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Binomo, 110 eBostroLIiiiHy MeTadopy MOXHA 3aCTO-
COBYBATH JIJIsl BUPILICHHS ONTHMIi3alliiHUX 3a/1a4
9y 3a/]a4 TIONIyKy 3a YMOBH, IO MOKJIHMBI
PO3B’SI3KM 3a/ladyi MOXKHA JIESIKUM YHHOM 3aKOJIy-
BaTH Yy PSJIKM CHMBOJIIB, KOPEKTHO BH3HAYUTH
orepaTopu BUOIPKH, MyTaIllil Ta CXpenlyBaHHS IS
TaKUX PSJIKIB 1 OMUCATH JEesKy (PYHKIIIFO, IO OIli-
HIOBATUME JKUTTE3JIATHICTh TaKOrO0 PO3B’s3KY.
Omneparop cxXpelryBaHHsST BHOCHTH Y 3aKOJIOBaHUI
PSIOK CYTTEBI 3MiHHM, 3a0e3Neuyroud MOLIyK Ha
BCili MHOXWHI MOXIIMBUX PO3B’s3KiB, a ONEpaTop
MyTalii MOTPOXY «HAJAIITOBYE» ONTHUMAIbHIIIAN
po3B’si30k [1-3].

JlocnipkeHHsT 1aHOi TeMU € O0e3MepeyHo aKTy-
QIBHUM, aJDKe po3po0Ka, aHaNi3 Ta 3aCTOCYBaHHS
e(eKTHBHUX 1 yHIBEpPCAJIbHUX METOIB PO3B’A3KY
3aja4 (AJIrOpUTMIB) € Hapasi KIIOYOBOIO 3a7ayero
KOMIT'IOTEpPHUX HAyK, a TeMa CBOJIIOIIHHHUX aJro-
PUTMIB III€ HE JOCTATHBO MOCIHiKeHa. [ eHeTnyHi
QITOPUTMH HAJAI0Th MOJMJIMBICTb IIBUJIKOI I'eHe-
pauii mpUHHATHUX PO3B’S3KIB 3a1ad, SIKi HEMOXK-
JINBO PO3B’S3aTH IHIIMMH aHATITHIHAMH METOJIa-
MU, YHUKAIOYH MOBHOTO Tiepebopy i 3HaYHO CKO-
POYYIOUH YacOBi BUTPATH.

[Ipu 3acTocyBaHHI TPagUIIHHUX METOIIB OT-
TUMI3aIlii 1 TOMTyKY Y pa3i HaBiTh HE3HAYHOI 3MIHHU
napameTpiB CepeioBHUINA BCi OOYUCICHHS J1OBO-
TUTHCS TIPOBOJUTH 3aHOBO. EBOMIOMIMHWMIA Imiaxin
JO3BOJISIE aHAMI3 1 aanTaIio BXE CTBOPEHOI ITO-

3A0AMI

V' pobomi onucano ecenemuunuii ancopumm
SUpiwenHa 3a0ayi onmumisayii cmpykmypu
inmez-panvHoi cxemu (Floorplan
Optimization) ma tiozo peanizayiro.

B pabome onucanvr eene-muueckuii ancopumm
peutenus 3a0ayu ONMuMU3ayuY CMpyK-mypu
UHMESPATbHOT cxembl (Floorplan
Optimization) u e2o peanruzayus.

A genetic algorithm for the floorplan
optimization problem and its implementation
are presented in this paper.

KaiouoBi cioBa: reHeTHMYHUN —aJIrOpHTM,
3aCTOCYBaHHSl T'€HE-TUYHHX aJTrOPHTMIB, OII-
TUMi3alliss CTPYKTYpH IHTETPAbHUX CXEM,
Floorplan Optimization.

MyJALii 10 HOBUX YMOB CEpEIOBHUIIA, YUM TEK
CKOpOYY€E Yac poOOTH aNrOpUTMY 1 peastizye npuH-
LI MAIIVHHOI ajanTamii 1 HaBYaHHs.

I'eHeTnyHi anrOpuTMHU 3aCTOCOBHI IO JIOCHTH
ITUPOKOTO KOJia 3a/1a4, sKi MOXKHA 3BECTH JIO TJIO0-
0anbHOTO YM JIOKAJHHOTO TOIIYKY 1 ONTHMi3alii
pO3B’s13Ky 200 10 CUMYJIAIIT 3MiH Y IWHAMIYHOMY
cepenopuii. Lle TOCUTH CTIWKUI 1 MOTYXHUHA 3a-
ci0, OCKIIBbKHM, HE3BAKAIOUM Ha Te, IO X0Ya CKJIa-
JIHICTh 3aj1a4 MOCTIHHO 3POCTaE, a yac, BiJIBEJACHUN
Ha 1X PO3B’s3aHHSA, BCE CKOPOYYETHCS, CUCTEMH,
3aCHOBaHI Ha T€HETHYHUX aJTOPUTMAaX, YCITIIITHO
CIPABJISIOTHCS 3 IOCTABICHUMH 3a/1a4aMHu.

MeTor0 AOCIHIKeHHS JTaHOI POOOTH € Po3pod-
Ka 1 JIEMOHCTpAIlisi MOXIIUBOTO 3aCTOCYBaHHS Ti0-
PHUAHOIO TEHETUYHOTO AJITOPUTMY JUIsl BUPIIICHHS
3aja4i ONTHMI3alii CTPYKTYpU 1HTErpalibHOi cXe-
Mu a0o0 3HaHOI 3ajadi omTHMizamii QIIOpIUIeHY
(Floorplan Optimization, onTiMi3ailis pO3MilIeHHsI
MOJIyJIiB IHTErpaJbHOT CXEMH 3 MIHIMI3aIll€l0 BH-
TpaT Ha IUIONLY i 3B’S3KU MiX JeTaisamu) [4].

