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MNUTAHHS KJIACU®IKALIL TA PO3III3BHABAHHA IHOOPMAILIL IPU
IHOBYAOBI IHOOPMANINHO-AHAJITUYHUX CUCTEM

Anomauin. Memooonoziuni nioxoou 0o «Kiacugikayii ma po3nizHasaumHs iHgopmayii npu
no6y008i a8MoMamu308aHux iHGHOPMayiiHO-AHATIMUYHUX CUCTEM.

Annomauusn. Memooonocuueckue nooxoowvl K Kiaccupuxkayuu u pacno3Hasanuro uHpopmayuu
npu CO30aHUU ABMOMAMUZUPOBAHHBIX UHGOPMAYUOHHO-AHATUMUYECKUX CUCTEM.

Summary.The methodological approaches to classification egabgnition of information when
creating automated informativanalytical systems.

Knrwowuosi cnoea. wxnacughixayia ingopmayii, posniznasamHs iHgopmayii, iHgopmayitiHo-
AHATIMUYHA cucmemMa, Memoou po3ni3HABAHH IHoOpMayii.

B ymoBax Bce 3pocrarouoi MBHIKOIDIMHHOCTI TMPOIECIB Ta iX JUHAMIKH, SKi
B1I0YBaIOThCSA Y Cy4acHOMY CBITi, CYTTEBO 3pPOCTAa€ POJIb OMEPATUBHOCTI pearyBaHHS Ha I
3MiHH, 30KpeMa, OTIEPATHBHOCTI MPUUHATTS Pi3HOMAHITHHX PillleHb, TPUYOMY Y BU3HAYCHHIA
npoMiKOK gacy. “O0TsoKyrounM” (GakTOpoM HpHU IMBOMY I 0COOH, siKa MPHUIMAaE PIllIeHHS, €
(akTop MOCTIHHO 3pOCTarouMX 0OCsTIB MOTPiOHOI iH(OpMamii Ta ii BHOKpEMIIEHHS 31 BCHOTO
MacuBy JAocTymHOiI iHpopmarii. [linkom 3po3ymino, mo 6e3 “moMIYHUKIB® 3IIACHUTH 1Ie
HEMOXJIMBO. Takumu “TOMIYHUKAMHU , TPUYOMY JTOCUTh €(DEKTUBHUMH, Ha JaHUW dYac
BUCTYIAIOTh PI3HOMAHITHI aBTOMATHU30BaHi 1H(QOpPMaLiiHO-aHATITHYHI CHUCTEMH, Ha SKi
MOKJIaaroThesl PYHKINT TomyKy, Kiacudikailii, po3mizHaBaHHs, TIEPBICHOT 0OPOOKH JaHUX Ta,
3a HEOOX1HICTIO, HACTYITHE BIJCIIIKOBYBAHHSI i 3MiH Y BU3HAYEHOMY MPOMDKKY 4acy.

CTBOpeHHS aBTOMAaTHM30BAaHHUX 1H(GOPMAIIHHO-aHATITUYHUX CUCTEM — CKJIaJIHA 3aJa4a,
sKa BUMAarae 34MCIICHUX TEOPETHYHUX 1 €KCTIEPUMEHTATBHUX JOCITiIKeHb, CIPSIMOBAHMX Ha
BIOPSIIKYBaHHS MOTOKIB 1H(OpMaIlii, po3poOKu Ta BIPOBAKEHHS ONTUMAIBHUX aJITOPUTMIB
kiacudikarii Ta po3nizHaBaHHS JaHUX, MIOTYXHOTO MaTEMAaTHYHOTO Ta IPOTPaMHOT0O anapary.
Jlo HaiOLIBIIOT0 BIUIMBY PI3HMX YMHHHUKIB CXHWJIbHA caMe KiacudikaliiiHa cucTeMa O3HaK.
Bix Ttoro, Hackiipkm n100pe Oyae mpoaymaHa Il CHUCTeMa, 0OaraTo B 4YOMY 3alie)KUTh
e(heKTUBHICTh 1 JOCTOBIPHICTh PE3yJIbTATIB BCi€l iHGOpMAIIHHO-aHATITUYHOT CUCTEMHU.

Bigomo, o macmbixauia — Ie Tpolec TpymyBaHHS 00 €KTIB JOCHIIKeHHS abo
CIIOCTEPEXKECHHSI BIAMOBIIHO JI0 1X 3arajbHUX O3HAK. B pe3ynbrati po3pobieHoi kinacudikarii
CTBOPIOEThCS  Kiacu(ikalliiHa cucremMa (4acTO Ha3MBalOTh TaK caMmo, sSK 1 Tpolec —
Kiacudikamier). 3 TNHTAaHHIMU Kiacudikaii TICHO TIOB'si3aHa TeOpist PO3Mi3HABAHHSI
o0pa3iB —I11e PO3JUT KiIOEpHETHKH, IO PO3BUBAE TEOPETHYHI OCHOBH 1 MeTOIU Kiacudikarrii Ta
imeHTudikamii TpeaMeTIB, SBHUII, MPOIECIB, CUTHATIB, CHUTyallli 1 T. M. 00 €KTIB, SfKi
XapaKTePU3YIOThCS CKIHUEHHUM HAOOpOM JESKUX BIIACTUBOCTEH 1 O3HAaK. Po3mi3HaBaHHS B
MOPIBHSIHHI 3 Kiacudikamiero Mae aoAaTKoBy (yHKIiro — igeHtudikamii. HaBememo meski
3ajJadi, 0 BUMAraloTh 3aCTOCYBaHHs METO/IIB PO3IMi3HaBaHHs Ta Kiacudikarii iHpopmarrii:
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* aHAN3 MEPEXHUX CTPYKTYp: POYMIHT, OULTHT; IHTepHeT, comiampHi Mepexi, (Gopymu,
Os10ru; 0a3u JaHUX IOPUAMYHKX 0ci0 (CiTbHA ydacTh y Oi3Hecl); crenianbHi 6a3u qaHux (CriibHa
y4acTh Cy0' €KTIB y 3704YMHAX, CITIJIbHE MIOKAPAHHs); BUSBICHHS KOPEJISLIi, IPUXOBAHHUX 3B’ A3KiB;

* aHayi3 iHGOpMAIIHHUX MOTOKIB, 1H(pOpMamiiiHoro npoctopy: 3MI; IHTepHeT; BUsBICHHS
TEHIEHIIIN Ta aHOMAJTIH,

* 00poOka 1H(popMallii 3 BETUKOK KUTBKICTIO MapaMeTpiB: rpadiuni (aiinu; 3ByKoBi ¢aiiny,
OloMeTpuyYHi JaHi.

Meaki memoou knacughikayii ingpopmauii. CraHnpapTHa TOCTAHOBKA 3aBJaHHS
posmi3HaBaHHs (ki1acudikarii) monsrae B HacTynmHomy [1]. JloCTiKyeThCs eska MHOXUHA
00’ekTiB D . OO0’ €KTH 111€] MHOKHUHHU OMHUCYIOTHCS JIEIKOI CHCTeMO0 03HakK. [lepenbadaeThcs,
0 MHOXHMHY D MOXXHaA TPEACTaBUTH Yy BUIIISAAI 00’ €HAHHA HEMEPECIYHUX IMIIMHOXKUH
(knaciB) Ki,...,K;.

Hexaii € ckinyennuii HaOip 00’exTiB S,...,§, 3 D, i BimomoO, SKUM KilacaM BOHHU

Hayexath (e mpeneaeHTH abo HaByaibHiI 00’ €kTh). [loTpiOHO MO Tpen’ sIBICHOMY HaOOpy
3HaYeHb O3HAK 00’ €KTa BU3HAUYMTH, J0 SKOTO KJIACy BiH HAJIEKHUTh.

Jlns  BupilmIeHHs TPUKIAJHUX 3aBJaHb KiIacudikaiii 1 po3Mi3HABaHHS YCHINIHO
3aCTOCOBYIOTBHCSI METO/IM, 3aCHOBaHI HA KOMOIHaTOPHOMY aHai3i 03HAKOBUX OIHUCIB 00’ €KTIB,
AKi 0coOnMMBO e(peKTUBHI y pasi, Konu iH(opMallis HMUTIOYHCETbHA 1 YUCIO MPUITYCTUMHUX
3HaYeHb KOXHOI O3HAKU HeBenuke. IIpu KOHCTpYrOBaHHI LIMX METOJIB BHUKOPHUCTOBYETHCS
amapaT JHCKPETHOI MaTeMaTWuKH, 30KpeMma, OyneBoi anre6p1/1 Teopii U3’ IOHKTUBHUX
HOpManbHUX GOopM 1 Teopii TOKPHUTTIB OyleBUX 1 IIOYUCENIBHUX  MAaTPHIIh.
OcHoBonosioxxkuumu  pobotamu € poodotu FO.I. XKypaenboBa, C.B. S6moHchkOro 1
M.H. Baiinngaiira [2 — 5].

