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MAIIVUHHE HABYAHHS B 3AJIAYAX KIBEPBE3IIEKH

[TJIAH
1. CknazioBl MaIMHHOTO HABYAHHS Ta IITYYHUH 1HTEJIIIEKT
2. Knacudikaiiiss MeTo1B MalIMHHOTO HABYAHHS
3. Meroau knacudikamii
4. O1iHKa SKOCT1 Kiacudikamii

JIITEPATYPA
Caiit http://www.mmf.Inu.edu.ua/ar/1739

BCTYII

3arajoM CTarTi MpO MalIMHHE HaBYAHHS AUIATHCS Ha JBa TUMNU: Lie abo 2-3-
4..-TOMHUKHU 3 (popmysiaMu 1 TeOpeMaMu, sIKI MaJio XTO 3MIT JOYUTATH HABITh 0
cepelrHu, abo Ka3Ku MpO MTYYHUH 1HTENEKT, npodecii MailOyTHOTO, YapiBHUX
JaTa-Ca€HTHUCTIB.

Huxue po3rissHeMo MOCT-BCTyH JUIsl THUX, XTO XOY€ HapellTi po3idpatucs B
MAllMHHOMY HaBYaHHI - TMPOCTOI0 MOBOIO, 0e€3 (¢opMyl-TeopeMm, 3aTe 3
IpUKIaJaMH pealbHUX 3a7a4 Ta X pO3B's3aHb.
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[Tpunyctumo, mo Oner xoye KynuTu aBTOMOOLIb 1 00/lyMy€ CKIJIbKH T'pOIIeit
oMy TOTpiOHO MJIS IBOTO HAKOMHWTH. BiH TEperisHyB ACCATOK OTOJIONICHL B
iHTepHETI 1 m0OaumB, 110 HOBI aBTOMOO LTI KOIITYI0Th 6113bk0 $ 20 000, ogHOpiuHi
- npubnusno $ 19 000, aeopiuni - $ 18 000 i Tak masi.

3po3ymuto, 1o Omner-aHadiTUK BUBOAUTH (QOpMyINy: ajJeKBaTHa IliHA
aBromo0i1st mouynHaeTrbes Big $ 20 000 i mamae ma $ 1000 mopoky, mMOKH He
ympetscst B $ 10 000.

Oner 3poOuB Te, MO0 B MAaIIMHHOMY HaBYaHHI HAa3UBalOTh DPETPECIEI0 -
nepeadaunB IiHY 3a BIJOMHUMH JaHUMU. Jltongu poOisITh 1€ MOCTIMHO, KOJIU
BHUPAXOBYIOTh 3a CKIJIbKH MPOAATH cTapuii alipoH ab0 CKUTBKH MIAILIMKY B3SITH Ha
3aMiCbKy 3a0aBy (Mosi (popMyria - MBKJIO HA JIIOAUHY B A00Y).

OueBuiHO, 110 OyJI0 6 3py4HO MaTH GOPMYIY IiJl KOXKHY MpoOJIeMy Ha CBITI.
Are B3SITH Ti X IIHM HA aBTOMOOUI: KpiM NIPOOIry € JeCATKH KOMILICKTAIlii,
pI3HUI TeXHIYHUM CTaH, CE30HHICTh MOMUTY 1 III€ CTIILKM HEOYEBUIHUX (haKTOPIB,
ski Oner, HaBiTh MPU BCbOMY OakaHHI, HE BpaxXyBaB OU B TOJIOBI.

Jlrvomu Tymi (BuOauaiite!) 1 JiHMBI, a TOMy Tpeba 3MYCHUTH TNIpaIfOBaTH
pobortiB. Hexalt MammHa MoAMBUTHCS HA HAIIM JTaH1, 3HaiAe B HUX 3aKOHOMIPHOCTI
1 HaBYUTHCA TMependayvaTd I8 HAc BiamoBimb. Haifmikapime, Mo B MIACYMKY
MallliHa MOXKE€ 3HAXOJAWTH HaBITh TaKl 3aKOHOMIPHOCTI, TpO sKi JIIOAU HE
3/10Ta1yIOTHCA.

Tax HapoaUIOCS MAalIMHHE HABYAHHS.

1. CKJIAJOBI MAILIMHHOI'O HABUAHHS TA LITYUYHUI
IHTEJIVIEKT

MeTa MaNIMHHOTO HABYAHHA - Tepea0ayuTH pe3yJbTaT 3a BXITHUMHU
naHuMH. YuM pi3HOMAaHITHINI BXiAHI JaHi, THM TPOCTIIIC MAaIluHI 3HAWTH
3aKOHOMIPHOCTI 1 THM TOYHIIIHMIA pe3ybTarT.

OTxe, KO0 MU XOYEMO HABYMTH MAIIMHY, HaM TMOTPIOHI TpU pedi: JaHi,
03HAKH, AJITOPUTMH.

JMani XodemMo BHSBISATH cmamM - TOTPIOHI TNPUKIATXW CHAM-JIHCTIB,
nepeadayaTd Kypcu akuii - mnoTpiOHa icTOpis IiH, [I3HATUCA IHTEpecU
KOpHUCTYyBaua - MOTpiOHI Horo naitku adbo noctu. Jlanux noTpiOHO sKoMora OuiblIe.
JlecsTKM TUCAY MPUKIIAIB - 1€ OTOM 3JIMM MIHIMYM JIUISI BITYal1yXiB.
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Select all squares with

street signs

If there are none, click skip

Jlani 30uparoTh K TUIBKH MOXYTh. XTOCh BPYYHY - MPOIEC TPHUBATIIIHIA,
JaHUX MEHIIE, 3aTe 0€3 MOMWIOK. XTOCh aBTOMAaTHYHO - TPOCTO 3JIMBAE MAIIUHI
BCe, IO 3Hamuwiocs, 1 BIpUTh y WIOCh Kpamle. HalxuTpimi, Tumy ryria,
BUKOPUCTOBYIOTh CBOiX K€ KOPHUCTYBayiB JiJIsi OC3KOIITOBHOI PO3MITKH. 3rajiaiite
ReCaptcha, sika iHoai Bumarae «3HaiTi Ha (oTorpadii BCi JOPOXKHI 3HAKH» - 1€
BOHO 1 €.

3a xopowumu nabopamu Oanux (0amacemamu) Ve BEIUKE TOIIOBAHHS.
Benmuki kommanii iHkomm (M Take OyBa€) PO3KPUBAIOTH CBOi aJTOPUTMH, ajie
JaTaceTH - BKpail pijKo.

O3nakn. Mu HasuBaemo ix ¢iuamu (features), tak mo dapioHIUKaM
JOBeJeThC CcTpaxaartu. didi, BIACTUBOCTI, XapaKTECPUCTUKH, O3HAKH - HUMHU
MOXYTh OyTH MpOOIr aBTOMOOLISA, CTaTh KOPUCTyBada, IliHA akIlid, HaBITh
JYUJIBHUK YaCTOTH TIOSIBU CJIOBA B TEKCTI.

MaivHa moBMHHA 3HATH, Ha 10 1 KOHKpETHO nuBHTHCA. [[0Ope, koim naHi
MPOCTO JICKaTh B TaOJMYKaX - HA3BU iX KOJIOHOK 1 € ¢idi. A SKIIO y Hac CTO
rirabaiTiB KapTUHOK 3 koTamu? Komm o3HaK OaraTo, MOJENb MPAIIO€ MOBUIBHO 1
HeedexTuBHO. Haituacrime BinOip mpaBmibHHX (idiB 3aiiMae Oulbllle 4yacy, HiIX
BCE iHIIIE HaBUaHHA. Ane OyBalOTh 1 3BOPOTHI CHTYallii, KOJU I03€p caM BUPIIIYE
BimiOpaT TIIBKM «IpaBWIIbHI» Ha HOro MOIJIA] O3HAKH 1 BHOCHUTH B MOJICIb
Cy0'eKTUBHICTh - BOHA MIOYMHAE IUKO OpeXaTu.

Aaroput™m  3a3Buyai, OAHY W Ty K 3aJauy Mailxe 3aBXKIM MOXHa
pO3B's3aTH  PI3HUMH MeToAaMu-criocobamu. Big BuOOpy MeETOqy 3alIeKUThH
TOYHICTbh, IIBUAKICTH POOOTH 1 pO3Mip TOTOBOI MOENi. AJie € OIMH HIOAHC: SKIIO
JaHI - «CMITTS», TO HaBITh HaWKpamuid ajaropuT™M He jgomomoxke. He
3aIMKITIOWTECS HA BIICOTKAX, Kpale 30epiTh MOOLIbIIe JaHUX.
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HaByanus ta IHTEeNEKT

OnHoro pa3y B OJJHOMY XIIICTEPCKOMY BUJIaHHI OyJia CTaTTs mija Ha3Boio «YUu
3aMIHATh HEHWpOMEpeki MalllMHHE HaBuyaHHs». [liapHUKM B CBOIX Mpec-penizax
003MBaIOTh «IITYYHUM IHTEJIEKTOM» OYIb-sIKy JIHIHHY perpecito, 3 SKOI BXKe
TUTKH y TBOP1 OaBIsATHCs. Pa3 1 Ha3aRXk A MOSICHUMO PI3HUIIO Ha 300paKeHHI.

Tandowr

HoBunmmns

HITyuyHuii iHTeJIeKT - Ha3Ba BCi€i 007acTI, K 0i0y0Tris a00 XiMis.

MamuHHe HABYAHHA - 1I€ PO3/UI IMITYYHOTO IHTENEKTY. BaxnuBuii, ane He
€TUHUH.

Heiipomepe:xi — MOkHa pO3MJIsiAATH SIK OJMH 3 TUIIB MAlIMHHOIO HAaBYAHHS.
[Momynsipauii, ane € ¥ iHNTII, HE TipIIIi.

I'ninGoke HABYAHHSA - apXITEKTypa HEHUpOMEpeK, OJWH 3 MIXOIIB 0 iX
moOynoBH Ta HaBuyaHHSA. Ha mpakTumi wmajao XTo Biapi3Hse, ae TIHOOKI
Helipomepexi, a e He Ayxke. KaxyTh Ha3By KOHKPETHOI MEpexKi 1 BCe.

[TopiBHIOBaTH MOXHa TUIBKM pEYl OJTHOT'O PIBHS, 1HAKIIE BUXOAUTH MOBHUU
OYyJUIIIMT TUIY «ILIO Kpalle: MalllhuHa 4u Kosieco?» He oToToxHIONTE TepMiHU O€3
MPUYUHU, 1I00 HE BUIIISIAATH AyPHUKAMHU.



Ocp 1m0 MamMHU ChOTOJHI BMIIOTh, @ IO HE MiJ CHUIY HaBITh HAMOUIbII
HAaBYEHUM.

MAIIMHA MOXE MAIIMHA HE MOXE
[lepenbayaTu CTBOpIOBATH HOBE
3anam'aTOBYBaTH Pi3ko nopo3ymHimaTu
BiarBoptoBaTtu BuiiTu 3a pamMku 3aBIaHHs
BuOupatu nalikparie BOutu Bcix mroaen

2. KTACUPIKAIIA METOAIB MAIIIMHHOI'O HABYAHHA

SKI110 TIHBKY YUTATH - X04a O TISHBTE Ha KAPTUHKY, Oy/1e KOPUCHO.



