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The paper deals with creating a complex pattern of behavior management system based on the use of
the formal language of design. Which provided visualization used in the model of concurrency control
system behavior and the possibility of action sequences (the track) with the performance. The resulting
pattern of behavior may be useful in the verification and validation of the control program of the system.
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IFEHETUYHI AJITOPUTMU JJI51 3BAJAY BAI ATOKPUTEPIAJILHOI
ONTUMIBALIL B MEPEXKAX ATIAIITUBHOI MAPIIPYTU3 AL JAHUX

[IpencraBieni iCHyIOYi HiIXOAM 1 METOAM 3aCTOCYBAaHHS T€HETHYHUX aJTOPUTMIB Ul pIllIEHHS 3a7a4
OararokputepiaibHOi onTUMizalii. Po3risHyro MoxIHMBicTH (opMaiizalii 6araTokpuTepiaibHOI 3a1adi
MOUIYKY ONTUMAJIbHUX UUIAXIB Yy KOPIOpPaTHBHIA KOMIT'IOTepHi Mepexi. IlpoananizoBaHo
O0UYHUCITIOBAIbHY CKJIAIHICTh F€HETUYHOI0 aJITOPUTMY IOIIYKY ONTUMAJIBHUX IIJISAXIB Ha rpadi.

KirouoBi ciaoBa: mapmipyrtusailis, IeHETHUHUH anropuT™, OaraTOKpuTepialbHa ONTHUMI3allid,
[TapeTo-onTuManbHiCTh, MeTOX paHriB l'omalepra, ribpuanuii reHermunuit amroputM HAG, nomryk
ONTUMAJIBHOTO NUIAXY Ha rpadi, XpoMOCOMHU, KpPOCOBEp, MyTallis, BiAOIp.

Beryn. OnHiero 3 HalmomupeHImMX (YHKIIOHAIBHUX 3a7a4 MEpexi € 3ajada mpo
3HAXO/KEHHS HAMKOPOTIIOTO MAapIIPYyTy, a caMe TMOIIYK MUISIXY MK JBOMa BU3HAUCHUMH
BepIIMHAMH Tpada, KWl BIAMOBIJAE HAWMEHIIOMY 3HAYEHHIO MEBHOTO (yHKIlIOHANA 32
BU3HauUeHUM KkpuTepieM. Llg 3amada 3acTocoByeThcsi y  cdepax TpaHCHOPTY,
MapmipyTu3aiii, KomyHikamii. IcHye HH3Ka KIaCHYHUX aJTOPUTMIB PO3B’S3aHHS ITi€l
3amadi  (bemmmana-®opaa, /[lewikctpu, Pnoiima-Yopmenna, Jbxoncona) [1,2]. us
3MEHILIEHHSI Yacy BUKOHAHHA ITMX aJTOPUTMIB C)OPMOBAHO Psif iX MapaielbHUX BEpCii,
0 JIO3BOJISIIOTH  IMIJIBUIIUTHA TMPOAYKTUBHICTE POOOTH TOMIMPEHUX aJNTOPUTMIB
MapupyTu3arii.

