METO/IU ONTUMIBALIIl TA EKCTPEMAJIbHI 3AJIAUI

KIBEPHETMKA
a KOMM'IOTEPHI
TEXHONOTi

Jano 02140 0CHOGHUX KNACIE eKCMpPeManbHUuX
3a0ay ma aneopummis ix po3e azanns. Oxpecie-
HO K1AcC 3a0a4, AKi MOICYMb OYMu po3e A3ani 3a
00NOMO20I0 2EHEMUYHUX ANCOPUMMIB, ThA NOKA-

3aHO Cnocib 36edenHst 3a0aHOl OnMUMI3ayiiHoT

3a0aui 00 3a0aui, po3e s13y6anHol 3a 00NOMO2010
eenemuunozo ancopummy. Ilokazano, wo cene-
MUYHT ANOPUMMU PO36 SA3AHHSA eKCMPEMATbHUX
3a0a4 € CIMOXACTMUYHUMU YUCCTbHUMU Memooa-
MU NPAMO2O NOULYKY.

Kniouogi cnosa: 3a0awa mamemamuyno2o npo-
epamysanHts, 3aoava 6e3yMoeHOI onmumizayii,
3a0aya ymosHoi onmumizayii, 3a0aua dazamo-
eKCmpeManbHOT onmumizayii, YuceibHi Memoou,
2EHEeMUYHI an2OpUMMU, MemaespucmuyHi ano-
pummu.

© H.M. I'ynaesa, B.I1. Iluo,
M.M. I'nuboseny, 2021

YIK 519.854:004.023 DOI:10.34229/2707-451X.21.3.1
H.M. TYJIAEBA, B.M. LWKJIO, M.M. TJIMBOBELIb

FEHETU4HI AITOPUTMM
IK OBYMCIIIOBANIbHI METOAM
CKIHYEHHOBUMIPHOI ONTUMISALY

IlocTranoBka 3agayi onTumizanii. B 3aransHoMy BHMaf-
Ky MiJl CKiHYEeHHOBHUMIPHOIO EKCTPEMAILHOIO 3aJaucio
pPO3YMIIOTh 3aJady BIAIIYKaHHS TOYHOI BEPXHBOI 4H
HWKHBOT Mexi Aeskoi pynknii f: X >R, e X R".
Haragaemo ocHOBHI BU3HAUCHHSI.
®ynknia f:X >R, X cR", nasusaersca obmesnce-

Hoto 3nu3y (36epxy) Ha MHOXKHUHI X, SKIIO iCHYE HiliCHE
gucio M Take, mo Vxe X : f(X)>M (f(x)<M).
Hexaii dynkuis f(X) — obmedcena 3nu3y Ha MHOKHHI

X cR". Toni niiicae umcno f Ha3MBaeTHCS MOUHOMW
HudtcHvoto mexcero ¢ynkuii f(X) Ha X, SKIIO BUKOHY-
IOTBCS JBi YMOBH:

1) wxeX:f <f(x);

2) s Oyab-sIKOTO SIK 3aBrOJIHO Mayoro yucia g >0
3HaiiieThes Touka X, € X Taka, mo f(x;)< f re.

Sxmo ¢ynknis f(X) — He oOMmexeHa 3HM3Y Ha X,

*
TO TOYHA HIDKHS MeXa BBaaerbcsi f =-o0
Touna amwxkHst mexa f ¢ynkuii f(X) nHa X mo3nauaerscs

inf f(x).

xeX
AHaJNOTIYHO BBOJASTHCA TIOHSTTS MOYHOI BEPXHLOI

meaxci pynxuii f(X) ma X < R". dxmo pynxuis f(x) —
He o0MexkeHa 3Bepxy Ha X, TO TOYHA BEPXHS MEXKa BBa-
xKaetbess f =+oo. Touna BepxHs Meka f yHKIi f(x)

Ha X mo3Havaetsest sup f(X).
xeX

* . .

Touka X € X HA3UBAETHCS MOUKOIO JOKAIbHO2O MiHi-

mymy dysakmii f(X) Ha MHOXHHI X, SKIIO iICHYE YHCIO
£>0 Take, 110

vxe X N0, (x): f(X)< f(x), (1)
ae OS(X*)— € -OKiJ TOuKH X .

*
Touka X € X Ha3MBAETBCA MOUYKOW 2N00ATLHO2O
minimymy Gyukmii f(X) Ha MHOXKHHI X, SKIIO

wxe X f(x) < f(X). (2)
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Ipu upoMy 3ammcyrots: f (X )=min f(x) aGo X =argmin f ().
xeX xe X
MHOXU1HY BCiX TOYOK TJI00aTBHOTO MiHIMyMY ITO3HAYAIOTh TaK:
- * * -
Argmin f (x) ={x e X | f(x )=min f(x)}.
xeX xeX
Touka r106aTPHOTO MIHIMYMY 3aBXKIH € TOYKOIO JOKAJFHOTO MiHIMyMy, ajle He HaBMaku. SIKIIo

HepiBHICTB B (1), (2) BUKOHYETHCS SIK cTpora 3a X # X, T0 X HA3UBAETBCS BiAMOBIIHO MOYKOIO cmpoeo-
20 JIOKATbHO20 YU CMPO2020 2NI0OATLHO20 MIHIMYMY.

3aMiHIOIOYH B HaBEJICHUX O3HAUYCHHSIX CJIOBO «MiHIMyM» Ha «MakCUMyM» i 3HaK HepiBHOCTI B (1), (2)
Ha MPOTHJICKHUH, OTPUMAEMO TIOHATTS MOYOK 2100ATbHO20 Ta NOKANLHO20 MAKCUMYMIB, 3 TAKOXK MOHSTTSI
MOYOK CMPO2020 JOKATLHO2O Ta CIMPO2020 2100ANbHO20 MAKCUMYMIE. 3ayBaXKUMO, IO MAKCUMYM 1 MiHi-
MyM 00’ €IHYIOThCS €TUHUM TEPMIHOM eKCHPEMYM.

OueBuano, mo inf f(x) Ta sup f(X) 3aBxmu icHyoTh, B TOH wac sk min f(x) ta max f(x)

xeX xe X xeX xeX
ICHYIOTh HE 3aBXKAM. 3aJIeKHO BiJ BractuBocTedl MHOXHMHH X Ta ¢yHkmii f(X) MHOKHMHa BCiX TOYOK
rinobagpHOro MiHiMymy (Makcumymy) Argmin f(x) (Argmax f (X)) moxe OyTH CKiHUYCHHOIO, HECKiH-
xeX xeX

YEHHOIO a00 IMYCTO0.

