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ITPOBJIEMA 3BIX)KHOCTI TPOLHEAYPU IIOBYJOBU KJIACU®IKATOPIB Y CXEMAX
JIOTTYHUX I AITOPUTMIYHUX JEPEB KJIACU®IKALII

Posrnspaerbes npobiaeMa 301KHOCTI IPOLIEAYPH CHHTE3Y CXeM KIacu(iKaTopiB y METOAAX JIOTIUYHHX i alTOPUTMIYHUX JIEpeB
Kiacudikanii. 3anponoHoBaHa BEpXHs OLIHKA CKJIAJHOCTI CXEMHU JepeBa aIrOPUTMIB y 3a/1adi anpoKCHMalil MacuBy peajbHHUX
JTAaHUX HabOpOM y3arajJbHEHHX O3HAaK 3 (hiKCOBaHMM KPHUTEpieM 3yNUHKU MPOLETYPH PO3ranyKeHHs Ha eTami moOyJIoBH JepeBa
Kracudikamii. Januii migxia gae 3Mory 3a0e3neduTH HeOoOXiqHY TOYHICTh MOZET, OIHUTH 11 CKJIAAHICTh, 3HU3UTH KUIBKICTh
pO3Trally’KeHb Ta JOCIATTH HEOOX1THUX IMOKa3HHUKIB e(heKTHBHOCTI. Briepiie i MeToaiB moOyI0oBU CTPYKTYP JOTIYHHX 1 aJITOPUT-
MIYHHX JIepeB Kiacudikamii JaHa BepXHs OIIHKA 301KHOCTI MOOYIOBH JepeB kiacudikarii. 3amponoHoBaHa OiHKa 301KHOCTI
npoueaypu nodynosu kinacudikaropis st ctpykryp JIAK/AK nae moxmBicTs OymyBaTH €KOHOMHI Ta €()EKTHBHI MOJIEII KiTa-
cudikamii 3a7aH0i TOYHOCTI. MeToa MOoOYAOBH alrOPUTMIYHOTO AepeBa kiacudikamii 6a3yeTbes Ha MOETAHIN anpoKCUMAaIil Ha-
YaIbHOI BUOIPKH JAOBUIFHOTO 00'eMy Ta CTPYKTypH HaOOpOM HE3aJIeKHUX alrOpuTMiB Kiacudikamii. Januid MeTox npu Gpopmy-
BaHHI OTOYHOI BEPIIMHH aJITOPUTMIYHOTO JiepeBa, By3Jja, y3araJlbHeHOI 03HAKK 3a0e3nedye BUAIICHHS HaiOIbI e(heKTHBHHUX,
SIKICHHX aBTOHOMHHX aJITOPUTMIB Kiacudikarii 3 mo4aTkoBoro Habopy. Meroan cHHTEe3y JIOTIYHHX i AITOPUTMIYHUX JAEpeB Kila-
cudikamii Oynu pearnizoBani B 6i6mioreni anroputMmis nporpamuoi cuctemu "OPIOH 111" st po3B'si3ky pisHOMaHITHUX MPUKIAI-
HHX 3aJia4 IITYYHOTOo iHTeneKTy. IIpoBesieHi NpakTHIHI 3aCTOCYBaHHS IiATBEPAMIIN TIpale3laTHICTh TOOYJ0BaHUX MOJIEINICH Je-
peB xinacudikamii Ta po3poOIeHOT0 MporpamMHOro 3adesnedeHHs. B poOoTi HaBexeHa oIiHKa 301KHOCTI IpoLeaypH MoOyI0BU
CXeM pPO3Mi3HaBaHHA [yl BUIAKIB JIOTIYHUX 1 aITOPUTMIYHUX JAepeB Kiacu@ikaii B yMoBaxX c1aOKOro Ta CUIBHOTO PO3ALTICHHS
KJIaciB OYAaTKOBOT HaYaJIbHOI BUOIPKH.

Kniouosi cnosa: sorivuHe AepeBo; aIropuTMivHe AepeBo; Kiacu(ikaTop; po3mi3HaBaHHs 00pa3iB; 03HaKa; HaYajIbHa BUOIPKa.

Bceryn / Introduction

3angauyi, sKi 00'€IHYIOTHCSI TEMATHKOIO PO3Mi3HABAHHS
00pa3ziB, IyKe pI3HOMAHITHI Ta BUHUKAIOTh Y CY4aCHOMY
CBITI B yCiX cepax €KOHOMIKH Ta COLIaTbHOTO KOHTCHTY
ISUTBHOCTI JIIOJMHM, IO HTPUBOIUTH JO HEOOXiTHOCTI IO-
OyIOBH Ta JOCIHIPKEHHS MATEMAaTUIHAX MOJIEIeH BiAIOBIA-
Hux cucrem [1], [2], [3], [4]. Cranom Ha Tenep He iCHYye
YHIBEPCAIBHOTO MiAXOAY 0 iX po3B'si3aHHs, 3alPOIIOHOBA-
HO JIeKiJIbKa JOCHUTD 3arajbHUX TEOpill Ta MiAXOMIB, MO Aa-
I0Th 3MOTY BHpIITyBaTH Oarato TUIMIB (KJaciB) 3amad, aje ix
NPUKIIaIHI 3aCTOCYBAHHS BIJPI3HSIOTHCS JOCHTH BEJIHUKOIO
YyTIUBICTIO N0 crierudiku camoi 3amadi abo mpenMeTHOT
obmacti 3actocyBaHHs [6]. barato TeopeTnyHHX pe3ynbTa-
TiB OTPUMAHO JJIs CIIELialbHUX BUMAJIKIB Ta MiJ3a1a4, MpH-
YOMY BapTO BiJI3HAYHMTH, L0 BY3bKHM MICIIEM BIaJMX pe-
aJbHUX CHUCTEM PO3ITI3HABAHHS 3aJMINAETHCS HEOOXITHICTD
BUKOHAHHS BEJIMYE3HOTO 00'eMy OOYMCIICHb Ta Opi€HTALlis
Ha MOTYKHHMH amapaTHWi iHcTpymeHTapiid. Konnemnmis ne-
peB knmacudikarii (qepes pimeHs) no30aBieHa 3HAYHOI Jac-
THHY HaBEJICHUX BHUIIE HEJOJIKIB Ta 1a€ MOKIUBICTh eeK-
THUBHO NPAIIOBATH B 3aJadax i3 JaHMMH JOBUTBHHUX IIKAJ
(me iHpoOpMamis 3amaeTbes B MpUpoaHii dopmi) [7], [8],
[91, [10].

Ha croromni akTyampHi pi3HI mIX0oAW IO MOOYIOBH
cucTeM Kiacugikamil y BHIIIAl JOTIYHUX JAEPEB Ta ajro-
purmivanx Kracudikamii (JIAK/AIK) [11], [12], [13], npu-
YoMy iHTepec 10 METOJIB pPO3IMi3HaBaHHS, SKi BHKOPHCTO-
BytoTh JIJIK, BUKIMKAHUI PSAOM KOPHUCHUX BIACTHBOCTEH,
SIKIMH BOHH BOJIOJIIFOTB. 3 OJHOTO OOKY, CKIaIHICT KIIACy
¢byHkuii posmizHaBanHsa (PP) y Burnmsaai moneneit JIK,

IIPY BU3HAYCHUX YMOBAX, HE MEPEBUIIYE CKIATHOCTI KIacy
JMHIAHUX (yHKOiH po3mizHaBaHHS (IPOCTIIIOrO 3 BiNO-
Mux). 3 iHmoro 6oky, ®P y Bursai gepeB kiacugikarii
JIAFOTH 3MOTY BHJIUIATH B MPOILEC] Kiacu(ikarlii sk MpHIuH-
HO-HACIIZKOBI 3B'SI3KM (Ta OJHO3HAYHO BpaxyBaTH iX y mo-
JAIBIIOMY), TaK 1 (paKTOpPH BHUITAJKOBOCTI a0 HEBH3HaUe-
HOCTi, TOOTO BpaxyBaTH OJHOYACHO i (PYHKIIOHANBHI, i
CTOXACTHYHI BIJHOLIEHHS MIX BJIACTUBOCTSIMHM Ta IOBEIIH-
KOIO BCi€l CHCTEMH, MPUYOMY BiZIOMO, 110 Mpoliec Kiacudi-
Kalii HOBUX, TaKUX IO OO CHX IMip HE 3ycTpidanucs
00'eKTiB CBITY OaraTboX TBapHH i JIOJIEH (32 BUKIIOYECHHIM
o0'exTiB, iH(opMalis NpPo SAKI NMEPEeHAETCS TEHETUYHHM
IUIIXOM (HACIHIIKOBUM), a TaKOX y JESKHX 1HIIMX BHUIAJ-
Kax), BiZOyBaeThCS 3a TaK 3BAHMUM JIOTIYHHM JIEPEBOM pi-
meHs [14].