Jlnsa po3B’s3aHHs 3a7a4 MaplIpyTU3aiii BUKOPUCTOBYIOTHCS KJIACHYHI aaTOpPUTMH,
nepeBakHa KITBKICTh SKHX OMNEPYIOTHh JIMINE OJHUM MapaMeTpoM OMNTHUMIi3allii — Barorw
(wiHOW) HUIAXY, [0 BUpaXXa€ CYKYIHICTh HOro aJWTUBHHUX XapakTepucTuk. IIpore,
3a3BUYail, ICHye JEKiTbKa MMapaMeTpiB, SKI XapaKkTEepU3YIOTh KOXHY TIIKY MEpPEexi,
HaINpUKIIaJI, TPOIMYCKHA 3AaTHICTh, 3aTPMMKa, IMBHAKICTH TIepenadi, HaBaHTAKCHHS,
HAJIHHICTh, IKI MOYKHA TOJUIMTH HA aJUTHUBHI Ta HEAAUTHBHI. TakuM 4UHOM, Y Cy4aCHUX
Mepekax 3’sSBHJIACh HEOOXITHICTh PO3B’sI3aHHS 3ajauil PO HAWKOPOTII NUISXH 3 KITbKOMa
KpuTepisiMu  ontuMizarii. OO4ucIIOBaNBHI 3aTpaTH Ha PO3B’SA3aHHS TaKUX 3a]ad
€KCIIOHEHI[IITHO 3pOCTal0Th 13 POCTOM PO3MIpHOCTI 00poOItoBaHuX rpadiB. Tomy BUHUKAE
aKTyallbHa HEOOXITHICTh (POPMYBAHHSI HOBHUX IIJIXOJIIB Ta AJITOPUTMIB PO3B’S3aHHS 33734
MOIIYKy ONTHMAaJIbHUX INUIAXIB 3 OaraTbmMa KpUTEPIAMH, OJHHM 13 SKHX € METO]
TCHETUIHUX aJITOpUTMIB [3].
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IlocTanoBka 3anaui 0aratokpurtepiajabHOl onTUMi3amii. bibiicTs po3B'sI3yBaHUX
NPaKTUYHUX 3aBJaHb MependayaloTh MOIIYK pIIIEHHS, IO € ONTUMAJIbHUM 3TiIHO 3
KiTbkoMa kpuTepismu. OmHaK, OUTBIIICTE METOJIB, BUKOPUCTOBYBAHUX JIsSi BUPIMICHHS
IIUX 3aBJIaHb, BAKOPUCTOBYIOTh €IMHHM, CKIAJOBHH ONTHMI3AIIMHUNA KpUTEPId. Y IbOMY
BHITQJIKY 3aBJaHHS OaraTOKpHTEepiaIbHOI ONMTUMI3allii 3BOJIUTHCS JI0 OJHIET 200 TEKIIBKOX
3a/lad4 OJHOKpHUTEpialdbHOI onTuMizauii. ICHye Bennye3Ha pI3HUIS MDK JBOMa IUMH
3aBnaHHsIMH. [lpu ogHOKpHTEpiadbHI oONTHUMI3allil 3IIHCHIOETHCA TMOIIYK €IUMHOTO
onTUManbHOTO pimeHHs. [Ipu GaratokputepiaibHOI omTHMI3aIlii 3MIMCHIOETHCS TOLIYK
JCKITPKOX ONTUMAJILHUX PIllIeHb, IO J03BOJISIE€ PIBHUM YHMHOM BPaxOBYBAaTH BCi KpHUTEPil,
0 ONTUMI3ylOThCs. [licas 3aBepiieHHsS ONTHUMI3aIlii KOPUCTYBad Ma€ MOKIIMBICTh
BUOpaTH HaMKpale 3 HOro TOYKH 30py PIlIEHHS, KE MPEICTaBIs€e COO0I0 KOMIIPOMIC MiX
JCKiTbKOMa  CymepewInBUMU  kputepismu.  [lomyk — Oe3miui  pimieHp  mpu
OaraTokpuTepiadbHOI ONTUMI3AIll TPYHTYEThCA Ha KoHLemii [TapeTo-onTuManbHOCTI.

OcHoBHa 1i ifes moyArae y BU3HAYCHHI MOHATTS HE JOMIHYBAaHHSA 7S OKPEMUX

X

pillieHs ONTHMI3amiiHoI 3a1adi. Pimenns 1 moMinye iHIme pinreHHs *2, SKIIO OAHOYACHO

BHUKOHYIOTBHCA ,ZIBi HaCTyrIHi YMOBH:

X Xy

1) pimenHs no OyAb-sIKOMY 3 PO3TISHYTHX B 3ajadi

KpUTEPIiB;

HE Tipie pilIeHHs

2) pimenns *1 cyBopo kpaile pineHHs X2 npuHARMHI 10 OHOMY 3 KPUTEPIiB.
SIK1o He iCHy€ ’KOJHOTO PIIIeHHS, 10 33/J0BOJIbHSIE MEPEPaXOBAHUM BHUIIE YMOBAM,

to X2

3ajaul.
PosrnsHeMo 3aranbHui BUTIAI0K BEKTOPHOT OaraToKpuTepiaabHOI 3a/1adi.
3HanTH

€ He AoMiHyro4uuM abo [lapero-onTUMambsHUM pIIIEHHSIM OaraToKpuTepialbHOI

minf(x)Z[fl(x),fz(x)»---afk(x)]' (1)

— KUIBKICTh 3MIHHHX;

T

X=Xy, Xm0 eesXsyeenn Xy | )
PP720mmi Y — pekrtop pilleHs,

Ty’r i:1,2,...,n,n

xeX ne XcR' — MHOXHHA JONYCTUMHUX DillI€Hb; S Ty KpUTEPiil OIIHIOBaHHS,

. . - k
J=L2...k  Bexrop /() nasusaerbcs kputepianbumm BekTopom, a /(X)=YCR

MHOKHHOIO JTOITYCTUMUX OLIIHOK, € R" - KpUTEpiaIbHUI TTPOCTIp.