DBSCAN

-Means Agglomerative Halve Bayes SVM

K-NN Decision Trees

KJLAUIA,&Pim i9) Logistic Regression

Linear Regression
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Gererative
Adversarial Networks

(GAN)
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GRU

KnacudixyBatu anroputMu MoXHa JECATKOM croco0iB. OGepemo 1eid, Tomy
IO BiH 3[Ia€ThCS HAW3PYUYHIMIUM JUTsl TTOsictoBaHHs. Tpeba po3ymiTh, mo He OyBae
Tak, MO0 3amady po3B'sI3yBaB JuINe OAuH MeToA. S Oyamy 3ragyBaTtu Bimomi
MPUKJIAAN 3aCTOCYBaHb, alleé MaM'ATaiiTe, MO «CHH MaMHHOI MOAPYTH» BCE II€
MO>K€ PO3B'SI3aTH HEHPOMEpEKaAMHU.

Posmounemo 3 6azoBoro orisay. ChOoroaHi B MalllMHHOMY HaBYaHHI € JIUIIIE
YOTUPU OCHOBHI HAIIPSIMH.
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[epmi anroputMu npuinum 10 Hac mie B 1950-x pokax 3 4YMCTOi CTATUCTUKH.
Bouu posB'szyBanu ¢opmanbHi 3aadi - MIyKaJId 3aKOHOMIPHOCTI B 4YHCHaX,
OI[IHIOBAJIM OJIM3BKICTh TOYOK B IMPOCTOP1 1 BUPAXOBYBAIHM HAIIPSIMKH.

CborogHi Ha KIACHUYHUX aIrOpUTMaxX TPUMAEThCA Jo0Opa TMOJIOBUHA
iHTepHeTy. Komu Bu 3ycTpidaere Onok «PekoMmeHmoBaHI CTaTTi» Ha caiiTi, abo
OaHk OJIOKye BCl Ballll TPOINl Ha KapTIi MICIAsA MEepInoi K IMOKYIKH KaBU 3a
KOPJIOHOM - 11€ Maif’ke 3aBK/IM CIpaBa PyK OJTHOTO 3 IIUX aJITOPUTMIB.

3po3yMiN0o, MO BEIUKI KOprHoparii Jo0JsSTh po3B'si3yBaTH BCi MpoOJIeMuU
Helipomepexkamu. lle crnpuymHeHo TuM, 10 3aiBi 2% TOYHOCTI JJIi HUX JIETKO
KOHBEPTYIOTHCA B JOJATKOBI 2 MUTbsipau NpuOyTKy. PemTi X BapTo BKIIOYATH
ronoBy. Konm 3amada po3B'A3ye€Tbcsl KIACMYHUMH METOAAMH, TO JICIIEBIIE
peamizyBaTH CKUIBKH-HEOYJb KOPUCHY Mg OI3HECY CHCTEMY caMme 3a iX
JIOTIOMOTOI0, a BXK€ IMOTIM JyMaTd MpO SIKeCh MOKpAamIeHHS. A SKII0O BU HE
pO3B'sI3aK 3329y, TO HE Po3B'sa3atu i Ha 2% Kpale BaM He 0COOJIMBO JTIOITOMOJKE.

3Har0 KiTbKa CMINIHUX ICTOPid, KONMM KOMaHAa TPU MICSIll TepenucyBaa
CUCTEMY pPEKOMEHJAIlI IHTEPHET-Mara3uHy Ha OUTbIIT TOYHWUN aJTOPUTM, 1 TUIBKH
MOTIM 3pO3yMisia, IO MOKYII[I B3araji HE HE KOPHCTYIOThCA. Benwka gactrHa
MOKYMIIiB MTPOCTO MPUXOAUTH 3 TMOITYKOBUX CHCTEM.

[Tpu BCili CBOITI MOMYISIPHOCTI, KIIACHYHI aJITOPUTMHU HACTUTBKH TIPOCTI, IO 1X
JIETKO TOSICHUTU HaBiTh AUTHUHI. ChOroJHI BOHU SIK OCHOBH apuU(PMETUKHU -
3aCTOCOBYIOTHCS MOCTIMHO, aJie IEXTO BCE OJHO CTaB iX 3a0yBaTH.
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Kiacuune HaBuaHHS JTIFOOJISTH IUTUTH HA JIB1 KaTeropii — 3 BUMTeseM 1 0€3.
Yacto MokHA 3ycTpiTh IX aHrmiichki HasBu — Supervised i Unsupervised
Learning.

VY nepmomy BUNAAKY y MAallMHU € SKUUCh YYHUTENb, IKAW TOBOPUTH iU SK
npaBuiibHO. Po3moBigae, mo Ha i KapTUHIN KimKa, a Ha ik cobaka. ToOTo
BUMTEIb BXKE 3a3Jajeriib pO3AUIMB BCl JlaHI Ha KIMIOK 1 co0ak, a MalldHa
HABYAETHCS HA KOHKPETHUX MPUKIIAIAX.

VY naBuaHHI 0€3 y4HTels, MaIlWHI MPOCTO BUBAIIOIOTH Kymy (doTtorpadii
TBapUH HAa CTUT 1 KaXKYTh «pO30epHcs, XTO TYyT Ha KOTO cXoxwuit». Jlani He
pO3MIYeHI, Y MalllMHU HEMAa€ BYMTEISA, 1 BOHA HAMAraeThCsl cama 3HAWTH Oy/b-sKi
3aKOHOMIpHOCTI. [Ipo mi MeTo 1 MOroBOPUMO HUIKYE.

Od4eBuAHO, M0 3 YYUTEIIEM MalllHAa HABYUTHCS IIBUIIIEC 1 TOYHIIIE, TOMY B
0oMOBHX 3a7a4ax WOro BUKOPHUCTOBYIOTh Habarato vactimre. Lli 3apaui miasitbest
HAa ABa TUNM: KjIacudikauisa - nependaveHHss kareropii o0'exra, i perpecis -
nepeadavyeHHs Miclsl HA YNCJIOBIN NMpsIMIii.

3. METOJI! KJIACU®IKAIIT



Classification

«Iloninsge oO'ektn 3a 3azganeriap BigomMoro o3Hakow. Illkaprnerku 3a
KOJIbOpaMH, JOKYMEHTH 3a MOBaMH, MY3HUKY 3a KaHPAMH»

CpOroJiHi BUKOPUCTOBYIOTh JISI:

Cnam-¢dinbTpu

BusnaueHHS MOBU

[Tomryk cX0XHX JOKYMCHTIB

AaHani3 TOHaIbHOCTI

PosznizHaBanHs pyKonucHUX OYKB 1 (P

BusznayeHHs migo3puinx TpaH3aKIii

[Monymsipri  anropurmu: Haipauit baec, JlepeBa Pimens, Jlorictuuna
Perpecis, K-ganoamxkuux cycinis, Merox Onopaux Bekropis.

Knacughikayia peueu - HaWmonmymnsipHilna 3ajjaya y BCbOMY MAIIMHHOMY
HaBYaHHI. MamuHa B Hi K JWTWHA, SKa HABUAETHCA PO3KIAZATH IrPAIlKU:
poOOTIB B OJMH SINTUK, TaHKU B 1HIIUH. Oma, a skio 1e podor-tank? o x, dac
PO3IUTAKATHUCS 1 BUITACTU B IIOMUJIKY.

s knacugikayii 3a6xcou nompiber yuumens - poO3MIYCHI J1aH1 3 O3HAKAMH 1
KaTeropisiMu, sKi MamuHa OyJe BUMTHUCS BHU3HAYaTH 3a IUMHU O3Hakamu. Jlami
KiacudikyBaTH MOKHA III0 3aBr'OJIHO: KOPHUCTYBAYIB 3a IHTEpECaMH - TaK POOJIAThH
QITOPUTMIYHI CTpPIYKH, CTAaTTI 3a MOBaAaMH 1 TEMaTUKaMH - BaXJIUBO IS
MOITYKOBUX CHUCTEM, MY3UKY 3a >KaHpaMU - 3rajlaiiTe IJICHINCTU, HABITh JIUCTU Y
BaIllii MOIITOBIA CKPUHBIII.

3.1.Haisuuii baec

HaiBuuii meton baeca — 1me Habip MeromiB kimacudikallii, 3aCHOBaHMX Ha
teopemi baeca. lle He enmHMIT MeTOa, a CIMEMCTBO METOJIB, SIKI MOJUISIOTH
3arajibHAM TPUHIIAI, 3TIHO 3 SKMM KOXKHA O3HaKa, 10 KIacH(IKyeTbCs, HE
3aJIeKUTh BiJ 3HAYCHHA Oynb-sikoi iHIIOI o3HakW. Hampuknaa, QpykT MoxkHA
BBOXKATHU SIOJYKOM, SIKIIO BIH YEPBOHWM, KPYriaud 1 He mepeBumiye 15 cm y
niamerpi. HaiBHuii GaeciBchbKHi KimacuikaTop BBaXKae, M0 KOXKHA 3 ITUX «O3HAK)»
(uepBOHM, KpyTIIUid, AiaMeTp 15 cM) BHOCUTH HE3aleKHUN BHECOK Yy MMOBIPHICTD
Toro, 1Mo GPYKT — Iie s0JyKo, HE3aJIekKHO BiJ OYyAb-SKUX KOPENSIid MIK
o3HakaMu. Asie HacmpaBli (QYHKIII HE 3aBXKAM HE3aJeXHI1, a IXHI mapamMeTpu He


https://en.wikipedia.org/wiki/Naive_Bayes_classifier
https://logic.pdmi.ras.ru/~sergey/teaching/mlcsclub/02-dectrees.pdf
https://en.wikipedia.org/wiki/Logistic_regression
https://en.wikipedia.org/wiki/Logistic_regression
https://en.wikipedia.org/wiki/K-nearest_neighbors_algorithm
https://en.wikipedia.org/wiki/Support_vector_machine

3aBXk M TOB's13aH1 OAMH 3 ogHUM. CaMme 1ie € HenonikoMm Metoay baeca, 1 Tomy ioro
Ha3MBAIOTh «HAIBHUM).

Panime Bci cnam-QuIbTpH MpaloBaid Ha aiaropurmi HaiBHoro baeca.
MamuHa BBakajga CKUIBKM pa3iB CJIOBO «KPEAUT» 3yCTPIYAEThCS B CHami, a
CKUIbKM pa3iB Ha HOpPMaJbHUX JUcTax. MHOXWIa 111 JBI KWMOBIPHOCTI 3a
dbopmynoro baeca, ckimanmana pe3ylnbTaTH BCiX CHiB 1 Oall, BCIM JeXkaTH, y Hac
MAIlIMHHE HaBYaHHS !
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[Tiznime cnamepu HaBumiucs ooxonutu GuisTp balieca, mpocTo BecTaBisitoun
B KIHEIb JHUCTa 0arato CiiB 3 «XOpPOIIMMHU» pEeUTHHramMu. MeTol OTpuMaB
ipoHiuny Ha3By OtTpyeHHs baeca, a ¢uibTpyBaTH cnaM CTajid I1HIIUMU
aaropuTMaMu. Ajie METOJl Ha3aBXAW 3aJUIIUBCS B MIJPYYHHKAX SIK
HaWMPOCTIINNA, KPACUBUU 1 OJIUH 3 MEPIINX MPAKTUYHO KOPUCHUX.



https://en.wikipedia.org/wiki/Bayesian_poisoning

3.2. lepeBo pilieHb

BizpMeMo 1HIIMI MpUKIaa KOpUCHOI Kiacudikamii. Ock 6epere BU KpeauT B
OaHky. SIk OaHKy yNEeBHUTHUCS MOBEpHETe BU Horo uu Hi? Jly:xe TOYHO HIisK, aie
O0aHK Mae THCs4Yl NMpoQUIIB IHIIKUX JIOJEH, Kl BXke Opaiu Kpeaut 1o Bac. Tam
BKa3aHO IXHIM BIK, OCBITY, IMOCaay, PIBEHb 3apIUiaTd Ta TOJOBHE - XTO 3 HHX
MOBEPHYB KPEJIUT, @ 3 KUM BUHUKIIU IPOOIEMHU.