3adikcyemo, o0 B OLIBIIOCTI 3a7a4 MPOTHO3YBAHHS Ta
knacugikarii, siki BAKOPUCTOBYIOTh HECTPYKTYpOBaHi JaHi
(Hampukiag HabOpH ITUCKPETHUX 300pakeHh ab0 TEKCTOBI
MacuBH), IITy4YHa HEHpoHHa Mepexa (mimidpaHoro THITy)
NepeBepIlye 3a MPOAYKTHBHICTIO BCi iHIII THIN aJIrOPHT-
MiB a00 (hpeliMBOPKIB AepeB pilleHb. Y NPOTHIIEKHOMY pa-
31 (Y BUIIQAKY CTPYKTYPOBaHUX MACHBIB JUCKPETHUX JaHUX
BEJIMKOTO 00'eMy) 3HAUHOIO MipOIO TepeBary MaroTh METO-
I Ta aITOPUTMHU KOHIEMIIi1 aepeB pimens [15], [16], [17].
B npakTuuHii IUIOIUHI JOCUTh YaCTO aITOPUTMHU Ta METO-
i mooymoru JIJIK Ha BHXOMi Jal0Th CTPYKTYPHO CKIIAIHI
JIOT14Hi JiepeBa (B IUIaHI KUIBKOCTI BEPIIMH, KiBKOCTI PO3-
rajy’keHb, HaJIeKHOCTI JI0 KJ1acy HEperyJIsspHUX JepeB), sKi
HEpPIBHOMIPHO 3aIllOBHEHI JIAaHUMH, MalOTh Pi3HY KUIBKICTh
posraiyxeHb. Taki ckiaaHi AepeBONONIOHI CTPYKTYpH IIO-
CUTh CKJIQJTHO CTIPUHAMAIOTHCS JIJIS 30BHIIIHLOTO aHATI3y 3a
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PaxyHOK BEJHKOi KUTBKOCTI BY3JiB (BEpIIMH) Ta BEIHMKOI
KIiJIBKOCTI ITOKPOKOBHX PO3OWTTIB IMOYATKOBOI HAYaJIbHOI
Bubipku (HB), sk MicTATH MiHIMaNbHY KiJBKICTH 0O'€KTIiB
(MOXJIMBO HaBiTh OAMHUYHI 00'€KTH B HAUTIPIIOMY BHIIA[I-
Ky). PosrissHemMo B po0OOTi NPHHIMIIOBE MUTAHHS IIOJ0 Me-
TOMIB AepeB kiacudikamii (Moxenell kiacudikamii) — mu-
TaHHS 301)KHOCTI IIpoLeAypH MOOYAOBH AepeBa Kiacudika-
mii (MmeroniB nepe knacudikarii), crpykryp JIAK/AZIK.

O6'exm OocnioxcenHs — IPOIECH CHHTE3Y JIOTIYHUX Je-
peB Kmacudikarmii pi3HUX THITIB Ta CXEM.

Ilpeomem OocniodcenHs — METOIU Ta AITOPUTMH MOOY-
JIOBH JIOTIYHHX JiepeB Kiacu(ikarii (IepeB pilleHsb).

Mema pobomu — BU3HAYECHHS BEPXHBOI OIIHKH 301K-
HOCTI NPOILETypH CHHTE3Y CXEM JIOTTYHHX 1 aJITOPUTMIYHHX
JepeB Kiacudikanii B 3aja4ax MTyYHOTO IHTEJIEKTY.

Jnst mocsrHeHHs 3a3HAa4eHOi METH BM3HAYEHO Taki oc-
HOBHI 3a80GHHS O0CHIONCEHHS:

® anani3 cTpykTypHoi ckinanHocti JIAK/AJIK;
® BH3HAYCHHS BEPXHBOI Mexu 30ixHoCTI cxem JITK/AIK.

Ananiz ocmannix docnioxcenv ma nyonikayin. Yci Oa-
30Bi [iAXOIU B TEOPii po3mi3HABaHHS MAlOTh CBOI IiepeBaru
1 HEJIOJIIKU Ta YTBOPIOKOTh €AMHHIA THCTPYMEHTapil pO3B's3-
Ky NPUKIaJIHUX 33/1a4 Teopil ITYYHOTO IHTENeKTy. 30Kpe-
Ma LUTICHO MPONpalboBaHUM 3 MaTeMaTHYHOT TOUKHU 30Dy €
KIIaCHYHUHA anreOpaigHmii miaxin, po3poonernit FO. 1. XKy-
paBieoBuM [ 19]. Ileit HampsAMOK PO3BUTKY Teopii po3mi3Ha-
BaHHS 3B'S3aHUI 3 MOOYIOBOIO MOJIENIEH aNTOPUTMIB KIIACH-
¢ikamii Ta BHOOPOM y paMKax MOJEINi ONTHMAIBHOTO 3a
AKICTIO aJTOPUTMY pO3Mi3HaBaHHA. lleHTpanbHY yBary B
po0OTi TIpHUAIEHO aKTyalbHiN KOHIEMIIi NIepeB pilleHb
(ctpyktyp JIJIK). 3okpema 3 pobit [1], [3], [20]] Bimomo,
oo cxema kiacuikaiii, sika 3a1a€TbCs JOBUIBHUM ITiJXO-
JIOM, METOJIOM, JITOPUTMOM JepeBa Kiacudikamii Mae je-
PeBONOAIOHY JIOTIYHY CTPYKTYpY, IPHUOMY CTPYKTYpa JIo-
TiYHOTO JepeBa CKIANAETHCS 3 BEPIUUH (03HAK), SIKI TPYILy-
IOTBCS 3a ApycaMu Ta MoOymoBaHi (BixiOpaHi) Ha MEBHOMY
Kpolii (erami) moOyaoBH Mozl AepeBa kiacudikamii [21],
a TOJIOBHA OCOOJIMBICTD JIEPEBOMOIIOHUX CHCTEM PO3Mi3Ha-
BaHHS IOJISITa€ B TOMY, L0 BaXIJIUBICTh OKPEMHX O3HAaK
(rpynu o3HaK uu X HaOOPiB) BU3HAYAETHCS BITHOCHO (yH-
KIIii, sIKa 3aJ1a€ Moty 00'eKTiB Ha KyacH [22].

B po6ori [21] mpomnoHyeThCs cxema TeHeparllii CTpyKTY-
pu gepeBa kiacu(ikamii Ha OCHOBI TOKPOKOBOI CENEeKIil
eJIEMEHTAPHUX aTPHOYTiB, HEJOJIKOM K01 € BHCOKA 3aJICK-
HICTh CKJIQIHOCTI MOJEINi BiJ €(peKTHBHOCTI (hiHATBHOI Mi-
HiMi3alii, mpouenypu oOpiskm nepeBa. B poGorax [23],
[24], [25] mpomoHY€ETHCSI MOTYJIbHA cXeMa MOOYAOBH Kia-
cudikaTopiB y BUIVIAL CTPYKTYp JAepeB Kiacudikauii, sika
Jla€ 3MOTy 0OIHTH OOMEKCHHS TPATUIIHHAX METOIIB JCPEB
pimens. Pobota [24] nporonye eekTHBHY cXeMy reHepa-
il y3araJbHEHHX O3HaK Ha OCHOBI NOOynoBM HaOOpiB Te-
oMeTpHYHHX 00'eKTiB. HeomikoM Takoi cxeMu € 0OMexeH-
HS IIOJO CTPYKTYpPH IOYaTKOBOi HaByanbHOi BHOIpKH Ta
HEeYHiBepCalbHICTh B NpUKIagHOMY IaHi. [IuTanHsa omiH-
KU CTPYKTYpHOI ckiagnocti mozeneit JIJIK na erami miHi-
Mi3allii migHiMarThCs B poodoti [20].