I'eHeTnuHi aJaropuT™Mu
CxemMaTH4YHO KaHOHIUYHMK ['A MO’KHA 3amucaT TaK
[5]:

1. T'eHepyemMo MOYATKOBY TOMYJII0 3 N
XPOMOCOM.

2. OO0uMCII0OEMO AT KOXKHOI XPOMOCOMH il
JKUTTE3AATHICTD.
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3. 3a mormomororw o0paHOro METOAyY BiIOOPY
00UpaeMo mapy XpoMOCOM-0aThKiB.

4. BukoHyeMO cXpellyBaHHs OaTbKiB i3
WMOBIpHICTIO Pe. OTpUMy€eEMO 2 HAIIAIKIB.

5. BukoHyemo  MyTaIir  HaIaJAKiB i3
HMOBIPHICTIO P

6. TloBtoproemo 3-5, noku He Oyne
c(hopMOBaHO HOBE TIOKOJIIHHS 3 N XPOMOCOM.

7. lloBTOproemo 2-6, JOKM HE AOCSITHEMO
YMOBH 3yITUHKH aJITOPHTMY.

3r0/10M YSBIICHHS PO TEHETHYHHUI allTOPUTMU
3HAYHO PO3IIMPWIIACS 1 IO HUX Hapa3i BIIHOCATH 1
CYTTEBO BIJIMIHHI BiJi KaHOHIYHOI'O aJTOPUTMHU.
Hampuxitan, y TexHilli TEHETUYHOTO MpPOrpamy-
BaHHS  I[IyKaHi pO3B’SI3KM  MaroTh  (popmy
KOMIT'IOTEPHUX MPOrpam, a OlLliHKa KUTTE3AaTHOC-
Ti TONSATae y BHW3HAYCHHI, YW 37aTHA IporpamMa
PO3B’s13aTH JesIKy OOYUCITIOBANIbHY 3ajady. B eBo-
JIOLIHOMY TIpOrpaMyBaHHi, HaBIaKH, CTPYKTypa
KOMIT FOTepHOI mporpaMu 3adikcoBaHa, a €BOIO-
[IOHYIOTh MMapamMeTpu. Y METOJi EBONOIIHHOT
cTpaterii 3aMicTh JABINKOBUX PSJIKIB 3aCTOCOBYIOTh
BEKTOpH JIHCHUX YHCEN, a TAKOXK YacTO BHKOPHC-
TOBY€ETHCS aBTOMATH3aLlisl TPHCTOCYBAHHS ITOKa3-
HUKIB PiBHS MyTaIlii.

Vuni Tomnanga Kenwer Jle Monr Ta Jlesin
TonaGepr MPOMOBXKUIM KOO JOCIIPKEHHS 1 3pO-
OWIM 4YuMaiuii BHECOK B PO3BHTOK T'€HETHYHUX
anropurmi. Haiiginomimum gopo6kom Tomnabepra
€ «['eHeTHYHI aNrOpUTMHU B ONTHMI3allil MOLIYKY
Ta MalIMHHOMY HaBuaHHI» («Genetic algorithms in
search optimization and machine learning»
(1989)), omna 3 HaWOLIBII IMTOBAHWUX Y Taly3i
KOMIT'IOTEpPHUX HayK. 3aBISIKM LIUM BYEHHUM, OIHU-
caHi BCi TeHETUYHI OIepaTopH i JOCIHIHKeHa IOBe-
JIHKa TPYNH TECTOBHX (YHKIIIH 1 came alropuTM
Tonabepra OTpUMAaB HA3By «TEHETHYHUIA alro-
PUTM.

Bin TpamuiiiiHuX METOJIB ONTUMI3allli reHe-
THUYHI QITOPUTMH BIZPI3HSIOTHCS THM, 1110 [4,5]:

e MalOThb COpaBy He 31 3HAYCHHSIMH
napameTpiB 3a/1a4i, a 3 iX 3aK010BaHOI0 (OpMOI0;

® 3ICHIOIOTH TONIYK PIllICHHSI HE 3 €TUHOT
BUXIJIHOT TOYKH, a BIJIITOBXYKOUYHCH BiJ JEIKOT
nomyJisiiii (orepariii Ha MOIMyJIsLii);

® BHKOPHUCTOBYIOThH JIHIIE [IBOBY (DYHKIIITO,
a He il moXiAHI 4K iHIIYy JOMOMDKHY iH(OpMalio
(BuKOpHCTaHHS MiHiMaIBHOI 1H(OpMamii 1po
3ajjauy — He MoTpiOHa iHPOPMAITis PO MOBEIIHKY
ynkwii);

® 3aCTOCOBYIOTb  HMOBIpHiICHi, a  He
JeTepMiHOBaHI MpaBwia BHOOPY (paHAoMi3allis
oTieparii);

e ['A 3acTocoBHI J0 3amad, sKi paHime
pPO3B’S3YBAJIUCS JIAIIE TTOBHUM KOMOIHATOPHUM

repebopom, abo JHIe 32 TOTIOMOTOI0 HEHPOHHUX
MEpEeXK, a TAKOXK JI0 paHille HepO3B’ I3HUX 3a]au.

'eneTnyHi anropuT™Mu J03BOJISIOTH TpalioBa-
TH 3 IIAPOKUM KOJIOM TEOPETHYHMX 1 MPUKIATHUX
3aJla4y: HEWPOHHI MEPEexki, ONTUMIi3allis OaraToBH-
MipHUX QYHKUIH (3adaua npo payion, mpancnop-
mHua 3aoaua [6], 3a0aua ckradanns posxaady [1]),
B CHCTeMaX IATPUMKH TPHHHATTS pimeHs [6,7],
HaOJIMKEHUX MeToNaxX ( esonroyitini areopummu
[3]).

