KOJIH KJIACU(PIKATOP - TECT Ha SIKECh 3aXBOPIOBAHHSI.

- FN (FalseNegative) - mnceBmoneratuBHy. Kitacudikatop BHpIIINB
pe3yinbTar Mae OyTH HETaTUBHUM ajie BiH MIr OyTH TIO3UTHUBHUM (4d  OyB
no3utuBHUM). lle Tak 3BaHa MOMUJIKA APYroro poay 3a3BUYail MpU CTBOPEHHI
Mojzienl 0a)xkaHO MIHIMI3yBaTH MOMWIKY JPYTOro, HaBiTh 30LIBIIUBIIN TUM CaMUM
HOMMUJIKY TEPIIOTro POLIY.

- TN (TrueNegative) — ictuHoHeraTuBHui. Kiacudikarop BHUpimuB, 110
pe3ynbTaT Ma€ OyTH HETaTUBHUM 1 BiH OyB HETATUBHUM.

TakuM 4YWHOM HAWMOPOCTIIIA METPHUKA- 1€ METPUKa JIOCTOBIPHOCTIAMTI.
Accuracy). Ane ms METpHKa HE ITOBHHHA OyTH €IMHOI0 METPHUKOIO MOJIEII, SIK BXKE
3po3ymiuin. OcoOJMBO B THUX BUIAJKaX KOJM ICHYE TEpeKic y BHOIpIl TOOTO
IPEICTaBHUKHU PI3HUX KJIACIB 3yCTPIYAIOTHCA 3 PI3HOK HMOBIPHICTIO.

Aces . fplin
: v = ipt fp+ futin
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