Ockinpku OaraToKpuTepiadbHa ONTHUMI3AIlisl TMOJSTa€ B TMONIYKY ONTHMAaJIbHOTO
pIIIEHHS, O 3aJ0BOJBHSIE OJHOYACHO OUIBII HDK OJHY IIUIbOBY (YHKIIIO, TO IS
3HAXO/KEHHS KOMIIPOMICHOTO pIIIEHHS B 0araTOKpUTEpialbHUX MOJEISIX B Teopil
onTHMIi3aIlii BBEJICHO MOHATTS pillleHHs onTUMaibHOTrOo 3a [lapeTo, sike BiOME TaKOX SK
MOKpalieHe pimeHHs abo He aomiHyroue pimeHHs. PopmanshHe Bu3HadeHHs [lapeto-
ONITUMAJILHOTO PillIeHHS 33/1a41 C(HOPMYITHOBAHO HACTYITHIUM YHHOM:

Bektop ¥ <X mnasuBaroTh [lapeTo-onTrMansHUM pimieHHsSM 3a1a4i (1) Toxi i TinbKH

S =100

%k
TOMi, KOIMM HE iCHy€ IHIIOro BeKTOpa pimeHb X €X Takoro, mo JUIA

j=12...k , IPUYIOMY X04a O JJi OHOTO J 1e o6MexeHHs BUKOHYETBHCSI CTPOTO.

Jlnis BupillIeHHs] TaKOTO BUY 3aBJaHb OaraToKpUTepiadbHOI ONTUMI3allll po3polbiieHi
Pi3HI METOAM 1 MAXOIH, IKI BAKOPUCTOBYIOTH TPAAUIIIIHI TEXHIKH OIMTHMI3aIlii Ta MONIYKY
pimens. OIHUM 3 TaKuX JOOpe BIIOMHUX METOIIB € METOJ, I0 00’€IHy€e KpHUTepii, sKi
ONTUMI3YIOTBCS B OAHY UIUIBOBY (YHKI[IO 3 BHUKOPUCTAHHAM 3BaXXEHOI CyMH IIHX
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KpUTEPIiB, B3SATUX 3 TMEBHUMHU BaraMu. [HIIMA TiaXiJ BIAOMUM TMiJ HA3BOIO «METOLY
¢dyukii Bincrani» (Method of distance functions).

['eHeTH4HI anrOpuTMU AOOpE 3apEeKOMEHIyBaIH ce0e B SKOCTI METOJHMK TOIIYKY Y
0araTh0X 00JACTAX MPAKTHYHO TPH TMOBHIM BiACYTHOCTI iH(opMallii mpo BIACTUBOCTI
iT0BO1 (YHKIIA 1 oOMexeHb. B pi3HUX AOCHiKEHHSAX Oylo po3poOIeHO AEKiTbKa
METOAIB 1 TIAXOAIB BHUKOPHCTaHHS T'€HETUYHUX QJITOPUTMIB JJsi  BUPIMICHHS
OaraTokpuTepiaabHO1 ONTUMI3AILi.

Brmepiie i7er0 BUKOPHCTaHHS TEHETHMYHOTO AITOPUTMY JJIs BHUPINICHHS 3aBIaHb
OaraTokpuTepiadbHOT ONTUMI3AIli] 3aPOMOHYBaB y CBOiX pobotax Pozenbepr,[7]. OqHak,
y MpaKTUYHIN IMIUIEeMEHTaIlil B 010XiMIYHUX €KCIIEpUMEHTaX BiH CBOi ij1ei He peasizyBasB.
[Ipaktuyamii meton OyB pos3poOnenmii 17 pokamum mizuime I[lladdepom, [8] i
npeactasiaeHuii 'y mporpami VEGA (Vector Evaluated Genetic Algorithm). Illadbdep
MoaudikyBaB crangapTauid renetudHui anroput™M GENESIS I'pedenctura, po3pobiennii
JUIA OJHOKPUTEPIaTbHOI ONMTHUMI3AIlii TAKUM YHWHOM, 1100 MOXKHA Oyiio HOro 3acToCcyBaTu
JUIS BUPIIIEHHST OaraTOKpUTEepiaibHOT ONTUMI3AIlii.