'eneTnyni anTOpUTMHU 3 YCIIXOM 3aCTOCOBY-
10Th, KOJIM HEOOX1THO CKOMIOHYBATH (PO3MICTUTH
Ha IIMaTi Marepiany, Hepiko 0OMEKeHOro 3a
po3MipoMm) 3a7aHy MHOXHHY €JIeMEHTIB (iHKoIn
HaBiTh BPaxOBYIOUM 3B’SI3KM MK HHMH), MiHIMi-
3yI0YM BUTpPATH Ha IUIOMLy (3a7ada Kporo, Ju3aiH
iHTep’€piB, TUIAHYBaHHA MicTa YW JaHImadTy
TOIO). Y 3a7adi KPOK OAATY MOXKE TaKOXK OyTH
BpaxoBaHa iH(opMallis Mpo HarpsiM HUTKH Y Jie-
TaysgX. TakuM UYMHOM, TEHETHYHI aJrOpUTMHU 3
YCIIIXOM 3aCTOCOBYIOTh B KOHCTPYKTUBHOMY JH-
3aiiHi 1 CTBOPEHHI KpeciieHb MalOyTHIX JieTanei.

[lpuknagom 3ama4i KOMIIOHYBaHHSI TaKOX €
ONTHMI3allisl 3arajbHOi CTPYKTYypH IHTETpPAIBHOI
cxemu (floorplan optimization) [4], meranbpHime
pO3IJIsiHyTa JaJIi.

[HKONMM reHEeTUYHHH aNrOpUTM CHPSIMOBAHUN
Ha IOKpAIlEeHHs HapaMeTpiB JesKoi XapakTepuc-
TUKHU 300paKE€HHS — YITKOCTI KOHTYpiB, KOHTpacT-
HOCTI, OCBITJICHHSI, TEKCTYPH, KOJIbOPOBOI TaMH
tomo. ['eHeTnyHi TexHOIOTIi epeKTHBHO qoTOMa-
rafTh y PEeKOHCTPYKHil i cTumizamii dororpadiil.
Hanpukmnajn, smoHCEKMMH BYEHHUMH PO3pOOIIeHi
I'A nns renepamii SKiCHIIIOrO YOpPHO-0110TO 30-
OpaeHHs 13 TUIABHUMH I[I€peXoJlaMU TOHIB Ha
ocHOBI 3a1anoi poTorpadii [8].

OcranHIM 4acowm, i3 MTOTIUPEHHSM
KOMIT'IOTEpPHUX 1rop, MOIYJISIPHIIIO cTajla I'eHe-
paiisi TPUBHUMIPHUX 300pa)keHb 3a JOMOMOIOIO
FEHETUYHHMX ajIropuMTiB. llikaBuMu 3acTOCYBaH-
Hamu ['A y npOoMy HampsIMKy € TakoX TeHeparlis
BIIOMTKIB TalbIliB [9], onTumizaris Bizeo3o00pa-
JKEeHb, TeHepallisi CTPIYKOBUX KOJIIB.

3amady aBTOMATM3alil HANMCAaHHS MY3UKH
MO’KHA CIIPOCTUTH JI0 MOLIYKY JESIKOIO PO3B’SI3KY
3 HECTPYKTYPOBaHOT MHOXXHHHU BCIX MOMKIJIMBUX
kommo3utiiit [10]. ['oxi 3a3Havyat BenwuuHy Ii€l
MHOXHHHU, Oepy4H 10 yBard KUIbKiCTb MY3WYHHX
THCTPYMEHTIB 1 MOXIIMBHX Ha HHUX 3BYKIB 1 aKop-
niB. Jlesiki 3aCTOCYBaHHS TCHETHYHUX JITOPUTMIB B
Ui mapuHi po3risiHeHi B [11].

[HTEpaKTHBHI T€HETHUYHI aITOPUTMHU € YyJ0-
BUM JIOMOMIKHUM 3aC000M, KOJH HIETHCS TIPO
KpeaTuBHi pillleHHs Ta OpuriHajibHi 3ama4i. Kopu-
CTyBa4 MOXe€, BIJIMOBIIHO JI0 CBOiX CMaKiB, 00paTu
cepel UNCIACHHUX BapiaHTIB, 3allPOIIOHOBAHUX
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BIJIMTOBITHOIO TIPOTPaMOI0, i He OOSTUCS TTOPYIICH-
HSl aBTOPCHKUX IPaB HA BUKOPHCTAHHA i7ei, ajKe
B MpOLIEC] eBOJIONIT BapiaHTiB Iu3aiiHy BUpilIaib-
HY pOJIb BiIrparoTh €CTECTHUHI yIIOJ00aHHS CaMo-
ro Kopucrtynaua [12].