B 3aranbHOMY BUNAAKY CKIHUEHHOBUMIPHY eKCMPEMAanbHy 3a0ayy 3aUCYIOTh TakK:

f (x) > inf (sup),xeX < R". 3)
Haii6inpIm mmmpoko BXXKUBaHUMH TPAKTYBaHHSIMH MOHATTS «PO3B’A30K» 3a/1a4i (3) € Taxi:

A) BH3HAYHTH TOUHY HIKHIO (BEpXHIO) Mexy f = inf( f(x) (f =sup f(x));
Xe xeX

B) BusHaumTH TOuHy HiKHIO (BepxHi) mexy f =inf f(X) ( f* =sup f(x) ), SKIIO MHOXXHHA
xeX xeX

.. o * .
TOYOK TJI00aJBHOTO MiHIMyMy (MaKCHMyMY) HE € MyCTOI0, 3HAWTH Xo4a 6 oaHy Touky X =argmin f(x)
xeX

(X" =argmax f (x));
xeX

C) BH3HAYMTH TOYHY HWKHIO (BepxHio) Mexy f =inf f(x) ( f" =sup f(x) ), saKmo MHOXHMHA
xeX xeX

TOYOK TJI00AJBHOTO MiHIMyMy (MakCMMyMy) He € MyCToro, 3HaiTh Bci Toukm Argmin f(X)
xeX

(Argmax f(x));
xeX
D) 3HaiiTu BCi TOYKM JIOKTbHUX MiHIMyMiB (MaKCHUMyMiB) Ta 3Ha4C€HHS (QYHKIT y [[MX TOYKAX.

Yacro OyBsae Bigomo, mo MHOkHHa To4ok Argmin f(X) =< (Argmax f(X) =< ). ¥V upomy pasi
xeX xeX

BHU3HAYCHHS €KCTPEMAJIbHOT 3a/1a4l Ta MOHSTTS PO3B’A3KY IIET 3a1a4i BIAPI3HIETHCA.
3aoauy minimizayii pyakuii f(X) Ha MHOXMHI X 3aIUCYIOTH Y BHIJIS

f (X) > min,x e X a6o min f(x). 4)

xeX
Oynkuis f(X) HasuBaeTbCs Yinbosa QyHKYis, MHOKUHA X HA3HBAETHCS OONYCMUMA MHOJNCUHA,
Oyab-IKHii eJIeMEHT X & X Ha3MBaeThCs Oonycmuma mouxka 1€l MHOXuHA. Skmo X = R" |

TO 3ajjaya IMOLIYKY MiHIMYMY Ha3HBA€TbcA 3adaua Oe3ymoeHoi minimizayii; skmo X < RV, 1o 3amaua
MOIITYKY MIHIMYMY Ha3UBA€ThCSI 3a0aud yMO6HOI Minimizayii ab0 3a0aua 3 00MedNCeHHAMU HA 3MIHHI.
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[MonsTTs pO3B’sA3KY 3a7a4i (4) 3a aHAJIOTIEIO 3 PO3B’SI3KOM 3a/1aui (3) BU3HAYAIOTH TaK:
* -
B’) 3naiiTi x04a 6 oxHy Touky X =argmin f(x);
xeX

C’) 3uaiitu Bci Touku Argmin f (X) ;
xeX

D’) 3HaiiTH BCi TOYKH JIOKaJIbHUX MIHIMYMIB Ta 3Ha4CHHS (DYHKIIIT y IIUX TOYKAX.

3ayBakumo, 1o y Bapiantax C’), D’) 3arajom BUMaraetbcsi 3HalTH HE OJTHY TOUKY, a 1Ty MHOKUHY
TOYOK, TOMY 3a1a4y (4) y Bapiantax C’), D’) mie Ha3uBaIOTh 3a0aueio 6a2amoekcmpemMaibHoi Onmumisa-
yii (multimodal optimization). TyT cnif BiAMITHUTH NEBHY HEOJHO3HAYHICTh Y TEPMIHOJIOTII: y BITYH3HS-
HIl JiTepaTypi 4acTo mix 3amadero 0araToeKcTpeMallbHOI ONTHUMIi3allii po3yMilOTh 3aJady B ITOCTaHOBII
B’) nnst BunaaKy, konu ninbosa GyHkiis f(X) mae 6araro ekctpeMyMis.

3a anasoriero 3 (4) 3amady Makcumizanii pyHkiii f(X) Ha MHOKUHI X 3aIIMCYIOTh y BUIIISII

f(X) >max,xe X abo ma)z< f(x). 5)
Xe

OuepunHo, mo max f (x) =—min(—f (x)), omke, mig 3amaui Makcumizallii (5) Ta 3agadi MiHiMizarii
xeX xeX

—f(X) > min, Xxe X , MHOXHHU TIOOATFHUX Ta JIOKAIBHUX EKCTPEMYMIB 30IiraloThCsi, TAKMM YHHOM,
3aJlaya MaKCHMi3allil — eKBiBaJICHTHa 3ajadi MiHiMizamii. ToMy Hamanai po3riisgaTUMEMO JIMIIE 3a1adi
MiHiMi3aLii.

Kaacudikanis 3amay ontumizamii. Kinacudikariito 3agau ontumisaiiii IpoBOJIsATh 32 TAKUMH O3HA-
KaMH: THI 1 BIACTHBOCTI HUTbOBOI (DYHKINI, CIIOCOOM TMOJAHHS Ta BIACTHBOCTI JOIYCTHMOI MHOXXHHHU.
3anexxHo BiJ| KJIacy 3ajiayi, Ha OCHOBI arpiopHoi iH(opMarlii mpo BIacTUBOCTI 3324l OOMParOTh KOHKPET-
HUl MeTox ii po3B’s3aHHs. Cepe OCHOBHUX KIIACIB ONTUMI3AliMHUX 3a/1a4 BHIIIJTMO TaKi.

Knacuuny 3aoauy na ymosnuti excmpemym: AOIMyCTAMA MHOXHHA X BH3HAYAETHCS CHUCTEMOIO
piBHSHB. SIK ipaBUIIO, 3a71a4uy 3aMKUCYIOTh Y BUTIISI

f (x) > min(max), g;(x)=0,i=1,m.

HaiinmommpeHimmii MeTox po3B’si3aHHS MLi€l 3a1adi 32 YMOBM HENEPEPBHOCTI Ta HENEPEPBHOI
nudepenmiioBrocti Gynkniit f(X), g;(x), i =1,M, e METO MHOXKHHKIB Jlarpanxa.

3aoauy mamemamuyno2o npocpamyeanHs: NONMYCTUMa MHOXKHMHA X BH3HAYAETHCS CUCTEMOIO HEpIB-
HocTeit Ta piBHsHB. LIfo 3a1aqy 3aUCyIOTh Y BUTIISAL

f(x) >min(max), g;(X)<0,i=1k, g;(x)>0,i=k+1Lm, g;(x)=0,i=m+Ls, xePcR".

3anexHo Bix BnactuBocTei Qynxuiii f(X), 0;(X) cepen 3amad MaTeMaTHYHOIO MPOrpaMyBaHHS
BUIUISIOTH TaKi KJacy 3aj1ad.