Otox, BCl 370rafanucs, A€ TYT JlaHl 1 KUl Tpeba nepeadauyuTH pe3yJibTar.
HaBuumo maimmHy, 3HalIeMO 3aKOHOMIPHOCTI, OTPUMAEMO BiJMOBIAb - MUTAHHS
He B 1bomy. [Ipobiema B ToMy, 110 OaHK HE MOXE CIINO JOBIPATH BIAMOBIAI
MalnHu, Oe3 moscHeHb. Pamrom 301, 311 Xakepu abo Oyxui agmiH BUPIMIMB
CKPUIITUK BUIIPABUTH.

Jlns wied 3agaui npuaymanu Jlepeo PinieHb. MarmHa aBTOMaTUYHO PO3JILISE
BC1 JIaH1 3a 3alMTaHHSMH, BIJTNOBIIb Ha SKI «Tak» abo «Hi». [IuTaHHS MOXYTb
OyTH He 30BCIM aJIeKBaTHUMHU 3 TOYKH 30py JIIOJMHU, HANPUKIAI «3apruiata
no3uyajabHuKa Ounbine, HixK 25934 rp.?», aje MaluHa NPUIYMYE iX Tak, M00 Ha
KOKHOMY KPOIIi po30UTTS 0yJI0 HAMTOYHIIINM.

Y JA‘GA&M, w,ozow&z
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'Dz.rcgo Pimenn

Tak oTpumyeThCsl NepeBO MHUTaHb. UMM BUIUN PiBEHb, TUM 3arajbHIIIE
3anutanHs. [[oTiM HaBITH MOXHA 3arHATH 1X aHATITHKAM 1 BOHU TTOHABUAYMYIOTh
YoMy CaMe Takx.

JlepeBa 3HaWIIIM CBOIO HINTy B OOJIACTAX 3 BHCOKOIO BiJIIMOBITAIBHICTIO:
J1arHOCTHIl, MEIMITMHI, (pIHAHCAX.

JIBa HalimomymspHimmX anroputmu mooynosu aepes - CART 1 C4.5 .

VY uyncrtomy BUIIIAAlI JIepeBa ChOrOJHI BUKOPUCTOBYIOTH PIIKO, ajle OCh IX
ancamOni (mpo siki OyJe Mi3HilIe) JieKaTb B OCHOBI BEJIMKHUX CHUCTEM 1 4acTo



https://www.youtube.com/watch?v=eKD5gxPPeY0
https://en.wikipedia.org/wiki/Predictive_analytics#Classification_and_regression_trees_.28CART.29
https://en.wikipedia.org/wiki/C4.5_algorithm

00CKaKyIOTh HaBiTh HelipoMepexki. Hanpukiaz, Kooy BU 3a1a€Te 3amuTalus [yriy,
TO CaM€ HATOBI TYPHUX JEPEB O1KUTH pPaHkKyBaTH BaM Pe3yJIbTaTH.

Mogeni aepeBa pillieHb OYIYIOThCS B JBa €Tamu: IHAYKIIS 1 BIACIKAHHS.
[aaykmis - me Te, Ae MU OyAyeMO JepeBO, TOOTO BCTAHOBIIOEMO BCI MEXI1
1EpAapXi4HOrO PIMICHHS, IPYHTYIOUUCh HAa HAIIUX JAaHUX. 3a CBOIM XapaKTepoM
JiepeBa pillleHb MOXKYTh OYTH CXWJIBbH1 JJO 3HAYHOTO NepeHaBuaHHs. BincikanHs -
1€ Tpolec BUIAICHHS HENOTPIOHOI CTPYKTYpU 3 JAepeBa pillleHb, €(PEKTUBHO
CIPOIIYIOYH WOTO JUIsl PO3YMIHHS Ta YHUKHEHHS ITepeHaBYaHHS.

Inoykuyia. lanykuis nepesa pillleHb NPOXOAUTH 4 OCHOBHI eTanu NoO0yA0BH:

[TouHiTh 3 HABYAIBHOTO HA0OPY JaHWX, B SKOMY MOBHHHI MICTUTHCS O3HAaKH
3MIHHHX 1 pe3ynbTaTh Kiacudikaiii abo perpecii.

Busnaute MOHATTS «Halikpawa pexkiama» B HaOOpI NaHUX IS iX PO3OUTTS.
[Ipo Te, K BU3HAYMTH 1€ TIOHSTTS «HAUKPAWA PeKiamay TTIOTOBOPUMO Mi3HIIIIe.

Po30wuiiTe nani Ha MiAMHOXHUHH, sIKI OyAyTh MICTUTH MOXJIMBI 3HAYCHHS JJIsI
Kpamoi o3Haku. Take po3OHUTTS B OCHOBHOMY BH3HAua€ BY30J Ha JIepeBi, TOOTO
KO’KEH BY30I1 - I1e PO3JIiJieHa TOYKa, 3aCHOBaHA Ha TICBHIM O3HAIIl 3 HAITUX JaHHX.

PexkypcuBHO 3reHepyiiTe HOBI BY3IM JepeBa 3a JOMOMOTOK TMiJIMHOXHHH
JaHUX, CTBOpPEHUX Ha 3 etami. [IpoAoBxyiTe PO3OHMTTA 10 THX IIip, TOKH HE
JOCATHETEe TOYKU, Ha SKii Oy/e 3HAXOAWTHCS ONTHMIi30BaHA SKHMOCH CIIOCOOOM
MaKcuMajibHa TOYHICTh. Hamaraiitecss MiHIMI3yBaTH KUTBKICTh PO3OHUTTS 1 BY3JIiB.

Ilepwuii eman npocmuii. ITpocTo 30epiTh cBikt HAO1p HaHUX!

Ha npyromy etamni BuOip 03HaKH 1 IEBHOTO PO3OUTTS 3a3BUYAN 3IIMCHIOETHCS
3a JOTIOMOTOI0 aJTOPUTMY JUIsl 3MEHIIEHHs (PYHKIIT BapTOCTI. SIKIIO moaymaTH,
PO30UTTS MpH MOOYI0B1 JepeBa pillleHh €KBIBAJICHTHO PO30UTTIO MPOCTOPY O3HAK.
Mu Oyaemo KijbKa pa3iB MpoOyBaTH Pi3HI TOUYKH PO3OUTTS, a B KiHIII BHOEPEMO TY,
sIKa Ma€ HaWMEHIITY BapTiCTh. 3BUYAfHO, MOKHA BUKOHATH APy PO3YMHUX peUeH,
TaKuX SK pO3OMTTS TUIBKM B Jiama3oHi 3Ha4eHb B HaIIoMy HaOopi maHux. lle
JTI03BOJIUTh CKOPOTUTH KUTBKICTh OOYHCIIEHD JIJII TECTYBAaHHS TOYOK PO30OUTTS, SKI
€ CBITOMO MapHUMHU.

Jlist mepeBa perpecii MO)KHa BUKOPUCTOBYBATH MPOCTUN KBAJAPAT MOMUIKU B
AKOCT1 (PYHKIIiT BapTOCTI:

E= ) (¥ -Y)2

He Y - me moctoBipHi gaHi, a Y 3 MANKO0 - IIe MPOTHO30BaHE 3HA4YCHHS. Mu
MiCYMOBYEMO IO BCiX BHOIpKax B HAIIOMy HaOopi MaHuWX, 100 OTpUMaTH
3aranpHy moMuiky. Jns kmacudikarii BukopucToByeMO (yHKIit0 KoedimieHTa
JIxuHi:

E=D), (p,* (1 =py)



Jle pk - 1e yacTKka HaBYAJbHHUX MPUKIAAIB Kjlacy K B MEBHOMY BY3Jl
MIPOrHO3yBaHHs. B i1eani By30J1 MOBUHEH MaTH 3HAYEHHS IOMUJIKH, 1O JOPIBHIOE
HYJIIO, 1[0 O3HAYae€, M0 KOXHE po30uTTA BUBOAUTH oauH kiac 100% wuacy. lle
caMe Te, 10 HaM MOTPiOHO, TaK SK JICTABIIUCH JO KOHKPETHO IILOTO BY3Ja
OPUUHATTS pILIeHHS, MU OyJeMO 3HaTH, SKMM OyJie BUCHOBOK B 3aJIEKHOCTI BIJ
TOr0, HA SIKIA CTOPOH1 KOPJIOHY MU 3HAXOAUMOCH.

Sx6u HaM noBenocs BHOpaTH pO3OUTTSA, HA AKOMY KOXKEH BHXIJ Ma€ pi3HI
KJIACH B 3JIEKHOCTI B/l BXIAHUX AaHUX, TOJ1 O MU HE A0OYyJIM HIAKO1 1H(OpMaIi.
Mu He pai3Hanmucs O Oulbllle MPO T€, YU BIUIMBAE KOHKPETHUM BY30J, TOOTO
¢yHkuisg, Ha Kiaacudikamio naHux! 3 iHIOro OOKy, SKIIO Halle po30UTTS Mae
BUCOKHI BiJICOTOK KOKHOTO KJacy /s KOXXHOTO BHXOMY, TO MH J0OYJH
iHpOpMaIlito PO Te, MO PO3OUTTS TAKUM KOHKPETHHM YMHOM Ha IF0 KOHKPETHY
3MIHHY J1Ja€ HaM KOHKpPETHUH BuXia!

Tenep Mu Moriu 6 MPOTOBKUTH PO3OUTTS 10 THX ITip, TIOKH y HAIIIOTO JepeBa
HE 3'IBJISITECA TUCSY1 TUIOK ... Ajie 1ie morana inesi! Hamie nepeBo pimeHs 0yio 6
BEJIMYC3HUM, IOBUIBHMM 1 TICPCHABYAHHS JJI1 HAIIOTO HAaBYaJIbHOTO HaObOopy
naHux. ToMy MU BCTaHOBHMMO JIEAKI 3a3/QJICTib MEBHI KPUTEPii 3yNMUHKH, 1100
NPUITHHATH MO0y IOBY JiepeBa.

