ITPUKIIAJTHI THTAHHA MATEMATHYHOI' O MOJE/IFOBAHHA No2, 2018 p.

YIK 519.816
H.K. TUMO®IEBA

MixHapo HHI HAyKOBO-HABYILHUN TIEHTP
iHdopmamiitaux TexHoJorii Ta cucreM HAH Ta MOH VYkpaiau

TEOPISI KOMBIHATOPHOI OIITUMI3ALII TA 3AJAYI ITYYHOI'O
IHTEJIEKTY

baezamo 3adau wmyunoeo inmenekmy MOOeNOIOMbCA 3 BUKOPUCTIAHHAM Meopii
KomoOinamopHoi onmumizayii. Lle nog’szano 3 mum, wo nepeeadcHa ixHws YACMUHA NpU
3HAXOOHCEHHI ONMUMANLHO2O0 PO36’A3KY nompebOye nepedopy eapianmis. Ilepebipnum dice
3a0avam eracmusa KomOiHamopha npupooda. [[ns 3a0ay po3ni3HAGAHHA MaA Cce2MeHmayii
MOBNEHHEBO2O CUSHALY, KIIHIYHOI OIA2HOCMUKU HABEOEHO MameMamuyni Mooeiui, sKi
no6y0oeati 8 pamkax meopii kombinamoproi onmumizayii. Iloxazano, wo 6 3adauax ybozo
K1acy KOMOIHamopHi Kouizypayii moxicyms Oymu K apeymMeHmom yintbosoi yynkyii, max i
BXIOHUMU OAHUMU.

Knouosi crnosa: wmyynutl inmenexm, KoMOIHAmMOpHAa KOHQIZypayis, KOMOIHAmMopHa
onmumizayis, Yitboea (OyHKYisn, po3Ni3HABAHHS MA CUHME3 MOBIEHHEBUX CUCHAIB, KIIHIYHA
diazHocmuka.

H.K. TUMO®EEBA

Mesk1yHapOIHBIH Hay49HO-Y4EeOHbIH LIEHTP
nHpopManmoHHbIX TexHojorui u cucteM HAH n MOH VYxpauns

TEOPUSI KOMBUHATOPHOM ONITUMU3AIINUA U 3ATAUA
NCKYCCTBEHHOI'O HHTEJIJIEKTA

Mnocue 3a0auu UCKYCCMBEHHO20 UHMELIEKMA MOOENUPYIOMCA ¢ UCNONb308AHUEM
meopuu KOMOUHAMOPHOU ONMUMU3AYUY. DMO CA3AHO C MeM, YMO NOOAGIAIWASL UX YACTb
APU HAXOMHCOEHUU ONMUMANbHO20 peuleHus mpebyem nepebopa eapuanmos. Ilepeboprbvim
JIce  3a0a¥am  CBOUCMBEHHA KOMOUHaAmMopHas npupodda. [Ins 3a0a4y pacno3Haeauus u
cecMeHmayuy peueso2o CUSHANA, KIUHUYECKOU OUACHOCMUKU NPUBEOeHbl MamemamuiecKue
MoOenu, NOCMpOeHHbLE 8 PAMKAX Meopul KOMOunamoprou onmumusayuu. Ilokazano, umo 6
3a0auax 3mo2o Kiacca KOMOUHAMOpHble KOoHuaypayuu mozym Oblmb KaK apeyMeHmom
yenesot pyHKyuu, max u 6X0OHbIMU OAHHBIMU.

Kniouesvie cnosa: uckyccmeenHvlii unmennekm, KOMOUHAMOPHAA KOHQuaypayus,
KOMOUHAMOPHAsL ONMUMU3ayusl, yeneeas @OYHKYus, PACNO3HABAHUE U CUHME3 pPedesblx
CUCHANI08, KTUHUYECKAsl OUACHOCTUKA.
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COMBINATORIAL OPTIMIZATION THEORY AND PROBLEM OF ARTIFICIAL
INTELLIGENCE

The problems of artificial intelligence are complex in nature and not always subject to
formalization. But many of the applications of this class are reduced to combinatorial
optimization problems. This is due to the fact that their predominant part in finding an
optimal solution requires the parsing of options. The parsing problems is characteristic of
combinatorial nature. This property can be investigated by simulating the specified problems
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in the framework of the theory of combinatorial optimization. For their modeling it is
necessary to determine the type of these problems (static or dynamic), to determine the
argument of the objective function (combinatorial configuration), to modeling the objective
function. As the system analysis shows, combinatorial configurations in problems of this class
can be both an argument of the objective function and input data. Also, the development of
intelligent systems requires the formalization of human natural intelligence, that is, it is
necessary to describe the processes of natural thinking and answer the question: can it be
simulated. The article gives a classification of natural intelligence, which is developed taking
into account the situation of uncertainty. To this end, certain types of uncertainties that arise
in solving applied problems of artificial intelligence are considered.

The construction of mathematical models of problems of artificial intelligence using
the theory of combinatorial optimization is shown on the example of recognition and
segmentation of speech signals and clinical diagnostics. It is stated that they are divided into
subproblems, which are solved by independent algorithms in the iterative mode. Such a
computational scheme is characteristic of hybrid algorithms. By the argument of the objective
function the problems of speech recognition and clinical diagnosis — similar to each other.

The use of combinatorial optimization theory for modeling the problems of artificial
intelligence allows us to establish their combinatorial nature, to formulate the objective
function explicitly, to identify the characteristic features that determine the similarity of these
problems. The conducted researches allow to reveal the reason of uncertainty of various
kinds that arises in the process of their solution, and to explain the nature of the fuzziness of
the input data.

Keywords: artificial intelligence, combinatorial configuration, combinatorial
optimization, objective function, recognition and synthesis of speech signals, clinical
diagnostics.

IlocTanoBka nmpodJjemu

3agadi IWTYYHOTO 1HTEJEKTY CKJIQJHI 332 CBOEIO MPUPOIOI0 Ta HE 3aBXKAU IMiIJAI0ThCs
dbopmaizaiiii. MoaentoBaHHs 3a7a4 pI3HUX KJAaciB K 3 KOMOIHATOPHOI ONTHUMI3aIii Tak i
IITYYHOTO 1HTENEKTY MOJsrae B moOyaoBi Takoi MOJIENi, sSiKa aleKBaTHO OIHUCYE TOCTABICHY
3a/lauy, BUSBIIAE XapaKTepHI i1 BJIACTUBOCTI Ta JOMOMAara€ po3poOSsITH JUisl iXHBOTO
pO3B’s3aHHA e(EKTUBHI METOIH Ta AITOPUTMHU.

Sk TOKa3yoTh AOCHIHKEHHS MPUKIAHUX 3a/a4 13 MTYYHOTO 1HTEIEKTY MepeBa)kHa
iXHS YaCTMHA TPU 3HAXO/KEHHI ONTHUMAIBHOTO PO3B’SI3KYy MOTpedye mepebopy BapiaHTIB.
[TepebiparM ke 3amayaM BJacTHBa KOMOIHATOpHa mpupoja. ToMy 3agadi IbOTO KIacy
3BOJIATHCS JI0 33J1a4 KOMOIHATOPHOI ONTHMI3aIlii.