3aoauy ninitinoco npocpamyeanns: ¢ynkuii f(x) , g;(X), i=1S — niniiini. OcHOBHUI MeTOx
PO3B’sI3yBaHHS 3a/1a4 [[LOT'0 KJIaCy — CUMILIEKC-METO/I.

3aoauy neninitinoco npozcpamysanns: Gynkuii f(x) Ta/abo ¢;(x) — meminiitni. Cepen mux 3amad
HailOLIpI 0Ope BUBUEHHMHU € 3334l OMYKI020 NpocpamyéanHs. 3alexHo Bl nudepeHLiHoBaHOCTI
LIIBOBOT (DYHKIIT PO3IISAAI0TE 3a1adi Jughepenyitiosanoi adbo enadkoi onmumizayii, 3aaadi Heougpepen-
yitiosanoi abo Heenadxkoi onmumizayii. Jns po3B’sA3yBaHHS 3a4ad HETJIaAKOl OMYKJIOi ONTHMi3awii
BHUKOPUCTOBYIOTh, HANPUKIIAA, CyOrpajieHTHI 1 €-CyOrpaJieHTHI METO/IM, METOJ MPOEKIii cyOrpaaieHTa
tomo. Cepen 3amady OMYyKJIOro NPOrpaMyBaHHS BHIUIAIOTH 33Jadl KGAOPAMUUHO2O NPOZPAMYBAHHS.
Ta 3a7a4i cenapadenbHoe0 npocpamy8anHs.

ISSN 2707-4501. Cybernetics and Computer Technologies. 2021, No.3 7



H.M. T'VJIAEBA, B.I1. ITWJIO, M.M. I''TMBOBELb

Baxnuge MiCI_Ie Ccepea MpUKIAAHUX 3aJa4 MAaTEMAaTUYIHOI'O MpOrpaMyBaHHA HOCiI[aIOTB 33)13‘Ii ouc-

kpemuoi onmumizayii. B nux 3agauax gomyctuma MHoxuHa X < R" — muckperna. SIkuio Bci HeBigomi

3MiHHI MOXKYTh Ha0yBaTH JIMIIC IUIOYUCIOBUX 3HAYCHb, X C Z", iine MoBa Npo 3a7auy YLlouucio8020

npoezpamysanHs. YMOBa LIJIOUYHUCENFHOCTI OOyYMOBIIEHA, TEPII 3a BCE, MPAKTHYHOIO MPUPOIOI0 3amad,
a/DKe B YMOBaX PeaJbHOCTI 0araTo pecypciB MOkKe HAOyBaTH JIMIIIE LIJTUX 3HAYCHb (BEPCTATH, MAIIUHH,

pynonn tompo). SAxmo X ={0,1}", i#ime moBa mpo 3amauy 6yneeoi onmumizayii, TIpu HBOMY, y pasi
f (X) € R, roBopsTh TIpo ncegdobynesy onmumizayiro. B 3anavax xombinamopnoi onmumizayii 3HAYCHHS

iTHOBOT (PYHKIIIT 3a1€3KaTh BiJl MEBHOT KOMOIHAIT 00’ €KTIB 31 CKIHYCHHOTO HAa0Opy, X po3MilleHHs abo
cnoco0y ymopsinkyBaHHs. He3pakaroum Ha MOIMIMPEHICTh 3a7ad KOMOiHaTOpHOI omTuMizarii, (hopMaibHe
BU3HAYCHHS I[bOTO KJIACy 3a/ay 3ampornoHoBaHo HemonaBHo B [1]. Cepex mMeTomiB po3B’si3aHHS 3a1a4y
TUCKPETHOTO MPOTpPaMyBaHHS BUIUIMMO METOJ BIATHHAHHS, METOH TiJOK 1 MEX, METOJ IWHAMIYHOTO
[porpamyBaHHsi, MOCJIOBHUM aHasi3 BapiaHTiB («KHUIBCHKUM BIHWK»). [PYHTOBHHMI OIJIAA Cyd4acHOTO
CTaHy Ta METO/IiB PO3B’sA3aHHs 3a/1a4 JUCKPETHOI onTuMi3zarii gano B [1-3].

IcHyIOTH TakoX iHINI Kiacu 3ajad ONTHMI3allii: MapaMeTpU4Hi, IETePMiIHOBaHi, CTOXACTHYHI,
HewiTKi Ta iHmi. bibmiorpadito MeToiB po3B’sI3aHHs Pi3HUX KIIACIB 3a/1a4 MATEMaTHYHOTO TIPOTpaMyBaH-
HSl MOYKHA 3HaWTH B [4].

Knacudikanis Mmeronis po3r’sizanHs 3aga4 ontumizanii. Metoau po3s’si3aHHs 3a71a4 ONTHMI3aIlil
KIacu(iKyIOTh 32 pI3HUMHU XapakTepucTukamu. OIuH 3 HARNOMINPEHIIHX 1€ MOIiJ METOIIB ONTHMi3allil
Ha TaKi:

1) ananimuuni, IKi TPyHTYIOTBCS HA BUKOPHUCTaHHI YMOB €KCTPEMYMY;

2) memoou obuucmosanrvhoi onmumizayii (uucenvri memoou), B SKHX IJIsl OpraHizauii mporecy
MOLIYKY PO3B’S3KY NMPOBOJATH BUMIPIOBaHHS (0OYHCIICHHS) 3HAaYEHb JIOKAJIbHUX XapaKTEPUCTHUK LiJTbOBUX
¢dyHK1iH Ta QyHKIIH 0OMexeHb (ToOTO 3HaUeHb QYHKIIiH, Tpa/li€HTiB, TeCCiaHiB).

AHaJiTHYHI METOJIM HE 3aBXKIM 3aCTOCOBHI Ha IMPAKTHII, OCKUIBKM BUMOTH, 10 HAKJIAJAIOThCSA Ha
IiThOBY (YHKINIO Ta (YHKIII1-OOMeXeHHs (aHATITHYHAN BUJ (YHKIIII, KyCKOBa TIIaJIKiCTh, MOXKIIUBICTh
00YMCIICHHS MOX1IHOT Ta 1H.) Ha MPAKTHUII BUKOHYIOThCS yKe piako. [IpukiiagaMu aHaTiTHYHUX METOIIB
€ metoau Jlarpanxa, Kyna — Takkepa.