Haii6inpi momupeHuM METOAOM 3YNMHUHKU € BUKOPHCTAHHS MIHIMAJIbHOTO
pPO3paxyHKy 3a KUIBKICTIO HaBYAJbHUX NPHKIAIIB, NMPU3HAYCHHUX IS KOXKHOI
BEpIIMHU JepeBa. SIKIIO YMCIO MEHIIEe AESKOro MIHIMajJbHOTO 3HAYEHHS, TO
pO30MBKa HE PaxyeThCs 1 BY30JI MPU3HAYAETHCS KIHIIEBOIO BEPIIMHOIO JIepeBa.
SIx1o BCi BEpIIMHM JepeBa CTalOTh KIHIIEBUMU, TO HABYAHHS MPUIUHAETHCA. Yum
MEHIIIe MIHIMaJIbHE YHCJIO, TUM TOYHINIe OyJe 3MIHUTH Ta, BIAMOBIAHO, BHU
orpumMaere Oinpiie iH@GopMmarlii. Ane B TakoMy BHUIIQJIKy MiHIMaJbHE YHCIIO
CXUJIbHE JI0 TIEpEHABUAaHHS HABUYAJIbHUMU JAaHUMHU. 3aHAATO BEJIHMKA KIJIBKICTh
MIHIMaJbHUX YHCEN TpU3BEIE N0 3YNUHKH HABYaHHS 3aHAATO paHo. Takum
YUHOM, MIHIMaJlbHE 3HA4YEHHS 3a3BUYail BCTAHOBIIOETHCS HA OCHOBI JIaHUX B
3QJIEKHOCTI BiJI TOTO, CKITBKH MPHUKJIA/IB OYIKYEThCS B KOXKHOMY KJIaci.

Biocikanna. Yepes cBilf XxapakTep HaBUaHHS JiepeBa PIMICHb MOXYTh OyTH
CXWJBHI JI0 3HAYHOTO TepeHaBYaHHsI. BulOip mNpaBUIBLHOTO 3HAYEHHS IS
MIHIMQJIBHOT KITBKOCTI MNPHKIAAIB HA BY30J MOXE BHUSIBHUTHUCSA CKJIATHUM
3aBIaHHAM. Y 0araTh0X BHIIaJKaX MOXHa Oyj0 O MpoCcTO MITH 3 OE3MeYHOTro
IUIAXY 13pO0UTH 1Iei MIHIMYM Jy’Ke MalleHbKUM. AJie B TAKOMY pas3i, y Hac Oyna 0
BeJIMYe3Ha KUIbKICTh pO3OUTTS 1, BIIOBIIHO, CKiIaHE aepeBo. CripaBa B TOMY, 110
0arato 3 TUIOK PO3OUTTS BHUSBISTHCS 3aWBUMU 1 HE JOMOMOXKYTH 30UTBIIATH
TOYHICTh MOJICIII.

BincikanHs TUTOK JepeBa - 1€ METOJ, SIKHH CKOPOUYY€E KiTbKICTh PO30OUTTS 3a
JIOTIOMOTOI0 BUIQJICHHS, TOOTO BiJICIKaHHS, HETOTPIOHUX TIIOK PO3OHUTTS nIepena.
BincikanHs y3arajqbHIOE KOPJOH PIlIeHb, €PEKTUBHO 3MEHINYIOYM CKIAJHICTh
nepesa. CKIaHICTb JepeBa PillIeHb BUZBHAYAETHCS KUIBKICTIO PO3OUTTSI.

[IpocTuii, ane ayxke ePEKTUBHUNU METOJ BIACIKaHHS BiIOYBAa€TbCS 3HU3Y
Bropy 4epe3 BY3JM, OL[IHIOIYM HEOOXIIHICTh BUJAJICHHS MEBHOrO By37a. SKIIO
BY30J1 HE BILUIMBA€E HA PE3YJIbTAT, TO BIH BiJICIKAETHCS.



Ilepesazu memooy. Ix nerko 3po3yMitu. Y KOKHOMY By3Ii MU MOKEMO TOYHO
no0aynTH, sIKe pillieHH] NpuiiMae Halia Mojenab. Ha nmpakTuii My 3M0XKeMO TOYHO
JU3HATHUCS, 3BIIKM BUXOJSITh TOYHOCTI 1 MOMUJIIKH, 3 SKUMH BUJIAMU JJAHUX MOJIEIb
OyJe cripaBIsATUCS 1 K 3HAYEHHS O3HAK BILUIMBAIOTh HA BuXia. Omiiis Bizyamnizallis
B Scikit-learn € 3py4yHUM 1HCTPYMEHTOM, IO CIIPHUSE€ XOPOLIOMY PO3YMIHHS JI€pEB
pIllIEHb.

He Bumarae o6'eMHOi miaroroBku naHux. barato mopaeneil MammMHHOTO
HAaBYaHHS BUMAararoTh MONEPEIHbOI 0OpOOKH AaHMX (HANpHUKJIaZ, HOpMaji3alii) 1
noTpeOyIOTh CKIAJHUX CXEeMaxX peryispusalii. 3 iHmoro OOKy, JaepeBa pillieHb
e(eKTUBHI MICJs HACTPOUKH JIEIKUX MapaMeTpiB.

Bapticth BUKOpHCTaHHS JIepeBa i BUBSACHHS € JOrapru(MidHOO Bifl 4ucia
TOYOK JaHUX, IO BUKOPUCTOBYIOThCS JIsi HaBuaHHs jAepeBa. Lle € Benukoro
NepeBarol, TaK SK BeJIMKa KUIBKICTh JaHWUX HE CHJIBHO BIUIMHE HA IIBUIKICTH
BUBE/ICHHSI.

Heooniku memody. Yepe3 cBiii xapakTep HaBYaHHS JiepeBa pillleHb CXHJIbHI
710 TIepeHaBYaHHs. PEKOMEHIyEThCSI YAaCTO 3aCTOCOBYBATH JI€AKI BUAM 3HIO>KCHHS
po3MipHocTi, Hanpukiaa, PCA, mo0 n1epeBo He CTBOPIOBAJIO PO3OUTTS MO BEJIUKIN
KUTBKOCTI O3HAK.

3 THX JX€ MPHUYHH, IO i MEepeHaBYaHHA, JepeBa PIllIeHb TaKOX YpPas3JMBi 10
3MIIIEHHS KJaciB, AKli € B OUIBIIOCTI HAOOpiB JaHUX. XOPOIIMM pIIIEHHSM B
JTAHOMY BHUITQJIKY € TIeploAMuHa OalaHCyBaHHS KJlaciB (Baru kiacy, BuOipka, eBHa
dbyHKIIS BTpAT).

3.3. Metoa Onopuux Bekropis

AJe HAUTOMYJAPHIIIMM METOJIOM KJacH4HOi Kiaacudikarii 3aciykeHo €
Meton Omnopuux BekropiB (SVM). Hum Bke kiacudikyBaau Bce, IO TUIBKH
MOKHa KJacu(iKyBaTH: BUIHU POCIHH, 00au44us Ha ¢oTorpadisx, TOKYMEHTH 3a
TEMaTUKaMH... barato pokiB BiH OyB I'OJIOBHOIO BIATIOBIJIIO HA MUTAHHS «IKUN OH
MEHI B3ATH KiIacudikaTop.

Ines SVM 3a cBoe€to ie€ero mpocTa - BiH IIyKa€, K TaK MPOBECTH JABI MPsIMi
MDK KaTeropisiMu, o0 MiX HAMH YTBOPHUBCS HanlOuUIbmui 3a30p. Ha 300paxeHH1
BUJIHO HAOYHIIIE:



https://habr.com/post/105220/
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METOA
ONOPNMX BEXKTOPIB

lapwo Cipwe Mot oMo

3rigHo 3 monoBiI0 BeecBiTHROI opranizaiiii iHTEIEKTyalbHOI BIACHOCTI 3a
2019, xigpKICTh MATEHTIB Yy CBITI 3pOCTa€ came B raiy3l 3aCTOCYBaHHS METOIY
OTIOPHUX BEKTOPiB. MeTOoJ OMOpPHUX BEKTOPIB BUKOPHUCTOBYETHCS JUISI 3ajaad
kiacudikaiii TeKCTy, SK-OT MPU3HAYCHHs KaTeropii 1 BUABICHHS crmamy. Takox
HOT0 BHKOPHUCTOBYIOTH JJISI PO3Mi3HABaHHS 300pa)K€Hb, BIH YK€ MOIMYJISPHUHN Y
Oarathox cdepax po3mi3HABaHHS PYKONMMCHHUX MHU(P, HAMPHUKIAA, y TMOCTyrax
MOIIITOBOT aBTOMAaTH3aIlii, TOOTO PO3Mi3HABAHHS TMOIITOBOTO 1HAEKCY BiIMpPaBHHUKA
Ta OTpUMYyBaya.

MeTon OTOpHUX BEKTOPIB — HAMMOMYJSIPHIIINAN JIJIs1 KIIACUYHOT Kacudikarii,
TOMY IIIO BiH MPOCTHUH Ta MBUAKKANA. Buxoasdu 3 Toro, o 00'eKT, SAKuil mepedyBae
B N-BUMIPHOMY IPOCTOpP1, HAJICKHUTh O OJHOTO 3 JBOX KJAcCiB, METOJ| OMOPHUX
BEKTOpIB Oyaye rinepruiomuuy 3 po3MipHicTio (N — 1), mo6 Bci o0'ekTH
BUSIBUJIMCA B OJIHIH 3 1BOX rpym. 1o k Take rinepruiomuHa? Sk npocTHil mpuKiag
JUIs 3aBJaHHS Kiacudikallii, o Mae TUIBKHA JBa KJIacH, BU MOXETE YSBUTH COO1



https://books.google.com.ua/books?id=9LqPDwAAQBAJ&dq=%D0%BC%D0%B5%D1%82%D0%BE%D0%B4+%D0%BE%D0%BF%D0%BE%D1%80%D0%BD%D1%96%D1%85+%D0%B2%D0%B5%D0%BA%D1%82%D0%BE%D1%80%D0%BE%D0%B2+%D0%BF%D1%80%D0%B8%D0%BC%D0%B5%D0%BD%D0%B5%D0%BD%D0%B8%D0%B5+%D0%B2+%D0%B6%D0%B8%D0%B7%D0%BD%D0%B8&hl=ru&source=gbs_navlinks_s

riNepIUIOIIMHY SK JIIHIIO, gKa po3Aulsie 1 kinacudikye HaOlp gaHux. Jlo Toro x, 1mo
7@l BiJ TINEPIUIONIMHYU JIeXaTh Hallll TOYKH JaHUX, TO OUIbIIe MU BIIEBHEHI B
TOMY, 10 BOHM OyJnu npaBwibHO KiacudikoBani. [1{o MeHIlle CX0XUX O3HAK MIXK
JAHUMH, TO MEHIIIA MMOBIPHICTh HAJEKHOCTI A0 OAHOrO kiacy. Tomy imeanbHO,
AKIIO TOYKU JTAHUX NepeOyBaroTh SKOMOTa Jaii BiJ TIMEPIUIONIMHY, 1 JO TOTO XK

3aJIMIIAI0THCA Ha MPaBUJIbHINA CTOPOHI.

A
X, H,

X
H1 ne po3ainse 1i kinacu. H2 posninse, ane jguiie 3 HEBETUKUM PO3IUICHHSIM.
H3 po3ainse iX 13 MaKCUMaJIBHUM PO3LICHHSIM.

T'onosHum HedonikoM METONLY € T€, 10 BiH MiIXOJUTh TLTBKU JIO PO3B'SI3aHHS
3aBllaHb 3 JJBOMA KJIaCaMHU.