AHaJIi3 0CTaHHIX J0CTiZKeHb Ta my0Jikaniii 3a TeMoI0

Jlo IITY4HOTO 1HTENEKTY, K MPaBUIIO, BITHOCITH 3a/1a4i, OB’ sA3aH1 3 PO3Mi3HABAHHSIM
obOpaziB [1], 3BykoBuUX (MOBIEHHEBUX) CHUTHANB [2], mMemummuoro Tomo [3, 4]. Jns
MOJICITIOBAHHS 3a/1ad I[bOTO KJIACy BUKOPHUCTOBYIOTH CTOXACTHWYHI, JIOTIKO-JIHTBIHICTHYHI
MeToaM, Mozeni MapkoBa, JiHIHHE LIJIOYMCIOBE NPOTrpaMyBaHHs, TEOPiI0 PO3Mi3HABAHHS
obpaziB.  IlIBugkumii  MeTon  PO3IMOBCIOJKEHHS  OOMEXEHb  JTOCUTh  IHTCHCHUBHO
BUKOPHCTOBYEThCS TIPHM PO3B’sI3aHHI OrOBOpEeHUX 3amad [5]. Ause Bigomi wMeronu
MOJIETTIOBAaHHSI HE 3aBXKIU MOSCHIOIOTH NMPUPOAY IUX 3a/ay, HE JO3BOJISAIOTH cHopMymntoBaTH
TbOBY (YHKLIIO B SBHOMY BHIUILII. B 3agauax INTYyYyHOTO IHTENEKTY NpPU NPUHHSATTI
ONTUMAIBHOTO PIMICHHS JOCHTh YacTO BHUKOPHUCTOBYIOTHCS METOIH, SIKI KIACH(IKYIOTh 5K
espuctiuHi [6]. Ilix eBpUCTHYHMMH aNTrOpUTMaMH, SIK TPABUIIO, PO3YMIIOTH CIIOCOOU
MPUAHATTSA PillieHb MOMI0OHI IO TOTO, 5K 1€ pOOWTH JIFOJMHA, Ta TOOYAOBaHI Ha THTYITHBHUX
MIpKYBaHHSX, IO CIHUPAIOTHCSA Ha MOMepeAHiil mocmin. Jlo HUX BIAHOCATH MIAXOAH, SKi
ckiagHo (opmamizyBaTH Ta HEMOXJIMBO JOBECTH IXHIO TOYHICTh. BHWKOpHCTaHHS
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E€BPUCTUYHUX AJITOPUTMIB JYyXKe MONIMPEHE B 3ajadax pO3Mi3HaBaHHS Pi3HOI mpupomu. J[s
0araThbOX MPAKTUYHUX MPOOIIEM I1i AITOPUTMHU YU HE €MHO MOKIUBUHN IUISAX JJIT OTPUMAHHS
3aJIOBUTHHOTO PIIICHHS B peaJbHOMY Yaci. [HoMl Takuil anropuTM MoXxe OyTH TOYHHUM, TOOTO
BiH 3HAaXOJUTh MIMCHO HaWKpalle pIIIeHHs, ajie HOro Ha3WBalOTh EBPUCTUYHUM 13-3a
HEMOXJIMBOCT1 JIOBECTH IXHIO TOYHICTH. 1[I MeToam eeKTHBHI 3a MIBUIKOIIEIO, alle TOCUTh
4acTo pe3yibTar, Ofep KaHui 3a IXHBOIO JOMOMOT0I0, JaIEKUi BiJ ONTUMAIILHOTO.

Bigomi meTtomum MojentoBaHHS HE 3aBXKIHM TOSCHIOIOTH IMEpeOipHy MPUPOIY 3amad
mrygyHoro iHtenekTy. Ilpu mopnemoBaHHI HiabOBOI (YHKIII 3a i apryMeHT, SIK MpaBHIIO,
NpUAMaloTh BXiJHI naHi. JleTanpHUN aHami3 3a/1a4d I[bOTO KJAcy IMOKa3ye, IO apryMEHTOM
1ib0BOT (QYHKIIT B HUX € KOMOIHaTOpHI KOH(]Iiryparii pi3HUX THIMIB. SIK MOKa3ye CUCTEMHUN
aHaji3, B OTOBOPEHHX 3aJayax KOMOIHATOpHI KOH}Iryparii MOXyTh OyTH SK apryMEHTOM
THOBOIT (PYHKINIT Tak 1 BXiTHUMU JaHUMH. BukoprcTaHHs Teopii KOMOIHATOPHOI ONTHMI3aIli]
JI03BOJISIE BCTAHOBHUTH IXHIO KOMOIHATOpHY NpHUpOAy, chopMyiroBaTH IUIBOBY (DYHKIIIIO B
SIBHOMY BUTJISII, BUSIBUTH XapakTEPHI O3HAKH, 332 SKMMH BCTAHOBIIOETHCS MOAIOHICTH 3a1a4
SIK KOMOIHATOPHOI ONTUMI3aIlii TaK 1 MTYYHOTO 1HTEIEKTY.

Meta nocaixkeHHs

Jlist po3B’si3aHHS MMOCTaBJIEHOT 3a7adi MPOBOIUTHCS aHANI3 MPUKIAIHOI 3a7adi 13
IITYYHOTO 1IHTEJEKTY Ta il MOJENIOBaHHS 3 BUKOPUCTaHHSAM Teopii KOMOiHaTOpHOI
onTuMizamii. 3 Ii€l0 METO HEOOXITHO BHU3HAYMTH ii BUJ (CTaTHUYHA YW JWHAMIYHA),
BU3HAYUTU apryMEeHT IIboBOi (yHKIIT (KoMOiHaTopHy KOH(Irypamitoo), 3MOJETIOBATH
niTs0BY (QyHKIIIO. Ha 0cHOBI moOym0BaHOI MaTeMaTHYHOI MOJEI BHU3HAYAIOTHCS TIAXOIU
JUIs pO3B’si3aHHS 1€l 3a71a4i, TOOTO BUKOPUCTOBYIOTHCSA BiJOMI METOAM a00 PO3POOIAIOTHCS
HOBI aJITOPUTMHU.

BukiaaeHHs1 0CHOBHOIO MaTepiary J0CTiI:KeHHS
HeBu3Ha4yeHICTh Y IITYYHOMY iHTEJIEKTI

[TpuiiHATTS pilleHb Yy NPUKIAJHUX 3a7adax, 30KpeMa 1 B IITYYHOMY IHTEJEKTI,
MIPOBOJIUTHCS B YMOBax HEBHU3HAYEHOCTI pPI3HOrO Buay. 100TO, po3B’s3aHHS 3amad 3 i
BpaxyBaHHSM € 3arajbHUM BHUIIAJKOM, a IPUUHATTS pilleHb Oe3 i BpaxyBaHHS — YaCTKOBUM
BUMAAKOM. SIK 1 B 3a/1auax KOMOIHATOPHOT ONTHUMI3AIlli TakK 1 B 3a7a4ax IMITYYHOTO 1HTEIEKTY
HEBU3HAYCHICTh MOB’s13aHa [7]:

I) 3 HEOOHO3HAUYHICTIO PE3YNbTATy, OJCPKAHOTO 3a 3MOJICTHLOBAHOIO IIIHOBOIO
¢yHKLier0 ab0 BUOpaHOIO MipOI0 MOMIOHOCTI y pa3i HEWiTKOI BXiAHOI iHpopMmarii, AKuil He
3aJJ0BOJIBHSE METI JOCIIIKEHHS;

1) 3 BuUGOpOM crocoOy OIIHKM TOYHOCTI POOOTH MEBHOTO AIITOPUTMY

II) 3 0cO0IMBOIO CTPYKTYpPOIO MHOXHMHHM KOMOIHATOPHUX KOH(}IrypaIii, Imo €
apryMEHTOM ITIJIb0BOT (QYHKIIIT,

IV) 3 HETOBHOIO BX1IHOIO Ta MOTOYHOO 1HPOPMAITIETO;

V) 3 HewiTKO po3po0IeHUMH TTpaBUIaMu 0OpOOKH Ta OIIHKH 1H(hOpMAaIii;

VI) 3 HEOJHO3HAYHICTIO MpH BHOOpPI ONTUMAIBLHOTO pO3B’SI3KY 3a KIJIbKOMA
KpUTEPisIMH B OaraTOKpUTEPiaIbHIN ONTHMI3AIL].