Taxk, 3 [22] BitoMoO, 110 pe3ybTyIOUE MPaBUIIO Kiacudi-
Kalii, sike moOysoBaHe JOBUIBHUM METOJOM ab0 ajJropHT-
MOM PpO3TallyX€HOTO BHOOpPY O3HAK, Ma€ IEepEBONONIOHY
JOTIYHY CTPYKTYpY. B HHX Ha mepre micie BUXOJUTh -
TaHHS BUOOPY AKICHOTO KPHUTEpiro posramykeHHs. Jloriune
JIEPEBO CKJIAIAETHCS 3 BEPIINH, AKi IPYIYIOTHCS 10 sIpycam
1 SKi OTpUMaHi Ha TIEBHOMY KpOIIi TOOYIOBH JiepeBa po3IIi3-

HaBaHHA [25]. TyT BuHUKae TUTAaHHS ePEeKTHBHOI MiHIMi3a-
mii cTpykTypu moOymoBaHoi MOl jJepeBa Kiacudikalrii.
BaxxnmBoro 3aauero, sika BUHUKAE 3 podotu [23], € nmuTan-
HS CHHTE3y JepeB PO3Mi3HaBaHHS, SKi OyAyTb IpeacTaBis-
THCS (PaKTUYHO JEPEBOM ANTOPUTMIB. Ba)JIMBUM Harpsm-
KOM JOCHiKeHb CTpykTyp JIJIK 3anumiaroTbess MUTAaHHS
CTOCOBHO TeHepalii AepeB pillleHb Al BHNAAKYy MaJOiH-
(dopmaTuBHUX 03HAK [14] Ta akTyanbHE MUTAHHS TEOpil Ae-
peB knacuikamii — TUTaHHS MOXJIMBOI TOOYJOBH BCiX Ba-
piaHTIB OTIYHUX JIEpeB, sKi BiAIOBINAOTh MovaTkoBiii HB
Ta BigOOpy MiHIMaJIBHOTO 3a TJIHOWHOI, CTPYKTYPHOIO
CKITaHICTIO (KITBKICTIO sIpyciB) mepeBa kiacudikamii [26],
[27], [28], [29].

Pe3y/ibTaTH AOCAiAXKEHHS Ta iX 06rOBOpPeHHA /
Research results and their discussion

30incHicmb cunmesy cmpyKmypu J102i4uH020 ma anzo-
pummiunoz2o oepega knacugpikayii. Hexail 3anana HB B
HACTYITHOMY BHIJISIII:

(xl’fR(xl))>~~~>(xmafR(xm)) . (l)
o TYT Sr(x)ef{0l,...k-1},
(i=12,...m), m — KiIbKicTh 00'exTiB 3 HB, f&(x;) — neska

CKIHYE€HO-3HAYHA ()YHKIIiA, IO 3a7a€ MoALTy R MHOXUHA G
Ha kiacu (o0pasu) Ho,H,...,Hy_;. BigHomenus fr(x;)=1,

3ayBaxkuMo, xeG,

(Z:LZ,...,k—l) O3Havae x;e€ Hj, x,lz{x,-],x,-z,...,x,-”}, Xy —
3Ha4eHHs j-roi o3Haku Iyl ol'ekra X; (j=12,...,n), n —
KiJIbKicTh 03Hak B HB.

Otxe, HB — ne cykynHicTh (TOYHIiNIE MOCIIIOBHICTB)
JeIKAX Habopi, IPUUOMY KOXHHUI Hadip — 1€ CyKyIHICTbh
3HA4Y€Hb JESIKMX O3HAK Ta 3HA4YCHb JACAKUX (QYHKIIH Ha
upomMy Habopi [18]. MoxHa 1me ckazaTw, OO0 CYKYITHICTh
3HAa4YeHb O3HAK — IIe JIesKe 300pakeHHs, a 3Ha4eHHS (yH-
KIlii BiTHOCHTH IIe 300pa’KeHHS 70 BiAMOBiZHOTO 00pasy.
CraBurbes 3ana4a nooynou koucrpykmii JIAK/AIK —L Ha
OCHOBI MacuBy noudaTkoBoi HB Tumy (1) Ta BU3HaUNTH 3HA-
YeHHA HOoro CTPYKTYypHHUX IapaMmeTpiB p (ToOTO

F(L(p,x,v),fR(x,-)) —opt).

Hexaii Ha KO)XHOMY Kpolli B npoueci no0yJa0BH Joriy-
Horo JepeBa (nesxoi mogeni JIZIK) Oyne BuOupaTucs Tijib-
KM O/IHa BifiOpaHa elxeMeHTapHa O3HaKa 3 Habopy ¢ikcoBa-
HUX O3HAaK (¢1,¢,...,¢,). Toni Ha n-My Kpomi mpouexypu

moOymoBu xaepeBa kiacuikamii cxema JIIK Oyme mpen-
CTaBJIATH COOOI0 NIESIKMH NpenuKar p, (y3araibHEHY O3Ha-
Ky, sIKa 1I00y/ioBaHa 3 HaOoOpy eleMeHTapHHUX o3Hak) [23],
[30], sikuii € HalleeKTHBHIIIO aPOKCUMALIEI0 OYATKO-
Boi HB 3aransnoro Burisiny (1) (3BuyaiiHo, 1o ne crpa-
BEIIMBO 1 71t BUNIagKy crpykrypu ALK).

3o0kpema p, OyIe HPEACTaBIATH JCSIKY JCPCBONOIIOHY
cxeMy (nmepeBo kmacudikarii), sKe CKIAQZA€TbCS 3 1 BEp-
LIMH, TOOTO B CTPYKTYpPY NpPEAMKATy p, OydyThb BXOAMTH
BCHOTO 71 €JIEMEHTapHHX O3HaK (aTpHOyTIB AMCKPETHOTO
06'exty HB) 3 moyaTkoBoro Habopy.

3ayBaXXuMo, IO MOCTiAOBHICTh NPEUKATIB pi, ps,..., P

(y3arampHeHHX O3HAK) 30iraeTbcs Mo movatkoBoi HB Bur-
many (1), SKImmo, moYrHAYH 3 eskoro O, Oyae BUKOHYBa-
THCHh YMOBA!
Jo+m =fR(x,v) R (i =1,2,...,m) R (m > 0) .
Jlesky eneMeHTapHy O3HAaKy, ska Oyne BHOMpaTucs
(dikcyBatucs) Ha n-My Kpoui B cxemi moOyJoBH Mojeni
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JIJIK, mo3Haunmo uepe3 @,. 3po3yMmino, o o3Hali ¢, Bil-
noBifae neskuid (HiKCOBAHWM LUIAX #,7,..., SKAH 3aBep-
IIYETBCSA JaHUM aTpuOyTOM (BEpIIMHOIO AepeBa Kiacui-
kamii — moxeni JIJIK). Hanpuknan, Ha puc. 1. 300pakeHo
JIJIK, B sikoMy BepuiuHi ¢, (03Harl) Bigmosigae nuiax {0},
a BepIIHHi @5 — moisax {0,1} .

Insix, sIKU BiAMIOBiAa€ €JIeMEHTAapHIN O3HAIll ¢, BKa-
3aHUM YWHOM, TTO3HAYNMO depe3 7, a uepe3 D, mo3HaIuMO
MHOXHUHY THX map (x; fr(x;)) mouyatkoBoi HB 3aranbHOro
Burmany (1), mist sxux oO'eKTH w; HaleXaTh HUIAXY 7.
Hanpuknan, mna ctpykrypu JIIK (puc. 1), Hexait ¢, =@,
toni nusax 7, Oyne matu Burisg {1,0} .

0 fi

Puc. 1. Ctpykrypa JIJIK 3 eneMeHTapHIMYU 03HAKaMU B SIKOCTI Bep-
il / LCT structure with elementary features as vertices

VY TakomMy BUNAJAKY IESKHIA 00'€KT w; HAJEKHUTh IIJIAXY
{1,0} , AIKIITO BUKOHYIOTHCSI yMOBH: ¢y (w;) =1 Ta ¢3(w;)=0.

[Jani OynemMo BBaXKaTH, IO €JIEMEHTapHa O3HaKa g,
cnabo pozainsie MHOXHUHY D, SIKIIO B D, ICHYIOTB TaKi Ia-
pu (x,-,fR(x,-)) Ta (xj,fR(xj)) , O @,(x)=0 Ta @,(x;)=1
(T00TO @, (i) # @ (X)) )-

KiHIIeBOIO MOTY)XHICTIO CXEMH METOIy JepeBa Kiacugi-
kamii (momeneit JIJIK/AJIK) OymemMo Ha3zuBaTé KiJIBKICTh
BCIX KIiHIIEBUX BEPIIUH (BU3HAYCHUX JIUCTIB) JAHOI CXCMH.
Hanpuxnan, ms JIIK 3 puc. 1. moTyxHicTh Oyae HopiBHIO-
Batu 6.