['on0BHOIO OCOONHMBICTIO TpOIEAYp pO3Mi3HABaHHS, SKI OyaeMO Ha3WBaTH HaJai
JTUCKPETHHUMH a00 JIOTIYHHMH TMPOIEIYpaMH, € MOXKIUBICTH OTPUMAaHHS PE3yJbTaTy 3a
BiJICYTHOCTI 1H(opMalii npo (yHKUIi po3MOALTY 3HAYeHb O3HAK 1 3a HASBHOCTI MallUX
HaBYAIBHUX BUOIpoK. He moTpiOHE TakoX 3aBAaHHSI METPUKH B MPOCTOPI OMUCIB 00’ €KTIB.
B nanomy BumanKy st KOKHOI O3HAKM BH3HAYAEThCA OiHapHa (yHKISI OMM3BKOCTI MiX 1l
3HAYECHHSIMHU, 110 TIO3BOJISE PO3PI3HITH 00’ €KTH 1 1X MIAMUCH.

Metoau kmacudikauii jexaTb Ha CTHUKY JBOX 0OJacTell — MAIIMHHOTO HaBYaHHS
(machine learning, ML)ra indopmaniiinoro momyky (information retrieval, IR) [6 — 8].
BianoBigHo aBToMaTH4HA KiIacudiKallisi MOXe 31HCHIOBATHCS .

- HA OCHOBI 3a3Jajeriip 3adaHoi cxeMH Kiacudikaiii 1 BXe HasIBHOI MHOXWHU
kiacu(ikoBaHUX 00’ €KTIB,;

- TMIOBHICTIO aBTOMATHU30BAHO.

[Ipu 3acTocyBaHHI MiAX0/I1B MAIIMHHOTO HaBYaHHs KiacudikaiiiiHe mpaBuio OyayeThCs
Ha OCHOBI TPEHYBAJIBHOT KOJICKITIi TEKCTIB.

3aBmanHs kimacu(ikamii Tonsrae 'y BH3HAYCHHI MPUHAICKHOCTI 00’ €KTa, SKUAU
PO3TIIAIAETHCS, OMHOMY a00 AeKIbKOM KiacaM. Kiacugikaiiisi Moxke BU3HAUATUCS 3arajbHOI0
TEMATHKOI0 TEKCTIB (AKIIO 00 €KTH — TEKCTH), HASBHICTIO IEBHHMX JIECKPUITOPIB abo
BUKOHAHHSIM ITIE€BHUX YMOB, 1HO/1 IOCUTh CKJIQTHUX.

JUis  KOXXHOTO KJacy eKCIepTH BigOuparoTh Habopu THIOBUX OO0 €KTIB, SKi
BUKOPUCTOBYIOThCSI CUCTEMOIO Kilacu(ikamii B pexkumi HaBuaHHA. [licias Toro sk HaBYaHHS
3aKiHUEHEe, CHCTeMa 3a JIONIOMOTOI0 CIEHIaIbHUX aJITOPUTMIB 3MOXKE PO3MOAUIATH BXIJIHI
MOTOKH iH(OpMAITii 010 00’ €KTIB 32 KJIACAMHU.

Krnacudikarizo Mo)KHa po3MIaTH SK 3aBAaHHS pO3Mi3HaBaHHS 00pasiB, MPH TaKOMY
MIIXO1 711 KOKHOTO 00’ €KTa BUAUISIOTHCS HAOOPH O3HaK. Y pa3i TeKCTIB O3HAKaMH € CJIOBa 1
B3a€MO3aJIeKHI HA0OpH CIiB, SIKI MICTATBCS B TekcTax. s ¢opmyBaHHA HaOOpy O3HAK LIS
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KOJKHOTO 00’ €KTa BUKOPUCTOBYIOTHCS JTIHTBICTUYHI 1 CTATUCTHYHI MeTOU. O3HAKH TPYITYIOTHCS
B CIelliajbHy Ta0nuIo — iHpopMmaliiiiny MaTpuiiro. KoxkeH psiok MaTpuill BiMOBIAaE OJHOMY 3
KJIaciB, KOXKEH €JIEMEHT psJKa — OJHIA 3 O3HaK; YHCEIIbHE 3HAa4YeHHS I[bOTO EJICMEHTY
BU3HAYAETHCSA B IMPOIECI HABYaHHS CHUCTeMH Kiacudikaiii. ICHyrodl anropuTMu 103BOJISIOTH
MPOBOJIUTH KIACH(IKAII0 3 JOCUTh BHCOKOI TOYHICTIO, TIPOTE PE3YJIbTATH JOCSITAIOTHCS 32
paxyHOK BEJIMKUX pO3MipiB iH(POpMAaIIHHOT MaTPHII].
Hagenemo ¢opmanbuuii omuc 3amadi knacudikamii. Hexan D ={d®, .., d™}

MHOXUHa 00’exTiB, C={C, ..., G,} — MHOXHHa Kareropi, ® — HiaboBa (QYHKIs, KA IO
0)

napi <d(”,cj> BU3HAYae, M BifHOCUThCA 00 ekt d no xareropii ¢; (1 abo True)a6o ni (O

abo False). 3amaua wimacudikamii momsrae y moOymosi dymkuii &, sxa MakcumanbHO
HaOmmkena 1o P .

Jlana xmacu@ikailiss Ha3UBA€ThCS YITKOIWO OiHApHOIO, TOOTO Ma€ThCSs HA yBas3i, IO
ICHYIOTh TUIBKH JIBI KaTeropii, siki He mepeTuHarThcsA. Jlo Takoi kiacudikailii 3BOJAUTHCS
Oarato 3ama4, Hampukiaj, kmnacudikamiss 3a MHOXWHOKO Karteropii C={c, ..., G,}
po36uBaeThcst HA M OiHapHUX Kiacugikariil 3a MHOXUHaMU {C, G} .

Yacto BUKOPHCTOBYETHCS PaHXKUPYBaHHS, TpPH SKOMY MHOXHWHA 3HAYCHb IIJTHOBOL
¢ynkuii — ne Bigpizok [0, 1]. O0’exT mpu paHKUPYBaHHI MOKE BIJIHOCUTHCS HE TUIBKU 10
ONHI€l, a BiApa3y A0 MAEKIIbKOX KaTeropidi 3 pI3HUM CTYIIEHEM MPUHAISKHOCTI, TOOTO
KaTeropii MOKyTh MEPETHHATHUCS MIXK COOO0I0.

[punycTuMo, mo 118 KOKHOI Kareropii ¢ moOymoanma ¢ymkumis CSVY  (craryc
kiacudikariii), mo BimoOpakae MHOXHHY 00’ ekTiB D Ha Bimpizok [0; 1], sika 3amae cTymiHb
MpUHAJIEKHOCTI 00’ €kTa KaTeropii. Po3risHemo 3agady, sKka moisrae B Tomy, 1moo Bijg GyHKIT
pamKHpyBaHHS TEepelTH a0 ToyHOi kimacu@ikarii. Haibinem mpoctiit croci®é — st KOKHOT
Karteropii ¢ BuOparu rpanuude 3Havenus (mopir) 7,. Slkmo CSV(d>T,, To 06’k d

I
BIJIOB11a€ Karteropii ¢ . MOXIuBUH 1 IHIIMHA TiAX1A — JUIsL KOXKHOTo 00’ ekta d BuUOMpaTH k
HalOmmKunx Kareropiit, To6to K kareropiit, Ha sxkux CSW( 0 npuilMaroTh HaiOiLIbII

3HAYECHHS.
Bubip moporoBoro 3Hau€HHs MOXJIWBUM, HANPUKIIAJ, TAKUM YHHOM. Y40OBa KOJEKIIis
po30uBaeThCs Ha ABI YacTUHH. [ KOXKHOT KaTeropii C Ha OJHIN YacTHHI y400BOi KOJEKIIii

OOYHCIIOETHCA, SIKa YacTHHA 00’ €KTiB i HajexuTh. [lOporoBi 3HaUeHHS BHOMPAETHCA TaK,

11100 Ha 1HIIIH YacTUHI y4O0BOi KOJIEKIIT KIJIbKICTh 00’ €KTIB, BITHECEHUX C , OyJia TAKOIO XK.
PosrnsHemo 3anauy niHiMHOT kinacudikanii. Hexalt koxHii kareropii C, BiANOBIae

sektop ¢V =(d", ..., &), ne N — posmipHricTs mpocTopy mapameTpis. Y SKOCTi NpaBuia
knacudikaropa 06’ extiB d BUKOpHCTOBYETHCS (hOopMyIa:

. 1 .
csV(d= dlé.