SVM € kopucHUMU 17151 KaTeTOpHU3aIlii TEKCTIB Ta TIePTEKCTIB, OCKUIBLKH IXHE
3aCTOCYBaHHS MOXXE 3HAYHO 3HIKYBATH TOTPeOy B MIUEHHUX TPEHYBAJIbHUX
3pa3kax sk y CTaHJapTHIN 1HAYKTUBHIN, TaK 1 B TPAaHCAYKTUBHIN[en]| MOCTaHOBKAX.

I3 3actocyBanHsiM SVM moxke BUKOHyBatucs W Kiacugikailisi 300pakeHb.
ExcriepumeHTanbHI pe3yabTaTd MOKa3yloTh, Mo SVM MOXyTh JOCATATH 3HAYHO
BUIIOT TOYHOCTI TIOMIYKY, HIX TPAAUIIIIMHI CXeMH YTOYHEHHS 3alUTY, BCbOTO JIUIIIE
MICIISI TPhOX-YOTHUPHOX PAYH/IIB 3BOPOTHOTO 3B'I3KY TIPO BiIMOBITHICTb.

3a pomomoroto OBM Moxe 3AiiiCHIOBAaTHCS pO3Mi3HABAHHS PYKOIMHCHHUX
CUMBOJTIB.

3.4. JloricTuuHa perpecis
Ha 3axoxai Bce Ouibliie po3BUBA€ETHCS cepa KOHTPOIIO CTaHy 3JI0pPOB'S Ha

OCHOBI MOCTIHOTO aHai3y MOro akTUBHOCTI. [lalieHT HOCUTH 3UnMTyBay (PI3UYHOT
AKTHUBHOCTI Ta MOKAa3HUKIB, BOHU BIANPABIISIIOTHCS HOTO JIIKApIO Ta aHANI3YIOThCS



pazoM 3 ioro a”amizaMu Ta 0a3010 JIaHMX IHIIUX MAaIi€HTiB. s nporo 3a3Buuai
BUKOPHUCTOBYETHCS JIOTICTUYHA PETPECIS.

Hanpuknaa, MaeMo BUOIpKY Malli€HTIB 3 MOKa3HUKAMU KYpPiHHS, XapuyBaHHS,
(p13MYHOT aKTUBHOCTI, B)KUBAHHS AJIKOTOJI0. 3a JOIMOMOTOIO JIOTICTUYHOI perpecii
MOXeMO TOOyAyBaTH MOJEJb, sIka BHUKOPUCTOBYE Il YOTHPU XAPAKTEPUCTUKU
crioco0y KUTTA [Js1 mependadyeHHs HasBHOCTI a00 BIICYTHOCTI IMIEMIYHOT
XBOpoOM cepus y BuOIpii mHamieHTiB. BUKOpHCTOBYBAaTH MOJEIb MOXKHA, 11100
JI3HATUCA, HANPUKIIAJ, HACKUIbKM OUIbIIE KypIl CXHJIbHI J0 1IEMIYHOT XBOPOOH
cepist, Hixk HeKypul. ToOTo, 32 OTpUMaHUMHM 3HAYEHHSIMU, OepeMo HaljieHTa-Kypis
Ta BU3HAYAEMO, J0 SIKOTO KJIACy BiH, KMOBIPHO, HAJIEKUTh: TUX, XTO MA€ 1LIEMIYHY
XBOpOOY ceplis, Uu HI.

JlorictuuHy perpecito J00pe BHKOPUCTOBYBAaTHM [JIsl 3aBAaHb OiHApHOI
kiacudikailii, TOOTO KOJU Ha BUXOJ1 MOTPIOHO OTPUMATH BIAMOBIAb, 10 SIKOTO 3
JIBOX KJIACiB HaleXUTh 00'eKT. JIOriCTUYHA perpecis cxoXa Ha JIHIAHY TUM, 1110 B
HIi TEeX MNOTPIOHO 3HAWUTH 3HAYCHHS KOEQIIEHTIB MJIA BXIAHUX 3MIHHUX, alie
PI3HUILISL B TOMY, 1[0 BUXIJHE 3HAYEHHS MEPETBOPUTHCS 32 JOMOMOIOI0 HEIIHINHOT
a6o norictuyHoi ¢pyHkiii. JlorictuuHa GyHKIIIS TEPETBOPIOE OyAb-sKEe 3HAYEHHS B
gucio B Mexax Bix 0 go 1. Tak 1 mepeadavaeTbcsi HMOBIPHICTh HAJIEKHOCTI J10
OJIHOTO 4M Apyroro kjacy. ToOTo, Ha BIIMIHY BiJ JIOTICTUYHOI perpecii, TyT He
NPOBOAATH MepeAdaueHHs 3HAYEHHS YHUCIIOBOI 3MIHHOI, BHUXOJIA4YM 3 BHOIPKH
BUXITHUX 3HAYEHb, 4 3aMICTh IIbOT'O 3HAYEHHSIM (DYHKIIIi € HMOBIPHICTH TOTO, IO
1€ I0YAaTKOBE 3HAYCHHsI HAJIC)KUTH JI0 IIEBHOTO KJIacy.

Jlo HEeJoJIKIB JOTICTUYHOI perpecii MOXKHA BIAHECTH 3aJICKHICTh Bl HabOpy
JaHUX Ta HU3bKY CTIMKICTH JJO MOMUJIOK.

AOTICTMYHA PETPECIA

1
&

& \
6o ' &

BEAOCUNEAHA
2 MAWNHU

JlorictuuHa perpeciss - 1€ CTaTUCTUYHUN I1HCTPYMEHT, CIPSMOBAHUN Ha
MOJICTIOBaHHSI ~ OIHOMIAJIBHOIO  pe3ylibTaTy 3  OJHI€El0  abo  KUIbKOMa
MOSICHIOBaJIbHUMU 3MIHHUMH.



3a [ONOMOroK CTaTUCTUYHMX METOAIB JIOTICTUYHA PErpecis T03BOJISIE
reHepyBaTu pe3yJbTaT, KU HacmpaBil MpEeACTaBisie HMOBIPHICTH TOTO, IO
3a/laHe BX1JHE 3HAYEHHS HAJIECKUTh JAHOMY KJacy.

VY 3agadax JBOWIEHHOI JIOTICTMUYHOI perpecii HMOBIPHICTh TOTO, IO BHXIJ
HaJEXUTh OJJHOMY Kiacy, Oyne P, Toni sk BiH HaJlexuTh iHIIoMY kiacy 1-P (ae P -
yuciio Mix 0 1 1, OCKUIBKM BOHO BUPAXa€e HMOBIPHICTB).

lpuxnadamu npobnem, iK1 MOKHA BUPIIIUTU JIOTICTUYHOIO PETPECI€lo, €:

€JICKTPOHHUH JIUCT € CIAMOM YU Hi;

NoKymnka B [HTepHeTI € maxpaiChKOIO UM Hi, OLIHIOIOYH YMOBHU NOKYIIKU;

y Malli€eHTa MepesioM, OIIHIOIYN HOTo pajilycu.

3a 10nMoOMOror0 JOTICTUYHOI perpecii MU MOKeMO POOUTH IPOTHO3HUH aHai3,
BUMIPIOIOYHM B3a€MO3B'I30K MDK THM, IO MU XO4YeMO MepeadayuTH (3ajekHOI0
3MIHHOIO), 1 OJHIE0 abo0 JeKUIbKOMa HE3aJICKHUMH 3MIHHAMH, TOOTO
xapaktepuctukamu. OwiHKa WMOBIPHOCTI 3J1MCHIOETBCS 32  JOIMOMOTIOIO
JIOTICTUYHOT PYHKITIT.

B nopansimoMy HMOBIPHOCTI MEPETBOPIOIOTHCS HAa ABIMKOBI 3HAYEHHS, 1 JUIS
TOr0, 100 3pOOMTH MPOTHO3 pEATbHHUM, IIeM pe3yJbTaT NMPHUCBOIOETHCS KIIaCy,
SIKOMY BIH HaJIe)KUTbh, BUXOJISUU 3 TOT'0, OJM3bKUM BIH YU HI O CAMOTO KJIacy.

Hamnpukman, sikio 3actocyBaHHs JoricTudHO1 (yHKINT moeptae 0,85, To 1€
O3HayYae, M0 BX1IHI JaHl TeHEPYIOTh MO3UTUBHUN KJIAC, MPUCBOIOIOYHM HOT0 KJacy
1. I HaBnakw, SIKIIIO BiH OTpHMAaB Take 3HadueHHs, K 0,4 abo 6iibir 3aransHO <0,5 ..

JlorictuuHa (QyHKIA, fKa TaKOX HA3UBAETbCS CUTMOIAHOI, - 1€ KpUBa,
3l1aTHa TpUMaTH Oyab-fKe YHCIO peadbHOl BEIWYMHU 1 BimoOpaxkatu i1 10
3HaueHHs MK 0 1 1, BUKIto4aroun KpaiHocTi. DyHKITIs:

1+e{m+hﬁr

Jie: €: OCHOBa MpupoHuX Jorapudmis (aucio Einepa abo ¢pynkiis excel exp

0)

b0 + bl * x: pakTUyHE YMCITIOBE 3HAUCHHS, IKE BU XOUYETE MEPETBOPHUTH.
Sigmoide

k- 3



[IpencraBiieHHs, 10 BAKOPUCTOBYETHCS JUIsl JIOTICTUYHOT perpecii

JlorictuyHa perpeciss BUKOPUCTOBYE pIBHSHHS SIK MOJAHHSA, MOAIOHO [0
JHIAHOT perpecii

Huxde HaBeeHO 1€ OJIMH MPUKJIa] PIBHAHHS JOTICTUYHOI perpecii:

y=en (b0 +bl*x)/(1+en(b0+bl*x))

Je:

Y - 3ajiexHa 3MiHHa, TOOTO nepedayyBaHe 3HAYCHHS;

b0 - TepMmin nosstpu3ariii 800 MepexoIUIeHHS,

bl - xoedilieHT It OAHOTO BXITHOTO 3HAYCHHS (X).

Kosxen cToBmenp y BXiAHUX JaHUX Ma€ MOB'si3aHuil b koedillieHT (MOCTiiHe
peasibHe 3HAYCHHS ), IKUH HEOOX1THO 3aCBOITH 3 HABYAIBHUX JIAHUX.

dakTUYHE NpeICTaBICHHs MOJIEN], sIKy BU O 30epiranu B mam'sti abo ¢ailii, €
KoedilieHTaM1 piIBHAHHS (3Ha4YeHHs Oeta abo b).

Koedimientn (6era abo b 3HaueHHs) aNrOpuTMy JIOTICTUYHOI perpecii
OILIIHIOIOTHCSI HA €Talli HaBYaHHA. {7 IbOTO MH BUKOPHCTOBYEMO MAaKCHMAIbHY
OILIIHKY MMOBIPHOCTI.

MakcuMallbHa OIlIHKA KWMOBIPHOCTI - II€¢ aJITOPUTM HaBUYaHHSA, KWW
BUKOPUCTOBYETHCS  JCKUIBKOMA  alTOPUTMAMH  MAIIMHHOTO  HaBYaHHS.
Koedirientu, orpuMani B pe3yibTaTi Mojieli, nepeadadarTh 3HAaUeHHs, OJIM3bKe
no 1 (mampukiaza, YonoBik) s Kiacy 3a 3aMOBUYBAaHHSIM, a 3HAuY€HHS, JyXKe
ommspke g0 O (mampukinazn, JKiHoue) sy iHImIOro kiacy. MakcumainbHa
HMOBIPHICTh JIOTICTUYHOI perpecii - 1€ mpoleaypa 3HAaXOIKEHHsS 3HAYeHb
koedimienTiB (3Ha4YeHb OeTa abo b), MO MIHIMI3YIOTh MOXHOKY WMOBIPHOCTEH,
nepeadavdeHy MOJCIUII0 BITHOCHO JAaHUX y JaHUX (HaNpUKIaa, WMOBIPHICTH 1,
AKIIO JaH1 € IEPBUHHUM KJIACOM).