OueBHUIHO, IO KiHIEBA MOTYXHICTh CXEMH METOJY Jie-
peBa KiIacudikamii TakoX TOPIBHIOE KUTBKOCTI BCIX KiHIIE-
BUX IIIAXIB Y JaHIA cXeMi. 3po3yMiso, IO iHAYKINEO 3a 1
JIETKO JIOBECTH, IO KiHIIEBOIO MOTY)KHICTIO KOXKHOI 3 BH-
IIEBKa3aHUX CXeM p, (peanKaTtiB), nopiBHioe n+1. JlilicHo,
Te, M0 KIHIEBa MOTYXHICTh p;, O CKJIQAY SKOI BXOIMTbH
TUIBKK OJiHA O3Haka abo anroputMm (Bunankis JIAK/AZIK),
JIOPIBHIOE 2, € OUEBUIHHM.

Hexali kiHIleBa MOTYXKHICTh CXEMH p, IOpIBHIOE n+l.
[MigpaxyeMo KiHIICBY MOTYXHICTb p,41 . 3PO3YMLJIO, IO Aa-
Ha cxema OYAyeThCs Ha OCHOBI CXEMH p,, KOJNU B JESAKIH
KIiHIIEBil BEPIINHI IOCIIIOBHO TOJAETHCS HOBA BEpIIMHA
(o3HaKa, anroput™) i3 HomMepoMm n+1. OueBHIHO, IO MPH
JT0JIaBaHHI Ii€i 03HAKHU (AITOPUTMY) B CXEMY p,, 3HUKAE OJI-
Ha KIHI[CBAa BEPIIMHA Ta JOJAIOTHCS JBI HOBI KiHIIEBI BEp-
muHA. OTXKe, MOXKHa 3pOOHUTH BHCHOBOK, LIO KUIBKICThH
YCiX KiHIIEBUX BEPIIHH CXEMH p,, JOPIBHIOE 1 +2 .

[MpunycTumo, 1o Ha KOKHOMY 7-My KpOL HpOLEIypH
nobynosu nepeBa kiacudikamii (mogeni JIJAK) mHokuHa
D, cnabo po3IiiseThCs OEesIKOI0 03HAKOI0 ¢,. dami po3ris-
HEMO CXeMy p,. Y Lil cXeMi MaeMo BiZIOBIJHO /IO BHUILe-
3a3HaYCHOTO, n+1 KIHIEBUX HUIAXIiB. 3aBISIKH TOMY, IO
D, Ha KOXHOMY KpOIIi c1ab0 pO3iIAEThCS, KOKHUN TaKHid

IUIAX MICTHTH X04a 0 ofHy mapy modatkoBoi HB 3aramsno-
ro sursiay (1). OxpiM mbOTO OYEBHUIHO, IO Pi3HI KiHIIEBI
[IUISIXH B p,, HE MAIOTh CIIIBHUX Tap i3 BUOipku (1).

OTxe, MOXHa 3pOOMTH BHCHOBOK, IIO cXeMa (TIperu-
Kat) p, po3ainsie HB (Ha ocHOBI 6a30BOro KpuTepito po3ra-
JIy’KE€HHS BBEJICHOI'O IOTOYHHM METOJIOM JepeBa Kiacudi-
Kamii) Ha n+1 HEMyCTHX YacTHH (IIMHOXHWH), IO HE Tie-
perunatothest. Ockinbku B mouaTkoBiii HB Bchoro 3naxo-
IAITBCS /M HAaBYAJBHUX T1ap, TO cXeMa p,,_; (abo mpenmkar 3
MEHIIUM HOMEpOM) ITIOBHICTIO pO3AUIHTH modaTkoBy HB,
TOOTO p,,-1 OyZe MOBHICTIO PO3ITi3HABATH BUOIPKY.

OTxe, SIKIIO HAa KOXXKHOMY n-My KpoIll BimiOpaHa ene-
MEHTapHa O3HakKa ¢, clabo po3Iijasie MHOXWHY D,, TO B
IbOMY BUIAJKy Tipotiec mooymosu JIJIK 36iraeTbest BigHOC-
HO modatkoBoi HB Ta 3aBepmryerbcss He OinbIlie HiX 3a
m—1 KpOKiB, Jie m — KiJIbKiCTh yCiX HaBYaJIBHUX Iap Movart-
kxoBoi HB.

3ayBaxuMo, 110 YMOBa CJIa00T0 PO3JIiJICHHS KJIACiB TO-
yaTkoBoi HB € moBomi ciaboro — ToMy BoHa 3abe3meuye He-
BHCOKY 301KHICTh TpOIenypu MOOYyI0BU JepeBa Kiacudi-
Karii, 0TXKe, BayJINBO PO3TILIHYTH MUTaHHA 301KHOCTI TIpo-
Hecy npu Ounbll cuibHIM yMoBi. Tomy Oynemo mpumycka-
TH, 1[0 MAEMO CIpaBy 3 BUmaakoMm, koiu HB mictuth iH-
¢dopmartiro nipo aBa kiacu (odpasu) Hy ta H,, a cama HB
Mae JeTepMmiHoBaHy mpupoxy. Hexail n; — KimbKicTh HaB-
YalpHUX Tap (x,-, fR(xl»)) y mouatkoBit HB, sxi 3amoBo5B-
HAIOTh CIBBiAHOWEHHS fz(x;)=j, (j=0,1), npudaomMy s
CIIPOIIEHHS Ta BU3HAYCHOCTI MMOKJIA/IEMO, IO 79 = 7y .

3adikcyBaBmm fz(x)=0, Oyle OTPUMAHO JeAKy y3a-
TaIbHEHY O3HaKy (CXemy) fo, AKa ampokcuMmye (TOBHICTIO
a00 yacTkoBO) moyaTkoBy HB. OdeBumHO, 1m0 B JaHOMY
BHUMaaKy (ToOTO B cHTYyaIlii, KOJX IIe He 3po0JieHO0 BHOIp
JKOJHOI eJIEMECHTapHOI O3HaKH (,), y3arajlbHEHa O3HaKa
(cxema) fy € HalKpaIo ampokcuMarliero nmouatkosoi HB.
Hani BennuuHy n; 6yaeMo Ha3UBaTH O€3yMOBHOIO KiJbKic-
TIO IOMMUJIOK y mo4yatkoBii HB.

Hexait Ha mepmomy kpori moOymoBH jaepeBa Kiacudi-
Kamii BiiOpaHa (IOBUTPHHM IIUIIXOM) JesKa eleMEHTapHa
O3HaKa () — IMPUIOMY JaHa O3HaKa po3i0'e MOYATKOBY BU-
OipKy Ha /Bl 4acTuHM (migMHOXUHM) H, Ta H,, ne H; —

MHOXKHHA BCIX map (xl»,f)g (x,-)) nouatkoBoi HB, mis sikux
BUKOHYETECS CHiBBiTHOMEHHA fi(x;)=j(j=0,1).

Hexaii nj, — MHOXWHA BCiX map (x, fz(x;)) 3 BUOIpKH
H;, (j=01), 11d SKMX BHUKOHYETHCS CIIiBBiJHOIICHHS

Sr(x;)=m(m=0,1). O3HaKy (| MOXHA BBa)XaTH y3arajbHe-

HOIO O3HAKOIO fi (cXeMol0), sika mo0yJoBaHa Ha MEPIIOMY
Kportii npotecy nooymosu JIJIK.
VYBeaeMO BEIMYHHY po :max(n8,n?)+max(n(‘),n1‘) , fKa

MpeACTaBisie CcO0OK KUTHKICTh TPAaBWIBLHUX BiAMOBiAEH
(rmacuikarriit), ki peani3yroThCs y3aralbHEHOI 03HAKOH
f1, a BIATIOBITHO BENMYWHA 1 € KUTBKICTIO MPAaBUIBHAUX Bij-
moBie#t (xmacugikariit), ki peami3ylOThCs y3aralbHCHOIO
03HAKOIO fj.