YucenpHUII METO/ y 3arallbHOMY BUIIAJIKY € iTepaimiiiHOI0 MPOIEypolo, siIka B TOYKaX MOITYKOBOT'O
MPOCTOPY 3MIMCHIOE OOYHUCIIEHHS TEBHUX XapaKTepUCTHK (YHKIII (3HaueHHs (YHKII, 11 TpajmieHTa,
recciana). 3aJieXHO Bijl TOTO, SIKi camMe XapaKTePUCTHKH (QYHKIIH 0OYMCIIOIOTHCS, YUCEeNbHI METOAH TI0-
JUISIFOTH HA METOJIM TIPSIMOTO MOLIYKY, HEePLIOro HOopsaKy (TpaxieHTHi), Apyroro mopsaky. Cuigyroun [5],
Ha3MBAaTUMEMO OIepallit0 OOYMCICHHS XapaKTePUCTUK (YHKIUT Y TOYIl NOuyKosum eunpobyeaHHsM,
a CYKYITHICTh 3HA4Y€Hb XapaKTePUCTHK Y il TOUIll — pe3yabmamom unpoobysants abo noutykogorw ingo-
pmayicio. B MeTogax npsamozo nowiyky B TOYKaX MONIYKOBOTO MPOCTOPY OOYUCIIOIOTH TIJIbKU 3HAYCHHS
1iMb0BOI PyHKIII, TOOTO pe3yabTaTOM BHIPOOYBaHHS € 3HAYCHHS LTbOBOI (YHKLIl y TOYLl BUIPOOY-
BaHHs. 3a [5], mpsMuil YHCeTbHUIA METOJ] C pO3B’si3aHHS ONTHMI3aIliiHOI 3a1a4i (4) 3 kiacy @ MoXxHa
oIaTH HaOOpOM

c=({GI{EI{H:}). (6)
ne {G, }, k=1,2,... — cim’s QpyHKIiOHANIB, KA ONMUCYE CYKYIHICTh IPABII BUOOPY TOYOK BUTIPOOYBAHb,
{E} k=1,2,... — mocninoBHiCTH BinoOpaxeHsb, sIKa 3a/la€ CyKyIHICTh MPaBUI IOOYIOBH HAOIKEHOTO
po3s’s3ky, { H, }, kK= 1,2,... — cyKynHiCTh IPaBIII 3yIMHKN 00YHCIIIOBAIBLHOTO IPOIIECY.

3arajgpHa cxema IpAMOTO YUCCIIbHOTO METOAY TaKa.

1. OGpatH TOUKy TEpIIOro BUNPOOYBAHHS: X- = G (P)eX.
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2. Hexait oOpaHo TouKy K-ro BHUIpoOyBaHHS XX =G, (P)e X, k>1. Ilicna 0O0YMUCICHHS 3HAYCHHS
UiMbOBOI QYHKIIT y wiil Toumi y< = (x4, OTPUMAEMO TIOUIYKOBY (amoctepiopHy) iHdopMarmito mpo
dynkmiro f o :{(Xl,yl),(xz,yz),...,(xk ,yk )}. Orpumana iHdopmawis 03Boss€ 3BY3UTH Kiaac O,

10 sikoro Hanexutb ¢pyHkuis f(X), o muoxxuan @ (o, ) ={pcd :(p(xi) = yi A<i<k}.

3. BuU3HAYMTH MOTOYHY OLIHKY €KCTpEMYMy (HaOIMKeHU po3B’sa30K): €, = E, (D, my ).

4. OOGUYMCINTH TOYKY HAaCTYITHOI'O BUIIPOOYBaHHS: X<t = G (P, )eX.
5. Busnauntn Bemmumny hy = H (®,0,) €{0,1}. Sdxmo h, =1, To 36inpmmTH HOMEp KpoKy K Ha
OIMHULIO Ta TepeiTu Ha 1. 2. Inakue (hy, =0) 3ynuanTn obuncnenHs. Po3B’ 130k 3a1aui Ma€ OIIHKY € .
Hanpuknaz [5], merox nmepebopy 3Ha4YeHb MO By3JaX PIBHOMIPHOI CITKH JUIS PO3B’SI3yBaHHS OIHO-
BUMIPHOI 3a7a4i MiHiMi3aril
f(x) > min,xe[a,b]cR,
MOXHa OmucatH Tak (N — KUTbKICTh BY3JiB CiTkn): @ — kimac QyHKIIN, BU3HAYEHUX HA Biapi3ky [a, D]

. ) . b-1
Ta OOYMCIIOBAaHMX Yy KOXHIH Touri mporo Biapisky, G (®)=a , G (Do) =a+k— , k=1,
n
0,k=n+1 . )
H (D,0,)={ " , B (@,0,) = f, =min f(x").
(o) Lk<n+1 ( =T 1<i<k ()

I'eneTn4Hi aaropuTMu fIK YHCeJbHi MeTOAM onTUMI3aNii. ['€eHETHYHI alTOPUTMH, B OCHOBY SIKHX
MOKJIA/ICHO 1JICF0 €BOIIIOLIT )KUBOT MPUPOH, IUPOKO BUKOPUCTOBYIOTHCS JIJIsl PO3B’sI3aHHS PI3HOMAHITHHX
3a/1a4 onTuMi3allii. [ eHeTHyHi anropuT™MH HEe BUMAraloTh aHATITUIHOTO 3aBJIaHHS IUTbOBOT PYHKIIIT Ta HEe
HaKJIaJJaf0Th JKOJHUX OOMEXEHb Ha il BIACTUBOCTI (HENMEepEepBHICTh, AU(EPEHIIIOBHICT Ta iH.), € IMHUM
0OMeXeHHSIM, 110 HAKJIAJAEThCA Ha IITbOBY (DYHKILIIO, € OOYMCITIOBAHICTh Y KOXKHIA TOYIl MONIYKOBOTO
mpoctopy. Cepel OCHOBHHMX BJIACTHBOCTEH T'C€HETHYHHX AJTOPUTMIB 3a3HAY4MMO Taki [6]: moHsTidHuUi
armapar 3aro3u4eHui 3 010JI0TiT, KOXKEH JOMYCTUMHI PO3B’SI30K 3a71a4ui KOJAYEThCS Y BHIIIAI XPOMOCOMHU
Ta MPEJCTABISETHCS OCOOMHOO TOMYJIALIT, IS OIIIHFOBAHHS AKOCTI PO3B 3Ky OOUMCIIIOIOTH HOro Koedi-
I[IEHT TMPHCTOCOBAHOCTI (3a JOMOMOroK (YHKIIT MPHCTOCOBAHOCTI), MOIMIYK PO3B’SI3KiB 3/IiHCHIOETHCS
OJTHOYACHO IO TOMYJIIIEI0 0COOWH, MPUUOMY JJIsl TeHepalii HOBOTO pPO3B’SI3KYy BHKOPHUCTOBYIOThH
aHaJIOTH TMPHUPOJHHUX TEHETUYHHUX ONeparopiB. B 3arajbHOMYy BHUMAJAKy TCHETHUYHI alTrOPUTMH

HE MOKYTh OyTH 3aCTOCOBHHMH JI0 3a/1a4, JJIst sKMX MHOKHHA Argmin f (x) =, omke, reHeTHuHi anro-
xeX

PHUTMH 3aCTOCOBHI JIMIIIE JI0 3a/1a4 B mocTanosii B’), C’), D’).
PosrisiaemMo 3a1auy 6e3yMOBHOI onTUMi3alii

f(x) > min,xe X =R". (7)