Hopmamizanisi m0poBoauTbes 3a3BUYail  Tak, Mmo0 miacymkoBa QopMmyma ais
CSW( @ Gyma HOPMOBaHMM CKAISPHUM TO0YTKOM — KOCMHYC KyTa MiK BEKTOPOM KaTeropii
1

C 1 BEKTOpPOM 3 BaroBMX 3HA4Y€Hb MmapameTpiB d = (dl, dN) , TIIO BXOJATH 710 00 €xTy d :

csV( g :4‘5‘_[‘2,1

|d Jlc® |

NG .
Koopaunaru Bexktopa ¢ BH3HAYaIOTBCA B X0/ HABYAHHS, K€ IPOBOAUTLCA 33 KOXKHOIO
KaTeropi€ro He3aJIeKHO BiJI IHIITUX.
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Jleski KimacugikaTopu BHKOPHCTOBYIOTh Tak 3BaHmii mnpodaitn (profile, mpororun
00’ exTa) I BU3HAYCHHs Kateropii. [Ipodaiin — e crnucok 3BakeHUX MapaMeTpiB, HaIBHICTD
(abo BIACYTHICTB) SAKHMX IO3BOJISE€ HAWOLIBII TOYHO BIiJAPI3HUTH KOHKPETHY KaTErOpil0 Bij
iHIMX Kateropidi. Meron, 3anpononoBaHuit Jx. Pouwio [8], BigHOCHUTBCS 10 JiHIHHUX
KJIacu(ikaTopiB, B SAKHUX KOXHHHA 00’ €KT MPEICTABIAETHCS y BUIJISAI BEKTOpa BaroBUX

. < I ) )

sHauenpb napametpis. [Ipodaiin kareropii C, posrmsmarumemo sk Bekrop ¢V =(c", ..., &)
(N — KinbKicTh MacHMBY NapaMeTpiB), 3HAYEHHs €JEMEHTIB SKOro C\) mpu HaB4aHHi
kiacugikaTopa B paMkax MeToay Poudio po3paxoByeThes 3a GOpMYIIOH0:

¥ = a Z W) - B Z W,
|PO$ |d<i)DP0$ | NEG |di)D NEG

ne: W) — e Bara mapamerpa t, B 06 exti dV;

POS — me MO3WTHBHUYN MPUKIAL — MHOXXHHA 00 €KTIB, IIO HaleXaTh KaTeropii
¢®, r0610 POS={ d?| &( d", 9 =1 :

NEG — HeratuBHUM NpUKJIA] — MHOXKHHA 00’ €KTIB, 1110 HE HaJeXaTh KaTeropii e
NEG ={dV| o( d”, ¢ =0}.

VY uit popmyni, @ Ta [ — KOHTPOJbHI MapaMeTpH, IKi XapaKTePU3yIOTh BaroMicCTh
NO3UTUBHUX 1 HeraTWUBHUX npukiaaiB. Hanpuknax, skmo ¢ = 11 f = 0, C Oyxne
“meHTpom Mac” BCiX 00’ €KTIB, K1 BIAHOCSATHCS J0 BIAMOBIAHOT KaTeropii.

®ynkuis CSV( 0 B 1bOMy BUNIAAKy BU3HAYAETHCSA 32 PI3HUMHU METOJMKAMH — a00 K
BEJIMYMHA, 3BOPOTHA BIJICTaHI BiJl BEKTOpA 3 BaroBUX 3HAYEHBb MMApaMETPiB, IO BXOIATH B
00’ ekt d, 1o nmpodaiina kateropiiC, , abo sk ckaasIpHUl JOOYTOK IIUX BEKTOPIB.

OpauM 3 MeToIB JNiHIHHOI Kiacudikamii € MeToa perpecii, SKuil BUKOPUCTOBYETHCH,
KOJM O3HAaKH KaTeropidi MOXXyTh OyTH BHpPa)K€HI KUTBKICHO y BHUTJIANI AesAKoi KomOiHarii
BEKTOPIB BaroBUX 3HA4Y€Hb MapaMeTpiB, IO BXOJATH 10 00’ €KTIB 3 y4OOBOi KOJEKIIii.
OTtpuMaHa KOMOIHAIIs MOKE€ BUKOPUCTOBYBATHUCS JIUIsI BU3HAUYCHHS KaTeropii, 10 skoi Oyje
BIJJHOCHTHCS HOBHUI1 00’ €KT.

Merton perpecii € BapianToM JiHiiiHOI kimacudikamii. [Ipu 3actocyBanHi perpeciiHOro
aHamizy 10 Kiacudikallii TEKCTiB pO3IJISAaeThcsl MHOXKHMHA mapamerpiB (F) 1 MHOXHHA
kareropiit (C). Y npomMy BUIAAKY y4OOBii KOJICKIII 00’ €EKTIB CTABUTHCS y BiJIOBIIHICTh JIBi
MaTpPHIIi:

- Matpuis o0’ €xTiB D B y400Biii KOJEKIIii, B IKii KOKEH PAIOK — IIe 00’ €KT, a CTOBIEIh
TEpM,

- MaTpuls Biamosigeir O :HO'JH’ B sAKiil psAmoK | Bigmosigae 00’ exTy D. (i=1, .., N),
crosrenp | —xkareropii (j =1, ..., M), a O ; —3HAYECHHIO csw(d).

Meron perpecii 6a3yeTbcsi Ha aIrOpPUTMi 3HAXO/KEHHs Marpuili npasun M, ska
MiHIMi3y€ 3HAYCHHS] HOPMU MaTPHUII H MD - OHF , 10 (pOpMaNTbHO 3aMUCYETHCS TAKUM YNHOM:

M =arg mifMD-Q|_.
M

Haragaemo, mo B miHIKAHIA anreOpi MiJ HOPMOIO MATPHUIll PO3YMIEThCA (PYHKIIIS, SKa
CTaBHUTH Yy BIAMOBIAHICTH Il MaTpUIl JAESKY YHCIOBY XapaKTepUCTHKY. B manomy BUmanky
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PEKOMEHAYEThCS BUKOPHUCTOBYBaTH HOpMy DpolbeHiyca H . HF , SKa JOpIBHIOE KOPEHIO
KBaJpaTHOMY 3 CYMH KBaJIpaTiB BCiX €JIEMEHTIB BiIMOBIIHOI MAaTPHIII.

Enement m; nrykanoi marpwuii M  BigoOpakaTume CTYIiHb NPUHAIEKHOCTI | -TO
napamerpa | -iii KaTeropiu.

Jlo iHmMX, IMOBIpHICHMX METOMAIB Kiacu(ikallii, HaJeKUTh HacaMIiepe ] HaiBHa OaliecoBa
Moienb. Po3risiaeThcsi yMOBHA MMOBIPHICTh MIPUHAICKHOCTI 00’ €kTa 70 Kiacy C mpu ToMy,

10 BiH Ma€ o3Haku Fb - Fy:
P(C|F, ..., F).
BinmosigHo mo Teopemu baiieca:

P(C|E, .., F)= P(CI)DT(FE’ FFn) IC)

3a BU3HA4YCHHSM YMOBHOI iiMoBipHOCTi (pu P(F, ..., F,)= 1):
P(CIR, ... K)=PEC)P(R, ... £ ICF PQP(EIC)M(E, ..., F |C.F¥
=PORMEIOREIQRE, ... FICE.E).

Bignosinno no “HaiBHOrO” 0ali€COBCHKOTO MiAX0Ay mepeadavaerscs, mo momii F, F,

He3aJIeXKH1 1151 OyIb-SIKUX | % ] !
P(FIC, F)=P(F[C).

BigmosinHo:
P(C|F, ..., K)=P(C)P(F |C)P(E | CX1.UP(F |CF F’(Cﬂ RiFI C

[Tepeitnemo 1o xmacudikamii o0 ekTiB. Y pas3i OiHapHoi kimacudikamii “HaiBHa”
OaiiecoBChKa WMOBIPHICTh IPUHAIEKHOCTI 00’ €KTa KJIaCy BU3HAYAETHCA 32 (HOPMYIIOIO:

P(D|C)= [T P(w|O)
BiamosigHo mo reopemu baiieca:

p(C|D) =)
P(D)
Jonyctumo, knacudikanis BigOyBaeThes TiIbKM no aBox kmacax — C i C. Toxi

B1AMOB1HO 0 popmynu baiteca maemo:

P(D|C).

P(C)

P(CID)= L[] PO
P(C| D)= Eg 1 POw

Sk KpuTepiit MPUHAIC)KHOCTI 00’ €KTa A0 KaTEropii po3riIsiIacThCsl HACTYITHE BITHOIICHHS
HMOBIpPHOCTI TPUHAIEIKHOCTI 1 HEPUHAJIEKHOCTI 110 Kiacy C:

P(CID)_ P(O) o AWl G
PCID) PO LIRWIG

Ha mpakTuiii BUKOPUCTOBYETHCS JOorapru(dM BiTHOIICHHS HMOBIPHOCTI:
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WPEID) | PO 5y RwlQ
PCID) PO 4 RwIO

P(C| D)
P(C| D)
BBaXA€ThCs, MO 00’ €kT D BimHOCHTHCS 110 Kateropii C.