CyTTeBUM IUTIOCOM BHKOpHCTaHHS ['A 'y pobo-
Ti, OB’ s13aHi# 3 MU3aifHOM, € Te, mo ['A crmpomo-
JKHI HE TUTHKH Ha TEHEepalliio IesKoi Ju3aifHepCh-
KOI 17ei, ajne 1 Ha moJajblie ONTUMI3allifHE KOM-
TTOHYBAaHHS KPECJIeHD JeTale MaltOyTHROTO BHPO-
Oy Ha Marepiami 3 MIHIMI3aIli€l0 3aTpaT AOBKUHU
i/ab0 mUpUHK MaTepiaty).
I'eneTnuHunii ajgropuT™M po3B’sI3KYy  3aaaui
Floorplan Optimization
[HTerpauist HaIBENUKUX IHTETPATBHUX MIKPOCXEM
(Very Large-Scale Integration, VLSI) — 1ie mporiec
moOyIOBY CKJIATHUX EIeKTPOHHUX KOMITOHEHTIB
(MikpormporniecopiB, 4YimiB maM’sTi), IO CKJaja-
FOTBCS 3 BEIIUKOI KIJTBKOCTI (DYHKITIOHATBHUX KOM-
MIOHEHTIB, a ToMy nu3aiiH VLSI BuMarae ckiagamx
O04YHCIIeHB: TepeBipKa BIPHOCTI PO3TalTyBaHHS
CKJIQJIOBUX 4ila, ABOBHMIPHE CXEMaTU4HE 300pa-
JKEHHsI Yilta, TeHepallisi BUMAJKIB JJIs TECTYBaHHS
4ina, KoJiu BiH OyJie ToToBwmii Tomio. [lepima crasmis
npornecy VLSI nependavyae BuokpemieHHs Habopy
HEMOJIIIBHMX 1, SIK MPABUIIO, IPSIMOKYTHHUX OJIOKIiB
— MoxyniB-kiiTHH (cells). 3po3ymino, mo B ocTaH-
HE JECATWIITTA OJIOYHA CKJIAJAHICTH HOBUX CXEM
noctiiiHo 3poctae. Ha apyriid cramii QikcyroThbes
JlaHi PO B3a€MHE PO3TAIIyBaHHS LUX MoayJiB. Ha
TpeTi cTafii st MOIYyJiB OOUpAIOThCs Pi3Hi Bapi-
aHTU IMIUIEMEHTALI] 3 METOO OIITUMI3allil 3arajb-
HOI momi. Y 1iil poOoTi OCHOBHA yBara mpuiie-
Ha Tpertilt cranii VLSI, sKy me Ha3uBalOTh onmu-
Mi3ayiclo  3a2anbHOi  MONOJOIUHOI  CMPYKmypu
(Haodsenukux) inmezpanrbHux Mikpocxem (aHIIL,
Floorplan Optimization). Kinnesa BapricTh uina
0arato y YoMy BW3HAYAETHCS BEJIMYUHOIO HOTO
TUIOIII, TOMY 3HAXOJ/KEHHS ONTHMAILHOTO (IIop-
IUIEHY MOTO eJIeMEHTIB Ha paHHi# cramii (1o ¢i3u-
YHOTO BUTOTOBJICHHSI) — Il HAHBAXKJIMBIIIMKA eTar
nporiecy iHTerparii cxemu [4]. 3HaX0/pKEHHS OII-
TUMaNbHUX (IIOPIUIEHIB (CTPYKTYp [HaHHX, SKi
MPEICTABISIIOTH B3a€EMHE PO3TALIYBAaHHS MHOKHUHH
00’€KTIB) — 1€ aKTyaJlbHa IapWHA JOCJIKEHb
KOMOiIHaTOpHOI onTuMi3arliii. BinkImicTs 3ama4 mpo
¢noprutenn MatoTe NP-ckiagHicTh 1 BUMararoThb
3HAYHUX pecypciB mam’siti. ToxX HaWIomyspHi-
LIIMM HiAXOAOM JI0 TaKUX 3a4ad € ONTHMI3alliiiHi
CBPUCTHKH [ 3HAXOMKCHHS MPUHHATHUX pi-
meHb. Y wiif poboTi MM NMPOMOHYEMO IS BHpi-
IIEHHS TaKol 3a7a4i 3acTocyBaTH Tiopuaauii I'A.

Icaye nBi xaTeropii ¢uopIUIeHIB — PO3PI3HAN
(slicing) Ta 6e3pospizuuit (non-slicing). ITepmruit
MOKHa OJIepKaTH, PEKypCHBHUM (TOPU3OHTAIIb-
HHUM YH BEPTHUKATHHUM) PO3pi3aHHAM IDIOMIMHA HA
MEHIIT MPSIMOKYTHHUKH. Jpyruii € Oinpin 3araib-
HUM 1 MOXe OyTH 3BEJICHHM JI0 MIEPILIOTO.

Ha puc. 1 nHaBemeni BIiAMOBimHI TPHKIAIHA

5 2 2
(a) (b)

Puc. 1 Ipuxmagn npocTux QIOPIIICHIB:
a) 6e3po3pizumit; b) pospizuuit [4]

HaWMpocTimmMXx (IOpIUIEHIB 3 M sTH OyoKiB. s
MIPENICTaBICHHS CTPYKTYPHU PO3PI3ZHOTO (IIOPITICHY
B MMaM’sTi KOMIT'IOTepa BUKOPHUCTOBYIOTH OiHapHi
JIepeBa 1 HOpMaJli30BaHi MOJILCHKI 3aIKCH, SKi BKa-
3YIOTh Ha MOPSJOK «PO3pi3aHHM», a I 0e3po3pi-
3HOTO — Pi3HI TOMOJOTIYHI MPEACTABICHHS, TPe-
CTaBleHHs TrpymyBaHHsA iH(opMmarii (packing
representation: O-mepeBa, B*-mepesa), Mo3zaiuHi
npencrasienss (CBL, Q-mociigoBHICTh, MOBIHHI
OiHapHi 1epeBa, MMO/BiiHI OIHAPHI MOCIIIOBHOCTI).

Ymounumo nocmanoexy 3aoaui [4]. Ha Bxin
OINTHMI3aTOpa MOJIAIOTHCS TaKi JiaHi:

® KimpKicTh MoOmyniB N, sKi He0O0XiIHO
PO3MICTHTH Ha iIHTETpaNbHINA CXeMi;

® IS KOXXKHOT'O 3allJIAHOBAHOTO MOIYJNS —
BU3HA4YCHUI CIIUCOK noro MOXKJIUBHUX
IMIUIEMEHTAIlM (U1 KOXKHOTO MOJIYJS iX MOXKe
OyTH KiJlbKa, 3 PI3HUMU JIOB)KHHAMHU CTOPIH);

e JBa crieTianbHi TOJISIPHI rpacdu
(Tpanuuiiino HasuBatoTecsi G i H rpadamm), sxi
BHM3HAYalOTh CYMDKHICTH MOJYJIB, BIJIOBIIHO, Y
BEPTUKAIBHOMY 1 TOPU30OHTAILHOMY HaNpsAMKax
(myrm TmO3HAYaIOTh MOJYNi, a BEpPUIMHH —
HAsSBHICTh TOYOK 3’ €IHAHH).