Jnst po3B’si3yBaHHs 3a1a4i (7) 3a JOIIOMOTOK0 T€HETUYHOTO ITOPUTMY HEOOX1THO BU3HAYUTH:

1) BigoOpaxkenns (OiektuBHE) Wi X —> S, sKe 3ICTaBJIIE€ KOXKHOMY IOMYCTUMOMY PO3B’S3KY 3ajadi
xe X =R" ko S€S ; oueBnaHo, 0GepHEHE BifOOpaKEHHS nt:S— X 3a komom SeS BixHOBIIOBA-
THMeE PO3B’s130K X € X . MHOXHHA S Moxe 30iratuch 3 MHOKHHOIO X a00 OyTH BH3HAYCHOIO, HAIPH-
KJIa]], IK MHOYKHHA TTOCJTi IOBHOCTEH JIOBXXHHU N €JIEMEHTIB MIEBHOT MHOKHHH;

2) ¢yskuito npuctocoBanocti F(S),S €S, ska Mae 3a10BOJILHATH TAKMM BEMOTaM [6]:

- aJeKBaTHICTH  3amavi:  VS;,Sp, X = pt (S), %y = p_l(sz) BUKOHYeThesl  F(S)) <F(S,) <
< f(x)<f(x,), ne s;,S, — 3aK00BaHi 3HAYEHHS PO3B’A3KiB Xi,X,, F — dyHKIis nmpucrocoBaHoCTi,
f — minboBa (yHKIisS onTUMI3aIiHOT 3a/1aui;
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- MaJIOBUTPATHICTH (HEBUCOKA CKIAAHICTH OOUHMCIICHHS);
- pI3HOMaHITHHI penbed.
Yacro noknanawts F(S)= f(X), 1e S — XxpoMocoma, 110 Koaye 3Ha4eHHs po3B’si3ky X (S =p(X)).
Po3B’si3yBanHs 3amaui (7) 3BOOUTHCS 0 PO3B’S3yBaHHS 3a JIOMIOMOTOK T'€HETHYHOTO AITOPUTMY
3ajadi
F(s) > min,seS. (8)

Skmo S — pO3B’s130K 3a1adi (8), To po3B’s13koM 3aaadi (7) Oyne X =p1(s").

'eHeTnyHI aNropuUTMH MPUPOTHO PO3MIIAAATH SK YHCEIBHI METOIM NPSIMOTO MOHIyKy. Posrimsaemo,
HAINpPUKJIAJ, TCHCTUYHHI aJrOPUTM TYPHIPHOTO BUTHCHEHHS 3 rayCCOBOIO MYTAIli€l0, 3alPONOHOBAHUI
B [7] s pos3s’sa3yBanHs 3a1ad4 (4), (5) B mocranoBui D”), X = X; x X, x...x X, X; =[g,B]cR Vi=1n.
CxeMy OO aaropuTMY Ul pO3B’s3aHHS 3a]a4 B OCTAHOBII B’) MOXHa MoaTH Tax.

1. Komysauus B jificHux umciax (S = X ): KoxkeH TeH XPOMOCOMH X = (X, Xp,..., X,) € R" — nilicHa
3minHa X, €[a;,b]<R.

2. T'enepartist mOYaTKOBOI MOMYJISAIIIT 38 PIBHOMIPHUM PO3IOJIIIIOM.

3. OGumcnenHs KoedillieHTa TPUCTOCOBAHOCTI BCIX OCOOWH MOMyYJAIii, (pyHKIliS MPHUCTOCOBAHOCTI
30Ira€Thes 3 IiTbOBOIO (DYHKIIIEH0.

4. TlopomxenHs L HamaakiB KOXXHOK OCOOWHOO IIISIXOM 3aCTOCYBAaHHS OIepaTopa rayccoBOi My-
Talii 10 KoxkHoro reHa xpomocomu: X; =X; + N;(0,0), ne N;(0,0) — crannapTHa HOpMaIBLHO PO3MOJLIE-
Ha BUIAJKOBA BEINYMHA.

5. OGumcnenns koedimieHTa MPUCTOCOBAHOCTI OTPUMAHUX HAIIA IKIB.

6. ®opmyBaHHS HOBOI MOMYJISAIII 32 JOMIOMOTOI0 TYpHIPHOTO BiI0OpPY, rpyma Ajsl KOXKHOTO TYPHIpY
(hopMyeThcs 3 6aTbKa Ta yCiX HOTO HAMAAKIB.

7. Slkmo KinbKicTh iTepamiii popiBHIOe G, 3aBeplieHHS poOOTH anroputMmy (po3B’s3KOM 3ajadi
€ HalKpaIa 0coOMHa IMOMYJISIIIT), iHAKIIe Imepexi/l Ha KpoK 4.

HaBezenwuii aropuT™ MOXHa TIO/IaTH SIK MapalielibHe BUKOHAHHS N eK3eMILISIPIB ajropuTMiB, KOKEH
3 SIKHX OIHCYETHCS CXEMOIO MPSMOTO YUCEIBHOro MeToy C (6):

® — xiac ¢yHKIid, Bu3HaUYeHUX Ha R" Ta 00YMCITIOBaHKUX y KOXKHIM TOUII,
G, (D) =&, ne & — nocniOBHICTh BUNIAJKOBHUX AIHCHUX YHCET,

Gy ,1 (D, 0 ) =argmin{ f (x¥), {nzinL{f(xlk + N (0,0),., XK + NK (0,0))}, k>1,
1=1,4,...,

0,k=G

M@0 =11 g

E (@, 0,) = fk* = min f (Xk'l) , e X! — Touka BUNpoOyBaHHs |-ro anropurmy Ha K-iif iTeparii.
1<I<N