HadimonynspHimmii Ha el yac MeToJ Kiacudikaiii JOKyMEHTadbHOI 1H(opMallii, o
BIIHOCUTBCSI 10 TPYNU TPAHUYHUX METOAIB Kiacudikarii, — 11e MeTOJ OINOPHUX BEKTOPIB
(Support Vector Mashine, SVM}anpononoBauuii B.H. Banmaukom [9, 10]. Bin BusHavae
MPUHAJICKHICTh 00’ €KTIB 10 KJIACiB 3a JOMOMOTOI Mex obnacteit. PosrisimatiMeMo TUTbKH
Oinapay knacudikaiiro. [Ipunmyctumo, mo koxkeH o0 ekT kmacudikaiii € Bekropom B N-
BUMIpHOMY npocTopi. KokHa KoopanHaTa BEeKTOpa — I1e JIesKa 03HaKa, KUIbKICHO TUM O1IbINa,
yuM OiNTbIIe 11 03HAKa BUPAKEHA B JAHOMY 00’ €KTI.

[Tepenbadaerbest, 1m0 iICHYe yuO0Ba KOJIEKIlisl — 16 MHOYKUHA BEKTOPIB {>r<1, gg} OR' i

SKI10 BUKOHYETHCS HEPIBHICTH IN >0, (to6To, mpocto p(C|D)> p(C| D)), 10

qucen {Y, ..., Y.} D{—l, 1} . Uucno y, piBHe 1y pa3i NpUHANEkKHOCTI BIIOBIAHOTO BEKTOpa X,

kareropii C, ta — 1 —inakmre. Sk Oyno moka3aHo BuIIe, JTHIHHUN KiacudikaTop — 11e OJUH 3
OpOCTHX Crmoco0iB BHpIMIeHHS 3afadi  kiacudikamii. B 1boMy BHMAagKy IIyKa€eThCS
rinepruionmia B N-BUMIpHOMY TpOCTOpI, IO BIAOKPEMIIFOE BCI TOYKH OJHOTO KJacy BiJ
TOYOK IHIIOTO Kjacy. SIKIIO BHA€ThCS 3HAUTH TaKy HOpsAMY, TO 3aBIaHHS Kiacupikarii
3BOJAMTHCA 1O BHU3HAYEHHS B3a€MHOTO DPO3TANIYBAaHHS TOYKM 1 MPSAMOI. SIKIIO HOBA TOYKA
JISKUTD 3 OJTHOTO OOKY MpsiMO1 (riMepIIoNKHi), TO BOHA HAJIGKUTh Kiiacy C, SKIIO 3 IHIIOTo —
xnacy C.

dopmanizyemo 1o KnacmblKauuo HEOOXiIHO 3HANTH BEKTOp W TaKmii, O I JESKOTO
3Ha4YeHHs b 1 HOBOi TOUKH xI BUKOHYETBCSI:

+1, Wik = b

P Wik <,

o0 o . [ r N
ze: WEk — CKJISIpHUN 100YTOK BEKTOPIB W 1 X : Wk = Z W X
j=1
I . . .
W|j§ =b — P1BHAHHA TIIICPINIOININHHU, KA PO3AUIA€ KIIACH.
o 1 I
ToOTo, SKIIO CKANApHUM TOOYTOK BEKTOpa W Ha X, HEe MEHILIE 3HadeHHA Db, TO HOBa

TOYKA HAJEXKHTh J0 TEPIIOro KIAcy, SKIIO MEHIIE — JI0 Apyroro. BuHHWKae muTaHHS, sSKa 3
TINEPIUIONTUH PO3/Lsie Kiacu Kpaiie 3a Bce? Meton SVM 6a3yeTbest Ha TaKOMY TOCTYJIaTI:
HaWKpalia po3auisioua npsiMa — e Ta, Ka MaKCUMaJIbHO JJAJIEKO BiJJaleHa BiJl HAMOIMKUNX
0 Hel To4oK 000X kitaciB. ToOTO 3aBaaHHS MeTo1y SVM mnomnsirae B Tomy, mo6 3HalTH Taki
BEKTOp W i 4mcio b, mo6 1y1s BCix BEKTOpiB )q 3 ya00BO1 KOJIEKIIi1 OyJI0 CripaBeTuBO:

+1, Wik - b> +1,

T wik - b< - 1.

1 . .
VmoBa —1< W[k — b<1 3amae cmyry, sxa posminge kmacu. MexamMu CMyrd € JBi

.. 1 .
napajiesibHI TINePIUIONIUNHM 3 HAMPaBISIOYUM BeKTopoM W. UuM mupiine cMyra, THM TOYHIIIIE

MOkHa KiacudikyBatu 00 €KTH, BIAMOBIIHO, B MeToAl SVM BBaxkaeThcs, 0 HaWmmMpIia
CMyTa € HalKpaIoxo.
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CdopmyntoeMo yMOBHU 3aBIaHHS ONTHMAIBHOI PO3AUISIOYOI CMYTH, IO BH3HAYAETHCS
. . I .
HEPIBHICTIO: yi(w[k— P>1 (Tak mepenmucyeThCs CHUCTEMa PIBHSAHB, BHUXOISYH 3 TOTO, IO

y, 0{-1, 1}). Kozana 3 To4ok yu60BOi BUOIPKH HE MOXE JISKATH YCePEeIHHi i€l po3AiIsIodo]
. NV . .
cmyru. [Ipu mux oOMEXeHHsX X 1 Y, — IOCTiiiHi 5K eneMeHTH yu60BOi Konekuii, a W i b —
3MIHHI.
. . : r : .
Jlerko GauwTH, WO WHpPHHA Po3aiLsouoi cMyru piBHa 2/||w|. Tomy HeoOXinHO 3HaiiTH

. 1 . . el . .
Takl 3Ha4YeHHsI W 1 b, HIO6 BHUKOHYBAJIUCA TIPUBCACH1 JI1H1MHI1 O6MG)KCHH}I, 1 IIpU ObOMY
1 . ..
SKOMOTI'a MCHIIC 6yna HOpMa BeKkTopa W, TOOTO HeO6XlI[HO MIHIMI3YBaTH.

W = Wi

S0 mpUNycTHTH, MO Ha YYOOBUX 00 €KTaX MOMKJIMWBO OyJIM JOMYIICHI MOMHIKH
eKcriepTaMu TIpu Kiacudikarii, To HeoOXixHO BBecTH Habip momatkoBux 3minHmx ¢ =0,

[ I
MOMHWJIOK, III0 XapaKTepU3YIOTh BEIMYHMHY, Ha 00’ €KTax {Xl, ey )g}. Ile nmo3Bomsie
IOM’ IKIIIUTH OOMEKEHHS

y(Whx - =1-¢.

|
[Tepenbadaerbest, MO AKIIO fl =0, To Ha 00’ €KTi X, MOMHUIIKM Hemae. Skio fl >1, t0

.1 ,
Ha 00’exTi X ngomyckaerbes nommika. Skmo 0< & <1, to 00’exT moTpamisie BcepemuHy

PO3AUIAIOYO0T CMYTH, aJI€ BIIHOCUTHLCS AJITOPUTMOM JI0 CBOTO KJIacy.
3aBiaHHS TOMIYKY ONTHMAIbHOI PpO3JUIAI0YOI CMYrd MOXKHA B I[bOMY BHIAJKY

nepeopMyiIIOBaTH  TaKMM ~ YHHOM  MiHIMI3yBaTH  CyMYy: ||\}’\/||2 +CY & pH
i

OOMEXEHHSX Y, (\'ng -b=21-¢&, ne koedinient C — mapameTp HaNATYBAaHHS METONY, SIKUH
J03BOJISIE PETYIIOBATH CHIBBIAHOMICHHS MK MaKCHMI3ali€l0 MIMPUHU PO3AUIAIOUOI CMYTH 1
MiHiMi3amiero cymapHoi moMuikd. IlpuBeneHe 3aBmaHHS € 3a7ader0  KBaJIpaTUYHOTO
MpOrpaMyBaHHs. JloBeneHo, mo mimboBa (GyHKIA wi€l 3amayi 3aJeKuTh HE BiJ KOHKPETHHX
3HAYEHb X , 4 Bl CKANAPHUX T0OYTKIB M HEMH. IIpH MBOMY IiTb0Ba (YHKIS € OMyKIOIO0,

TOMY Oy/b-sIKHiA ii JIOKaJTbHUI MIHIMYM € TJI00aTbHUM.

Merton knacugikarii po3Iijstou0r0 CMYTO0 Ma€ JIBa HEJOMIKH:

- TIPY TOIIYKY PO3IUISIIOYO0 CMYTH BaKJIMBE 3HAUEHHS MAIOTh TiIJIbKA TPAHUYHI TOUKH;

- y 6ararboX BUMAJAKaX 3HAUTH ONTHUMAIBHY PO3ALISIOYY CMYTY HEMOMKIIHUBO.