Meton panriB I'osadepra 3acHoBaHud Ha METOJI MPHUMHCYBaHHS paHTiB bekkepa
JUTSL OJHOKPHUTEPiabHOT ONMTHMI3aIii. 3riJHO OCHOBHOI KOHIICTIIii ONMTUMAaIBHOCTI B CEHCI
[TapeTo, BCi 0COOMHM B KOXKHIN MOMYJIAIi MOBHHHI BOJOJITH OJHAKOBHUM ITOTEHIIIAIOM
penpoxaykiiii. J[ns Bukonanss 1iel ymoBu, ['onadepr «copTye BCi 0COOMHU 3a CTYIICHEM HE
JIOMiIHYBaHHS», IPUCBOIOE PAHTH TAKUM YMHOM: CTIOYATKY PO3TIISIAAETHCSA BCS MOMYISAIIs,
BU3HAUAETHCA 0€311iY He JOMIHYIOUMX pillleHb B ceHci [lapeTo 1 BCiM MM HE JOMIHYIOUUM
0COOMHAM B MOTOYHIN MOyl (BUOIpIli); MPUCBOIETHCS PaHT | 1 MOMIIIAIOTH iX HA YOI
CIHUCKY; MOTIM PO3IJIAIA€THCSA 1HINA YaCTUHA TOMYJIAIIT 1 IYKA€ThCs Cepe/l HUX HACTYITHA
MapTisi He JOMIHYIOUUX OCOOHMH; iM MPUCBOIOETHCSA PAHT 2; MpoLeC IIei MOBTOPIOETHCS JI0
MOMEHTY PO3TJISAy Ta OIIHKK BCIX OCOOMH y MOMYJIALIl; MPUIMYyCKAIOYH, IO IS JaHO1
HOMYJIAIiT OyJI0 3reHepoBaHO R Mmigmomysisiii i mpUBIacHEHI IM pi3HiI paHTH, QYHKIIIIO
MPUCTOCOBAHOCTI MOYKHA PO3PaxyBaTH 3a TaKOK (OPMYJIOO:

fx)=—r(x)+r+1, )

e ") — panr nomymswii He TOMIHYOUHX pileHDb X .

[Ipu HeBenMMKOMY YHCII PillIeHb B MOMYJAIIl a00 MPH MaJIOMYy PO3XOJKEHHI PillIeHb
MO’K€ CTATHUCS, IO YUCIIO MiAMOMYISIIHN 3 pI3HUMU paHTaMu Oy/i€ HEBEIUKHUM, 1110, Y CBOIO
4yepry, MOXK€ MPU3BECTH 10 TOTO, MIO0 HOBI MOMYJAIi0 HE OyayTh MepeMilaTHCS Y
HaAMpPSIMKY JI0 TOYKH HalKparioi MHOKWHHU OIIIHOK 3aBAaHHs onTtumizaiii. [1{06 yHUKHYTH
Takoi cuTyalii 1 3a0€3NeYUTH BIAMIHHICTD Y PIMICHHAX MOMYJAIii, METOl IPUCBOIOBAHHS
paHriB HEOOXiJHO BHUKOPUCTOBYBATH CHIJIBHO 3 TEXHIKOK (POpMyBaHHS HIII 1 TEHOTHIIIB.
MeTton npucBoroBaHHs paHriB [lapeTo-onTUMaNIbHUM PIIEHHIM XapaKTePU3YETHCS OLIBII
BHCOKOIO CKJIQJHICTIO oOumciieHb, HDK meTon cenekmii Illaddepa, Tomy mo mis iioro

peanisarii Heo6ximHO BukoHaTH KogatkoBo OK R omepariii 3 MeTorO BU3HAYCHHS Ge3iui
pimens B cenci [lapeto.