I'eneTnyHMIA aXropuT™M TYpHIPHOT'O BUTHCHEHHSI 3 FAyCCOBOIO MYTALI€I0 JIETKO TPAHCIIOETHCS Y CXe-
My OPSMOTO YHCEIBHOTO METOAY 3aBASKH TaKUM OCOOJIMBOCTSM: KOAYBAaHHs y NIHCHHUX yuciax (KOXKeH
napaMmeTp 3ajadvi 3aJa€ThCs BIATOBITHUM T€HOM XPOMOCOMH), BiJICYTHICTH OmepaTopa KPOCHHTOBEPY,
JIOKaJIbHUN BiAOip 0COOMH y HACTyNHY HOIYJIALi0 (IPOBOJATH TYPHIPHI 3MaraHHs MK OaTbkamu Ta ix
BJIACHUMHM HallaakaMmu). B 3aragpHoMy Bumaaky S # X , Ui HOPOIKEHHS HAIaJIKiB BUKOPHCTOBYETHCS
HE JIMIIIe OINEepaTop MyTallii, ajie  KPOCHHIOBEp, IS peajizaiii BiAOOpY ciijx ypaxyBatu iH(popmalliro
PO BCiX OCOOMH momyIisiii. ToMy /sl IOJJaHHS TOBUTBHOTO T€HETHYHOTO aJTOPUTMY SIK MPSIMOTO YHCe-
JIBHOTO METOJly HaBelleHa cXxeMma MPsIMOTo YKcebHOro Meroay C (6) BuMarae nmeBHux moaudikariiii. [Tpu
MpoBeIeHHI MOMUMIKAIl CXeMH BaXIIMBO TAKOX ypaxyBaTH Iapalielli3M TeHETHYHHX aJrOPUTMIB, aJikKe
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B TCHETHUYHUX QJITOPUTMAX IOIIYK PO3B’SA3KIB 3/IMCHIOETHCS OJHOYACHO MOIMYJIALIE 0coOuH. [HIIMMU
CJIOBaMU, Ha KOXHiH iTepallii poOOTH r€éHETHYHOTO AITOPUTMY aHAI3YEThCSI MHOKHHA TOYOK IOIIYKOBO-
ro MPOCTOPY, KUIBKICTh TaKMX TOYOK JOPIBHIOE PO3Mipy MOMyJsiii Ta € crtanor. OTKe, Uisl IpeacTaB-
JICHHS JIOBIJIBHOTO TEHETUYHOTO aIrOPUTMY PO3B’sI3yBaHHs 3aj1adi (8) SIK YHCETLHOr0 METOIY HEOOXiTHO,
o6 y cXeMi IpsMOro 4ucebHOro Metoay C (6) Ha KOXKHOMY KpoIli po3risjganack He oaHa, a N Touok
BunpoOyBanHs. [IponoHoBaHy Moau(pikamito cxeMu C MOJaHO JAi.

1. Ob6paTn MHOXHHY TOYOK TEpIIOro BHIPOOYBaHHS (B TEPMiHAX T€HETHYHOTO AITOPUTMY: 3TeHe-
pyBaTH TIOYATKOBY MOMYJISAINIO): < Sll, s%,..., S}\j >, Sil =G (D) =¢;, ne & — BUmaIKOBa BENUUMHA (3AJIEK-
HO BiJI MHOKWHU S 1I¢ MOXe OyTH BUIAQJKOBE JIHCHE YHUCIIO, MOCIHIJOBHICTH JOBXWHHU N BUIMAJIKOBHX
JIHACHUX YKCe, BUMAJAKOBA JBIHKOBA TOCIIOBHICTh JIOBXKHHHM N Ta iH.).

2. Hexait 06paHO MHOXHHY TOYOK K-ro BHIIPOOYBaHHS < slk,sg,...,s}ﬁ, >, k>1. Ilicng obuucneHHs

3Ha4YeHHS (PYyHKIII MPUCTOCOBAHOCTI B KOXHIN 3 IIMX TOYOK yik = F(Sik) OTPUMA€EMO TIOIIYKOBY (amocTte-

piopHy) iHdopmamito mpo ¢yHKIiIO F: o, :{(slk , ylk),(slz( , y'z‘),...,(s',i, ,yK, )} . 3BepHemo yBary, mio
anocrepiopHa iH(popMarlis npo GyHKIiI0 F MICTUTH TUTBKH iH(pOpMAIIi0, OTPIMaHy Ha TOTOYHOMY KPOIIi
pobotu anroputMmy (Ha BiIMiHY BiJ OPHUTiHAJIBHOI CXeMH C, B SKiH 3amaM’ STOBYETHCS BCS iH(OpMaIis,
OTpUMaHa BiJl TOYATKy POOOTH alTOPUTMY).

3. BusHaunuTH MOTOYHY OLIHKY eKcTpeMyMy: €, = E, (P, m, ) = min yik .
1<i<N

4. Ilnsi OOYUCICHHS MHOXXMHH TOYOK HACTYIIHUX BUMNPOOYBaHb 10 MOTOYHOI MHOKHMHH TOYOK

<Sf,s'2‘,...,s,'§, > 3aCTOCYBaTH TOCHIJOBHICTH  OMepaTopiB: Bimdip 1m0 OaThKIBCHKOTO MYy

k ok k SEL,_ ok ok K k &k k CROS (_ nk kK k
<Py Py PN >=G (<S1,57,--, SN >, ®y ), KPOCHHIOBEp < Ci,Cy,...,Cn >=G 1 (< Pry P2 ey PN >)s

myramis < s, sk sk > =GMYT (<cf ek, e >) . Tnmmmu ciosamu, Gy, (®,w,) — mocizoBHiCTH

CHeliaJIbHUX TeHETUYHHUX OomeparTopiB. Bif0ip Biakumae neski «HEBIaIi» pO3B’s3KH, Ta, HATOMICTh, 1y0-
moe «Baani». KpocuHroBep 31iHCHIOE OOMiH YacTMHAMH PO3B’SI3KiB, a MyTalis (paKTUYHO — JIOKAIbHE
MEPETBOPEHHS PO3B’S3KY (30ypeHHs).

5. Busnauntu Bemmumny h =H, (®,0,)€{0,5} . Sdxmo h, =1 Tto 306impmmTH HOMEp KpOKy K
Ha OJMHUILIIO Ta nepeiitu Ha 1. 2. Inakme (h, =0) 3ynuHUTH oO4McieHHs. Po3B’ 30K 3a1a4i Ma€ OLIHKY
e, . B Oumpmocti remermynux amroput™iB H, (D,0,)=0, sxmo k=G, nge G — MaxcumaibHa
KUTBKICTB iTepalliii (MOKOMiHb), 00 i1eHTH()IKOBaHO 301KHICTh TCHETHYHOTO allTOPUTMY, HAIPUKJIA/,

N
ek—zyik Ni<e.
i=1

Hapenena cxema — 3araibHa Ta IOTPeOy€e YTOYHEHD 3QJICKHO BiJ] OOPaHOTO KJIACy TEHETHYHOTO ajl-
roputMy (HOBI KJIACH TEHETHYHUX alTOPUTMIB OYIYIOTh MUITXOM YTOYHEHHS TE€HETHYHHX OIEPaTOpiB).
Takox, cxema ONMUCYyE TeHETUYHI aJIrOPUTMHU 3 TeHEpamiiHUM THUTIOM PENpOAYKIlii, OMUC alrOpUTMIB
31 CTIHKHM THUTIOM PenpoJyKIlii BUMarae HezHauHoi Moaudikaii. [lifcyMoByroun cka3aHe Ta BpaxOBYIO-

YY CTOXACTUYHICTb ONEPaTOpiB GkSElL , ch flos \ GmllJT , MOXKHA TOBOPUTH IIPO T'€HETUYHI AIrOpPUTMU