TakuMm YMHOM, ONHIEIO 13 33434 IMITYYHOMY IHTEJEKTY € BHUpIMIECHHS CHUTYaIil
HeBu3HaueHoCTi. [Ipu po3B’si3aHHI 3HAYHOI YaCTHHM 3aJad PI3HUX KJIaciB OCHOBHA yBara
NPUIIISETHCS HEBU3HAYEHOCTI, IO TIOB’S3aHAa 3 HEMOBHOKO BXIMHOK Ta TIOTOYHOIO
iHpopMalli€ro, a TakoXX 3 HEYITKUMH BXITHUMU AaHUMHU. B nmaHomy pasi BHUpIIIEHHS ITi€l
npoOJaeMH MPOBOAATH LUIIXOM aHaJi3y MOBEAIHKH CHUCTEMHM 3a IMEBHUU MPOMDKOK 4acy. Ha
OCHOBI OTPHUMAHOTO aHaJli3y BCTAHOBIIOETHCS 3aKOHOMIPHICTh, SKa BPAaXOBYETHCS MPH
IPOTHO3yBaHHI MaWOyTHIX pe3ylbTaTiB Ha MOTOYHOMY BIAIIKY uacy. SIKmo BXiaHy
iHpopMaIliFo MOXKHA 33/1aTH YaCOBUMHM TOCIIIOBHOCTSAMHM 1 JIJIsl Hel BUSHAUUTH (hpaKTAIbHY
PO3MIpHICTb, TO BHMKOPHUCTOBYIOTh (paKTalIbHUN aHai3 30KpeMa METOJ HOPMOBAHOTO
po3maxy (merox R/S) [8]. Takokx ogHKM i3 CITOCOOIB BHPIIIEHHS I[i€1 CUTYAIiT € pO3pO0IeHHS
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CaMOHAJIAroPKYBAJIbHUX AJITOPUTMIB T€HEPYBAaHHS MapaMeTpiB, SKi HEOOXITHO 3a/JaBaTH SK
BXiZIHI JaHi JUIS pPO3B’s3aHHS YEeproBoi 3aaayi 1 SKi HEMOXJIHMBO 3aJaTH Ha MOYaTKY
obuncmoBasibHOrO0 mporecy [9]. Ile mo3Bomsie B mporeci po3B’si3aHHS TMEBHOT 3amadi
aBTOMAaTHYHO TEHEPYyBaTH JOJATKOBY MOTOYHY iH(OpMAIll0 3 ypaxyBaHHSIM IPOrHO3Y
MaiOyTHIX pe3yibTaTiB.

Kaacudikanisi npupoaHoOro iHTeexTy.

Jlnst  po3poOiieHHST 1HTENEKTyadbHUX CHCTEM HEOOXIHO BH3HAYUTH, N0 TaKe
OPUPOJHUN IHTENEKT JIOAUMHH, TOOTO ONHCATH TPOIECH TPUPOJHOTO MHUCICHHS Ta
BIJIIOBICTH Ha 3alMTaHHSA: YW MOKHA Horo 3mozemoBatu? Sk Bigomo, MijJ 1HTEIEKTOM
PO3YMIIOTh 3/1aTHICTD Mi3HABATH HABKOJMILIHIM CBIT Ta BUPIIIYBaTH Pi3HOMAaHITHI MPOOIEMH.
SIK CHHOHIM KOPUCTYEMOCS MOHATTSM PO3YM, SIK€ BHUpPa)Ka€ 3aTHICTh MUCIUTH: aHANI3yBaTH
i1 pOOUTH BUCHOBKH.

B 3anexxHocTi Big BUAY HEBHU3HAYEHOCTI HaBEIEMO KiacH(iKallilo MPHPOIHOTO
iHTeneKTy. BBaxkaTumMeMo, 110 3 TOHATTAM 1HTENEKTY OB’ A3aHl TakKi omneparii sk 00podka Ta
orfinka iHpopmaiii. Buxonsuu 3 mporo, iHTENEKT JIOAWHA YMOBHO PO3JAUIMMO Ha Taki piBHI
[10]:

I pisens. JIronHa BUKOHYE TpaBUIIa, K1 YiTKO C(HOPMYIBOBAHO 1 ONMHUCAHO B KHUTAX
Ta MiIpy4YHUKax abo MepefaloThes Bl yuyuTeniB O0e3 aHami3y Ha iXHIO TOUHICTh. Ha3zBemo ix
npasuiamu Hasyanus. Ha ChroJHINIHIA ACHB ICHYyE 0arato mporpaM Ta MPUCTPOiB-pOOOTIB,
SKl TPAIIoI0Th 32 YITKO PO3pOOJICHUMH MpaBWwiaMH. SIKIIO HE BpaxOBYBaTH €MOIii, 110
XapakTepHi JJIS BUINMX >KUBUX OPraHi3MiB, TO IHTENEKT [-ro piBHSA Ha CydyacHOMY piBHI
YaCTKOBO Peaji30BaHO.

11 pisenv. B mpornieci )XUTTEMISIIBHOCTI IHAWBIIYYM aHaIi3ye 1HGOPMAIIil0 Ha TOYHICTh
Ta po3po0Jsie CBOI MpaBMIIa TOBEIIHKH 3a PI3HUX YMOB, SIKI IPYHTYIOTbCS Ha MONEPEIHBOMY
BracHoMy gnocBimi. [li mpaBmma Moxyre Oyt 1 HetouHuMu. HasBemo ix npasuramu
camonasuanus. Tatenekt Il piBHS 3aBASKU CaMOHAIATOKYBAJIbHUM alTOPUTMAM YaCTKOBO
MO>KHA peajizyBaTH.

Il pigenv. 31aTHICTh IO HE3AJEKHOTO BiJ] ICHYIOUMX MpaBWJI aHalizy, 0OpoOKH Ta
oIiHKH 1H(pOpMaIlii Ha TOYHICTh, PO3pOOJEHHS HOBUX TOYHUX MPABWJ MOBEIIHKA B YMOBaX
HEBU3HAUEHOCTI, $KI MaKCHMaJbHO YpPaxOBYIOTb HPOTHO3 MAaHOyTHIX pe3yJbTarTiB.
[IpuiiHATTA pilmIeHHS B yMOBaX HEBM3HAYCHOCTI Ha PiBHI 1HTYIIIT 3a IpaBUIaMH, SIKi CKJIaTHO
¢dopmanizyBatu. BBaxkaemo, 1o iHTYilis — TOYHI MpaBWJIa MUCIEHHS, SKI Ha CbOTOJHIIIHIN
JIeHb HedopMaizoBaHI Ta sIKI 3aKJIaJeHO HAa TEHETHYHOMY piBHI. TakuM OCOOIMBUM
MUCIICHHSIM BOJIOJZIi€ OOMeKeHa Kareropis jroaeil. Hazsemo 1i mpaBuia npaBuiaMH iHTYiLi.

IaTenext III piBHA peanizyBaTH JOCHTH CKJIAIHO, XOUa BBAXKalOTh, 1110 IIEH PIBEHb €
CIIPaBXHIM 1HTEJIEKTOM.

3arajbHa MaTeMaTHYHA MOCTAHOBKA 3a/1a4i KOMOIHATOPHOI onTUMIi3alii.