3.5. MeToa k-Haiioamkumnx cyciaiB

Méton k-Hait6aikunx cycinis (anri. k-nearest neighbor method) — mpocruit
HemapamMeTpuyHui kinacudikamiiiHuii meton, ae ais kinacudikaiii 00'ekTiB y
paMKax TMPOCTOPY BIACTHUBOCTEH BUKOPHUCTOBYIOTHCS BIACTaHI (3a3BUYait
€BKJIIJIOB1), TIOPAaXOBaHi J0 yCiX 1HIMMX 00'ekTiB. BubuparoThcs 00'€KTH, 10 SKHUX
BiJICTaHb HAaWMEHIIIA, 1 BOHU BUAUIAIOTHCS B OKPEMUH KJIac.

Meton k-HailOMMK4UX CyCiliB — METPUYHHI aaTOpUTM Il aBTOMATHYHOI
kiacudikaiii 00'ekTiB. OCHOBHHM MPUHITUIIOM METOTY HAWOMMKYUX CYCIIIB € Te,
0 00'€KT MPUIHCYETHCS KJIacy, HalMomupeHimoMy cepena ioro cyciaiB. Cycinu
OepyThCs, BUXOJISIYN 3 MHOKMHU 00'€KTIB, KJIACH SKHX YK€ BiOMI, 1, BUXOJISIYH 3
KITFOUOBOTO JIJIsI JJAHOTO METOJy 3HAaueHHS k, BHPaxXxOBY€TbCS HAWYUCICHHIIIHMA
cepen Hux kinac. KoxkeH 00'eKT Mae KIHIIEBY KUIBKICTh aTpUOyTIB (PO3MIPHOCTEN).
Ilepenbavaerncsi, 1O ICHye TieBHUII Ha0lp O0O0'€KTIB 3 YK€ HasBHOIO
KJIacU(IKaIIEO.



[IpoknsarTss po3mipHocti. Llelt knacugikatop poOUTH NPUNYILIEHHA, IO
noAiOHI TOYKM MarTh MOMIOHI MiTkM. Ha Xanb, y BHCOKOPO3MIPHICHUX
IIPOCTOpax, TOYKH, BHOpaHI 3 pO3NOAUTY MMOBIPHOCTEH, MailkKe HIKOIH HE
ONMUHSIIOTHCS OJM3BKO OJIHA JI0 OJIHOT.

. -
e e =T

[Mpuknaa xnacudikamii k nHaiOmmxunx cycimiB. TecToBuil 3pa3ok (3eneHe
KOJI0) TOBUHEH OyTu KiacudikoBaHUN sAK CHHIA KBaapar (kimac 1) abo sk
4epBOHUHN TPUKYTHHUK (Kiac 2). ko k = 3, To knacudikyeThes K 2-i Kiac, TOMY
10 BCEpEJMHI MEHIIOTO Kojia 2 TpUKyTHUKA 1 TUTbkK 1 kBazapar. Akmo k = 5, To
BiH Oyne kiacudikoBaHUN SK Mepiuid kiac (3 KBaapaTa NpOTH 2-0X TPUKYTHUKIB
BCEpEIMHI OLIBIIOTO KOJIa).

3.6. Jliniiinuii fTucKpUMiHAHTHUI aHAaJIi3

Axmo kmaciB Oulbllle, HIXK JIBa, TO Kpalle BUKOPUCTOBYBATH JIHIMHUN
JTUCKpUMIHAHTHUM aHami3. Hampukian, nikapio TOTpiOHO BHU3HAYWTH JiarHO3
mariedra. Y HBOTO € MHOXKMHA 3HA4YEHb aHali31B JId KOXXHOTO MOKJIUBOIO
3axBoptoBaHHd. Jlikap Oepe I aHami3W y TAalli€eHTa 1 MOPIBHIOE iXHI 3HAYECHHS 31
3HAUEHHSMH JJIi 3aXBOPIOBaHb. TaKk BHU3HAYAIOTh WMOBIPHOCTI KOXKHOTO 3
MePEITiKy 3aXBOPIOBaHb Y MaIli€HTA.

Meton MICTHTh CTATUCTHYHI BIACTHBOCTI JaHHUX, PO3PAXOBaHI JJIsI KOXKHOTO
kiacy. [lim gac mporo mepeadadaeTscsi, MO JaHI MAlOTh HOPMAIbHUN PO3MOILT,
TOMY TIEpEJI MOYATKOM pOOOTH HEOOXITHO BUIAINTH 3 JaHUX aHOMaJIbHI 3HAUCHHS.
Bapro 3a3HaumTH, 110, Ha BiAMIHY BiJ IOI0 METOAY, B IHIIMX HOPMAJIbHUI
po3nonil He 00O0B'sI3KOBUHA. [IpOrHO3HI KJIacW 3HAXONMATH MUITXOM OOYMCICHHS
JUCKPUMIHAHTHOTO 3HAYCHHS ]ISl KOXKHOTO KJIacy, TOOTO 3HaXOMKECHHS JiHINHOT
3aJIeKHOCTI KOMOIHAIIT 3HaYeHb JUIsl BUOOpY Kiacy, a MoTiM oOWparoTh Kiac i3
HaWMOUTBIITUM 3HAYCHHSIM.

l'omoBHa mepeBara MeToay — 1€ NPOCTOTa peaniizaiii Ta IHTepHpeTarli
pe3yabTaTiB, HEJONIK — YYTJIHUBICTH 10 PO3MOILIY BXIAHUX JaHUX, KOJIU HaBITh
HEBEJIMKE TXHE 3MIHEHHS IPU3BOUTD JI0 3HAUHHUX 3MIH PE3YyJIbTaTiB Kiacudikaiii.
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Y knacughixkauii ¢ kopucna 360pomna cmopona - nowyk anomaniu. Konu
AKach O3HaKa 00'eKTa aXX 3aHAATO HE BIUCYETHCS B HAIlll KJIACH, MU SICKPaBO
MiZICBIUyeEMO HOTO Ha €KpaHi. 3apa3 Tak poOJATh B MEIMIIMHI: KOMII'FOTEp
mifCBiUye JiKapro BCi migo3piiai o6aacti MPT abo Buaiise BIAXWICHHS B aHATI3aX.
Ha Gipxax TakuM k€ YMHOM BH3HAYalOTh HECTAHJIAPTHUX I'PaBIIiB, SKI MIBHUJIIC 32
BCE € 1Hca1/mepaMI/1 VY mepexax Tak BUSABIISIIOTH aTaKd YU HEAIEKBATHY poOOTY
HaBuuBmim koMm'toTep «sIK TMPaBUIBHO», MH aBTOMAaTHYHO OTPUMYEMO 1
3BOPOTHHM KJIACU(IKATOP - K HEMPABUIHHO.

Coorogni ans kiacudikaiii Bce 4YacTilie BUKOPHUCTOBYIOTh HEUPOMEPEKI,
aJpKe T0-CyTi 1X JUIs I[bOTO 1 BUHANIIUIH.

IIpaBuio Ttake: ckiaagHimi gaHi - CKIaAHIMKA ajaropuTm. s Tekcrty,
mudp, Tabmuyok s O TMOYMHAB 3 KJIACHKU. TamM MOJENl MEHI, HaBYArOThCS
MIBUJIIIE 1 MPAIIOOTh 3po3yMintime. {1 kapTHHOK, Bif€Oo Ta IHIIOI HE3PO3yMiIOoi
Oirmaty - oapasy O TUBUBCS B CTOPOHY HEHPOMEPEK.

PoxiB m'ate ToMy 11€ MOKHA OyJ10 3ycTpith kinacudikaTop ocid Ha SVM, ane
CHOTOJIHI T ITF0 33/1a9y COTHS TOTOBUX CITOK IO IHTEPHETY BaJISTIOTHCS, YOM OM X
HEe B3ITH. A och cnam-QinbTpu sk Ha SVM mmcamm, Tak i He 0ady CEHCY
3YIMUHSATHUCA.

4. OIHKA SIKOCTI KJACHU®IKAILIT

[IpoBenu Mu knacudikaimito 1 mo gandi? Sk OLIHUTH HACKUIBKU SKICHO MH
npoBenu 110 kinacudikaiiro? Yu npaBuibHO BOHA BHMKOHaHA? Uu moctaTHRO Ham



I[OT'0 AJITOPUTMY, YA MOKE HEOOXIJHO 3aCTCyBaTH SIKMUCH 1HIIMUK? Binmosiai Ha
11 TUTaHHS Jal0Th MOKAa3HUKU (METPUKH) SKOCTI Kiacudikarii.

Matpuus noMuJiok (a00 MaTpuus HeTO4YHOCTel, aHri. Confusion matrix)

[Tepen mepexoaoM 10 caMuX METPUK HEOOXITHO BBECTH BAXKIIUBY KOHIICTIIIO
JUIA ONKCY IIMX METPHUK B TEepPMiHAaX MOMWIOK Kiacugikarii - confusion matrix
(Matpurst moMuinok). Ipumyctumo, 1mo y Hac € asa kiaacu Y = {0,1} 1 anropurm,
AKUN MPOpoKye (mependayvae) MPUHANEKHICTh KOKHOIO O0'€KTa OJHOMY 3 IMX
KnaciB. Pozensinemo npuknao. Hexail cuctema 3axucTty Mepexki BUKOPHCTOBYE
cucteMy kiacu@ikamii Juisi BUSBICHHS aTaku: HOpMajbHa poOOTa MeEpexi 4u
aHoMmaJibHa (HasBHICTH aTaku). [lpu npomy y mnepmioMy BUIAAKY cHCTeMa 1 Aajl
HOPMAJIBHO TIPAITIOE, a Y APYTOMY — BUIAE€THCS CUTHAT aHOMAJIbHOI poOoTH. Takum
YMHOM, BHUSIBJICHHS HeEaJeKBaTHOI (aHOMasbHOI) poboTu mepexi (Y = 1) MoxxHa
PO3TISLAATH SIK "CUTHAT TPUBOTH", IO MTOBIAOMIISIE PO MOXKIIUBI PU3UKH.

Bynpsikuil peanbHuii knacuikaTop poOUTh MOMWIKK. Y HAIIOMY BHUIAIKY
TaKUX MOMUJIOK MOKE OyTH JBI:

HopmanbHa cutyarlisi y Mepexi 3a JaHUMU Tpadika po3Mi3HAETHCS MOJACIUIIO
SIK aHOMaJIbHA. JlaHWi BUTIaJI0OK MOYKHA TPAKTYBaTH SK "TIOMHIIKOBY TPUBOTY".

AHOMalIbHa CHUTYallis PO3MI3HAETHCS K HOPMaibHA 1 HISKUX J1H MO 3aXHUCTY
BiJl ataku He BifOyBaeThcs. JlaHWI BHIMAOK MOXKHA PO3TISAIATH K '"TIPOMYCK
.