liopuanunii reneruunmii anroputm HAG po3poOrieHuil Tpymnorw JOCTITHUKIB 1
3aMpOTNOHOBAHUMN ISl BUPILIEHHS! OaraToOKpUTepiadlbHUX KOMOIHATOPHUX 3a/1ad PO3MOILTY
poOIT B 0aratompolecopHuX KOMIT'IOTEpHUX cucTemax. HesanexxHo Big mux poOit, OyB
po3pobsieHnit MoAIOHNUN HEHPOHHO-EBOMIOMINHUI anTOPUTM JJs BUPIMICHHS MPOOIeMU
BU3HAYCHHS MaKCUMaJIBHOTO MOTOKY B MiABIMIEHOMY Tpadi, mo 0e3rmepeyHo IMiITBEPIKYE
MPaBWIBHICTG OOPaHOTO HANpPSIMKY JOCHIKEHb TMIABUIICHHS SIKOCTI alrOpUTMIB
rI00anpHOT onTUMI3aIlii. Y ITOCTIIKEHHSIX BUKOPUCTOBYETHCS TOJIOBHA 111es T10puau3aItii
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TeHETUYHUX AJTOPUTMIB 1 CIIiJIbHE 1X BUKOPUCTAHHSA SIK 3 HEHPOHHUMH MepeXaMH, TakK 1 3
BUOpaHUMH aHAIITUYHUMHU METOJaMHU ONTUMI3AIlI.

Y ribpumHoMy anrOpUTMi IS 3HAXOJDKEHHS CyOONTHMAaJbHUX PIIICHb JaHOT
npoOyieMu TI00aTbHOT ONMTUMI3aIlii BUKOPUCTOBYETHCS aHATITUYHHA METOJ ONTHUMI3aIllii.
Ils nmis mMoxe OyTH BHMKOHAaHO 3a JOMOMOTOI0 HelpoHHOI Mepexki. Takuii TiOpumaHMIA
HEHPOHHO-TEHETUYHUN aJTOPUTM NpeAcTaBieHul y myOmikamisx [S, 6]. Y HboMy nams
3HAXODKEHHS  CyOONTUMaNbHMX  pillIeHh  JaHol  OaraTokpurepianbHOI  3amadi
BUKOPHUCTOBYETHCS HEpOHHA Mepeka Xormdinaa

CxemMa reHeTHYHOro ajropurmy. PosrmsiHemo QopmanizoBaHy 3agady MOIIYKY

ONTHMANIBHOTO NUIAXY Ha Tpadi, B AKili 3a1aHo 3BaxkeHuii opientoanuii rpad ¢ =-£),
ne V — muoxuna sepmun, £€V >V — muoxuna pebep rpada. B 3aranpHOMy BUNagKy

. ) o a)l,...,a)k:E—>R . .
ICHy€ JeKiibka BaroBWX (YHKITiH , KO)KHa 3 SKHX BIJIIIOBi/Ia€ TICBHOMY
KPUTEPII0 ONMTUMI3aIlii.
. o pZVl —>V. . . <Viavl>7‘“s<vk9v >€E .
JIOBUTbHUMN MITSIX J ckmamaeThes 3 MOCTIAOBHOCTI pebep J i

MOKC 6YTI/I HpCJICTaBJIeHI/Iﬁ y BI/IFJISI,IIi HOCJIiJIOBHOCTi BCPIINH rpa(pa, o100 HaJCXKaTb

p=<v.,v Y >
HUIAXY e

Vo, Vi,V . €V
Bepumnun © "7/ 7| npuuoMy KoHa BepIIMHA BXOIUTH [0 HUIAXY JIHIIE OIUH
pas.

Hexaif iH€KC S BiIMOBIa€ MOYATKOBIM, a d — KIHIIEBUM BEpIIMHAM ITYKAHOTO MULIXY

pP=v; —>Vv

. Bushaunmo -7 sk
(1, saKwo pebpo (i, j) 6x0oums 0o winsixy;
YT {O —8 IHUOMY BUNAOKY.
Hexait 3aranpHa KiTbKICTh KpHUTEpliB onmTuMizamii 3amadi k. 3a KOKHUM KpUTEpiEM
MOKHAa OOYMCITUTH TEBHUU (yHKIIOHAN (LLIHOBY (iTHEC-PYHKIIIIO), SKH BIAMOBIAAE
AKOCTI IUISIXY 3 TOYKH 30py aJTOPUTMY MapIIpyTH3allii i BU3HAYA€ThCA SK:

Cn(P) = Fin( @ i-)),%; ;)m=1..4,(0, j) € E. .
Hns aJUTUBHUX XapaKTepPUCTUK XY (3aTpuMKa, JOBXKUHA), j11(0)

BUKOPUCTOBYIOTHCSI K METPUKHM CyYaCHUX aJITOPUTMIB MapIIpyTH3allii, Fu e CyMOIO
3Ha4YCHh BaroBoi (QyHKIII pebep, AKI BXOMATh A0 mUIAxy p. Jud HeaguTUBHHX
XapaKTepUCTUK TUIAXYy (TPOMyCKHA CHPOMOXKHICTh, HAIINHICTh, HaBaHTAKECHHS)

byHKITIOHA Fo e CKJIaJHOI0 (DYHKIIIEIO BiJl 0aratbox mapameTpiB i MOXKe BpaXxOBYBAaTU HE
TUTBKY CTaH 3’€JJHaHb, aJIe i CTaH MapIIPYTU3ATOPIB MEPEKi, 3MIHY CEpeIOBHIIA Mepeadi
JaHUX Ta 1H.