J1J1s1 OJITNIIEHHST METOY 3aCTOCOBYETHCS 1/1esl PO3IIMPEHOTO MPOCTOPY, VIS YOTO:

1. Bubupaerscs BimobpaxkeHHs ¢(X) BEKTOPIB X B HOBHiA, PO3IIMPEHHIT IPOCTIp.

2. ABTOMAaTHYHO 3aCTOCOBYEThCS HOBa (YHKIA CKaJIsIpHOrO JOOYTKY, SKY
BUKOPHUCTOBYIOTH TPH PIlICHHI 33aja4i KBaJpaTHYHOTO MPOTpaMyBaHHs, Tak 3BaHa (DyHKIIis
anpa  (kernel function): K(x,z2)=@(X)@A'2. Ha npaxruui 3a3Buyaii  BHOMpAIOTH He
BimoOpakeHHs ¢(X), a Binpasy GyHkuito K(X, z), ika Moria 6 6yTH CKaIspHUM J00YTKOM TIpH
nesKoMy BinoOpaxeHHi ¢(X). DyHKIis Aapa — rOJIOBHUI MapaMeTp HACTPOIOBAHHS MAIIHHU
OTIOPHUX BEKTOPIB.

3. BusHauaeTbcs poO3AuIsOYa TIMEpIUIOIMHA B HOBOMY IIPOCTOpi: 3a JOMOMOTOIO
byHKIil K(i(, Iz) BCTAHOBJIFOETHCSA HOBa MaTpHIll Koe(dIIieHTIB Ui 3aBIaHHS ONTHUMI3allii.

[Ipn 11pOMy 3aMICTh CKJIIPHOTO TBOPY kd(j OepeThCcsi 3HAUCHHS K()'(i,'xj) 1 BUPILIY€ETHCS

HOBE 3aBJaHHA OITHUMI3alli.
4. 3maiimoBmm W i b, oTpuMyeMo TOBepxHIO, AKa Kiacudikye Wi(X)—b B HOBOMY,
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PO3MIKUPEHOMY IIPOCTOPI.

SAnpom Moxke Oyt He Bcska (QYHKINS, TPOTE€ KJIac IOMYCTHMHUX SACpP JOCTAaTHHO
mupokuit. Hanmpukian, B cuctemi kiacudikarii KOHTEHTY HOBHH 13 3aCTOCYBaHHSM BiJIOMOTO
nakety LIbSVM (http://www.csie.ntu.edu.tw/~cjlin/libsvm) [11] sax dynkuito sapa
PEKOMEHY€ThCSI BAKOPUCTOBYBATH pajiaibHy 0a3UCHY (yHKIIIIO:

K (X, 2) = exp(y| x- ),

Ie. )/ —mnapamerp, o0 HaCTPOIOETHCS.

Meton SVM Mae nieBH1 iepeBar:

- Ha TeCTax 3 JIOKYMEHTAJIbHIMH MaCHBAMU TIEPEBEPIITYE HIIT METOIH,

- pu BHOOpax Pi3HUX fAlEp JO3BOJSE peanizyBaT iHmI miaxonu. Hampukman, Benukuid
KJIaCc HEMPOHHUX MEPEX MOXKHA MPEJCTABUTH 3a JormoMoror SVM i3 crieniaibHUMU Sipamu;,

- MiJICYMKOBE MPAaBHJIO BUOUPAETHCS HE 33 TOTIOMOTOI0 €KCIIEPTHUX €BPUCTHUK, a MUIIXOM
ONTHUMI3AIlii ASIKOT IIIHOBOT (hYHKITII.

Jlo HeoMiKIB METO1a MOYKHA BITHECTH

- 1HO/1 AYy)K€ Mayia KUIbKICTh MapameTpiB JJIsi HACTPOWKH. MICHS TOro, K (DIKCYEThCS
AP0, EAMHUM 3MIHHAM NapaMeTpoOM 3aJIMIIA€ThCs KoedimienT noMuiku C;

- HEMA€ YITKUX KpUTEPiiB BUOOPY s11pa;

- MOBUIbHE HABYAHHS CUCTEMH KacH(iKkarlii.

IcHyIOTH cuTyalrlii, KoJu HEOOX1IHO TpyMyBaHHs 00’ €KTIB 3a BIICYTHICTIO KiacudikaTopa.
OmuH 13 TUIAXiB BUPIMIEHHS 1€l TPOOJeMH — 3aCTOCYBaHHS KJIACTEPHOTO aHalli3y, TOOTO
METOJIMKH aBTOMATHYHOTO TPYITYBaHHS aHUX y Kiach. [Ipu mbomy 00’ €KTH, SIKi MOTPAILISIOTH
B OJIMH KJ1ac, B JIEIKOMY PO3yMiHHI IMOBHHHI OyTH OJMIKYe OJMH 10 OAHOro (IO BiANOBITHOCTI
napameTpiB), 4uM 10 00'€KTIB 3 IHIIMX KJIACIB.

Pi3Hi MeTo/107I0TiT BUKOPUCTOBYIOTH Pi3HI aNrOPUTMH MOAIOHOCTI 00 €KTIB 3a HASBHOCTI
BEJIMKOI KUTbKOCTI 03HaK (pa3oMm 3 TuM y pasi pobotn 3 HTML-gokymeHTamMu BHHUKAIOTH
MO>KJIMBOCTI ypaxyBaHHs TIEPTEKCTOBOI PO3MITKU Il BUSBIEHHS TEKCTOBHX OJIOKIB, TETIB
po3MiTkH, iMmeH nomeHiB, URL-aapec, aapecHux miapsakiB i TOMy 1moaioHe). 3 iHIIOro 00Ky, SK
TITBKM METOJaMH KJIACTEPHOTO AaHalli3y BHW3HAUYAIOTHCS KJIacH, BUHHMKAE HEOOXIMHICTh iX
CYMPOBOJY, OCKIIbKA TPOCTIp 00’ €KTIB MOXKE 3pocTaTd. B 1bOMy BHIAJIKy Ha JOMOMOTY
MPUXOANUTH Kiacudikaris.

Knacrepuuii anani3z moxe OyTH e(eKTHUBHO BUKOPHCTAaHO B aHATITHYHHX 33/1a4aX Y PI3HUX
HAOYHUX OO0JIACTSX, JI€ BHUKOPUCTOBYIOTHCS OUTIHTH. BiH 103BONHMTH IiCTOTHO TOHU3UTH
TPYJOBUTPATH aHAITHKIB B MPOIeCi 0OpOOKM 3HAUHUX MAcHBIB iH(OpMAIIii 1 BUPIIIUTH 3a/1a9y
KJacu(ikarii 1 BUIUICHHS CXOKUX TPYIT 00’ €KTIB.

Mexani3m knacudikariii 3a3Bu4aii HABUAETHCS Ha BiAiOpaHUX 00’ €KTaX TUIBKH MICIIS TOTO,
SIK 3aKIHYYEThCS CTAJisl HABYAHHS IUIIXOM aBTOMATHYHOI KJIacTepH3allii — pO30UTTS MHOKUHH
00’ exTiB Ha Kiacu (KJacTepu), CMUCIIOBI MapaMeTpH SIKUX 3a3jajieriapb HeBigomi. KinbKicTh
KJIacTepiB Moke OyTu AoBUTbHOIO abo (ikcoBaHoro. SKkmo kimacudikaiis JIOIMycKae
MPUIACYBAaHHS 00’ €KTaM BU3HAYCHHX, BIIOMHUX 3a3/ajerifilb O3HaK, TO KIAcTepu3allisi —
CKJIQIHIIINKA TPOIIeC, KW JOMYCKAa€E HE TUIBKM MPUITUCYBAaHHS 00 €KTaM JesSKWX O3HaK, a U
BUSIBJICHHS CaMUX IIMX O3HAK SIK OCHOB (pOpPMYyBaHHA KjaciB. Mera METOJIB KiacTepH3aiii
MacHBiB 00’ €KTIB MOJISITAE€ B TOMY, 100 MOMIOHICTh 00’ €KTIB, SIKi OTPAIUISIOTH B KJIacTEp, Oyia
MaKCHUMaJbHOK. TOMYy METOAM KIACTEPHOTO aHalizy O0a3ylThCs HA TAaKMX BH3HAYCHHSX
KJIacTepa, sIK MHOXKMHA 00’ €KTIB, 3HAYEHHS CEMaHTHUYHOI OJU3BKOCTI MIXK OyAb-IKUMHU JIBOMa
eneMeHTaMH SKuX (a00 3HaueHHS OJU3bKOCTI MK OyIb-sIKUM 00 €KTOM Ili€el MHOXHHHU 1
LIEHTPOM KJIaCTepa) He MEHIIIE IIEBHOTO MOPOTY.
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Joziuni memoou po3niznasanna. Cepell METOAIB pO3Mi3HABaHHS 00pa3iB, MIO
3aCTOCOBYIOThCSI B 1H(GOpMAIIHHO-aHATITUYHUX CUCTEMAaX, MOKHA BUJIJIUTH JOTIYHI METOIH,
o 0a3yroThCs Ha TMPHUHIMII BUBEJIEHHS JIOTIYHUX 3aKOHOMIpHOCTeH abo 1HIYKIli MpaBui
(rule induction).