[lig KiTBKICTIO TMPaBWIBHHUX BIANOBiZEH po3ymieMo
KUTBKICTh THUX HABYANBHHUX Tap (X;, fr(x;})) Yy MOYATKOBIid
HaBualbHIA BUOipi Tumy (1), VI IKHX BUKOHYETHCS CITiB-
BiZHOIIEHHS piBHOCTI [z (x;)= fi(xi).
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Ockinbku nd+ny=ny ta nd+nl=n, T0 OGymemo maru
HaCTyITHE:

p=max(n8,n1°)+max(né,n1')Zno . )

Otxe, mpu BHOOPI O3HAKU ¢ KIUIBKICTh HPaBUIBHUX

BIATIOBiZIEH SIK MiHIMYM He 3MeHIIyeThesl. KilbKicTh moMu-
JIOK, SIKi JIa€ y3arajbHEeHHH ajropuT™ fi, Oyzae JOpiBHIOBATH:

m—-p=m—(p—ny)<n. 3)
3ayBakuMo, 1m0 (3) BUIHBac 3 (2). YBeneMo BeTHInHy

n

A=—
m-—p
BigHOCHO mo4aTtkoBoi HB, amamoriuHo BuM3Ha4daeThCs A,

Ta Ha3BeMO 11 SKICTIO €IeMEHTAapHOI O3HAKH ¢

03HAKH ¢, BiTHOCHO modaTkoBoi HB (n=1,2,3,...).

[oTyxHicTIO AesKO0T TOOYI0BaHOI y3araibHEHOT 03HAKH
(YO) abo nabopy YO (mnst (pikCOBaHOTO KpPOKY CXEMH
AJIK) OynemMo HasMBaTH KUIbKICTh HaBYaJbHUX Iap
(x:. fr(x;)) mouarkoBoi HB Burmsany (1), siki anpokcumye

(mpaBMIIEHO KIIACU(]iKye) TaHa y3aralbHEHA O3HaKa (TIOCIi-
JIOBHICTh y3araJbHEHUX O3HAK).

BaxmuBum mia cxem AJIK € Te, 1m0 npu MOKPOKOBOMY
po36utti HB Ha nBi BuGipku H, Ta H; (i Tak ;qaii) 4acTH-
Ha BUOipKH Oy/e MOBHICTIO MOKPUBATHCS MOTOYHHM ajro-
puT™MOM Kiacudikarii (y3araibHEHO 03HaKkok abo iX Ha-
6opom) — TOOTO OymeMO MaTH BWIIAJOK CHIBHOTO PO3JIi-
neHHs knaciB MacuBy HB. Otxe, MOXKHA 3pOOHTH TIPHITY-
HICHHS, MI0 CKJIAJHICTh KiHIeBoi cxemu AJIK (3arayibHa
KUTBKICTh KPOKIB TOOYJIOBHU JiepeBa) Oyjie 3HAYHOK MipOko
3aJexaTd BiJ NPOLEIypH MOYaTKOBOI OLIHKM Ta BinOOpy
Habopy HE3aIeKHUX AITOPUTMIB Kiacudikamii a;, iX 1MO-
YaTKOBHUX IapaMeTpiB, mapameTpiB HabopiB YO f;, siki BOHU
TEHEePYIOTh ISl KOKHOTO Kpoky cxemu AJIK.

Toni mra cxemun AJIK BaXIMBO PO3TISTHYTH 3arajibHY
CKIIQJIHICTh TIPOIeaypH MOOYIOBH AepeBa Kinacudikarii 3a
yYMOBHU c1a0KO1 PO3AUIBHOCTI KiaciB movatkoBoi HB, mpu
SKifl TeHepyeThcst He Oumbmie onHiei YO NOTYXHICTIO B
OJIMHUIIIO JJIsI KOXKHOI BEPIIMHM JIepeBa Ta YMOBH CHIBHOL
PO3ALTBHOCTI, KoM 0OMeXeHb Ha KUTbKicTh YO Ta iX mmo-
TYXHICTh HE HAKJaJa€TbCd yMOBAMH 3a/1adi Ta INPAKTHY-
HOO JIOIITBHICTIO, 1 MOYJIMBO X OyIyBaTu.

Ha nmepuiomy erani po3riisiHeMoO BUITaJ0K cJIabKOro po3-
JIJIEHHS KJaciB 3 oOMexxeHHsIME Ha Habopu YO, mio Oymy-
toThes, cxemoro AJIK. Bigznauumo, mo mporeaypa mooy-
JIOBH aJTOPUTMIYHOTO JiepeBa Ma€ IEeBHI OCOOJIMBOCTI 3
TOYKH 30py HOeTanHoi anpokcumanii mouarkoBoi HB moc-
nigoBHicTIO YO — Hexail Ha KO)KHOMY KpoIli TOOYA0BH Jie-
skoi mogem AJIK O6yne Bubupatucs st podoTH onuH (ik-
COBaHWI anropuT™M Kiacudikamii 3 Habopy BigiOpaHux ai-
TOPUTMIB (ay,as,...,a,) , IPHIOMY JEPeBO KnacHdikarii Mo-
e OyTH moOyJOBaHO OJHUM QITOPUTMOM ¢; Ta MOCIIIOB-
HicTio YO, sIKi BiH TeHEPYE.

OTxe, micls MPOBEACHHS /# KPOKIB MPOLIEypH MOOYI0-
BU jaepeBa kinacudikarii ctpykrypa AJIK Oyne npencrasiis-
TH cO00I0 JIeSIKY CXeMy s, (y3araJbHEHy O3HaKy APYroro
MOPSIIIKY, sIKa MOOyZoBaHA 3 HAO0OPY CHHTE30BAaHHMX aJro-
putMmamu knacudikamii YO), ska € HaiOUTbI e()eKTHUBHOIO
anpokcuMariero nodarkoBoi HB 3arampHOTO BHTmIsmy (1)
Ha0OpOM He3aJIeKHUX ANrOpUTMIB Kinacudikauii ta ix YO.
3o0kpema s, Oyje MPeCTaBIATH JACSIKY JePEBOMOIIOHY CXe-
My (ctpykrypy AYO), sika cknamaerbes 3 # BEpLIMH, TOOTO
B KOHCTPYKIIiIO CXEMH S, OYAyTb BXOAWUTH BCHOTO 7 ajro-

put™MiB knacudikarii (YO — npu yMOBi TeHeparii 11 KOX-
HOTO KPOKY IIPOLIeAYpH MOOYI0BH JiepeBa He Oinbie oOHi€T
y3araJlbHeHO1 O03HAKM MiHIMQJIbHOI MOTYXHOCTI B OJHMHU-
1110) 3 TTOYaTKOBOTO HabopYy.

Ha HacrymHOMy erami AOCHIJUKEHHS IJIsl CTPYKTYpH
JIJIK 3poOumo mpHITyIeHHS — SKICTh 4, €IIeMEHTapHOI 03-
HaKH (, BIIHOCHO MacuBy mnouyaTkoBoi HB He menmie ne-
SIKOTO 4ymucia y, e y>1.

[IpoanainizyeMo CKIIQAHICTh MPOLEAYPU MOOYIOBU Jie-
peBa xiacudikamnii npu gaHid yMoBi (y >1), U IBOTO OIIi-
HUMO KiBKICTh KPOKIB, 3a SIKy JaHHUI mporec (mporenypa)
peaiizye TIOBHE pO3Mi3HABaHHS MAaCHBY ITOYAaTKOBOi HaB-
YaJIbHOT BUOIPKH.

Po3risiHeMO A1 BU3HAUYEHOCTI HAcTYNHY CXeMy HoOy-
JIOBH JiepeBa knacudikaiii (puc. 2).

Hexait n — 6e3yMOBHa KiJIbKiCTh IOMHJIOK ITOYaTKOBOT
HB. EnemenTapha o3naka ¢ posziise HB nHa nBi Bubipku:
Ho Ta H,. Hexait hy Ta A BignmoBimHO 0€3yMOBHA Kijlb-
KICTh TIOMUIIOK y BUOipkax H, Ta H;. O3Haka ¢! posmi-
JIUTh MHOXWMHY H, Ha JBI MHOXMHU H,y Ta Hy . Hexait
hoo Ta hy — Oe3yMOBHA KiJIbKICTh HOMIUIOK y BHOIpKax
Hy Ta Hy . AHAJIOTIYHO BH3HAYMMO MHOXKMHU Hyy, Hi;

Ta KUTBKOCTI Ao 1 hyj IUTS €IEMEHTAPHOT O3HAKH (3 .