SIK TIPO CTOXACTUYHI YHCENbHI METOIU MPSIMOTO MOIIYKY.
I'eHeTH4Hi aJiropuT™MH B 3a/1a4ax yMOBHOI ontuMiszanii. Jloci Mu 00roBoproBajiv TeHETHYHI aJro-
pUTMHU PO3B’si3aHHs 3amad Oe3ymoBHOI onTtumizauii (7). B 3amauax ymoBHOI onrtumizamii gomycTuma
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muoxuHa X < R". 3aranbHi MeTomu ypaxyBaHHsS 0OMEXeHb y 3aa4aX MaTeMaTHMYHOTO MPOrpaMyBaHHs

JeTaTFHO OMHCAaHi, HAPHUKIAL, B [5]: MeToau mrpadunx GyHKIIH, MHOXKHUKIB Jlarpamxka, mapameTpuza-
uii minpoBoi ¢yHKMI Ta iH. s BpaxyBaHHS 0OMeXeHb Ha JOITyCTHMI PO3B’SI3KH B T€HETHYHUX allro-
pUTMax 3aCTOCOBYIOTH TaKi ITiXOIH:

1) Bubip Takoro cnocoOy KOJyBaHHS, 3a SKOTO BCi 3HAUCHHS 3 MHOKHHH S IEKOIYIOTHCS B JOIMYCTH-

Mi TOUKH: VSE€S: X= u_l(s) e X c R". 3a3Haumumo, 110 HA NPAKTHII PO3POOUTH TaKMii CrOCi6 KOAyBaH-

HS HE 3aBXKIU BJIA€THCS,

2) po3poOKa CremialbHIUX TeHETHYHUX OIepaTopiB (KPOCHHIOBEp, MyTallis), 3aCTOCYBAHHS SKHX
rapaHTy€e TMOPOKEHHS TOIMyCTHUMHUX PO3B’s3KiB. T00TO, MiCIA 3aCTOCYBaHHA T€HETHYHOTO OIlepaTopa
MTOPOKEHUI HUM PO3B’ 30K Oyme mormycTuMuM (HOBa TOYKa BHIIPOOYBAaHHS 33JOBOJBHIE OOMEKEHHSIM
Ha PO3B’s30K);

3) 3acrocyBanHs MOIH(DiKaIlil MUPOKO BUKOPUCTOBYBAHOTO B 1HIIIMX YHUCEIBHUX METOIAX ONTHMIi3a-
uii Mmetony mrpadHux GyHKIiNA. B mbomy pasi minboBa ¢yHKis 3anadi (8) 3aMiHIOETECS QYHKITIEO

Fo(s)=F(s)+vP(s),s€S.

. . 0, x=pl(s)eX . .
Tyr F,(s) — noBa uinvosa dynxuis, P(s)= . — ¢yskuis wrpady, y — KoeimieHT
>0, x=p-(s)gX

mrpady. Taka 3aMiHa HibOBOT (DYHKIIT TO3BOJISIE MOTIPIIMTH OLIHKY SKOCTI PO3B’sI3KY (OLIHKY TOYKH
BUNIPOOYBaHHS), B SIKOMY HOPYIIYIOTHCS 3a/laHi YMOBOIO OOMEKeHHSA. BiaMiHHICTH MeToay mrTpadHux
(GYHKLIH y TEeHETHYHHX alIrOPUTMax IOJSATae y TOMY, IO 3HaueHHA KoedilieHTiB mTpady y migou-
paroThesl EKCIEpTHHM a00 eKCHEPUMEHTAILHUM IUITIXOM 1 CrocoOu migdopy LuX KOeQilieHTiB YiTKO
HE PETIaMEHTYIOThCA.

Hecknanno 0auuTH, 1o BCi 3a3Ha4YeHI MiAXOAM HE MOTPEOYIOTh JOJATKOBHX 3MiH MPOIMIOHOBAHOT
BUIIIE CXEMH IOJIAaHHS TEHETHYHOTO aJITOPUTMY K YHCEIBHOTO METOAY MPSIMOTO MOIIYKY.