Hexait ¢:X - {0,1} — nmesxkuil mpeawkar, BH3HAYeHWH Ha MHOXHHI 00 exTiB X.

['oBopsAThH, IO MpeauKkaT ¢ Bumiige abo mokpuBae (COver) o0’ext X, sAkmo ¢@(Xx)=1.

[IpenukaT Ha3UBaIOTh 3aKOHOMIPHICTIO, SIKIIO BiH BUJIJISE TOCTATHRO 0arato o0’ €KTiB SKOTOCH
OMHOrO Kjiacy C 1 NpakTHYHO HE BHIUILE 00 €KTH IHMIUX KiaciB (OiMbIl KOHKpETHE
BU3HAYCHHSI Oy/Ie TAaHO HUXKYE).

Oco0yMBY IIIHHICTh TPEACTaBISAIOTh 3aKOHOMIPHOCTI, $Ki OIHUCYIOThCS TMPOCTUMU
norigaumMu popmynamu. [Iporec momryky mpaBuit mo BUOipIli HA3UBAIOTh BUTSTAHHSIM 3HAHb 3
nanux (knowledge discovery)lo 3HaHb mpen’ SIBISETHCS 0COOJMBAa BUMOTAa — BOHU TOBHHHI
OyTH IHTEpIIPETOBaH1, TOOTO 3PO3YMIJII JIFOISIM.

[TpocTuM mpUKIIAIOM KOPEKTHOTO alrOpuUTMy € HacTymHuid [12]. Po3mizHaBaHwmii 00’ €KT
S MNOpIBHIOETHCS 3 KOKHUM 3 00’ €KTIB HaBYaHHA S,...,S,. Y pasl skumo onuc o0 ekra S

30iraeTecs 3 OMMCOM yd0oBOro 00’ €KkTa S, 00'€KT S BIAHOCHUTHCS 0 TOTO KIacy, SKOMY
HAJIEXKUTh 00’ €KT §, 1HAKIE aJrOPUTM BIIMOBIISIETHCS BiJl po3mi3HaBaHHA. HeBaxko Gaunty,

IO OMHMCAHHWKA aNTOPUTM € KOPEKTHUM, MPOTE BiH HE 3MOXKE PO3MI3HATH KOJHOTO 00’ €KTa,
OIIUC SIKOTO HE 30iraeThCs 3 OMMUCOM KOJHOTO 3 YUOOBHX 00’ €KTIB.

OueBuIHO, MO0 BHUMOTa IOBHOTO 30ITy OMHUCIB PO3IMI3HABAHOTO 00 €KTa 1 OJHOTO 3
yd00BUX 00’ €KTIB € qyke oOepexKHWM. AHalli3 MPUKIATHUX 3aBAaHb CBIIYWTH MPO TE, IO
MUTAHHA PO ONM3BKICTH 00’ €KTIB 1 iX MPUHANE)KHOCTI OTHOMY KJIACy MOKHA BHPILITYBaTH Ha
OCHOBi TOpPIBHSHHA AESKOI MHOXXMHH iX mignuciB. ToMy BHHHMKAa€ NUTAaHHSA, SIK BHOWpaTu
Ha0OpH O3HAK, 1110 MOPOKYIOTh TaKi MIAMKUCH, IO AKUX MOPIBHIOBATUMYThCA 00 ekTu. OMH 3
BapiaHTIB BIAMOBIJAl HA JaHE MUTAHHS BHUKOPUCTOBYETHCS B MOJENI QJTOPUTMIB OOUYHMCICHHS
ouinok (AOO) [1].

[ToyaTKOBOIO CHUPOBHHOKO JIsi MOOYIOBU JIOTIYHUX QJITOPUTMIB Kiacu(ikaIlii CIyxaTb
iH(opMaTHBHI 3aKOHOMIPHOCTI. MHOKHUHY MPEAUKATIB, AJIS AKUX CJiJ MIyKaTh iHGOpMaTUBHI
3aKOHOMIPHOCTI, HA3UBAIOTh III€ TPOCTOPOM TOIIYKY.

HaiiGinpmr mpoctuii TOM BUMAAOK, KOJM BCi IMOYATKOBI O3HAKH € OiHAPHUMH
f,: X -{0,3, j=1,...,n. Toxi npocTip MOIYKY YTBOPIOETLCA CAMMMHU O3HAKAMH 1 BCLIAKUMH

OyneBuMHU QYHKITISIMH, Ki 3 X 03HAK MOXHA TOOYTyBaTH.

Hwxye po3rismaroTeCs HAHOUIBII MOMIMPEHI METOAM MOoOymoBH 1 BimOopy OiHapHHMX
O3HaK.

HosinbHy o3naky f 1 X - D; nopomKye CIMEHCTBO TpPEAUKaTIB, IO MEPEBIpse

nonanaHHsa 3HaueHHs f(X) B MeBHI MiIMHOXHHM MHOXUHU D, . Hmkue mepepaxoByroThCs

HaWOIIBII TUTIOBI KOHCTPYKIIIT TAKOTO BHUTJISTY.
Slkmo f —HOMIHaIBLHA O3HAKA.

A(X)=[f(¥=d], dOD;
B(x)=[f(xOD], D'OD.
Sxmo f —mopsakoBa abo KibKiCHA O3HAKA!
p(x)=[f(¥<d], dOD;
B(x)=[d< f(x<d], ddOD,d d.
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V pasi kinbkicHux o3Hak f: X — V¥ Mae ceHc OpaTH TiIBKU TaKi 3Ha4€HHs MOporis d , saKi
n0-pizHOMY po3aiIs0Th BubipKy X'. Hampukiam, MoKHa y3TH HOPOTH BHUIJISAY:

() 4 £ G+2) , ,
d=1"*t" zf B L0 2 S |

me. fW<..<f® — mpocmipoBhicte 3Hauen» o3Haku f  Ha 06 exkTax BUOIpKH
f(x),...,f (), BHopsimkoBaHa 3a 30UIbIICHHSAM (BapialiiiHuil psx). SIKIMO BUKIIOYUTH
TpuBiaJibHE po30uUTTs, mo obeprae L(X) B 0 ado 1 Ha Bcii BUOIpI, TO TaKuUX 3HAYEHb
ONMMHUTLCA He Olnbme | -1.

Omnwucani cmocoOu JO3BOJSIOTH OTPUMATH BEIMYE3HY KUIBKICTh MPEAMKATIB. SIKIo
HajJaJli BOHM BUKOPUCTOBYBATHUMYTBLCS [UUISI CHUHTE3Y KOH IOHKIIA, TO I CKOPOYCHHS
nepedopy Mae CeHC BiJipasy BiiOpaTu 3 HUX HaOUIbII iHPOPMATHUBHI.

Y pa3i TOpSAKOBUX 1 KIIBKICHUX O3HAaK JaHe 3aBJaHHS BUPINIYETHCS MUITXOM
ONITUMAJILHOTO PO30UTTS /Iiama30Hy 3Ha4eHb O3HAKU HA 30HMU.

Hexaii f:X -V — uucnosa osmaka, d,,....d, — 3pocraroua MmociiJOBHICTH MOPOTIB.

30HaMHU 3Ha4YeHb O3HAKU f Ha3MBaTUMEMO npecauKaTu BI/IFHFII[y:
GO =[f(x) <d];
¢(¥)=[d;s f(Y<dy], s=1..r-1

¢ (X) =[dr < f(x)].

BinnmoBigHO 100 anropuTMy NOYHMHAETHCS po30uMTTA HAa “ApiOHI 30HU . [loporm
BHM3HAYAIOTHCSI 32 HABEACHOIO BUIIE (OPMYJIOI0 1 MPOXOIATh MiX BCiMa MapaMu Kparok
X, X , PIBHO OJIHA 3 AKHX HAJEXHTh Kiacy C. HeBakko mokasaTtu, 10 po3CTaHOBKA MOPOTiB

MDK TOYKaMH Kiacy C a0o MDK TOYKaMH HE KiIacy C MpHU3BEAE TUIbKUA J0 3MEHIICHHS
iH(OpPMATHBHOCTI 30H.

Jlani 30HU YKPYMHIOKOTHCS MUISXOM 3JIUTTS TPiHok cycigHix 30H. Came TpiOK — 3JIUTTS
nap MPUBOJUTH JI0 MOPYIICHHS yepryBaHHsA “C — He C”, B pe3ynbTaTi JAesKi “aApiOHI 30HU"
MOXKYTh TaK 1 3aJIMIIUTHUCS TAKUMHU, 10 HE 3JUBAIOTHCA. 30HU 3JIMBAOTHCS JO TUX Iip, TTOKU
1HpOpMATUBHICTh AesKoi 30HU ¢_, ¢ U¢,,, 10 3IMBAIOThHCS, NEPEBUILY€E 1HPOPMATUBHICTD

MOYaTKOBUX 30H (_;, ¢ 1G,,, @00 MOKH He Oy/ie OTPUMAHO 3a/laHy KiIbKICTb 30H I .