Hyg, hoo 0 1(00)
1(01)
1(10)
H11'h11 1 l(11)

Puc. 2. Cxema moiity Ha IMiIMHOKHHHU B CTPYKTYpi JepeBa Kiacu-
¢ixawii / Scheme for splitting into subsets in the classification
tree structure

3 04YaTKOBOi yMOBHU (y >1) BUIUIMBAE:

ho+m<m/y;
hoo+hor < ho/ y; 4)
hio+hy <h/y.
3 Bupasy (4) oTpEMaEeMO HaCTYIIHE!
hoo + ho1 + ho + by <my/ y2. (5)

3pobuMo Taki TPUITYIIEHHS B JAaHOMY BiTHOIIEHHI:
hoZl, h121, ]’L()()Zl, }10121, ho=1Ta =1, 3Bi,Z[CI/16y,He-
MO MaTH HacTyIIHE:
2'<m/y, 22<m/y?. 6)
AHanoriyHo s Habopy O3HAaK @f,@,..., AKi PO3TAILIO-
BaHi Ha i-MY SIpyci JOT1YHOTO AepeBa, OyAeMO MaTH:
2i<m/y" abo (Zy)i <n. @)
3BiJICM MOHA 3pOOUTH BHCHOBOK, IO MPOIEC MOOYI0-
BU JiepeBa kiacudikauii Oyae npoJoBKyBaTUCs 10 THX IIip,
JIOKH B CTPYKTYPpi JiepeBa He Oyne m sipyciB (piBHiB), ae m
Ma€ HaCTYIMHUH BHTIBI
lo
m=R| —282M | )
1+logyy

Iin R(x) po3yMmieTbCs 3a0KPYIJCHHS YHCIa X JIO
HaHOJIMKIOTO IITOT0 YKcia, sKe mepeBuntye x. Hampukmas
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Q(I.Z) = 2,Q(347) = 4,Q(441) =5.

Omxe aepeBo kiacudikamii, ske Mae m MOBHUX SIPYCiB
(To6TO BHMAJIOK, KOJIK Ha i-My SIPYCi CTOSATH 2!~' BepIuH),
Mae 2”11 BepInMH — B Takuii Croci6 pos3mi3HABAHHS TI0-
yatkoBoi HB mpu ymoBi (y>1) 3a JOMOMOrow MOBHOTO
JIJIK BinOyBaeThest He Oinbln HiX 3a 2"+ —1 KpokiB, g€ m
PO3paxOBYETHCS 32 JOIIOMOTOIO BUpasy (8).

Py.(HB_yp) = 1;
P, (YOM) = 1;

Py (HB_,) =M —
P, (¥0?) = 1;

oox
Puc. 3. Ipuknazn crpykrypu AJIK 3 YO B sikocTi BepIuH /
Example of an ACT structure with GF as vertices

Jns sumanky crpykrypu AIK, MoxHa 3poOUTH BUCHO-
BOK, 10 TIOCJIiIOBHICTh IOOYIOBAHHX CXEM S1, 82,...,8; (y3a-
TalbHEHNX O3HAaK APYTOTO TOPSAAKY) 30iraeTbes OO moyat-
koBoi HB Burmsany (1) ve Ginbire Hix 3a M KpokiB (me M —
3arajgbHa MOTY)XHICTh TToyaTkoBoi HB), HaBiTh 3a yMOB re-
Heparii Ha KO’)KHOMY KpoIli TUTbKH oaHiei YO, MOTYXHICTh
KOXKHOT 3 SIKHX HE OLTIbINe OJIMHUII.

Jlesxuit anroput™ Kiacudikanii, skuit Oyne BuOMpaTu-
cs ((ikcyBarucs) Ha n-My Kpolli B NpOLELypi MOOYZOBH
monem AJIK (mns rerepamnii BignoBigHoi YO), mo3HAYUMO
4gepes3 a,, IPUIOMY 3pO3yMLIO, IO AaHOMY AITOPUTIMY a,
BIAMOBI/Ia€ Jiesika CXeMa S, sKa CKIaJaeThCsl 3 aIrOPUTMIB
a,ay,...,a,—] Ta 3aBEPIIYETHCS TAHUM aTPUOYTOM (BEpIIIH-
HOMO aepeBa kinacudikamii — moxemi AJIK). Hanpukian, Ha
puc. 3. 300paxkeHo nmesiky Mogens AJIK, B skiit pikcoBaHil
cxeMi s, (BepImuHi aepeBa Kiacu@ikarii, Mo OyIyeTbCs)
BiJITIOBI/Ia€ MOCIIIIOBHICTh KPOKIB (CXeM) {si} , @ CXeMi Sy —
TTOCITI TOBHAM MUIAX {51,52,..., 531} -

Omxe, mit momeni AIK mokHa 3pOOHMTH HACTYIHHIA
BHCHOBOK: cxeMma s, (y CTpyKTypi aepeBa kimacudikarii)

posninsie HB Ha n HenmycTHx 4acTHH (IiAMHOXHH), III0 HE
MEPEeTHHAIOTHCS, MPUYOMY OCKUIBKM B mouaTkoBiii HB
BCHOT'O 3HAXOJUTHCS M HaBYAIbHUX Iap, TO CXeMa Sy, MOB-
HICTIO PO3IiNMUTE (ampokcumye) mouaTkoBy HB (ToOTO $4/
Oyzie MOBHICTIO PO3Mi3HAaBaTH BUOIPKY 32 yMOBH TreHepallii
Ha KOKHOMY Kpoui rno ozaHiit YO nortyxHicTio oauH). Ot-
XKe, SIKIO Ha KOXHOMY n-My Kpomi cxemu mooynosn ALK
sreHepoBaHa YO (BimiOpaHuM anroputmMoM KiachQikarii
a,) cnabo po3ainge MHOKHHY modatkoBoi HB, To B mpomy
BHIIAJIKy TIpollec MOOYHOBH IepeBa Kiacudikarii 30ira-
€TBCS BITHOCHO movaTkoBoi HB Ta 3aBeprnyetbes He Oib-
me HiX 3a M KpokiB, 1e M — KiNBKICTh yCiX HaBYAIBHHIX
nap noyarkoBoi HB. Ha nactynmHomy erami mociikKeHHs
Ba)XXJIMBO PO3IVISIHYTH BHIIQ/IOK CHJIBHOTO PO3ZIJICHHS KIla-
ciB rmoyarkoBoi HB, koiu »omHMX 0OMEXEeHb Ha alropuT-
MU a; moao TeHepanii YO He Hakiagaethes (TOTYXKHICTH
nodyznoBanoi YO oOMexeHa TLNBKH NMPAKTUYHOK MOJKIIHU-
BICTIO CaMOro ajroputMmy Kinacudikamii a; Ta CTpyKTypHH-
Mu mapamerpamu HB).

Hexaii yepes P(f;) mo3HauMMoO 3arajbHy HOTYXHICTH
(anpoxcumariitay 31aTHicTs) BiamosigHoi YO f, (1< <s),
ne s — kinpkicte YO y cxemi AJIK, mo Oynyetses. [Jaimi Ha
JESIKOMY KPOIIi r(l <r<mM ) cxemrn AJIK moOynoBaHo moc-

JMAOBHICTD y3aralbHEHUX O3HAK fj,..., [, 3 BIONOBITHIMH
iM BemmumHamu P(f})=z;, ne (1<z<M),(1<i<r), M — 3a-

rampHa NOTyXHicTe HB, mpruoMy cepen HHX € BeTWYHHA
ZMe T ZMt gk € Ui HUX BiAIOBIIHO MaKCHMAJILHUMU Ta
MiHIMAJIGHUMHE (BiTHOCHO MOTOYHOrO Kpoky cxemu AJIK).
Toni B Takomy Bunaaky cxemy (mozens) AJIK Oyne moOy-
JIOBAHO 3a ! KPOKIB, Ji¢ BEJIMYMHA { BU3HAYAETHCS CITIBBI-
HOWICHHM (9).

<o Py (HB) __ M ©)

Zmax + me Zmax + me

3ayBaXuMo, 110 Y pa3i, KOJH YMOBOKO MPHUKIIAIHOT 3a/1a-
gi Ha cxemy AJIK, mo OyayeTbcs, HAKIamAIOThCS OOMe-
JKCHHS IOJI0 MOTYXKHOCTI cHHTe30BaHUX YO (HE mepeBH-
IICHHS BiIOBITHOI BeIHYNHH P) — cxeMmy nepeBa Kiacudi-
kamii (moxens AJIK) 6yne moOynoBaHO 3a f KPOKIB, 1iec Be-
JINYMHA { BU3HAYAETHCS CIIBBIIHOMICHHIM
t<M/P. (10)
[pwu xopcTkux oOMexxeHHsAX cxemu AJIK Ha oHY TeHe-
posany YO (ze 3a ymoBoro P(f;)=1,(1<i<f)), To6T0 y BUNaj-
Ky CTaOKOT0 pO3AUICHHS KIJIACiB MOTOYHOI 3a/adi, cXemy
nepesa kinacudikamnii (mogens AJIK) Oyne moGymoBaHo 3a ¢
KpOKiB, Jic Benu4nHa ¢ < M.