Chopmymroemo  3araibHy MaTeMaTH4YHY IIOCTAaHOBKY 3a7adl  KOMOIHaTOPHOI
ontumizanii [11]. 3amadi mporo kiacy, sIK MpaBWIIO, 33JalOThCS OJHIED a00 KiIbKOMa
MHOKMHaMH, Hanpukiag A ta B, ereMeHTH SKuX MalTh Oyab-Ky npupony. Hassemo 1
MHOXXUHU 0Oa3zoeumu. HasiBHI aBa tunu 3anad. B nepwomy Tumi KOXHY 3 IHUX MHOXHUH
MoIaMo y BUTIISAI Tpada, BEPIIMHAMHM SKOTO € ii eJIEeMEHTH, a KO)KHOMY peOpy MOCTaBIEHO Y
BIANOBIIHICTE uuCO C, € R, sike Ha3uBarOTh Barow pedpa (R — MHOXMHA JificHUX uucen);

lefl,...n}, tefl,., N}, N — KiIbKiCTH eneMeHTIiB MHOKUHM A, N — KiJbKICTH €IEMEHTIB
MHOXuHH B . Tokmazemo, mo N =N. MikX eleMEHTaMM LUX MHOXHH iCHYIOTH 3B'3KH,
YHCIIOBE 3HAYCHHS SKMX HAa3BEMO BaraMi. BemwuwHM C, Ha3BEMO GXiOHUMU JAHUMH Ta
3aaMo 1X MaTpuusMu. B opyeomy TuIli 3a1a4 MiX elIeMEHTaMHU 3a1aH0T MHOYKHHH 3aB’SI3KiB
HEe ICHY€, a BaraMH € 4Ymclia v, € R, je{l...n}, sKkuUM y BIAMOBITHICTH MOCTABJICHO JESKI

BJIACTUBOCTI IIMX €JIEMEHTIB, UYHCIOBI 3HAYEHHS SIKHUX 3a0al0TbCS  CKIHYEHHUMH
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TOCJTIIOBHOCTSIMH, 110 TaKOX € BXIAHUMHU JaHUMH. Lli BETMYMHN BH3HAYAIOTH 3HAYCHHS
ITHOBOIT (DYHKIIT].

Jlns 000X THUINB 3aJad 13 €JIEMEHTIB OAHI€i a00 KIUIBKOX 13 3aJaHMX MHOMXHUH,
Hanpuknax a € A, |l e{l,...,n}, yrBoproetbcs komOiHaTopHa MHOXKHHa W — CyKyITHICTB
KOMOIHATOPHUX KOHQIrypamiii meBHOro Ttumy (TMEpecTaHOBKH, BUOIPKM PpI3HHUX THIIIB,
po3ourts Tomio). Ha enmementax W komOiHaropHoi MHOXMHH W  YBOAWTHCS ILIHOBA
dynkuis F(w). HeobxigHo 3Haiith enemenT W muoxmHH W, mua sxoro F(w) HaOysae
eKCTPEMaJbHOTO 3HAYCHHS TPH BUKOHAHHI 3aJlaHUX OOMEXeHb, TOOTO (YHKIIIOHAT
F(W*):gIObwfvi(}in(W)’ ne extr ={min, max}, W° — migMHOXMHA, KA BH3HAYAECTHCS
0OMeXCHHSIMH 3a/1a4i.

3MonentoeMo BXIAHI JaHl 3amadyi  KOMOIHATOpPHOI ONTHUMI3AIlii MEpHIOro THITY
CKIHUCHHUMH TMOCTIIOBHOCTIMH. I[lomamo enemMeHTH h  HajiaroHanell CHMETPUYHOL

KOMOIHaTOPHOI MaTpuIl Q(w") KOMOIHATOPHOIO byHKLi€I0
BCT(H), W) =B, ( f@),w),.,B,(f(m),w)), a erementn h uammiaronaneii
cumerprunoi Matpuii C — pyHkitiero HarypansHoro aprymerty  o( )| = (p(1), ..., p(m)),
n(n-1
2
h=1n-1. Bepxuiit ingexc k (ke{l...q}) B W< — nopsizkosuit Homep W 8 W, ¢ —

ne m= KUIBKICTh eleMeHTiB h HammiaroHained wmarpuie C  Ta Q(Wk),

Kimekicts W< y W . Sximo marpui Q(W*) ta C — mecumerpuuni, To B( f (j), w)|" Ta
()" micTats yci ixui enementn, a M=n’ (a6o m =n ). yukmis wim F(W*) Habyne
BUTJISITY

F(w') =3 B, (F () w) e (). ®

Bupa3 (1) mo3Bosise Ha MHOXHMHI TEpPECTaHOBOK Ta IMIJMHOXHHI 130MOpP(HHUX
KOMOIHATOpHUX KOH}ITYypaIliii 3HaXOAUTH PO3B’SI30K 3a/1a4l B SBHOMY BUTJISI.
Komo0inaTopHi koHgirypamii
Kombinamopnow roughicypayicto HazBeMo Oyab-sIKy CYKYITHICTh €JIE€MEHTIB, fKa
YTBOPIOETBCS 3 yCix abo 3 nedkux eneMmeHTiB 3amaHoi mHoxumen A={a, ,..,a,} [11].

[o3HAauMMO i YMOPAAKOBAHOI MHOXKHHOK W :(Wlk,...,WEk). Muoxuny A={a,,.. a,}
HazBeMo 0azoBoo. Ilim cuMBOmOM W€ A pO3yMieMO $K OKpeMi eIeMeHTH, TaK i
nigMHOKMEN (6110KH), N* €{l,...,N} — KinbKicTh eneMenTiB y W €W . 3anexHo Bix ymMoBH
3ajadi 1 TO3HadyaTuMeMo Oe3 iHAeKCcY abo 3 BEpXHIM 1HJIEKCOM nk. JIB1 HETOTOXHI
KoMOiHaTOpHI KoH(irypauii W* Ta W' HazBeMo i30MopdHEMH, Km0 N* =7'.

B npuknagHuMxX 3amadax IITYYHOTO IHTENEKTY apryMEHTOM IIIbOBOT  (PyHKITIT
BUCTYIAIOTh Pi3HI THMHU BHOIPOK. 3 TMOHATTAM BUOIPKM MOB'SI3YIOTH SIK cCaMy OIEpariio
BUJIJICHHS TJIMHOXKHH 33JIaHOI MHOXXHMHH, TaK 1 ii pe3ynbTar: BUOpaHy MiIMHOXUHY. B

MOJAJIBIIIOMY Ma€eMO Ha yBa3i Ipyre MOHSATTS.
Hexaii 3agano 6azoBy MHOXuHY A={a, ,..., 4 }. 3 Hel omepxkumo 77 -BuOipKy. Uncio 7

Ha3uBalOTh 00'eMoM BHOIpKH. B 77-BuOipkax B 3ajJeXHOCTI Bix yYMOBHM 3agadi abo
YpaxoBYEThCS TOPSAOK pO3TAllyBaHHS B HHUX €JEMEHTIB (TOAl iX Ha3uBalOTh 17]-
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IepecTaHoOBKaMH abo 77 -pO3MIIIEHHSAMH) a00 He YpaxoBYIOTb. Y I[bOMY BHIIaJKy BOHHU
Ha3MBAIOTHCS 7] -CIIONYYCHHSIMH.