BucHoBku. 3 OISy Ha BENUKY KUTBKICTh PI3HOMaHITHHX METOJIB ONTHUMI3aIlil HAYKOBIIi Bce Oifb-
e yBard NpUIUISIOTh Kiacudikallii Ta cucremaTu3arii 1ux mMetoaiB. [IuTaHHiO Kiacudikailii METOIIB
onTumizaiii npucesiueno podotu [3, 8-10]. Po3rnsnyra Hamu Kiacudikaiis METOJIB ONTUMI3allii Ha
AQHAJTIITUYHI Ta YMCEIbHI aHAIi3y€e THUI 3aiTHUX O0YMCIICHb, TOMY MPOCTa i 3po3yMijia, ajie JajJeKo He
enuHa. [HUIa momyssipHa kinacuikaiis METOAIB ONTUMI3AI] € Kiacudikais 3a THIIOM OTPHUMYBAHOTO
pO3B’SI3Ky, B I[bOMY pa3i aJroOpuTMH MOJUISIOTh, Ha TOYHI (32 CKIHYCHHMHA 4Yac TapaHTOBaHO
MOBEPTAIOTh ONTUMAJbHUI PO3B’SI30K a00 JAl0Th BHCHOBOK, IO PO3B’SI3KYy HE ICHYeE), HaOJMMkeHi (3a
CKIHYEHHHI Yac rapaHTOBaHO MOBEPTAIOTh PO3B’S30K, JJIs SIKOTO MOXKE OYTH OTpUMaHa acCHMITOTHYHA
OIlIHKa TOYHOCTi), €BPUCTUYHI (BIZICYTHS OLlIHKA TOYHOCTI OTPHMMAHOI'O PO3B’SI3KY Ta HABITH TapaHTis
OTpUMaHHs OyJb-KOTO PO3B’SI3Ky 3a CKIHYEHHHWH 4ac). 3a cTyleHeM MaTeMaTHYHOTO OOIpyHTYBaHH:I
ITOPUTMH TIOJIISIOTH HA PalliOHaJbHI Ta €BPUCTUYHI, 32 IPUHIMIIOM TPUHHATTS PillleHb — Ha JeTepMi-
HOBaHI Ta CTOXACTHUYHI, 33 CKJIaJ{HICTIO CTPYKTYPH — Ha MPOCTi, METAeBPUCTUYHI, TiIEPEBPUCTUYHI TOIIO.
Yacto IOCHIIHUKH K OKPEMHH KJIac PO3IJIANai0Th ajirOPUTMH, IOPOKEHI 17C€r0 IMITAIlll MPUPOIHUX
SIBUTI (PI3HOMAHITHI POEBI Ta EBOJIOIIIHI aNTOpUTMH). X0Ya iJ1esl BUIUICHHS B OKPEMHI KJ1ac alroOpuT-
MiB, HA CTBOPCHHS SKHX aBTOPIB HAJIUXHYJO CIIOCTEPEKECHHS 32 HABKOJIMIIHIM CEPEJIOBUIIEM, MOXKE
3JIATHCH IUIKOM MPUPOJIHO0, Taka Kiacu(ikailis He PO3KPHBAE MPUHIIMIIIB POOOTH CaAMUX alTOPUTMIB,
ixHBOT cyTi. B poboTi [3] mpomnoHyeThCst MPOBOIUTH KJIACH(IKAIIF0 METOAIB KOMOIHATOPHOT onTUMi3allii
3a BiCbhMOMa XapaKTEePUCTHKAMU: IIPUHIIUT IPUHHATTS PO3B’SI3KY, CKIaHICTh CTPYKTYPH, THIT TPAEKTOPII,
0 OPMYETHCS aNTOPUTMOM, THIT BUKOPUCTOBYBAHHX IPOCTOPIB, BIUIMB HA JIAHAIA(T MOUTYKY, BUKOPHU-
CTaHHS MMaM’sATi, HASBHICTH aJamnTallii/HaBYaHHs, HasABHICTh CIeliaibHOT Mojem 3aaayi. g knacudikariis
€ I'PYHTOBHOIO, ajie¢ MOPOPKYE HAABEIMKY KUIBKICTh PI3HHX KJaciB Ta miakiaciB. Tak, 3a i€ kiacudi-
Kalli€l0 TCHETHUYHI AITOPUTMH € CTOXaCTHYHIMHU METACBPUCTUYHUMH TPAEKTOPHO-PO3PUBHUMH iTEpaIliii-
HUMH (TIOMYJISIIIMHAMHE) anropuT™Mamu 0e3 3MiHHU JaHamadTy NONIyKy, 6e3 mam’ri, B 3aralbHOMY BHIIa-
Ky 6e3 amanTarii, 3aBJaHHA-OPI€HTOBAaHUMHU.
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Bce ckazane HamrToBXye Ha MyMKY, IO Hapas3i cTaH TeOpii METOJIB PO3B’s3aHHS ONTHMi3allifHIX
3a/la4 Haragye CTaH Teopil MTYYHHX HEHPOHHHX MEPEX KilbKa POKIB TOMY: KUIBKICTH PO3POOIEHHUX
METOAIB ONTHMi3alii € HAA3BUYAHO BEJHMKOI0 Ta MOCTIHHO 3pOCTA€, MPUUOMY JOCUTH MOIIUPEHOIO €
MpakTHKa HaJaHHSA HOBHUX HAa3B paHille BIJOMHM TOHATTSIM ab0 He3HAYHMM MOIU(DIKaIlisM paHile
po3poOiieHNX MeToniB 0e3 MocHiaHHS Ha BiNNOBiAHI poOoTu. Takuii craH chpaB MOSCHIOETHCS
HaJ3BUYAHHOIO PO3TaTy>KEHICTIO PI3HUX HANPSAMIB JOCTIIKEHb 1 By3bKOIO CIEMialli3alieo JOCITiTHUKIB.
Oco6a1BO MPOOIEMHUM € HApsiIM PO3POOKH METaeBPUCTUYHUX AITOPUTMIB, e B TOHUTBI 32 HAYKOBOIO
HOBHU3HOIO aBTOPU CTBOPIOIOTH BCE HOBI aJITOPUTMH, HE JAIOYH IXHBOTO MAaTEMaTHYHOTO OOTPYyHTYBaHHS
a00 OiNbII-MEHII BUYEPITHOTO €KCIIEPUMEHTAIBHOTO aHami3y i MOPIBHAHHA 3 BXKE iCHYIOUMMH aJITOPHT-
mamu. [Tpo HeoOXiTHICTh BUIIPABIICHHS CUTYaIlli BXKE 3BITYIOTh Jesiki Haykosii [10].

[TizcymoBytouM cKa3zaHe, KOHCTaTyeEMO HEOOXIIHICTh MEPEerisay Ta MepeoCMUCIICHHs iCTOpil BUHHK-
HEHHS, pO3pOOKHU ¥ Momudikaliidi pi3HUX METOJIB ONTHMI3Allii JJIs y3aralbHEHHS 1 CHCTeMAaTH3amii ux
MeToAiB. B Teopii IITydYHHX HEHPOHHUX MEPEK TAKOI POOOTOI0 aBTOPH BBaXKalOTh poOoTy [11], B sKiit
JaHO HE TIPOCTO OTJISA iCTOpii PO3BUTKY IITYYHHX HEHPOHHHX MEpeX, ajle ¥ aHali3 iCTOpii OCHOBHHX
el TIIMOOKOro HaBYaHHS, BiJICTEXKEHHS PO3BUTKY KOHKPETHHX CTPYKTYp Ta alrOPUTMiB. ABTOPH CIOJIi-
BAIOTHCS, II0 HABEICHE MPEACTABICHHS T'€HETUYHOTO ANTOPUTMY (METaeBPUCTHYHOTO, MOMYJSIIHHOTO,
MOPOJKEHOTO i7IC€r0 IMITaIll MPUPOTHIX SBHII TOIIO) SIK YMCEITHHOTO METOIY MPSIMOTO TMOIIYKY MOYXKE
CTaTH NEPIIMM KPOKOM Ha OMY IIUIAXY.
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Introduction. As early as 1744, the great Leonhard Euler noted that nothing at all took place in the
universe in which some rule of maximum or minimum did not appear [12]. Great many today’s scientific and
engineering problems faced by humankind are of optimization nature. There exist many different methods
developed to solve optimization problems, the number of these methods is estimated to be in the hundreds and
continues to grow. A number of approaches to classify optimization methods based on various criteria (e.g. the
type of optimization strategy or the type of solution obtained) are proposed, narrower classifications of meth-
ods solving specific types of optimization problems (e.g. combinatorial optimization problems or nonlinear
programming problems) are also in use. Total number of known optimization method classes amounts to
several hundreds. At the same time, methods falling into classes far from each other may often have many
common properties and can be reduced to each other by rethinking certain characteristics. In view of the above,
the pressing task of the modern science is to develop a general approach to classify optimization methods based
on the disclosure of the involved search strategy basic principles, and to systematize existing optimization
methods.

The purpose is to show that genetic algorithms, usually classified as metaheuristic, population-based,
simulation, etc., are inherently the stochastic numerical methods of direct search.

Results. Alternative statements of optimization problem are given. An overview of existing classifications
of optimization problems and basic methods to solve them is provided. The heart of optimization method clas-
sification into symbolic (analytical) and numerical ones is described. It is shown that a genetic algorithm
scheme can be represented as a scheme of numerical method of direct search. A method to reduce a given
optimization problem to a problem solvable by a genetic algorithm is described, and the class of problems that
can be solved by genetic algorithms is outlined.

Conclusions. Taking into account the existence of a great number of methods solving optimization prob-
lems and approaches to classify them it is necessary to work out a unified approach for optimization method
classification and systematization. Reducing the class of genetic algorithms to numerical methods of direct
search is the first step in this direction.

Keywords: mathematical programming problem, unconstrained optimization problem, constrained opti-
mization problem, multimodal optimization problem, numerical methods, genetic algorithms, metaheuristic
algorithms.
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