HeBakko mOMITUTH, IO I TOMIJIKA HEPIBHOI[IHHI MO 3B'S3aHUX 3 HUMH
HaciiakamMu. Y pa3l "TOMHIKOBOI TPUBOTM" BTpAaTH CKIAAYyTh TUIBKU MapHO
MOTPAaYCHMI Yac Ta peCypcu Ha MPOTHUIII0 HEICHYIOUiH 3arposi. Y pasi "mpomycky
1" MOXKHA BTpAaTHTH Habarato Ouneiie (iHpopmallito, poO0Ty Mepexi Ta IHIIE,
1€ 3aJICKHUTh BiJl BUAY aTaku). TOMy CHCTEMIi 3aXHCTy BaXKJIMBIIIE HE JIOMYCTUTH
"mponyck 1uIi", HiXK "TOMWJIKOBY TPHBOTY".

OcCkKUTbKM 3 TOYKH 30pYy JIOTIKM 3aBJaHHS BHSBJICHHS aHOMAaJid Ham
BXJIMBIIIEC TMPABWIBHO PO3IMI3HATH aHOMajilo (aTaky) 3 MITKO y = 1, HIK
MOMUJIMTUCS B PO3II3HABaHHI HOPMaJIbHOI poOOTH Mepexi, OyaeMo Ha3uBaTh
BIJIMOBITHUN pe3ynbTaT Kiaacu@ikallli MO3UTHBHUM (aHOMAJIS YU aTaka BHUSBIICHI
BIpHO), a MPOTHJICKHUHN - HeraTUBHUM (aHoMmaiii uu ataku Hemae y = (). Tomi
MO>KJIMB1 HACTYITHI YOTUPH PE3YJIbTATH KJIacH(piKaIii:

True Positive (TP) — HasiBHICTh aTaku Kjacu(ikoBaHa SK HasBHA aTaka, TOOTO
MO3UTUBHUM KJIaC PO3MI3HAHO SIK MO3UTUBHUM. CIIOCTEPEKESHHS, ISl IKUX 1€ Ma€e
MICITI€ HA3WBAIOTHCS ICTHHHO-TTIO3UTHBHUMM.

True Negative (TN) — HopmampHa poOoTa Mepexi KiacudikoBaHa SIK
HOpMalibHa poboTa 0e3 aHoMaliid, TOOTO HETAaTUBHHWM KJac pPO3MI3HAHO SIK
HeratuBHUN. CHOCTEPEKEHHs, SKUX 1€ Ma€ Miclle, HA3WBAIOThCS ICTUHHO
HETaTHBHUMU.

False Positive (FP) — HopmansHa poOoTa Mepexi KiacudikoBaHa SIK
aHoMajbHa, TOOTO Maja MIClie IOMUJIKA, B pE3yJbTaTi K01 HEraTUBHUM Kiac OyB
poO3Mi3HAHUM K MO3UTUBHUN. CIOCTEPEXKEHHS, ISl SIKUX OYyJI0 OTPUMAHO TaKU
pe3yabpTaT Kiacudikaili, Ha3UBaIOThCA IMOMUIKOBO-MIO3UTUBHUMHU, a IOMUIIKA
Kiacudikarii Ha3UBaA€THCS MOMIIIKOIO I posy.



False Negative (FN) — ataka ym anomaiibHa po0OOTa MEpeki po3Mi3HaHA 5K
HOpMaJIbHa, TOOTO Masia MICLe TIOMUJIKA, B pe3yJIbTaTl SIKO1 MO3UTUBHUI Kilac OyB
pO3NI3HaHMI AK HeraTuBHHM. CrnocTepeKeHHs, I SKUX OyJlI0 OTPUMAHO TaKUi
pe3yabTaT Kiacudikaiii, Ha3WBAIOThCS MMOMUIKOBO-HETAaTUBHUMH, a IIOMUJIKA
kiacudikallii Ha3uBaeThcs MOMUIKow 11 pony.

Takum uymHOoM, mnomuika [ poay, abo XMOHO-NIO3UTUBHUN pe3yJbTaT
kiacudikallii, Ma€ Miciie, KOJU HETaTUBHE CIIOCTEPEKEHHS PO3IMIZHAHO MOJCIUII0
ak mno3utuBHe. [lomumnkoro II pomy, abo XHOHO-HEraTUBHUX pPE3YJIbTATOM
Kkiacudikallii, Ha3UBalOTh BUIAJIOK, KOJIU MO3UTUBHE CIIOCTEPEKEHHS PO3MIZHAHO
gk HeratuBHe. [TosiCHUMO 1€ 32 TOMOMOT'0I0 MaTpHLll MOMUJIOK Kiacudikarlii:

y=1 y=0
ax)=1 [cTMHHO-TIO3UTUBHU I [ToMHUIKOBO-IO3UTHBHUM
(True Positive - TP) (False Positive - FP)
a(x)=0 [TomMuKOBO-HEraTUBHU I [cTuHHO-HETaTUBHUM
(False Negative - FN) (True Negative — TN)

Tyt a(x) - 1e BiANOBI/Ib aNTOPUTMY IIPU KOHKPETHIN CUTYaIlll, a y - CIIPaBXKHS
MITKa KJacy JJis wi€i cutyanii. TakuM 4MHOM, TOMHJIKHM Kiacudikaiii OyBalOTh
neBox BumiB: False Negative (FN) 1 False Positive (FP). P o3masae o
kinacudikatop BU3HAYae Kjac o0'ekra sk mosutuBHUM (N - HeratuBHuid). T
O3Ha4a€e 1[0 Kiac mnepeadavyeHud NpaBmibHO (BignmoBigHO F - HempaBuibHO).
KoxeH psnok B MaTpuill NOMHJIOK IMPEACTABIISE MPOTHO30BAHUN KIlac, a KOXKEH
CTOBIICIIb - (PAKTUYHUI KIac.

ToOGTo y 3araJibHOMY BUNAAKY, MATPHUIl HETOYHOCTEH - 1€ MaTpHIld
po3mipoM N Ha N, nme N — KUIBKICTh KJIACiB, sSIKa TPEACTABISIE COO0I0 TAOIMYHE
NPEICTaBIICHHSI MPOrHO30BaHUX 1 (PAKTUYHUX 3HAYEHDb JJII KOKHOTO MOYMKIMBOTO
KJIacy.

Marpuiis TOMUIOK, OJTHA 3 HABAKJIUBIIINX peUeH, Ha Ky OTPIOHO JTUBUTHCS
npu  oIiHIl Moxeni kmacudikamii. Ile wmaTpuil, ska Bi3yamidye KUIBKICTh
(bakTUYHUX EK3EeMIUISIPIB KJIacy B MOPIBHAHHI 3 MPOTHO30BAHUMHU €K3EMILIIPAMHU
kiacy. Take momaHHs J03BOJISIE HAM MIBUAKO MOOAYUTH KUIBKICTh NMPaBHIBHHX 1
HEIMPaBWIHLHUX MPOTHO31B /I KOXKHOT KaTeropii.

Ha ocHoBi 1i€i maTtpuiri OyayeTbest psii IHITUX XapaKTepUCTUK. PosrisHemMo
KOXHY 3 HUX OUIBIII JETATBHO.

AxkypaTtHicTh (aHri. Accuracy).

AKypaTHICTIO HA3UBAETHCS MPOTOPIIiST TOYHUX MPOTHO31B MO BIAHOMIEHHIO 10
3arajlbHOi KIUIBKOCTI IPOTHO31B, TOOTO 1€ HWMOBIPHICTH TOTO, IO Kiac Oyne
nependoayeHuit nmpaBuibHoO (3.1).

TP+TN
TP+TN+FP +FN

(1)

Accuracy =

ToOto, accuracy - yacTka NpaBUILHUX BIAMOBIAECH alTOPUTMY:



Xoya aKypaTHICTb € MIBUAKAM Ta 1H(OOPMATUBHUM I1HAMKATOPOM
MPOJYKTUBHOCTI MOJENI, MM HE MOXKEMO IOKJIaJaTHCs BHUKIIOYHO Ha Hel. lle
MOB'I3aHO 3 THM, LI0 BOHA NPUXOBYE HASIBHICTH 3CYBY B MOJEINI, IO € 3BUYAHUM
SBUIIEM, SKIIO HaOip AaHUX He30aJaHCOBAaHWM, TOOTO HEraTUBHUX MOMEHTIB
3HaYyHO OUIbIIEe, HDK MO3UTHUBHHUX, a00 HaBmaku. ToOTO, Lg METpUKAa MapHa B
3a/layax 3 HEpIBHUMHM KJIacamu, 110 SK BaplaHT MOKHA BUIIPABUTU 3a JOIOMOTOIO
anroputMiB cemiutitoBanHs. CemrutitoBanHs (aHri. Data sampling) - meton
KOPUT'YBaHHsSI HaBYaJIbHOI BUOIPKM 3 METOI0 OallaHCyBaHHS PO3MOAULY KIaciB y
BUXIJTHOMY Ha0opi1 naHux. Po3ristneMo 1ie a npocmomy npukiaoi.

[IpunycTumMo, MU X0ue€MO OLIIHUTH poOOTYy ciam-¢puIbTpa nowtu. Y Hac € 100
HE-cnam nuctis, 90 3 axux Ham kiacudikarop BusHauuB BipHO (True Negative =
90, False Positive = 10), 1 10 cmam-nucrtiB, 5 3 AKUX KIacu(iKaTOp TaKOK

Bu3HauuB BipHO (True Positive = 5, False Negative = 5). Toai accuracy:

y _ 5490 — 864
Y =5 90+ 1045

Ane skmo Mu mpocto Oyaemo mepembauvatd, mo Bci juctu He-cmam, To

OTPUMAEMO OLTBII BUCOKY aKypaTHICTD:

J ___o%100
Uy = 0+100+0+10

[Tpu pomy, Halla MOACNb aOCOTIOTHO HE BOJIOJIE HISIKOIO MPOTHOCTHYHOIO
CHJIOIO, OCKLIBKH CHIOYATKY MM XOTLIM BU3HAYaTH JIUCTH 31 criamoM. [logonmatu e
HaM JIOTIOMOXE TIEPeXiJ i3 3arajbHOI JJIS BCIX KJIaCiB METPUKH JIO0 OKPEMHUMHUX
ITOKA3HHUKIB SIKOCTI KJIACIB.

TounicTs (anri. Precision).

TouHicTIO Ha3WBA€TbCS YacTKa MPAaBUIBHUX BIAMOBIAEH MOJACII B MeKax
KJlacy - IIe 4JacTka OO0'€eKTiB, IO AIMCHO HajeXaTh JAaHOMY Kjacy, IIOJI0 BCiX
00'eKTIB SIK1 CHCTEMa BiJIHECIIa JI0 I[LOTO KJIacy.

Precision = F 2
recision = TP T FP (2)

Came BBeJICHHS Precision He J03BOJISIE HAM 3alHCyBAaTH BCi 00'€KTH B OJHH
KJIac, TaK SK B IIbOMY BHITaJIKy MU OTPUMYEMO 3pocTaHHs piBHs False Positive.

IMoBHoTa (anra. Recall).