OTxe ICHYIOTh Taki TUNM BHOIpOK: VIOPSAAKOBaHI Ta  HEYMOPSIKOBaHI.
HeymopsiakoBaHi 1€ — CHOJY4YeHHs O€3 MOBTOPEHb 1 CIIOJYYEHHS 3 IOBTOPECHHSMHU.
YropsakoBaHi 11e — pO3MIIIEHHS 3 MMOBTOPCHHIMH 1 PO3MIIICHHST 0€3 MOBTOpEeHb. MHOXKHHA
Oyab-KOrO THUIY BHOIPOK CKJIAJa€ThCs 3 MIAMHOXUH i3oMop¢pHUX BHOIpok. Himkue
MOKa3aHo, IO B 3aJadax pO3Mi3HABaHHS Ta CHUHTE3y MOBJICHHEBUX CHUTHATIB, KIIHIYHIN
JIarHOCTHUIIl apryMEHTOM LIbOBO1 (YHKIIT € CHOTy4YeHHs1 0e3 MOBTOPEHb Ta PO3MILICHHSA 3
HIOBTOPEHHSIMH.

3aKOHOMIpHICTh 3MIiHM 3HaueHb WUTbOBOI (YyHKLII B 3agavax KOMOIHATOPHOI
ONTHUMI3AIl 3aJIKUTh BIJI YHOPSAIKYBaHHS KOMOIHAaTOPHUX KOHGIrypamii (apryMeHry)
weW . Posrasuemo crpykrypy ixupoi muoxun W . Ilinmuoxuny W, cW  Hasemo

IiIMHOKUHOIO 130MOp(HUX KOMOIHATOPHUX KOHQIryparii, ko i enemMeHTu — i3oMopdHi
KoMOiHaTOpHI KOH(pirypamii. Muoxuna W ckiamaerbcs 3 MIAMHOXHAH 130MOpP(GHUX
KoMOinatopHux koudirypauiin W, . Ha niamuoxkuui W, 1ib0Ba QyHKIIIsA 3MIHIOETBCS Tak,

SK 1 HA MHOXHHI TEPECTAaHOBOK. MOXHa TOBECTH, II0 HAa MHOXMHI TEPECTAaHOBOK 1 Ha
MIIMHOXHUHI  130MOpOHUX KOMOIHATOPHUX KOH(pIrypamidi npu BUKOPHCTaHHI ILIHOBOT
¢byukmii (1) curyarlis HEBU3HAYEHOCTI 3BOJUTHCSA 10 MiHIMyMy. Ane Ha MHOXuHI W, sika
CKIIaa€eThest 3 miaMHokuH W, < W, [ IEBHOTO iXHBOTO BIOPS/IKYBAHHS 3aKOHOMIPHICTH

3MiHM 3HaueHb (yHKUIi (1) oJHaKOBa HE3aJEKHO B BXIIHUX JIaHUX, a PE3yJIbTAT PO3B’A3KY
3a/aul — HeoJHO3HAauYHU. To0TO, B IIbOMY pa3i BUHUKAE CUTYaIlisl HEBU3HAYCHOCTI, MTOB’ 3aHa
13 CTPYKTYpOIO apryMeHTy IiIboBOi (yHKIii. OCKIJIBKM B 33Ja4ax INTYYHOTO 1HTEIEKTY
MHOXHMHA KOMOIHaTOpHHUX KOH(Irypauiii ynopsakoByerbes migmuoxudamu W, W, To

3HAXO/PKEHHS I HUX ONTHUMAJBHOTO PO3B’S3KYy 3a BUpa3oM (1) mpoBOIUTHCS B yMOBax
HEBHU3HAYEHOCTI, OB’ SA3aHOI0 13 CTPYKTYPOIO apTyMEHTY.

[MpuknanHi 3amadi MTYYHOTO IHTENEKTY, B SKHX IUIbOBA (DYHKIlIS 3aJEKUTH BiJl
KUIBKOX 3MIHHHUX, 3a II€I0 03HAKOK PO3NUISIOTHCS HA HE3AJICXKHI IMia3azadi, sAKi HaJIeKaTh
pizHuM KiacaM. J[ns IXHBOTO pO3B’SI3aHHS PO3POOISIOTHCS AITOPUTMHU, SIKI MOETHYIOThH JBa
gy OUTBIIIE METOIB Ta IPYHTYIOTHCS Ha OpraHi3allii MOKpOKOBUX OOUYHCIICHBb — ITEpPaIlIiHOTO
IpoIecy, M0 TOPOKYE TMOCHIJOBHICTh PO3B’S3KIB Yy BIAMOBITHOCTI i3 BOYIOBAaHUMHU
nponenypamu. Sknio BOyAOBaHI MpOIEAYpH — HE3aleXKHI aJrOPUTMH, OPIEHTOBaHI Ha
pO3B’si3aHHS 3a7ad MEBHUX KJIAaciB, TO BOHHM HAa3WBAIOThCA TiOpumHuMu. Po3B’s30k 3amadi
BU3HAYAETHCS HA MHOKMHAX KOMOIHAaTOpHUX KOH(Irypalii pi3HUX TUIIIB. B boMy pasi CyTh
riOpUIHOTO aNrOpPUTMy TIONSTA€ Y TOEAHAHHI TaKWMX METOMIB JUIsl 3HAXOKCHHS
ONTUMAIBHOTO PO3B’s3KYy, SKHH OyB OM MIMCHHM TSI KOXKHOI 13 3a/JlaHMX KOMOIHATOPHUX
MHOKUH.

B takux 3amayax mITYy4yHOrO 1HTENEKTY SIK pO3Mi3HABAHHS MOBJIEHHEBUX CHUTHAIIB Ta
3a/1a4a KJIIHIYHOI MIarHOCTUKH IiThOBa (DYHKIIISI 3aJIEKUTH BiJ KUTBKOX 3MIHHUX, SKHMH €
pi3HI TUTIH KOMOIHATOPHUX KOH(irypamiii. ToMy 171 cBOro po3B’si3aHHs BOHU MOTPEOYIOThH
po3po0sieHHs TiOpUAHUX anropuTMiB. [0 TOro K 3a I€I0 O3HAKOI BCTAHOBIIOETHCS
MOA10HICTE IUX 3a7ad.

Po3nizHaBaHHSI MOBJICHHEBUX CUTHAJIIB
3amaya po3mi3HaBaHHS MOBJIEHHEBUX CHTHAJIB TOJIATAE Y 3HAXODKCHHI JUISl BXITHOTO
CUTHAIIy HAWOUIbII MPaBIONOAIOHOTO €TAJIOHHOTO 3 YCIX MOXKIIMBUX €TAJIOHHUX CUTHATIB [2].
Jlnst po3B’si3aHHs 1i€l 3aa49i HEOOX1THO TTPOBECTH TOIIYK MEBHOTO €TajoHy B 010yioTel Ta
HOPIBHATH Horo 13 BXiZHUM curHaioM. [Ipu MonentoBaHHI I1i€l 3a7a4i apryMeHTOM II1JIbOBOT
GyHKIIIT BBaXXKAIOTh BXITHUN cUTHAI [2]. MoaentoBaHHs 3a1a4i po3Mi3HaBaHHS MOBJICHHEBUX
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CHUTHAIB TIOKa3ye, M0 apryMEHT IiJIboBO1 (DyHKINT B HiM € KoMOiHAaTOpHI KOH(iryparmii
PI3HUX THIIB.
PosrnsiHemMo 3amady MOpPIBHSHHS €TAJIOHHOTO Ta BXIJHOTO CHUTHATIB. YBEIEMO IBi

6a30si Mmuoxkuar A={a, ,..,a } ta B' ={b/,...,b.}, ne a € A — 3HaueHHs curHANY Y BiATiKy
s, s=1,n,a b €B' Bignosigae Bigmixy eranonnoro curmany, | e{l,...A}, iefl...q}, q -

KUIBKICTh €TAJIOHHMX CUTHaNIB. BXinHI n1aHi, SKMMU € Baru MK eJeMEeHTaMH a € A Ta

b € B', 3amamo HecumerpuuHnoo mMarpunero C =‘ Cy|| ., HOMEpa CTOBIIIB SKOI 301ral0ThCs
nxn