Koxnoro pa3y BuOUpaeThcsi Ta TpiliKa, MPHU 3TUTTI SAKOI JOCATAETHCS MaKCUMAaIbHHMA
BHUTpaIl iHhOPMaTUBHOCTI.

[e#t anropuT™M Mae TPyIOMICTKICTh O(Iz) . Mloro Mo’kxHa TIOMITHO MPUCKOPHUTH, SKIO HA

KOJXKHIM iTepallii 3MMBaTH HE OJHY TPIHKY 30H, a 7l TPIHOK 3 TOCTATHBO BEJIMKHUM BHTpaIeM
Jl., 3a yMOBH, II0 BOHHM HE NEPEKPUBAIOTHCHA. UHCIO 7 — 1€ OAMH MapaMeTp aaropuTMy

0<7<0.5. B upoMy BUIAJIKy TPYAOMICTKICTh CTAHOBUTH O (I INT ) .

Jlns  BupimieHHsT 3aBaaHHS Kinacudikamii Ha 0as3i Teopil posmi3HaBaHHA 00pa3iB
PO3p00JICHO AIrOPUTM 00UHKCIIeHHs OMiHOK (mami — AOQO), 3anponoHoBanuii akagemikom PAH
10.I. XKXypaBasoBum [13] Ha mouatky 1970x pokiB. Bin cymiiiae MeTpu4Hi i JIOTi4HI
NPUHLIUIY K1acuikarii, y3aralbHIOIOUN IUPOKHUHA KJIaC aITOPUTMIB PO3ITI3HABAHHS B paMKax
enuHoi KOHCTpyKuii. Binm metpuuanx anroputmiB AOO ycnajkoBy€ MPUHIUN OIIHIOBAHHS
cxoxocTi 00’ekTiB. ITIOHATTS CXOXOCTI YacTO JOMyCKae JeKiibka albTepHAaTUBHUX
dbopmarizariid.
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VY neskuX MpakKTHYHUX 3aBIAaHHSX MPOCTIIIE BUMIPIOBATH BIACTaHI MiX 00 €KTamMH, HIX
dbopmyBaTu iX ommcu o3HaK. Hampukmam, A0 Takux 3aBIaHb BIJHOCUTBHCS 1AeHTU]IKAIISA
mianuciB abo kinacugikaiis 3a 610MeTpUIYHUMHU o3Hakamu. [Ipuuomy, K MpaBWIIo, € AEKIJIbKa
aIbTEPHATUBHUX CIIOCO0IB BU3HAUYEHHS (YHKIIIT BiCTaHi.

OCHOBHUM B JITOPUTMI € 3aBJJaHHSI CUCTEMHU OMOPHUX MHOXHH Q 1 OOYHCIIEHHS OIIHOK

I, (S) mo xmacax K, j=1..}).
OGuncienns omiHok I;(S) GesnocepeHpo Mo iX BU3HAYCHHSAX MPAKTHYHO HEMOKIHBE,

OCKUIbKM MPOBOJUTHCA BEITUKE YMCIO MiJCYyMOBYBaHb. B OCHOBHOMY BOHO He MO ONOpHIN
MHOXHUHI. Y 3araJlbHOMY BHUNAJAKy NPUIYyCKATUMEMO, M0 3aJaHuil Hallp METpUuK
p.(X, X", s=1,...,n, npraomMy HEMOXKJIMBO anpiopi CKa3aTH, sKa 3 HUX “HalnpaBuIbHimIa”.

Bin noriynux anroputmiB AOO ycmaaKoBye NTPHHIMII TOMIYKY KOH' FOHKTHBHUX
3akoHOMipHOCTeH. Ilpu 1bOMY KOH'IOHKIII OyayroTbcsi Haja OiHaApHUMH  (QYHKIISIMU
Oomm3pkocTi BUTIALY [S(X, x')=[,05(x, x')<£s]. B mpomy BuUmagky KOXHIW 3aKOHOMIPHOCTI
BIJIMOBIJ]a€ HE MiAMHOKMHA O3HAK, a MiAMHOKMHA METPHK, TaK 3BaHa OMOpPHAa MHOXHUHA. SIK
MIPABWIIO, OJIHI€T OMOPHOT MHOKMHHU HEIOCTAThO IS HaliHO1 Kiacudikarii, Tomy B AOO
3aCTOCOBYETHCS TAaK 3BAHE 3BAKEHE TOJIOCYBAHHS 32 CHCTEMOIO OTIOPHUX MHOXHH.

OmnopHa MHOXMHA Ma€ BHUCOKY IH(QOPMATHBHICTb Y TOMY BHIMAAKYy, KOIH 00’ €KTH,
OJIM3bKI MO BCIX METPUKAX OMOPHOI MHOKMHHU, ICTOTHO YacCTillle BUSBISIOTHCS JIEKAUUMH B
OJHOMY KJiaci, HiX y pi3Hux. Takum unHoM, B AOO rimoTe3a mpo icHyBaHHS iHGOpMaTHBHUX
3aKOHOMIPHOCTEH BUSBISAETHCS €KBIBAJICHTHIN T1MOTE31 KOMITAKTHOCTI, BIACTHBIA METPUIHUM
JIrOpUTMAaM.

[Mpuanun knacudikarii, BxuBanuii B AOO, HAa3UBAETHCS TAKOXK MPUHIIAIIOM YaCTKOBOL
MPETeICHTHOCTI — 00’ €KT X BiTHOCHUTHCS JIO TOTO KJacy, B SKOMY € OiJibIlie ya0OBUX 00’ €KTIB,
OMU3bKHX 10 X 1O iHPOPMATHBHUX YaCTUHAX OIMHUCIB 03HAK (OMOPHUX MHOYKHHAX).

[Tepetinemo 10 popmansHoro onucy moaeini AOO.

1. 3apatotees ¢yHkmii Biactani o : X X X - V., s=1...n B 3arajlbHOMY BHUIIQJIKy HE
000B’ I3KOBO BU3HAYEHOT'O BUIIIE BUTIISY 1 HABITh HE 000B’ I3KOBO METPHKH.

2.3aaeThCsl CUCTEMA OMTOPHUX MHOKHUH:

Q={w|wl{,..,n}.

3. BBoguthcsi OiHapHa moporoBa (yHKIiSE OMM3BKOCTI, MIO OIIHIOE CXOXICTh IMapu
00'exTiB X, X' X 1O OMOpHIN MHOXKHHI:

B,(x X)= D[p,(x x)<&],

ne. & — HeHeratwBHi umcna, mopord S=1,...,N. Tlopir &, Ha3UBaIOTh TOYHICTIO

S

BUMIpIOBaHHs 03HaKu f..
4. BRonuthbes orinka 0au3bkocTi 00’ ekta X X 10 kimacy c0Y sk pe3ysbTar 3BaXKEHOTO

TOJIOCYBaHHS OJIM3BKOCTI 00’ €kTa X /0 BCiX y40OBHX 00’ €KTIB KiIacy C 3a BCiMa OMIOPHUMHU
MHOKUHAMH:

rc(x) = z zaaj Bw(Xl Xl)!

i:x; =c a1Q

Jie: Bard @,; MepeadadyaloThCsi HOPMOBAHUMH HA OLMHHLIO: Y. » @, =1.
i:x;=c a1Q

5. Anroputm knacudikarii a(X) BITHOCHTH 00’ €KT X IO TOTO KJacy, sSKuil HaOpaB
HaiiOlpLry cymy romocis: a(X) =argmax _ « ..
cy
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OTxe, anropuT™M OOYMCICHHS OL[IHOK 33a€THCSI CUCTEMOIO OTIOPHUX MHOXHUH, IIOPOTaMU
&, s=1,..,nisaramun @,, wUQ, i=1,..]. [li napamMeTpn ONTHMI3yIOTBCS 110 KPUTEPitO
MIHIMyMY YHCJia TOMUJIOK Ha y400Bii BHOIpIIi.

Onucanuii anroput™m 30iraerbcs 3 OUIBII  3arajdbHUM AJITOPUTMOM  3BaXKEHOTO
rOJIOCYBaHHS, SIKIIO 5K MpaBwia R, y34TH QyHKUI OIU3BKOCTI:

R ={#.=B,(% ¥|w0Q, y=¢ iE1..}, dV.

Ockinpku  (yHKIIT OMM3BKOCTI € KOH IOHKIISAMH, TO MJS TOIIYKY iH()OPMaTUBHUX
KOH'FOHKIIN MiAXOJATh I'paJl€eHTHI MeToau. Jlis HacTpoWKM Barm @, MOXHA 3acCTOCYBaTH

OycTtuHr a00 Oynb-SKUi NTiHIHHUN KnacudikaTop, Hanpukiaag, SVM.
Jlsis 3aCTOCYBaHHS aJTOPUTMIB MOIIYKY iH(QOPMATHBHUX KOH IOHKI[IM MOTPIOHO 3a1aTH
CIMEHCTBO eleMeHTapHuX NpeaukatiB B. B nanHomy BUmagKy BOHO Ma€ BUIIISL!