[103HAYMMO MHOXKHHY BCiX MOKIMBUX LUIAXiB MiX BepmmHamMu '+ Ta ' sk P. B
3aralbHOMY BHUMNAJKy 3ajadya Mpo HAWKOPOTIIMH NIIAX MDK JBOMa BHU3HAUYCHUMH
BepIIMHaMHu B rpadi 3 OaraTbma KpuTepiiMH Moxke OyTu chopmylibOBaHAa HACTYIHUM
YHHOM:

H})ln Cm(p) = Fm(a)n/l(laj)axl’] NS lka(lsj) = E’

| )
d d 1, sakwoi=s,
Z X i~ Z le.,l.: -1, axwoi=d,
J=s J=s 0 —sinwomysunaoxy,
J#I J#i (5)
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d < ]
)y X; ;= {6 L ;ucmo.lj&j,
j=s > ,  AKwoi =d.
s (6)

YMmoBu (5) Ta (6) BUMararoTh, MO0 MIYKaHWA NUISIX HE MICTHB IMKIIB. YMOBa (4)
BUMarae, o0 MmiiboBa (YHKIS 32 KOKHUM KPUTEPiEM OMTHMI3allii MO BCiX MOXKIIMBHX

pP=vs DV, € P .
IUIsIXax Jlocsirajia HAMMEHIIIOTO 3HAYECHHS HA IIYKAaHOMY HUISXY.

JIo KOXXHOTO TOKOJIHHS pO3B’S3KIB (XpOMOCOM) 3aCTOCOBYIOTBHCS — Omeparii
KpOCOBepy Ta MyTailii. IMOBIpHICTh 3aCTOCYBaHHS IMX OIEpalliii 10 MeBHOI XpOMOCOMH B

3ampOITOHOBAHIM MOJCII HE 3aJIe)KUTh BiJl MPUCTOCOBAHOCTI MOJIEII 1 MMO3HAYAIOTh £ Ta

By BinmoBigHO. [To3HAYMMO MOPSIAOK MOKOMIHHS TEHETUYHOTO alTOPUTMY 1HIEKCOM 7, a
KinbKicTh TMOKOImiHe — V. TakuM 4YMHOM, 3aIPONOHOBAHO MOJENL POOOTH AITOPUTMY

MOJKe OyTH MpECTaBICHA Y BUTJISAII HACTYITHOI CXEMHU:

. G,aw,,....0, :E— R;s;d)
1) 1H11am13a11s anroputMy ( k );

2) dbopmyBaHHS MOYaTKOBOTO MOKOJiHHS (M );
3) noku (2<N):
BHOIp M-Fe XpOMOCOM, 3aCTOCYBaHHS OIepallii KpoCOBEPY;
BUOID M- By XpOMOCOM, 3aCTOCYBaHHSI OTeparlii MyTaiiii,
Biz0ip (M xpomocom);
4) 3aBeplIEHHS aNTOPUTMY, IPEACTABICHHS PO3B’S3KY.

PosristHemo onepairiro MyTariii, 1o nossirae y ¢opMyBaHHI BUTIQAKOBOTO IIIAXY MK

. =Vy >V . . .
JBOMa MPOMDKHHMMH BEpPIIMHAMH HUISIXY P=Ys d, mpu4oMy INyKaHUH TPOMIKHUI

IIJISX HE TOBMHEH BKIIKOYATH BEPLIMHU OCHOBHOIO Huisxy 2. ITo3HauMMO BEPIIMHU, 110

BiAmoBigaroTh ToukaM Mytamii 7t ta 2. BeegeMo 104aTKOBE MO3HAYEHHS V' — MHOXMHA
G . VS —> ml mz —> Vd

BepimuH rpada U, mo Hale)KaTh MPOMIKHUM IUISXaM Ta . [To3zraunmo

TaKok pe3ynbTaT MyTanii musxy P Ta Pr». Tomi cxema omepamii MyTarii Moxke GyTH
Mpe/cTaBleHa HACTYITHUM YHHOM:

1) popmysanns V' (p=vs—>v ;ml;mz);
2)P'=Up';‘V’p'=m1 —>m2;
3) s Beix P EF:
AKIIO Elvep" mo VEV" roni: L'=L/P'},

4) Bubip BHMagKOBOTO IIIAXY ¥ ep ';

5) Pm=Vvs —>m up'um2 =V, [4].