Taoua. 1. TlouaTkoBi mapamerpu 3ana4 kiaacudikarii / Initial parameters of classification problems

Po3amipHicTh 03- | [IoTyXHICTh Macu- | 3araibHa KUTbKICTb BinuomieHnus 00'ekTiB
Tun 3agadi knacugikanii HaKOBOTO IIPOCTO-| BY JAHUX ITOYATKO- | KJIACIB 32 IIOJLTYM Ppi3HHX KJIaciB
py N Boi HB — M naaux HB —/ HB — (H,/ H,.../ H;)

3anmaya kmacuikaii reoJoriYHuX JaHuX (Z;) 22 1250 2 756/494
3amaya XiMiYHOTO aHaJIi3y SKOCTI BYTJICBOIHO- 14 4863 6 823/648/1412/918/583/764
ro nanuBa (Z,)
3amava kmacuikarii maBoJKOBUX
curyariii 6aceiiny piuku Tuca 3akaprnarcbkoi 18 6118 3 76/108/5934
obmacti (Z3)
3amaua kmacuikarii maBoJKOBUX
cutyarliii 6aceifHy piuku Yk 3akaprnaTchKol 18 4252 3 73/102/4107
oGuacti (noct crocrepesxerHs Ne 1) (Z,)
3amaua kmacuikarii maBoJKOBUX
cutyaniil 6aceliHy piuku Yk 3akaprnaTcbkoi 18 4139 3 68/97/3974
o6uacti (noct cocrepesxeHHs Ne 2) (Zs)
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Ha nactynmHOMYy eTami JJisi CIpOIeHHS Bi3bMeEMO 3ajadi
knacudikanii g AKuX OymyBammcs HaOOpH CTPYKTYp
JIAK/AIK 3 poGit [19], [20], [21], [22], [23], [24], [30].
[ToyaTkoBi mapamMeTpu JaHUX HMPUKIIAJHUX 3a]a4 IPECTaB-
JIeHi B HACTynHi# Tabmumi (Tadn. 1). Tak B HB mpencrasie-
Ha iH(popmaii npo noziny Ha iBa kiacu. Ha erami ek3ame-
Hy moOymoBaHa cUcTeMa KiIacHuQpikamii Mae 3a0e3meduTd
e(eKTHBHE pO3Mi3HABaHHSA 00'€KTiB HEBiMOMOI Kiacu(ika-
mii BIZTHOCHO IMX JBOX KJaciB. 3ayBakHMMO, IO Ha ITOYaT-
KOBOMY €Talli HaB4YallbHa Ta TeCTOBa BUOipka Oyia aBToMa-
TUYHO TIepeBipeHa Ha KOPEKTHICTH (TMOIIYK Ta BUAAJICHHS
OJTHAKOBHX 00'€KTIB Pi3HOI HAJEKHOCTI — MTOMIIIH TIEPIIOTO
Ta APYroro poay).

062060pennsn pezyromamie o0ocaioycenus. B (tabm. 2)
MpeJicTaBlieHa OIliHKa MoOyJIOBaHUX CTPYKTYpP IEpEB Kia-
cudikamii (JIIK/AJIK) 3agaq 3 (tabmn. 1). s omiHku skoc-
Ti moOynoBaHuX KiacuikatopiB (cxeMm kimacudikarii) Bu-
KOPUCTOBYBABCS IHTETPaJbHUN IOKAa3HHWK SKOCTI JepeBa
knacugikanii Oy, 3 podoru [30]. 36ixkHICTH nmpoueaypu
cunresy ctpyktypu JIJIK/AIK omiHIOETECS HA OCHOBI KilTb-
KICHHX TTOKa3HUKIB — 3aralbHOI KUTBKOCTI iTepariit Sy, Ta
KUTBKOCTI SIPYCIB CTPYKTypH AepeBa knacudikamii Ly,,. [H-

TETpaIbHUHM TIOKAa3HUK SKOCTi aepeBa Kiacuikarii Qi
BijloOpaxkae 0a30Bi mapaMeTpu (XapaKTEPUCTHKH) JIEPEB
knacugikamii Ta Moke OyTH 3aCTOCOBaHA B SIKOCTI KpHTE-
pil0 ONTHMANBHOCTI B MPOIEIYpi OIIHKM JOBUIBHOI Aepe-
BOMOIOHOT cxeMu po3mizHaBanHs [20]. BigzHaummo, 1o
TOJIOBHA ifies] METOIB JiepeB Kiacudikallii Ha OCHOBI aBTO-
HOMHHMX aJITOPUTMIB y CBOIH CTPYKTYpi, OJISITAa€E B HOETAIl-
Hill ampokcuMariii BiiOpaHuM HAOOPOM aNTOPUTMIB MaCH-
BY maHuX no4yatkoBoi HB [22]. OTpuMmaHi cTpyKTypH ZepeB
knacudikamii (momemi AK/JIAK) 3 ogrOoro 60Ky XapakTe-
pPHU3YEThCS BHUCOKOIO YHIBEpCAIBHICTIO BiTHOCHO TPHKIIAMI-
HUX 33724 Ta BIZHOCHO KOMIIAKTHOIO CTPYKTYPOIO camMoi
MOJIeNI, aje 3 HIIOro OOKy BMMAarae iCTOTHHX amapaTHHX
BUTpAT JUIs 30€piraHHs y3arajJbHEHHX O3HAK Ta MOYaTKOBOI
OLIIHKM SIKOCTI 3a(hiKCOBaHMX alTOPUTMIB Kiacudikamii 3a
nanuMu HB TNOpiBHSHO 3 HEHpOMEpeKeBOIO KOHLETILIEO
[31], [32], [33], [34]. Tomy, MOpIBHAHO 3 KOHIEIMIIEO
AJIK, metoau JIJIK MaroTh BHCOKY IIBHIKOMIO CXEM Kia-
cudikarii, BiTHOCHO HE3HAYHi amapaTHi BUTPATH I 30epi-
TaHHA Ta POOOTH caMoi CTPYKTYpH JepeBa Ta BUCOKY AKiCTh
kiacudikamii JUCKPEeTHUX 00'€KTiB.

TabJ1. 2. [lopiBasbHA TabmHIs cxeM Kiaacudikamii ctpykryp JIAK/ALK /
Comparative table of LCT/ACT structure classification schemes

No Inrerpaneanit | 36ikHICTh cTpYKTYpH Je- | KinbkicTs spyciB
33)1;”1 Merton cuHTE3y CTPYKTYpH AepeBa Kiacupikamii TIOKa3HHK SIKOCTI1 pesa Kngcnq)i@uﬁ (xinb- CTPYKTYpH
mozaemi Oyain KicTh iTepauiit) Sy JAK/AIK L,
Z, |Meton noeroro JIJIK Ha OCHOBI CeNeKIIil eJIeMEHTapHUX O3HAK 0,004789 79 22
Z, |Monens JIJIK 3 0/JHOPa30BOIO OI[IHKOIO BaXKJIMBOCTI O3HAK 0,002263 102 16
Z, |O6mexenuit metox nodyzosu JIJIK 0,003244 91 17
Z, |Meton anropuTMigyHOro aepesa (tumy 1) 0,005119 46 9
Z; |Merox anroput™ivHOTO Aepesa (tumy 1) 0,002941 72 15
Z; |Mertox po3raiy>kKeHOro BHOOpy 03HaK (IIOKPOKOBA OIiHKa) 0,003612 84 13
Z4 |HdepeBo anxroput™is (tumy I) 0,005054 43 10
Zs |Hdepeso anxroput™is (tumy II) 0,002813 75 16

3 Tabin. 2 MoXKHa OaunTH, 10 METOIHU IEPEB aJITOPUTMIB
(mBOX THIIIB) MOKA3aJll BHCOKY IIBHIKICTH 301KHOCTI IPO-
meAypu TOOYZOBH CTPYKTYpH JOepeBa Kiacudikarii Ha
npenctapneHnx HB mopiBasHO 31 cxemamu JIJIK. Taxox
BapTO BIA3HAYWTH, 110 mepmuii tum cTpykTypu AJIK moka-
3y€ XOPOWIMH pe3ysbTaT IUIaHI CTPYKTYpPHOI CKJIAJHOCTI
(KIIBKOCTI SIpYCiB, BEpIINH, y3aralbHEHUX O3HAK) MoOymo-
BaHOT Moyieni Kiacudikauii NOPIBHAHO 3 JIOTIYHUMH Jiepe-
BamH Kiacudikalii Ta AepeBOM JITOPUTMIB IPYroro THILY.
BuinoMy MoxHa 3p0OUTH BHCHOBOK IIOJO MIBHIKOI 301K-
HocTti ctpyktyp AJIK mopisustHO 3 Monensmu JIJIK Tta me-
peBarolo 3a paxyHOK L[bOTO B CTPYKTYpHil CKJIaJIHOCTI I10-
OynoBaHoro aepeBa kiacudikarii Ta iHGopmamiiHIi €M-
HOCTi HaOOpiB y3araJbHEHUX O3HaK.