Mu nommMpuIId MMOCTAHOBKY 3ajaui y [4], moc-
TaBUBILY Tepea cOO0I0 METy peai3yBaTH IMOBOPO-
TH MOJIYJIIB Ha IJIOLIHHI CXeMU JJis e(DeKTHBHIIIO-
ro BUKOpHCcTaHHS MatepiaiiB. [Ipu moBopori mo-
IOynst moTpiOHO 3a0e3meunTy 30epeKeHHs 3B I3KiB
MIiX MOIYJISIMH.

OTxe, Ha BUXOJ/Ii MU MaeMO OTPHUMATH CXEMY
ONITUMAJILHOTO (IIOpIUIEHY — SIK came MOAyJi Oy-
IOyTh PO3MillleHi Ha iHTETpaJIbHIN cXeMmi 3 MiHiMi-
3aI7i€r0 BUKOPUCTAHOT TIIOIIT].
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OnHak, SKIIO L 3a7aya 1 BUIVISIZAE TOCHTH
MPOCTOK0 JJIsi MAaJCHBKOI KiJIBKOCTI MOAYNIB 1 iXx
IMIVIEMEHTAllIi, TO Y CyYacCHHX IHTEerpajibHUX

WEEEE o
A
B1 HHHHHHHA
(a)
BZ% .
G: H: B
(b) :
c
143 130 L0
BO | BO = l
: 1
A ! A A !
© ol | cl oo |
170 140 . 143
BL | ! |
i B2 || B2
Al a LA ! A |
! cl
____________ b co

Puc. 2 Tlpuxnag ®@octepa npo po3B's3aHHL
3aj1a4i U CXEMH 3 TPHOX MOIYIiB [4]

cXeMax MOJIYIIB 1 BapiaHTiB iX BHKOHAHHS, 3BH-
YaiftHO, MOKe OyTH BEJIMKa KIIBKICTh, TOMY 3ajada
3HAYHO YCKJIAJHIOEThCA. [lpuimycTrMo, Mo noTpi-
6H0 po3mictutu N mMonyniB, a neskuii moaynb C;
(1<i<N)mae x(C;) BapianTiB imruiementaiii. Tosi
JUTS 3HAXOJKEHHS KPAaIIoro PO3B’sI3Ky 3ajadi MU
MOBHMHHI NEpeANBUTHCA TaKy KiIbKICTh BapiaHTIB,
SIK1 38JIOBOJILHSIIOTH YMOBH ITOCTABJICHOT 3a/1aui:

[1x)

Ha pucynky 2 HaBenenunit rpadivauii npukia
pO3B’si3aHHS 3a/Ja4i KOMIIOHYBaHHS IJsl TPHOX
MOJIYJIiB BiAMOBigHO 3 1-€10, 3-bOMa 1 2-OMa iMII-
JieMeHTamisMu. [l 3HAXOKEHHS HaMKpaIioro
notpibHO mepedparn 1x3x2=6 BapiaHTIB MOMKIIH-
BUX (DIIOPILICHIB.

OCKUTbKH MU PO3TIISIAEMO 33/1a4y 13 TOBOPO-
TaMH MOJIYJIB, TOBHUH Tepedip BKIOYATUME TaKy
KUTBKICTb BapiaHTiB:

[T2xc)

Otxe, BUHUKaE moTpeba y MPUHLHUIIOBO Bif-
MIHHOMY B TIPOCTOrO mepebdopy  MeTomi
pO3B’si3aHHS 3a1adi. 30cepeAnMO yBary Ha 0co0-

JUBOCTSAX 3aCTOCYBaHHS TiOPUIHOTO TEHETUIHOTO
AITOPHUTMY.

Cmpykmypa xpomocomu. Y JTaHOMy BUTIaJIKy
3aCTOCYBaHHS JIBIMKOBHX 3HA4YEHb T€HIB XPOMOCO-
MU HE € BUIPaBAaHUM, TOMY IO TAKUM YHHOM MU
HE CKOPOTHUMO Tepedip, a HaBMaKu HOro pPO3IIH-
pumo. ToMy BHKOPHCTOBYBAaTHUMEMO TiOpWIHHA
TeHeTHYHHHA aNrOpUTM KOMIOHYBaHHA N MOTyIIiB.
SKmo MM 3aKOQYEMO KOXXEH MOIYJlbh YOTUpMa
MTOCTIIOBHUMH YHCTIaMU (IBI KOOPAMHATH PO3Ta-
[TyBaHHS HAa CXEMi, BHUCOTa 1 MIMPHUHA MOMIYIS),
OTPUMAEMO XPOMOCOMY JOBKUHOK 4*N.

Puc. 3 Cxema komyBaHHS PO3B'A3Ky 3a1adi y
XPOMOCOMI

Ocoonueocmi iniyianizauii nonynayii. 3 Me-
TOI0 CKOPOUYEHHS YaCOBUX BUTPAT Ha 3HAXO[KCHHSI
MOTPIOHUX TapaMeTpiB MOJYJIB, iHIMiai3yeMo
OCOOMHHM MOYATKOBOI MOIMYJIALII HE 30BCIM BHIIa/I-
KOBUM 4UHOM. OOMpaTUMEMO BHIIQJIKOBY IMILIC-
MEHTAIII0 JESKOT0 MOMYIS 3 BIAMOBIAHOI HoMy
MHOXUHH IMIUIEMEHTAIH (3MiHHI a; 1 ¢; Ha cXeMa-
TUYHOMY MAJIOHKY), @ KOOPAMHATH MOJYJIsl iHIITi-
aIi3yeMO BUIAJKOBMM YWHOM. Ha mpomy erarmi
XpoMocoMa MOXKE 3aKOAyBaTH MOAYJ sK 0e3 mo-
BOPOTIB, TaK 1 3 HUMH.