3 HyMepalli€o elneMeHTIB @, € A, a HoMepa psIKiB — 3 HyMmepali€lo enemeHTiB by € B'.

Ockinbku 3 KOKHOI 0a30BOi MHOKMHHM A Ta B' BHOMparOThCS MO OXHOMY €IIEMEHTY B
CTpOroMy TIOPSIIKY, TO OTpUMaHa KomOiHaTOpHa KoH(irypamis € po3MimeHHs 0e3
nopropenHs. IlosHaunmo i p* €M, me M — ixus Bcinaka MHOXMHA. [0 BH3HAUCHHS

enemenTiB a, € A Ta b € B', mo BuOGHparoThCA 3 6a30BUX MHOKHH Ha K-My BapiaHTi
poO3B'sI3Ky 3amaui, yBememo KomOiHatopHy (0,1)-MaTpuirio Q(Mk)=HgS| (uk)H _. Sxmmo
nxn

0,(u)=1, To 3 mHOxuH A Ta B' BuOGpama mapa (a,,b'), B iHmomy pasi 3HaueHHS
Jq (1) =0. Jlna 3amucy mineoBoi (yHKIiI B SBHOMY BHINISII 3MOJETIOEMO BXifHI naHi
(GyHKLIAMH HaTypalbHOTO aprymenty. Enementn wmatpuni C  momamMo 4HMCIOBOIO

dynkmiero @(j) [, a marpuni Q(u*) — xomGinatopuoro B( f (), u )", :e m=nA.

3ajada TOPIBHSHHS ETAJIOHHOTO Ta BXIJHOTO MOBJICHHEBHUX CHTHAJIB IIOJSTAE B
k*

3HAXOJKEHHI TaKoro PO3MIIIICHHS 0e3 MOBTOPEHD TR JUTSt SIKOTO
F(uk*)=ma&<2 @(J)B; (f(),1), me D o(i)B;(f(j)n) - interpamna wmipa
poeM i1 j=1

nonibnocti, a ¢(j)=u;(a,,b’) — enementapna mipa moniGHOCTi, ika BU3HAYAE TOIOHICTH

MDK €JIEMEHTaMHU €TATOHHOI'O Ta BX1IHOI'O CUTHAJIIB.
Po3rnsiHemMo 3a1a4y nouryky B 616J110Teri €TaJOHHOTO CUTHAITY.
B miit migzamaui sk Barm MK €TAJIOHHUM Ta BXIJHAM CHUTHAjJaMU BHUCTYHAIOTh

BETMUMHM iHTErpalbHUX Mip momibuocti F(u*"), dymcinoBe 3HayeHHs AKMX MHOHAMO
MaTpHUILEIO C. Howmepa cToBmIiB 1i€i MaTpwili 30iratoTbcst 3 HOMEPaMHU €TAIOHHUX CHTHAIB,
po3mimenux y 6i6miorerti. Psimok y Hii oguH 1 BIAMOBIAa€ HOMEPY OJWH BX1JHOTO CUTHATY
A. OckinbKu TpU TOPIBHSAHHI BXiJHOTO Ta E€TAJOHHOTO CUTHATIB i3 MHOXMH A Ta B
BUOWPAIOTHCS JIBa €JIEMEHTH, TO yTBOpEHa KOMOIHATOpHA KOHQITypallis € CIojJydeHHs 0e3

TIOBTOPEHHS, sIKe TI03HAYMMO AK W € M, ne M’ — ixms Bcingka maoxuna, B = (B/,..., B;) -

MHOXHHA €TaJIOHHHUX CUTHAJIIB. YBenemo KOMOIHATOpHY (0,1)-Mmatpwuirto

Q") :H 9y (u't)H1 . Sxmo g, (u')=1, To 3 MmHokun A Ta B BuGpama mapa (A B), B
xq

inmoMy pasi 3nauenHs @, (u')=0. Enementn wmarpumi C  T10JaMoO YHCIOBOIO

: vy In-1 : 't : ! e 'ty n-1
dynkuiero ¢ ()| ,amarpumi Q(n') — xombinaTopuoto B ( f (), pn ).

3ajaua TONIYKY €TaJOHHOTO CHTHANly, SKUHA BIJMNOBIJa€ BXIJHOMY, IIOJIATaE Yy
3HAXOJDKEHH] TAKOTO CIIOTy4IEHHs O€3 TIOBTOPEHHS W' , ISt AKOTO

F(u™)=max Y ¢ (1), (1 ())ze 9 (D=3 @ (1), (F (i).4):
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3amaya cerMeHTAallii MOBJIEHHEBOTO CUTHAJLY

Jlns po3B's3aHHS 3aqavi CETMEHTAIlli MOBJICHHEBOT'O CHUTHAY pPO3poOiieHO Oarato
METO/IB Ta QJITOPUTMIB, IO TYPTYIOThCA Ha KOPEISIIHHUX IMIIX0/JaX 3 BHKOPUCTAHHIM
JUHAMIYHOTO IPOTrpaMyBaHHsI, Hanpukian [2]. Ane B 0aratbox Mmixoax BOHA PO3B’A3YETHCA
1 NUIAXOM po3Mi3HaBaHHS KoHIryparii BxXigHOTO curHaimy. IIpoBegemo cermeHTallio
MOBJICHHEBOTO CHUTHaJIy Ha KBa3imepioguyHi Ta HENepioguyHI IUISHKH, B SKOMY
posmi3HaeThes Horo koHdiryparis. L{g 3amaua momnsrae y BUAUICHHI HA 3aJaHOMY BiIpi3Ky
BXIJJHOTO CUTHANy MaiKe MepioAnIHUX 1 HENEePiOAMIHUX JUISTHOK, a B Maibke MepioJuIHUX
BU3HAUAIOTHCA JOBXKUHU IMOTOYHOro Maiike mepiony. s ¢gopmynioBaHHS MaTeMaTHYHOT
MOCTAaHOBKH ITi€1 3a/1a4i BUKOPHUCTAEMO TEOPit0 KOMOIHATOPHOT ONTUMI3aLlii.

Binpizox curHamy, 1O AOCHIIKYEThCA, po3i0’€MO Ha AUISIHKA JIOBXKHUHOIO
Le{L L. +A L. +2A,.,L 3 HACTYTHUM BH3HAUCHHSM Maike IMepioANIHOCTI

CYCIMHIX JUISHOK; L,

min* —min min max}

MiHIMQJIbHO MOXJIMBA JOBXKMHA Maibke mepioay, L., —

min
MaKCHUMaJIbHO MOXIIMBA JIOBXXKHMHA Mai’Ke Nepiony, A — 3HAUYEHHS MPHPOCTY Mailke mepioay
(BU3HAYAETHCA EKCIEPUMEHTAIbHO). [HTerpambHa Mipa MOMIOHOCTI, SIKY BHKOPHCTAHO IS
BU3HAYEHHS Mai)Ke MepiOJUYHOCTI ABOX CYCIIHIX AUISHOK, COPMYIIOETHCS 3 ypaxyBaHHAM
KUTBKOX KPHTEPIiB.