Otxe, 3a pe3yiabTaTaMH BHUKOHAHOI POOOTH MOXKHA
copMyIIIOBaTH Taki HAYKOBY HOBH3HY Ta IPAaKTUYHY 3Ha-
YYIIICTh PE3YJITATIB OCIIIKCHHSI.

Haykosa Hosusna ompumanux pesynrbmamie 00Ci-
OdtcenHs — BIepIIe Ui METONIB IMOOYIOBH CTPYKTYp
JIIK/AIK nana BepXHsl OLIHKHM 301KHOCTI MOOY/IOBH JIepeB
Kiacudikamii.

Ipaxmuyna 3uavywicmes pe3yibmamié 00CHIONCEHHSL —
3allpOIIOHOBaHa OI[iHKAa 30DKHOCTI Mpouenypu MnoOyIoBH
knacudikaropi ms crpykryp JIAK/AJIK mae MoxauBicTh
OyayBaTH €KOHOMHI Ta e(eKTHBHI MO Kiracudikamii 3a-
JIaHol ToyHOCTI (maHuWii MeTon OyB peanizoBaHHi B 010i-
oreri anroputmiB mporpamuoi cuctemu "OPIOH 1" mms

PO3B'SI3KYy PI3HOMAHITHHX NPUKIATHUX 3a1a4 Kiacudika-
uii). [Ipugomy npoBeaeHi MPaKTUYHI 3aCTOCYBaHHS MiATBEP-
TN TIpalie3AaTHICTh Mo0yI0BaHUX MOAEJEH JepeB Kiacu-
¢ikarii Ta po3poOIEHOT0 MPOrPaMHOTo 3a0€3NeUESHHSL.

BucHoBkH / Conclusions

Otmxe, 3BaXKaroud Ha BCe BHIIE3a3HAuYeHEe B POOOTI,
MOJKHa 3a(iKCyBaTH HACTYIHI ITyHKTH:

Jnst yMOBM cIaOKOro pO3IiIEHHS KJIaciB y BUIAIKY
JIJIK, sIKIIO Ha KOXXHOMY 7-My KpOIli BigiOpaHa eixeMeHTap-
Ha O3HaKa @, ciabo po3Iiaste MHOXUHY (IiIMHOXUHY)
00'exTiB mouyarkoBoi HB, To B npoMy BUMaixy mporec rmo-
OynoBH JepeBa kimacugikamii 30ira€Tbcsi BITHOCHO TOYaT-
koBoi HB Ta 3aBeprryeThcst He OinbIe Hixk 3a m—1 KpPOKiB,
Jie m — KITBKICTh yCiX HaBYAIbHUX Tap movyarkosoi HB.

Hepeso knacudikanii (crpykrypu JIJIK) 3a ymoBH crb-
HOTO PO3MiJIEHHSI KJaciB MHOXHHH OO0'€KTIB IOYAaTKOBOI
HB, sxe Mae m OBHUX fApYCiB, PiBHIB (TOOTO BUIMAIOK, KO-
M Ha i-romy spyci croste 27! Bepmmn), mae 2”'—1 Bep-
IIMH — OTXE PO3Mi3HABaHHSA MacuBy rodyatkoBoi HB mpu
ymoBi (y>1) 3a momomororo nosHoro JIJIK BinOyBaeThcs He
Ginbire Hixk 3a 2""'—1 KpOKiB, e M PO3PAXOBYETHCA 3 J0-

log, m
l+logay )

3arajnbpHa KUIBKICTh BCIX KIHIIEBUX BEPUIMH JIOTIYHOI
CTPYKTYpH (JIUCTIB JepeBa pO3Ii3HaBaHHs) MOOYHOBaHOL
cxemu Knacudikanii OyJae 0JHO3HAYHO BH3HAYATH KiHLIEBY

TIOMOTI'0I0 BUpa3zy m = R[
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MOTY>KHICTh CXEMH METOIy JAepeBa Kiacudikamii (Moxenei
JIAK/AZIK).

[MoTyxHicTio aeskoi YO (Habopy moOymoBanux YO)
i (ikcoBaHOTO KoKy cxemu metoay AJIK BBakaeThcs
3arajbHa KiJIbKICTh HaBUAIBHHUX Hap (X;fz(X;)) mo4aTkoBoi
HB (mizMHoxuHM moyatkoBoi HB) Burnsny (1), siki anpok-
cumye (paBWIbHO KiIacu(ikye) JaHa y3aralbHEHa O3HaKa
(TIOCTiOBHICTD y3arajdbHEHNX O3HAK).

VYV Bumagky ciaOKoro pO3IiNEHHS KIAciB MOYaTKOBOT
HB mns cxemu AJIK mporiec moOynoBu aepeBa kinacugika-
mii 30iraeThcs BimHOCHO MacuBy naHmx HB Ta 3aBep-
IIyeTbesl He Oimbmne HiX 3a M KpokiB, e M — KUIBKIiCTh
yCiX HaBYAIBHUX Map no4aTkoBoi HB.

VY BHNajgKy CHJIBHOTO PO3JAIEHHS KJAciB I0YaTKOBOI
HB mnst cxemu AJIK, ko moTykHICTE moOyaoBaHOi YO
(abo Habopy YO) oOMexeHa TUTBKU MPAKTUYHOK MOXKITH-
BICTIO CaMOro aJITOPUTMY Kiacuikarii a; Ta HO4aTKOBUMHU
napamerpamu HB, cxemy (Mozens) AJIK 6yzne nmodynoBaHo
3a t KPOKiB, JIe BEJIMUNHY ¢ MOKHA BU3HAYHTH 32 CITiBBiIHO-
meHHsM (9).
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CONVERGENCE PROBLEM SCHEMES FOR CONSTRUCTING STRUCTURES OF LOGICAL AND

ALGORITHMIC CLASSIFICATION TREES

The problem of convergence of the procedure for synthesizing classifier schemes in the methods of logical and algorithmic
classification trees is considered. An upper estimate of the complexity of the algorithm tree scheme is proposed in the problem of
approximating an array of real data with a set of generalized features with a fixed criterion for stopping the branching procedure
at the stage of constructing a classification tree. This approach allows you to ensure the necessary accuracy of the model, assess
its complexity, reduce the number of branches and achieve the necessary performance indicators. For the first time, methods for
constructing structures of logical and algorithmic classification trees are given an upper estimate of the convergence of construc-
ting classification trees. The proposed convergence estimate of the procedure for constructing classifiers for LCT/ACT structures
makes it possible to build economical and efficient classification models of a given accuracy. The method of constructing an al-
gorithmic classification tree is based on a step-by-step approximation of an initial sample of arbitrary volume and structure by a
set of independent classification algorithms. When forming the current vertex of an algorithmic tree, node, or generalized feature,
this method highlights the most efficient, high-quality autonomous classification algorithms from the initial set. This approach to
constructing the resulting classification tree can significantly reduce the size and complexity of the tree, the total number of
branches, vertices, and tiers of the structure, improve the quality of its subsequent analysis, interpretability, and ability to decom-
pose. Methods for synthesizing logical and algorithmic classification trees were implemented in the library of algorithms of the
“Orion III” software system for solving various applied problems of artificial intelligence. Practical applications have confirmed
the operability of the constructed classification tree models and the developed software. The paper estimates the convergence of
the procedure for constructing recognition schemes for cases of logical and algorithmic classification trees under conditions of
weak and strong class separation of the initial sample. Prospects for further research and testing may consist in evaluating the
convergence of the ACT synthesis procedure in a limited method of the algorithmic classification tree, which consists in mainta-
ining a criterion for stopping the procedure for constructing a tree model by the depth of the structure, optimizing its software
implementations, introducing new types of algorithmic trees, as well as experimental studies of this method for a wider range of

practical problems.

Keywords: logical tree; algorithmic tree; classifier; pattern recognition; attribute; training sample.
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