Cenexuyin. JInst BAKOHaHHS BUOIPKH XpPOMOCOM
MOJAJBIIOT0 CXPELIyBaHHS MM IIPOIIOHYEMO 3a-
CTOCYBaTH CeJIeKIii ABIIKOBOTO (ITapHOT0) TypHi-
py TournamentSelection [2]. Sk HailmomymnsipHi-
MIMA METOJ CeNIeKLii, BOHA YyJO0BO MiAXOIUTh JUIs
peamizamii ['A. Takum dmHOM, 31 BCi€i mOIysIii
BUIIaJIKOBIM YMHOM OOMPAIOTHCS Mapu XpPOMOCOM,
a 3 KOYKHOT TIapH JI0 IPOMIXXHOTO MacuBy BiOHpa-
€ThCSI OJIHA, 13 KpamuM (MEHIIMM) 3HAuYeHHSIM
(yskmii mpuctocoBanocTi. L mporeaypa mosTo-
PIOETBCS CTIIIBKU pa3iB, CKIJIBKU MOTPIOHO 0COOMH
Jutst ipoMikHOT monyssiii. [loriMm B oTpuManomy
MIPOMI>)KHOMY MAaCHBI 3aCTOCOBYIOTHCSI T€HETHYHI
OTIEPaTOPH.

Onepamopu cxpewiyeanns. Y anroputmi 3a-
CTOCOBaHI JiBa TiOPUIHKUX ONEPaTOPH CXpEIlyBaH-
Ha. OTpuMaHi B pe3yJbTaTi MEpIIoro omeparopa
JOYIpHI XPOMOCOMH MPHUHOCSTH O1IbIIEe PO3MAiTTS
y NOMyJALII0, a Yy pe3ynbTaTi APYroro — He Tak
pamuKaIbHO €BOJIOMIOHYIOTE (PucyHOK 4).

Ilepumii oneparop CXpelryBaHHsS — OIEPATOP
oJHOTOUKOBOrO cxperryBanus OnePointCrossover
— MoXiOHMI 10 omepaTopa CXpEllyBaHHs KaHOHIY-
Horo I'A, 3a OIHIEIO TUIBLKHU BIAMIHHICTIO, IO «TO-
YKa po3pizy», 3a KO0 00M/IBI OATEKIBCHKI XPOMO-
COMH, MOJUIAIOTHCS HA JIBA CEIMEHTH, OOMPAETHCS
BUTIAJIKOBUM YWHOM MK TPYyIaMH T€HiB, 1110 3aKO-
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JIOBYIOTb OKpeMi MOJyINi, a He BCEpPEeAHHI TPYIIH.
Lle 3yMOBIJIEHO OCOOJIUBOCTSAMU CTPYKTYPH XPOMO-
COMH y HAIIOMY TTPOEKTI.

3a TakUM caMO TIPHUHITUTIOM MK TPYIaMu Te-
HIB BiJIOYBAaOTBCS «PO3pi3nW» JPYroro oreparopa
CXpEIIyBaHHS — OmepaTopa ABOTOYKOBOTO CXpe-
uryBans. TWoOPointCrossover. Bin  «po3spizae»
XPOMOCOMH TIO KpasiXx CETMEHTY TeHiB, BiJIOBiIa-
JILHOTO 32 OJIUH 1 TOW CaMUil MOAYJIb, 1 32 JIOTIOMO-
TOI0 I[FOTO OTIepaTopa MyTallii XpOMOCOMHU «00OMi-
HIOIOTBCS»  1H(QOpPMAIlE€l0 TPO  IMIUIEMEHTAITi0
poro Moaysst. Cxemarnyne 300paskeHHs Jiii 000X
orepaTopiB MyTallil HaBeJIcHe Ha PUCYHKY 4 (3ro-
pu - OnePointCrossover; 3HH3Y -
TwoPointCrossover).

- IXz B |H’2 |c2 I e
- IXz C2 I e

|X1 |3’1 |9~1 |

Vi |2 N
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=

&

4 |G
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¥z
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Puc. 4 Omneparopu cxpelryBaHHS: Bropi — OJHO-
TOYKOBE CXpPEIyBaHHS; BHHU3Y — JABOTOYKOBE CXpe-
LIyBaHHS

Onepamopu mymauyii. Y anroputMi BU3HaUe-
HO TaKOX JiBa riOpuIHi onepaTopu MyTawii. ¥ ix
po0OTI MH BpaxOBYEMO Taki OCOOJIMBOCTI MOCTa-
HOBKH 3aj1a4i SIK CKIHYEHHICTh IIMaTy marepiainy i
Oe3mocepelHE BU3HAYEHHSI KOPUCTYBAaue€M MHO-
KUHA MOXJIMBHUX IMIUIEMEHTAIll KOHKPETHOT'O
MOYJIS.

3MicT poOOTH TEPIIOro BH3HAYEHOTO OIepa-
Topa myrauii (MutatePosition) monsrae y myrarii
reHa, BiJNOBIJAIbHOIO 3a OJHY 3 KOOpAMHAT 00-
PaHOTrO BHUITAJIKOBUM YHHOM MOJIYJISL.

Lle BinOyBaeThCs 3a paxyHOK (haKTUIHOTO 30i-
JBIICHHS/3MEHIICHHSI ~ [TapaMeTpiB  KOOPIUHAT.
Sxmo mnpu 30UIBIIEHHI MapaMeTp KOOPAUHATH
BHUXOJIUTH 32 33J]aHi MEXi IJIONIMHA MaTepiay, MU
HajaeMo KoMy 3HaueHHs 0 1, TAKMM YWHOM, PO3-
MIIIyeEMO MOTOYHHUN MOAYJIb OIS Kparo TUIOLIMHH.
Leit omepaTop 3abe3mneduye 3HAXOKEHHS ONMTHMa-
JHHOTO MICIS PO3TallyBaHHs BiAIMOBIIHOTO MOJTY-
JIs1 HA IHTETpaibHIN cXeMi.