Hexaii 3amaH0 BiZIpi30K MOBJICHHEBOTO CUTHANY L , SIKWW MOaMO Yy BHUTJISIII YACIOBOT
¢ynkuii  f ()|, m — KUIBKicTh 11 3HaUeHb. BBaxkaTuMeMo, 10 CycCiaHI MIISHKH QYHKITT
mm(a'[ &g & — a’[—Z)
max(a, — 2, & 1~ &_,)

d,:n”:;T(((Ett:Etll’,E::E-_z))>s, m=|p-d|<s, e tefd..mu)+L, |efl,.., mu},

p,,d, — edeMeHTapHi Mipu MOAIOHOCTI, K1 TO3BOJSAIOTh BU3HAYATH Maike MEpioANYHICTD t -1

f(j)|" ™maibke mnepioanyHi, SKIIO MIpU MOAIOHOCTI p,= >¢,

Ta (t+1)-1 AUIAHOK; &, — BIIVIIK, AJIS SIKOro 3HauyeHHs QyHKuUii f(a,) Ha AUIAHII JOBKUHOIO

~ o x " min(a, —a,_,, L « .
L HaiiGiabme ado “f(a[)|—‘f(x X‘<s , SIKIIO (at a4 ~)>8’ X" — Bimmik, @IS AKOro
max(aI -a, 4, L)
3HadyeHHs QyHKuii f(j) HaWiOuLIbIIe; b, — BUUIK, Ui sIKOro 3HadyeHHs QyHkumii f(b,) Ha wmik
. . * " min{b, —b, ,I: x ..
JKe TISHII HalMeHIe a0o “f(bl)|—‘f(b }‘<g , SIKIIIO (bt 1 ~) >e, b" — Bimmik, mis
max(bt -b_4, L)
skoro 3HaueHHa f(b") — wHaiimenme; ¢,¢,¢ — koedilieHTH Mipu MOAIOHOCTI, IO
BU3HAYAIOTHCS EKCIIEPUMEHTAIILHO; m(pk) — KUIBKICTH IUISHOK IOBXKHUHOIO E, Ha K1

po3ouBaetbes Gynkuis f ()| Ha k -i iTepanii. B mporeci po3s's3anHs 3a1a4i GOpMyeTHCSI
KoMOiHaTopHa KoHpirypauis p* = (uk,..., H::k) (apryMeHT 11ilb0oBOi (hyHKIIT), AKa BiTHOCHTBCS
70 po3MilieHHs 0Oe3 TOBTOpPEHb, B SIKid YpaxOBYEThCS MOPSAIOK EJIEMEHTIB, MPUYOMY
nf <k, nfefl...,m@u*)} — kinekicte enementiB y p*. Emement pf efl,..m} — Bimmik
CHUTHaJly, IO BKa3ye Ha KiHeUb o-To abo Ha mo4arok (o +1)-ro Maibke mepioay
cefl,...n* -1}.

3amaga cerMeHranii MOBIEHHEBOTO CHTHAJTy TMOJSITae y 3HAXOMKEHHI TaKoro
apryMeHTy WinboBoi (QyHKmii p*, s sxoro 3mozmenboBaHa WinboBa (yHKIS HOCATaE
ONTUMAJIBHOTO 3HAYCHHS MPH BUKOHAHHI 3aJaHuX yMoB. OIlliHKa Ta BHUOIp ONTHMAaIbHOTO
BapiaHTy PO3B’A3KY 3a[adi 3 yCiX MOMKIMBUX p* IPOBOJMTHCA 3a LIIHOBOIO (PYHKIIEIO, IO
YpaxoBY€ KiJIbKa KPUTEPIiB.
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3agaya cUHTE3y MOBJICHHEBUX CUTHAJIB

3amaga CWHTE3y MOBJIICHHEBHX CHUTHAJIB MOJSTA€ y iX BIATBOPEHHI 3a 3aJaHUM
TeKCTOM. SIK mpaBuiio, NIl PO3B’sI3aHHS ITI€T 3a/1adi CTBOPIOEThCS 0i0mioTeka (parMeHTis,
YTBOPEHUX 13 MPHUPOJHUX MOBIEHHEBHX CHUTHANIB, a00 Taki (parMEeHTH CTBOPIOIOTHCS
mTy4yHo [2]. L{g 3amada po3B’sa3yeTbest 00'€THAHHAM Maibke MepiofiB abo JUISHOK CHUTHAIY,
BUOpaHUX 13 6i10mi0TekH, y OoHEMH, IO BIANOBIAAIOTH IEBHUM 3BYKaM (BiIIOBITHO OyKBaM
3aJIaHOTO TEKCTY) 3 BUKOPUCTAHHSM II€BHUX IpaBWJ. APryMEHT ILUJIbOBOI (YHKINI B Iii
3aja4di BiTHOCUTHCS 10 BUOIPOK (PO3MILICHHS 3 MOBTOPEHHAMH). MHOXHUHY 0i107110T€UHUX
eneMeHTiB ((pparmenriB) mosnaunmo A={a ,..,a,}, Ie a; — CJEMEHT, 1o BIJIIIOBIIA€

Maike mepiomy abo IIISHII MOBJICHHEBOTO cUTHaly. [logaMo mTydyHUN CHUTHaAN 3a7aHOTO
. k k k k
cloBa (PeveHHs1) PO3MIIEHHAM 3 MOBTOPEHHAMH W' = (Uy,..., M), 1€ Py = (jp,.., 85 ) —

(onema, a a; € A — | -it 6iOmioreunuii enemenT Gponemu. [IpupoHUI MOBICHHEBHI CUTHAT
3a/IaHOTO CJI0Ba (PEYEHHS) MO3HAYAMO PO3MILIEHHSM 3 TIOBTOPEHHAMH [ = (L, 1) , JI€
He = (Mgrn Mg, ) — oHEMA, @ p; — iT ememenT.

3amava CHHTE3y MOBJICHHEBUX CUTHAIIIB IOJIATAE y 3HAXO/KEHHI TAaKOTO PO3MIIICHHS 3
MIOBTOPEHHAMU uk :(uf ,...,pﬁ ), IUIs SIKOTO OJICP)KaHWM IITYYHHH MOBJICHHEBUN CHUTHAI

BiAMOBiJaB  OM  NpUpOAHOMY  Horo  3By4aHHIO, TOOTO  mimboBa  (YHKIIA

N q
F()=max >3 0 (1)B; (F (1Y), xe o(i)=0,(@;k;) ~ interpamsna vipa
< i=1

s=1 j=1

Moai0HOCTI, a gj(aji,usi)— eJIeMEHTapHa Mipa MOIIOHOCTI, sKa BHU3HAYa€ MOMIOHICTH MiX
ITYyYHAMH GOHEMAMH LI = (ajl""’aict)’ YTBOPEHUMH 3 €IEMEHTIB &; € A, Ta IIPUPOJAHUMH
w, =(Ug,- MU )  3amaHoro  mpupomHoro  curHamy, q =min({,C*). 3HaueHHA

B;( f(j),n) =1, axmo donema p yTBOpeHa 3 eTemMeHTa ajeA, Ta B ( f(j),n)=0s

IHIIIOMY BHTIAJIKY.