B={B()=[p(% ¥<e]l s=L..n y= ¢ F1..).

s ckopodeHHst iepedopy nmpu moOynoBi KOH IOHKIIIN Mae CeHC 3a3halieriap BigiopaTu
JMINe JIesKi 3HAYeHHs MoporiB { &£}, HaNpHKIaj, 3a JOMOMOTOK BHIUICHHS iH()OpMaTHBHUX

30H. BigmitTumo, mo Takuii cmoci®0 BHOOpY MOpOTiB HE Ja€ rapaHTii iX ONTHMAaIbHOCTI.
OnTumizallisi TOPOTiB € CKIIATHUM KOMOIHATOPHUM 3aBIaHHSM, JIJIS IPAKTHYHOTO BUPIIICHHS
SIKOT'O PO3pO0JIeHI YHCACHHI eBPUCTHYHI anroputMu [14].

[Ile ommH crmocid ckopoyeHHs Tepedopy — 3a3majeriip BimiOpaTh SK €TajJoOHH HE BCI
yu00B1 00’ €KTH, a TUIbKH HalOLIbII IpeCcTaBHULIBKI. Lle eKBiBaleHTHO OOHYIIIHHIO Baru 4,

s Aesikux 00’ exTiB X, i=1,...] . 3po3yMmino, 1i 00’ €KTH SK 1 paHile 3aTUIIalThCs y BUOIpIi
1 BUKOPHMCTOBYIOThCS IIpU HACTPOMIL NapaMeTpiBE,, &, 1 OLIHIOBaHHI 1H()OPMAaTUBHOCTI

a
3aKOHOMIPHOCTEH.

Hapemri, HeoOximHo BpaxyBatu, mo Ha OymgoBy AOOQO HakmaneHo crernudidHe
0OMEXEHHS Ha MPOIEAypy HApOINyBaHHS KOH FOHKIIIM — KOH FOHKI[iS HE TOBHHHA MICTUTH
eJIeMEHTapHUX MPEIUKATIB, IO BIAHOCATHCS 0 PI3HUX €TaJoHHUX 00’ €kTiB. ToOTO MOBUHHI
Oyt 3a00poHeHi KOHCTpyKuii Burasay: @, =[p(x,¥)<e]Jp(x, ¥ <¢g], y axkux i#]j,
OCKIJIbKM BOHH He € (PpyHKIissMH napu 00’ exTiB (X, X). Llfo oOcTaBrHY HECKIaJHO BpaxyBaTH
Ipu pearizalii MUKy nepedopy no MHOKHMHI eleMEHTapHUX IpeauKaTiB B.

TakuM YWHOM, PpO3MJISHYTI paHille JIOTIYHI aJIrOPUTMHU JIETKO MPHCTOCYBATH IS

HaBuaHHs AOOQ, 1110 € HECKJIaHOI TEXHIYHOK BIIPABOIO.
VY po6oTi [15] HaBeneHe HainpocTiire 3actocyBands AOO i 3aBiaHb pO3ITi3HABAHHS.

Beememo mie oauH psia mo3HadeHb. Hexait H — mesxuii wabip 3 I, I <N pi3HHX

NUIOYMCEIBbHUX O3HAK BHUITLALY {Xh’ . )gr} biusbkicTh 00’ €kTiB S'= ( a,a,,..., an) 1

1]
n

s"=(a",a",....,a"%) 3 M no naGopy o3sak H owiHoBaTMMEMO BEINUNHOIO:

1 if a'jt :a'jt, t=1,...r

B(S, S, H= _
0, ifa’#aj.
t It
[Tpunanumnosa cxema moOynoBu mporo anropurmy AOO HacTymHa.
VY cucremi o3Hak {Xl, ey )g]} BUJIUIAETBCS CYKYMHICTh PI3HUX MIIMHOXHUH BHIJISTY
H :{ Xis oer X } r<n, He O0O0OB'A3KOBO OJHAKOBOI MOTYKHOCTI. Hamami Bumineni

MIIMHOKWHUA HA3WBAIOTHCS OMOPHOI0 MHOXHHOIO alTOPUTMY, a BCS 1X CYKYIHICTh
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MO3HA4YaeThesl, 5K 1 padime, depe3 . 3agaroThCs MapameTpu: ) — mapamerp, SKHi
XapakTepusye IMoKasHicTe 00’exta S, 1=1,2,...m; P — mapamerp, sikuii xapakrepusye

nokasHicte omopuoi muoxkuuu H, H Q. Jlani mpoBoauthest mporeaypa roaocyBaHHs abo
00uHMCIIEHHs OI[iHOK. Po3Mmi3HaBaHuii 00’ €KT S MOPIBHIOETHCS 3 KOKHHM Y40OBUM 00’ €KTOM
S 1o KOXHiii OMOPHIH MHOKHHI.

BBaxkaerbcs, mo 00 €KT S OTpUMyE TOJ0C 3a IpUHAIEXKHICTh Kimacy K, skmo i
S U Komnucu o6’exkrie S i S 36iratotsest mo omopHiid MHOkuHI H (B mpoMy BHIaaky

B(S S H=1).
Jlnst koxxHoro kmacy K, KO{K,,...K} obuncmoerscs ouinka npunanexsocti I (S, K)

0o0’exta S 10 Kitacy K, sika Ma€e BUTIIS!
(S K== Yy RIS S H,
| 0K HIQ

ne: W |=|KI {8,.... §}|-

O0’exT S BIZHOCHUTBCS 10 TOTO KJIACy, KM Ma€ HaWOiNbIIy OMMIHKY. SIKIIO KIaciB 3
HaWOIIBIIO OI[IHKOIO JEKIIbKA, TO BIIOYBAETHCS BiIMOBA BiJl pPO3Mi3HABAHHS.

OdeBuAHO, 1O MOOYJOBAaHUM AITOPUTM HE 3aBXKAM € KOPEKTHHUM. [[1s1 KOpEeKTHOCTI
QITOPUTMY MOTPIOHE BUKOHAHHS CUCTEMH JIIHIHHUX HEPIBHOCTEH BKa3aHOTO HUKYE BUTIISY.

Jina mpocrotn Hexa |1=2, SUOK mpu 1<ism, SUOK §npu m+l<ism,
1<m < m-1. Toai cucreMa HEPIBHOCTEW Ma€ BUTIISIL

r(s K)>r(s k),

M(Sa K)>T (S0 K),
(S 1) > T (S K).

M (Sw K)>T (S K)-
Bupimenns cucreMu 3BoAMThCA A0 BUOOpY mapamerpiB ), i=1,2,.m, 1 B,, HOQ.

VY pasi sKmo cucTeMa HECyMiCHA, 3HAXOJMUThCS ii MaKCHMallbHa CyMicHa TiJAcHCTeMa 1 3
BUPIIIEHHS IIi€1 MiJCHCTEMU BU3HAYAIOTHCA 3HAYEHHS mapameTpiB y 1 P, .

[Hmwmit croci® J0OUTHCS KOPEKTHOCTI aITOPUTMYy — BHOpAaTH “XOpoIly’ CHCTEMY
OTIOPHUX MHOXHUH. 30Kpema, BUOpaTH ii Tak, mo0 it Oyab-akoro yaboBoro o6’ exkra S'(0 K
6ysno BukonaHo I (S', K) = 01 g Gyab-skoro yubosoro o6’ ekra S"[ K Gyi0 BUKOHaHO
r (S K) > 0. Iyt BupiteHHs 11i€i 3a/1a4i MepexoasiTh 10 CUCTEMH TECTIB.

Mogenr AOO nomyckae pi3HiI BapiaHTH 3aBAaHHS CUCTEMH OMOPHUX MHOXXHH, (QyHKIIIH
OJIM3BKOCTI 1 BUPIIIAIBHOTO MPaBHIIA.

BucHoBku.

SIxmio panimre, me AeKiabKa POKiB TOMY po3mi3HaBaHHS 00pa3iB Benocs Ha 6a3i BizOopy
Ta BIOPAJKYBAaHHS O3HAaK 00 €KTIB 1 MOJAJBIIOTO pPaHXUPYBaHHS 00’ €KTIB Ha OCHOBI
imeHTrdikaniifHOi 3HAYMMOCTi, TO 3apa3 3aCTOCOBYETHCS HIMPOKUN aHaJi3 iH(POPMaLiifHOTO
MPOCTOPY, MEPEIKHUX MOKIMBOCTEH, BUSBIICHHS] MEPEIKHUX CTPYKTYP, IPUXOBAHUX 3B’ SI3KiB.
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3a paxyHOK IiIBHIIEHHS MOTYXKHOCTI KOMIT IOTEPHOI TEXHIKU 3’ SIBUJIUCS MOMJIMBOCTI
OararoacriekTHO1 Kiacu@ikamii Ta KiacTepusallii JaHUX, 3aCTOCYBaHHS O1OMETPUYHHUX
MIIXO0/IiB, MOIIYKY B MacHBax MyJbTUMEAIHOT iHhOopMaIrii.
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