3MicT Apyroro riGpUIHOTO omepaTopa MyTarlii
Mutatelmplementation mossirae y dgpaxktuunii 3ami-
Hi TOTOYHOI IMIUIEMEHTalii MOJIyJisi Ha IHIIY 3
BIJIITOBIHOT MHOKHMHHU IMITIeMeHTaIii. L 3amina
JIOTIOMArae HaloMy ONTUMI3aliiiHOMY ajJrOpUTMy
YHUKHYTHU «GallUKJIIOBaHHS» Ha JCSIKOMY JIOKaJlb-
HOMY EKCTPEMYMi, a TaKOXK TOCTYIIOBO €BOJIIOIIIO-
HyBaTH Yy HaNpsMKy IIOKPAILICHHS pE3yJIbTaTy.
Takox BaXJIMBUM € TOW (pakT, MO IEH omepaTop
MyTallii 13 JIeSIKO WMOBIPHICTIO pealli3y€e OBOPOT
MOJLJISI.

OTrxe, BU3HAYCHI Y MPOEKTI TiIOpUIHI TeHETH-
YHI OIEpaTOpH MyTalii J03BOJSIOTh YHUKHYTH
nepe4acHol 30DKHOCTI alrOpUTMY, IO CIPHUSE
TiIBUIICHHIO €(EeKTUBHOCTI HOTO poOOTH i BHO-
CUTH OLJIbIIIE KOPEKTHOCTI y BUX1/IHI Pe3yIbTATH.

@yukuia npucmocosanocmi. SIk BXKe 3a3Ha-
4ajyiocs BHINE, XPOMOCOMH B imirtamii mporecy
MIPUPOJTHOTO BiAOOpPY MOTPeOYIOTh MEBHOI SKiCHOT
OIIHKH iX )KHUTTE3ATHOCTI, TOMY JUISl KOXKHOI XPO-
MOCOMH 3 TIOMYJISIIIii OOUUCITIOEThCsT (PYHKITIS TIPH-
CTOCOBAHOCTI.

Ls ¢yHKIis moka3zye Mipy ONTHMAaIBHOCTI
PO3B’s3KYy, TOOTO YHMM Kpalle 3HaueHHS (QYHKIT
JUIE XpOMOCOMH, THM Kpallle BOHa SIK PO3B’SI30K
3aJI0BOJIBHSIE YMOBaM OIITUMI3aIliiHO 3a/1a4i.

Byno oueBugHO, 1m0 3a 3HaueHHs (yHKIT
MIPUCTOCOBAHOCTI JTOBEACTHCSI B3STH BEIMUYHUHY,
SIKY MU ONTHMI3YEMO — 3arajibHy IUIOILLY iHTerpa-
JILHOT CXeMH, sika O BTITFOBaJIa AaHui (IIOPILICH.

OjHak 1pH BTIJICHHI MOJYJIIB NOTPiOHO OYyII0
BpaxyBaTH IIe i 3B’SI3KM MK HUMH, TOMY JOJaT-
KoBO Oyrna BBeJeHa TNepeBipka Ha 30epeKeHHs
3aJJaHUX KOPUCTYBaYeM 3B’SI3KiB MiXK MOJYJISIMH 13
CYTTE€BUM 301JbIIECHHSIM 3HaueHHS (yHKUIi mpuc-
TOCOBAHOCTI Ul XPOMOCOMH, SIKa HE BiANOBina€
MTOCTaHOBIII 3a/1adi.

BinnosigHo, Kpaiie HOpUCTOCOBAHOK XPOMO-
COMOIO BBaXKa€ThCA Ta, OL[iHKA (DYHKIIi IPUCTOCO-
BaHOCTI SKOT MEHIIIA.

Kpumepii 3ynunku pooomu ancopummy. [{ns
TOT0, MO0 aJTOPUTM MPAIFOBAB Yy MEXKAX PO3yM-
HOTO Yacy, BH3HAYAIOThCS KPHUTEpii 3YMHHKH PO-
00TH alNrOpUTMY.

[To-miepirre, KO MPOTATOM BU3HAYECHOI KiJb-
KOCTI TIOKOJIIHb HE BIIOYBA€THCS IOKPAIICHHS
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HAMIINIIe MPUCTOCOBAHOI XPOMOCOMH, alTOPUTM
MIPUITHHSE POOOTY.

Le#t Bumagok o3Havae, Mo XPOMOCOMH IOITY-
TATii Maibke OIHAKOBI 1 3HAXOAATHCA y 00JacTi
JeSIKOTO €KCTPEMYMY, a CXPELIYBaHHs BXKE Maiike
HISIK HE BIUIMBA€E HA TOMYJIALi0, 00 AOYipHI OCO-
OmHM 200 € a0COMIOTHIUMH KOTISMH OCOOWH 3 Tri€l
nomyssii, abo BUXOIATH 3a MeXi 00JacTi mpu-
HHSATHUX PO3B’A3KIB 1 BUSIBISIOTHCS MEHII MTPUCTO-
COBAHHMMH, HIXK 1HII OCOOMHHM TIOITYJIALII].

[HmmMu  coBamy, 3ynWHKAa BiIOYBAa€eThCS Y

BUMIAJIKYy, KOJM TMOMYJsMist 30irmacst — MpocTo
3HAWJCHUI HaWKpamuil a00 OJU3bKHUN J0 HBOTO
PO3B’S30K.

[To-npyre, mis toro, mod MoOkKHA OyJIO0 MPOC-
TEXHTH XiJI IPOIIECy EBOIOIIOHYBaHHS PO3B’S3KIB
3a/avi, BU3HAYCHWUHU IPYyTUd KPUTEpPId MPHUIYIH-
HeHHs anroputMmy. KopucryBau moxe neperisiia-
TH TOTOYHUN HaMKpamuil po3B’sS30K, OTPUMaHUN
Mics BHU3HAYEHOI KUTBKOCTI iTepariif, a TaKoxK,
SKIIO BiH BBa)Ka€ WOTO 3a IIJIKOM TPUAHSATHUH,
nepeayacHo 3yMUHUTH POOOTY alroput™My Ha
[BOMY ETali.