I'pamaruyHi mpaBWiia y CUHTE31 MOBJIIGHHEBHX CHTHAJIIB MOXKHA PO3IIIJATH SIK Mipu
noaioHocTi. OCKUTBKM BOHU PO3pOOJICHI ITPYHTOBHO, TO TP BiJICYTHOCTI YMOBH BiJTBOPECHHS
1HAMBIIya bHOCTI TOJIOCY IS 33/1a4a € po3B’s3HO0. JKiHOUMMA, YONOBIUMHA 200 AUTAYMI rojoc
3aJIOKUTh BiJI 9aCTOTH OCHOBHOTO TOHY, aMIUTITYIW CHUTHAIYy, TOMY I 3ajada € TaKOX
pO3B’s13HOI0. BiITBOpEHHS 1HIUBIyaThbHOTO MOBJICHHS 3aJICKUThH BiJl HA0arato CKJIaJHININX
YUHHUKIB: BiJI MOBJIEHHEBOTO TpPaKTy IHAMBIAYYMY, BiJl HOro €MOLIMHOTO CTaHy, BIJ
0CcO0JIMBOCTI Horo neuxiku Tomo. OCKUTBKY 11l TapaMeTpu 3MOJIETIOBATH JOCUTh CKIAJHO, TO
MIOCTaBJICHA 33Jjaua HE € PO3B’SI3HOI0. ICHYIOWI CHHTE3aTOpU XapaKTepU3YIOThCS JOCHTH
BUCOKOIO HATypallbHICTIO 3BYYaHHS, ajl€ HE BIATBOPIOIOTH OCOOJMBOCTI MOBJICHHS
IHAUBIAYyMy. Psin eKcnepuMeHTIB, MPOBEICHUX 3a JIOMOMOTOK PO3POOJEHOTO KOMILIEKCY
porpaM CHHTE3y MOBJICHHEBHX CHUTHANIB 13 ()parMeHTiB NPUPOIHOI MOBH IIOKa3aB, IIO
IHIMBITYalbHICTh MOBJICHHsI 30epiraerbCsi y Maibke TMepiofi, IO BIAMOBITAE TEpioay

ocHoBHOro toHy f,, ta mudonax f,, BHAIIEHHMX 3 HPUPOIHOrO CHUTHATY. AJe, SKIIO
3reHepyBaTu CUTHAJ 13 MPUPOAHUX Mailke MepiofiB Tak, 110 3HAUEHH IXHIX aMILNTyx A Ta
noxuH D, (B nuckperax) — OAHAKOBI I yciX Maibke MepioliB, TO TOJIOC 3BYYHUThb

OJTHOMAHITHO, 3 METAJIEBUM BIATIHKOM 0e3 Oyab-skux emouiid. [y mprupoIHOro 3ByYaHHS 13
30epeKEHHSIM 1HIMBIAyaTbHOCTI MOBJICHHS Ta €MOIIIMHOCTI HEOOXITHO, KpIM HAasBHOCTI
OPUPOIHUX Maibke mepiomiB Ta AU(OHIB, TOYHO BIATBOPUTU XapaKTEpHI IapaMeTpu
IHOWBIAYyMy: 3HA4Y€HHS aMIUTITYAW CHUTHAy, JOBXHHY Maibke mepioay (Ha IOYaTKy,
TOCEpeIMHi, B KiHIII CHTHAJY, ITiJi HArOJIOCOM), MiHIMalIbHY KilbKicTh Maiike nepiogis K,
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NpU SKUX BIATBOPIOETHCS TEeBHA ¢oHema Tomo. EKCepuMeHT mokasaB, IO HaBiTh MPH
BUKOHAHHI OTOBOPEHHX BUIIE YMOB, 3T€HEPOBAHUN IITyYHUN MOBIECHHEBUI CUTHAII HaOyBae
1HIMB1TyaIbHOTO 3By4YaHHS. Ortxe, BIJITBOPEHHS 1HIUB1TyaJIbHOTO MOBJIEHHS

XapakTepu3yeThbes Takumu nmapamerpamu: ¥ =< A, D,, K, f,, f >.

3amavya KJIIHIYHOI JiarHOCTHKH
[Tobynyemo MareMaTH4Hy MOJENTb 3a/4adi KIHIYHOI JIarHOCTHKW SK 3a71aqy

KoMmOinaTopHoi onrtumizarii [12]. Tlo3Haummo A={'a'1,...,5n*) MHOXHHY 3aXBOPIOBaHb,
OTMHMCAHHS SKUX 3HAaXOAUThCA B Oi0Omioremi (MHOXHWHA €TalOHIB), J€ EJIEMEHT
a,eA se{l..,n}, BianoBizae mEBHOMY 3aXBOPIOBAaHHIO, SIKOMY IIOCTaBICHO Y

BifMOBiAHicTh XapakTepHi o3Haku V =(V1(t),vg),...,v(t,’), J, — KiNbKicTh O3HaK t-ro

SaXBOpIOBaHHH BxinHoto iH(popmaliero B 3a71a4i KIiHIYHOT JiarHOCTUKH € MHOKUHA O3HAK
= (V;, V..., V5) , 1110 ommcye oHe abo KinbKa 3axBopoBaHk. [To3HaunMO iX B = {bl b .}

*k

ne b, €eB - 3axBoproBaHHS, SKEe NOTPIOHO BH3HAYMTH, N  — KUIBKICTH MOMJIMBHX
3aXBOPIOBaHb, a (, # 0 abo g, = . O3naku V, €V BXxigHoi iHpOpMalii MAIOTB TOH e 3MiCT,
mo i onucani B etanoni osnaku V" eV®Y refl,..,q}, lefl,...q}.

3amauya moyiArae |y 3HAXOHKCHHI s B i3 MHOXKHHOIO O3HaK V HAHOLIHII
MPaBAONOIIOHOTO OMHOTO a00 KUIBKOX €TaJlOHIB 13 MHOXHHH A:{ai,...,an), TOOTO 3a

BXIZIHUIMH O3HaKaMH BCTAHOBIIIOETHCS OJHE a00 KilbKa 3aXBOpIoBaHb D, € B. O3naku B miit

3a/1a4l BIIIrparoTh POJIb KPUTEPIiB, 3a IKUMH OILIHIOETHCS 1i PO3B’SA30K.

SIK 1 B po3Mi3HaBaHHI MOBJICHHEBUX CUTHAJIIB, JJIsl pO3B’sI3aHHA 1€l 3a1a4i HEOOX1IHO
MPOBECTH TOMNIYK MEBHOTO €TAJIOHY B 010oTell 1 MOPIBHIATH HOTO 13 BXIJIHUMH O3HaKaMH.
ApryMmeHT 1U1b0BOi (pyHKIIT B 000X 3amayax € pi3HI TUIM BUOIPOK. 3a MLI€I0 O3HAKOIO
BCTAHOBITIOETHCS TXHS ITOA10HICT.

BucHoBkH

MopentoBanHa 3a7ad 13 IITYYHOTO IHTEJNEKTY B paMKax Teopii KOMOIHAaTOpHOI
ONTUMI3allil JO3BOJIIE€ BUSBUTH IXHIO KOMOIHATOPHY MPUPOAY, BUSHAYUTH apTyMEHT I[IbOBOT
byHKII, KM € KoMmOiHaTOpHI KOoH(irypamii pizHux TumB. [li TOCTIIKEHHS BUSBISIOTH
NPUYMHY HEBU3HAYCHOCT] PI3HUX BHIIB, SIKa BUHHUKAE B IMPOLECI IXHBOTO PO3B’SA3aHHA. Ta
MOSICHUTH TIPUPOAY HEUITKOCTI BXiTHMX NaHuWX. [loka3aHo, 10 B 3amadax IbOTO KIacy
KOMOIHATOPHI KOH(]Iryparii MoxxyTh OyTH SIK apryMEHTOM IIbOBOI (PYHKLIT TaK i BXiTHUMHU
JaHUMH. 3a apryMEeHTOM IIUIbOBOi (YHKINII BOHHM PO3AUIAIOTHCA Ha Mmia3azadi, s
pPO3B’sI3aHHA AKHX HEOOXITHO po3pobnsTu riopuani anroputmu. Ha mnpuxmani 3amayi
pO3Mi3HAaBaHHS MOBJICHHEBHX CUTHAIIB Ta 3aJayi KJIIHIYHOI J1arHOCTHKH OIHMCAHO CIOCiO
BU3HAUCHHS NIEBHUX O3HAK, 32 SKUMHU BCTAHOBIIOETHCS MOMIOHICTH 3a/1a4 3 00YNCIIIOBAIILHOTO
IHTETIEKTY.
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