Y myOmikamii [3] Oymo mpoBemeHO TeHETHYHI orepaiii KpocoBepy, MyTarlii Ta
BiOOpy. BHacmiok omepaiiii KpocoBepy MOXJIuBE (POpMyBaHHS NUISAXIB, IO MICTATH
k. OCKUTBKM Takl MIISXH HE 3aJ0BOJIBHSAIOTH YMOBY (5) 3amadui, iX HEOOX1JTHO
BIIKUHYTH 1 BUKJIIOYHUTHA 3 MHOXXHHHU PO3B’s3KiB. Tomy micis omeparrii KpocoBepy BCi
XPOMOCOMU-HAMIAAKN MiAJIATAI0Th MEPEBIpIll HA MPHUCYTHICTh IMKIIB y BIAMOBIAHUX iM
nuigxax Ha rpadgi. XpoMOcoMmMH, MO0 HE MPOXOAATh MEPEBIPKY, BIIKUIAIOTHCA 1 HE
MPUHUMAIOTh y4acTi B orepairii Bigoopy.
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Ak 1 mpu omepaiii KpocoBepy, pe3yJabTar omnepamii MyTalii TakoX MOXe He
33JI0BOJIBHATH yMOBY (5) 3amaui. B 1npoMy Bumaaky, aHajoriyHO MONEPEIHBOMY,
BBOJUTHCS OMepalliss TEepeBIpKH pe3ynbTaTy, a pO3B’A3KH, IO MICTITh IHUKIIH,
BIJIKHUJAIOTHCS.

s omepamii Bigbopy Oyn0 BHUKOPHUCTAHO TYpPHIpHUH METOJA, IO HE Mae
HEOOX1THOCTI 00paxyHKY (PYHKIIi1 MPUCTOCOBAHOCTI B LIJIOMY, IIIO 3HAYHO CIPOIIYE CaMy
npouenypy Binoopy. s HOplBHSIHHSI OCOOMH B TPYMi JOCTATHHO TOPIBHATU 3HAYCHHSI
BiJIXWJICHHS KOXKHOI OCOOWHHM 1 3QJIMITUTH OJHY XPOMOCOMY, BIAXUJICHHS SKOI B TPYII €
MiHIMaTbHUM [3].

BucHoBkn. B po00Ti 3amporOHOBaHO TEHETUYHUH aITOPUTM IS PO3B’SI3aHHS
3a/1a4i ONTHUMI3aIlii 3a 6araTbMa mapaMeTpaMH, IIPOBEJACHO TEOPETUYHI OIIHKU CKJIaJHOCTI
TCHETUIHOTO aJITOPUTMY, y3arajdbHEHO 3aJady MOIIYKY HAaHKOPOTIIHNX IUIAXiB Ha Tpadi 3
KUJTbKOMa KpHTEPisIMU Ta chOpMOBaAHO MMiaxoau A0 ii popmamizanii. Ha ocHOBI BUKOHAHHUX
JOCITIDKEHb  3pO0OJICHO BHCHOBOK, IO TCHETHYHI AJTOPUTMH € JOCHTH TOTYXHUM
MaTEMaTHYHUM THCTPYMEHTOM 1 MOXYTh 3 YCIIXOM 3aCTOCOBYBATHCS JUIsl BUPIIICHHS
IIUPOKOT0 KJIacy NPHUKIATHUX 3ajad, BKIFOYAlOYd Ti, AKi BakKko ab0 HaBITH B3arani
HEMOXJIMBO BHPIIIUTH I1HIMUMH MeTojamu. Yac 30DKHOCTI TaKUX aJrOPUTMIB MOXKE
3MIHIOBATHCH 3aJICKHO BiJ HEOOXiTHOT TOYHOCTI Ta JUHAMIKU 3MIHU MEPEKI.