SIKIIO aJITOPUTM 3YNUHSE CBOIO POOOTY, TO Ha
BHUX1Jl IOJAETHCSI XPOMOCOMa HaMIIIIIE IPUCTOCO-
BaHOT 0cOOMHU (OCOOMH) 3 OCTaHHBOI MOIYJIALLIT,
{HaKIIe MK TIOYMHAETHCS 3HOBY BiJl BUOIPKH
XPOMOCOM 3 TIOTOYHOI MOITYJISIII.

Becp onucaHuii réHETUYHUI aNroOpuTM ONTH-
Mi3allii 3arajibHOi TOMOJIOTIYHOT CTPYKTYPH IHTET-
paNbHUX MiKpocxeM (DYHKIIIOHY€E 32 CXEMOI Ka-
HOHIYHOTO TCHETHYHOTO ajlrOpUTMY, HaBEJCHOTO
pasire.

BucnoBku

'eHeTHYHI ATOPUTMH — TOTY)KHA 1 TIEPCIIEKTHBHA
TEXHOJIOTis, SKa Yy CBOIi pOOOTI BHKOPUCTOBYE
iMiTariro eBooNii. ['eHeTHYHI anropuTMH SIK
e(eKTHBHI METacBPUCTUYHI alTOPUTMU HAOIMKe-
HOTO PO3B’SI3KY 1 onTHMI3allii 0araToKpuTepiiHuX
3ajJa4 BiAirpaloTh BaroMy poJib y Cy4acHii HayI.

[TocTiifHO CTBOPIOIOTHCS HOBI MPOTpPaMHi pi-
IICHHS, 1[0 pealli3yroTh 3acTocyBaHHsS ['A y pi3-
HOMAaHITHUX cdepax AisTIbHOCTI JIOIUHH.

i cucreMu MOJErMIyIOTh  OOYHMCIICHHS,
VHHKAIOUHM TOBHOTO TepeOopy BapiaHTIB pillleHb,
3HAYHO CKOPOYYIOTh 4acOBl Ta MAalIMHHI BUTpPATH
Ha pO3B’s3aHHS [MOCTABJICHUX 3a/1a4.

I'enetnyHi anrOpUTMH HA/MAIOTh MOXKIUBICTH
IIBUIKOI TeHepallii MpUHHATHAX PO3B’s3KIB 3a/1ad,
K1 HEMOXKJIMBO PO3B’S3aTH 1HIIUMH TpaJuLiiHU-
MU aHATITHYHUMH METOIaMHU.

BomHodac, poO3BUTOK IapUHU EBOJIOMIHUX
QITOPUTMIB CTaBUTh IEPE HAYKOIO MOBCSAKYAC
HOBI 3a/1a4i (HampHKIJIaA, 3 SBUBCS iHTEpeC 10 aB-
ToMaTu30BaHoi TeHepartii 3-D i 4-D 300paxens 3a

noriomororo I'A). Came ToMy iHTEepec 10 TeHETHY-
HUX aJITOPUTMIB HEBIIMHHO 3POCTAE.

3 iHmoro OOKy, B AOCHIKyBaHiii 001acTi €
gUMaso TpooIeM, 0COOIMBO OB’ I3aHMUX 13 PO3Mi-
POM JMHAMIYHUX XPOMOCOM, TPHBAJICTIO OOYHC-
JICHHS LUTOBUX (DYHKIIN, MA00pOM ONTUMAIIbHUX
rmapaMeTpiB TEHETHYHHX OTEPaTOPiB 1 Kpamoro
oriepaTropa CeNleKIii I KOHKPETHOI 3amadi, 3a-
CTOCYBaHHSIM TIOPUIHUX TCHETHYHUX AJITOPUTMIB
(TOOTO 3TUTTS TEHETHYHOTO ANTOPUTMY 3 TPajau-
IfHUMH METOJaMH, BUKOPHCTOBYBAaHUMH y IOC-
JimKyBaHiM cdepi, 3aCHOBAaHMMH Ha EKCHEPTHHX
3HAHHSX) TOIIIO.

VYHiBepcabHUX MIIXOMIB 10 BUPIMIEHHS X
npobsieM He icHye. [ToTpiOHO CYTTEBO JOCIIIKY-
BaTH NPEJMETHY 00JacTh 3aCTOCYBAaHHS 1 BUKOPH-
CTOBYBATH TiOpUIHI aITOPUTMH.

ToMy HamMu pO3pOOIECHO TPAKTHUYHUA TPOEKT
peanizariii came TiOpHIHOTO TeHETUYHOTO aJITOPH-
TMy BUpIIIEHHS 3a/1adi ONTHMi3alii CTPYKTypH
IHTETpasbHOI CXeMH (TaKOX BiIOMOI SIK ONTHUMI3a-
uist pnopmneny, Floorplan Optimization).

Ha BXin 3amadi mogar0Thess MOJYIL 1 X MOXK-
TMBI peaiizarii, a Tako Tpadu MPOCTOPOBUX Bij-
HOIIIEHb MK HUMH (BiJOOpa)kat0Th BUMOTH TIPOE-
KTYBaJbHUKA IO MAaOYTHHOTO CTPYKTYpPU CXEMH).
Ha BuX0zi MU OTpUMYEMO CXeMaTHYHE KPECICHHS
(bnopruteHy, BiIMOBITHOTO 0 3HAWIEHOTO ajITropH-
TMOM PO3B’SI3KY.

Sk Bci pe3ynbTaTH poOOOTH TEXHOJIOTIH Ha-
OJMKEHUX METOIB, 11eil PO3B’ 30K, MOYKIIUBO, HE €
HaWKpamum JJis 1i€l 3ajadi, aje BiH € OJIHHUM 3
Kpamyx i IPUUHATHAM JJIs1 TPAKTUYHOTO 3aCTOCY-
BaHHS.
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