IToBHOTA - 1€ YacTKa ICTUHHO MO3WTHBHUX Kiacudikamiii. [loBHOTa MOKa3ye,
AKy 4YacTKy OO0'eKTiB, 1[0 peajbHO HajleXaThb J0 IMO3UTHUBHOIO KIJACy, MH
nepenOaymim  BipHO. AOO K IHIIMMH CJIOBaMH: II¢ 4YacTKa BapiaHTIB,
KJ1acu(piKOBaHUX SIK TIO3UTHBHI, K1 HACIIPaB/li BUSBUIINCS TTO3UTHBHUMU.

Recall = —F 3
CCat = TP X FN 3)



ITorHora (recall) meMoHCTpye 3MaTHICTH AJITOPUTMY BUSBJISATH JaHHHA Kiac
B3araii.

Matoun MaTpul0 MOMHIIOK, YK€ MPOCTO MOKHA OOYHMCIUTU TOYHICTH 1
MOBHOTY ISl KOXHOTO Kiacy. TouHicTh (Precision) mopiBHIOE BiTHOIICHHIO
BiJINIOBITHOTO JiarOHAJILHOTO €JeMEHTa MATpHIll 1 CyMH BCBOTO psKa KIacy.
[ToBHoTa (recall) - BigHOIIEHHIO MiarOHAILHOTO €JIEMEHTa MATPHII i CYMH BChOTO
cToBImuuKa kiacy. OCKUIBKH KJaciB Moxe OyTu Oarato (He 00OB’SI3KOBO JBa), TO
dbopmanbHO:

. . AC,C
Precision, =
i=14c,i
c,c
Recall, = o——
i=14ic

To6T0, pe3ynpTyroua TOUHICTh KJIAcU(pIKaTOpa PO3PAXOBYETHCS K CEPEIHE
apuMeTH4HE HOro TOYHOCTI MO BCiX Kiacax. Te jx caMe 3 MOBHOTOIO.

F-mipa (anra. F-score).

Precision i recall ve 3amexwuth Bif CIHIBBiAHOIIEHHS KjaciB (Ha BiAMIHY Bix
accuracy) i ToMy MOKyTh OYTH 3aCTOCOBHI B yMOBaX He30aJaHCOBAaHHUX BHOIPOK.
YacTto B peanpHId MPaKTUI CTOITh 3aBAaHHA 3HAWUTH ONTHUMAaIbHUN (17151
3aMOBHMKA) OajdaHC MDK LHMMH JBOMAa METPUKAMHU. 3pO3YyMLUIO IO YKMM BHIIE
TOYHICTH 1 IOBHOTA, THM Kpaille. Ajle B peaIbHOMY JKUTT1 MaKCUMajbHa TOYHICTb 1
MIOBHOTA HEIOCSIKHI OJIHOYACHO 1 JIOBOJAWUTHCS IITyKaTH SIKUMCH OanaHc. Tomy,
XOTUTIOCSA 0 MaTh SKyCh METPUKY sika oO'eqHyBania 0 y co01 iHdopMmalio mpo
TOYHICTh Ta TOBHOTY HAIIOTO aJrOpUTMY. Y I[bOMY BHIIQJIKy HaM OyJe MpOCTiIie
npUiiMaTy PIICHHS MPO T, Ky peajizallifo 3alyckaTd y BUPOOHHUIITBO (y KOTO
Oinbie Toi 1 kpyTime). Came Takoro MeTpukoro € F-mipa.

F-mipa € rapMOHIHHUM cepeHIM MK TOYHICTIO 1 TOBHOTOI0. BoHa mparse mo
HYJIS1, SIKIIIO TOYHICTH a00 MOBHOTA MparHe J0 HyJIA.

2 X precision X recall
F = — (4)
precision + recall

Hana popmyna Hamae 0THAKOBY Bary TOYHOCTI 1 TOBHOTH, TOMY F-Mipa Oyme
MajilaTd OJHAKOBO MPH 3MCEHIICHHI 1 TOYHOCTI 1 TOBHOTH. MOXJIMBO po3paxyBaTh
F-mipy HagaBmm pi3Hy Bary TOYHOCTI 1 MOBHOTI, SIKIIO BU CBIIOMO BiJa€Te
MPIOPUTET OJIHIN 3 X METPHUK TP PO3POOIIi aNTOPUTMY:

(1 + B?) x precision X recall

(5)

= (B? X precision) + recall



ne  npuiiMae 3HaueHHs B Aiana3oHi 0 <B <1 sgkio BM Xo4yeTe BiAAaTH NPIOPUTET
TOYHOCTI, a mpu (> 1 mpioputeT Bigmaerscs moBHOTI. Ilpu B = 1 dopmyna
3BOJUTHCA 10 TONEPENHbOI 1 BU OTpuMyeTe 30anmaHcoBaHy F-mipy (Takox ii
Ha3MBaloTh F1).

F-mcasumo's

10

F-measure

Puc.2 F-mipa 3 mpuopuTeToM TouHoCTi, P2=1/4



1.0

o (.5
F-measure

Puc.3 F-mipa ¢ npiopuTeToM NoBHOTH, P?=2

F-mipa nocsirae MakCUMyMy IMpH MaKCUMaJbHIA TMOBHOTI 1 TOYHOCTI, 1
OJIM3bKa 710 HYJIS, SIKIIO OAMH 3 apryMEHTIB OJMU3bKHI 10 HYJIS.

F-mipa € xopommum KaHAMIATOM Ha (opManbHy METPHUKY OI[IHKH SIKOCTI
kinacudikaropa. BoHa 3BOAUTH 110 OJHOrO 4YHCIA JBl 1HIII OCHOBOIIOJIOXHI
METPUKHU: TOYHICTh 1 MOBHOTY. Marouu "F-mipy" HaGaraTo mpocTimie BiAMOBICTH
Ha MUTaHHS: "3MIHUBCS aJICOPUTM B Kpallly CTOPOHY 4H Hi?"

ROC-kpuBa

Kpusa pob6ounx xapakrepuctuk (anri. Receiver Operating Characteristics
curve). BUKOPHCTOBYEThCS 11 aHANi3y IMOBEAIHKH KIacH(pIKaTOPIiB MPU PI3ZHUX
MOPOTOBUX 3HAYCHHSX. J[03BOJISIE PO3IIIIHYTH BCi TOPOTOBI 3HAYCHHS /IS JTAHOTO
knacudikatopa. Ilokasye wacTky XWOHO MMO3WTHBHUX MpukianiB (anri. False
positive rate, FPR) B mopiBHSHHI 3 YacTKOI ICTHHHO IO3UTHUBHHUX MPUKIAIIB
(anrm. True positive rate, TPR).



ROC curve
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False Positive Rate, FPR (1 - specificity)

Pucynox 6 —ROC-kpuBa

TPR =—— =R
TP T FN ecall (6)
FPR = il 7
"~ FP+TN 7)

Yactka FPR - 11e mpomopiliss HeraTMBHUX 3pa3KiB, siki OyJId HEKOPEKTHO
KJacudikoBaH1 K TO3UTHUBHI.

FPR =1—-TNR

ne TNR - gactka ictTuHHO HeraTMBHHMX Kiacudikaii (anri. Trie Negative Rate),
0 TpEACTaBiIsie COO0I0 MPOIOPII0 HEraTUBHUX 3pa3KiB, sAKi OyJIM KOPEKTHO
KJacu(ikoBaHi K HETATUBHI.

Yactka TNR Ttakoxx HazmBaeTbes crenudiuHicTio (aHri. Specificity). OTxe,
ROC-kpuBa 300paxkae uyTnuBicTh (aHTi. Semsitivity), TOOTO TOBHOTY, B
NOpIBHSIHHI 3 pi3HuIEto 1 - specificity.

[Ipsima minig mo miaroHam mpenactabisse ROC-KpuBY YHCTO BUTMAIKOBOTO
kinacudikatopa. Xopomui kiacudikatop TpUMAETbCA BiJ 3a3HAYCHOI JIiHIT
HACTUIBKU JATIEKO, HACKUTHKH 11€ MOKIIMBO (TIParHydH JI0 JIIBOTO BEPXHBOTO KyTa).

OnuH 13 cmoco6iB MOPiBHAHHA Kiacu(]ikaTopiB mepeadadae BUMIP IUIOMI i
kpuBoto (anri. Area Under the Curve - AUC). besporannuii kmacudikatop
matume toionty mix ROC-kpuBoto (ROC-AUC), mo nopiBHIOE 1, TOAI SK 9HCTO
BUTAIKOBHH Kimacudikatop - miomry 0.5.

I'padik ROC pomomarae mpuiHATH PIlIEHHS MPO T€, /€ BCTAHOBUTU MOPIT
KJacudikaiii, o6 MaKCUMI3yBaTH ICTUHHO MO3UTUBHUM PiBEHb a00 MIHIMI3YBaTH
MICEBIONO3UTUBHUI MOKA3HUK, 110 B KIHIEBOMY I1JICYMKY € O13HEC-PILICHHSIM.



Precison-recall kpuBa

Yymausicmv 00 cniggionoutenns kiacie. Po3risHemMo 3aqady BHUIUICHHS
MaTeMaTUYHUX cTatel 3 Oe3niui HaykoBux crareid. [lpumyctumo, mo 3a Bce
maeTtbesa 1.000.100 crarei, 3 sxux aumie 100 HamekaTh 40 MaTeMaTHUKH. SIKIIO
HaM BJAcTbCs MOOYAyBaTH anroput™ a(X), 1o iJeaabHO BHPIIIYE 3aBIAHHS, TO
roro TPR Oyne nopiBHioe oauuuui, a FPR - nymo. Posrinsimemo Tenep noranuit
aNropuT™M, W1IO0 Ja€ TMO3UTHBHY BiANOBiAL Ha 95 wmarematnunux 1 50.000
HEMaTEeMaTUYHUX CTATTAX. Takuil ajroputM aOCONIOTHO [apeMHUM, aje mpu
nmpomy Mae TPR = 0.95 1 FPR = 0.05, mo Bkpaii OJM3bKO /J0 NOKa3HHKIB
1IeaJIbHOTO aJIrOpUTMY. TakuM YWHOM, SKIIO MO3UTUBHUH KJIAC ICTOTHO MEHIIIE 32
po3mipom, To AUC-ROC Moxke paBaTH HEaJEKBATHY OI[IHKY SKOCTI poOOTH
QIrOPUTMY, OCKUIbKM BHMIPIOE YacTKy HEBIPHO MNPUHHATUX OO0'€KTIB IIOJ0
3arajJjbHOTO 4YKcia HeraTMBHMX. Tak, aiaroput™ b(X), mo nowmimae 100
peneBaHTHUX JOKyMeHTIB Ha no3uilii 3 50.001-i mo 50.101-r0, matume AUC-ROC
0.95.

[To30yTHCs BiA 3a3HayeHO] nMpobieMu 3 He30aJaHCOBAaHUMU KilacaMu MOJKHA,
nepeitmopmu  Bim ROC-kpuBoi nmo Precison-recall (PR) PR-kpuBoi. Bona
BU3HAYaeThCs aHanoriyHo 1o ROC-kpuBoi, TUIbKK MO ocax BiakiaanarThess HE
FPR i TPR, a moBHOTa (110 oci abciuc) 1 TouHicTh (M0 oci opauHat). Kpurepiem
SIKOCT1 CIMEMCTBa anropuTMiB BUcTynae rioia mig PR-kpusoro (anrn. Area Under
the Curve - AUC-PR).

Precision-Recall curve
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