[lepcrieKTUBHUM HANpPSIMKOM € BUKOPHUCTAHHS TCHETUYHUX aJITOPUTMIB OMTHUMI3AIlii
JUISI CTBOPEHHS Cy4YaCHHX TMPOTOKONIB  MapIIpyTH3alii, SKi BpaxOBYIOTh 5K
XapaKTEPUCTUKN MEPEXKEBUX 3'€qHaHb, Tak 1 oOmagHaHHA. CdopMoBaHi MiIXOaH
J03BOJISIIOTh 3HAYHO CIPOCTUTH (a IS JCIKUX OKPEMHX BHIAIKIB € €TUHUM BapiaHTOM)
PO3B’sI3aHHS 3aJa4l MapIIpyTH3allii y CKIATHUX KOMIT IOTEPHHX TEJICKOMYHIKAIIHHUX
CHUCTEMaX.
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[IpencraBieHsl CyIIECTBYIOIINE MOIXOABI U METO/IBI IPUMEHEHHUSI TCHETUYECKUX aIrOPUTMOB IS
pelieHns 3aJad MHOTOKPUTEPUAIILHOW ONTHUMH3AaIMUA. PaccMoTpeHa BO3MOXKHOCTH (pOpMaiH3aiuu
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MHOTOKPUTEPUAIBHON 3a/ladyd MOWCKA ONTUMAJIBHBIX NYTEW B KOPIOPATUBHON KOMITBIOTEPHOM CETH.
[Ipoananu3npoBaHa BEIYMCIUTEIBHAS CII0KHOCTh TEHETHYECKOIO aJlTOPUTMA IIOUCKA ONITUMAJIBHBIX ITyTeH
Ha rpade.

KiroueBble  cioBa:  MapumipyTusanus, TE€HETHYECKHH  IrOpUTM,  MHOIOKpUTEpHaIbHas
ontuMmuzanus, Ilapero-ontumansHOCTh, METOJ paHroB l'onnbepra, ruOpUIHBIN T€HETUYECKUN aITrOPUTM
HAG, nouck onTuManbsHOro myTd Ha rpade, XpOMOCOMBI, KpOCCOBEP, MyTaIHs, 0TOOD.

Presented existing approaches and methods for applying genetic algorithms to solve multi-objective
optimization problems. The possibility of formalizing multiobjective optimal paths in the corporate
computer network. Computational complexity analysis of the genetic algorithm search for the best ways to
graph.

Keywords: routing, genetic algorithm, multicriteria optimization, Pareto-optimality, the method
ranks Goldberg, a hybrid genetic algorithm HAG, find the optimal path on the graph, chromosomes,
crossover, mutation, selection.
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MCITOJIb30BAHUE HEHPOCETEBBIX MOJEJIEX 1JIsI
OIPEJAEJEHUSA OIITUMAJIBHOI'O MAPHIPYTA B CETAX C
AJAIITUBHOU MAPIIPYTUSALUUEU NTAKETOB JAHHBbIX

IIpencraBieHbl CyHIECTBYIOIUE METOIbI MPUMEHEHHUS MOJEINEH, IMOCTPOCHHBIX HA OCHOBE HEUPOHHOU
cetu Xondunma, U1 ONpeAeNeHHMs ONTUMAJIbHOrO Mapuipyra. PaccMoTpeHa BO3MOXHOCTb
UCTOJNIb30BaHU  HEHpoHHBIX ceredl Xomduiama B ceTIX C  aJalTUBHOM  MapIIpyTH3alUEH.
[Ipoananu3upoBaHa BEIYUCIUTEIbHAS CIOKHOCTb NP UCIOJIB30BaHUU (PYHKIIMU SHEPTHU JUISl aKTUBALUH
HEIPOHHOM CETH.

KioueBble cioBa: Mapuipytusanusi, HeHpoOHHble ceTH, ceTh Xondwiaa, aJanTHBHAs
MapHIpyTH3aus, GyHKIUS SHEPTUH

BBenenue. B TEIEeKOMMYHMKAIlMOHHBIX CHCTEMAx HWCKYCCTBEHHBIE HEUPOCETH
HaXOJT MPUMEHEHHUE TPU PEIICHUM CIAEAYIONUX 3a1ay [1]: ympaBieHre KOMMYyTaIue,
aJanTUBHAs MapHIPyTH3aIlMs, YIpaBJICHHE TpadUKOM, ONTHUMAJIBHOE pacIpe/ecHre
3arpy3K KaHaJIOB CETH.

AnanThBHAS MapUIIpyTH3alus SBISAETCS OJHOW W3 BaXHEWIIMX 3amad  JUIs
TEJICKOMMYHHKAIIMOHHBIX CETeH Pa3IuyHOTO Ha3HAYCHWs. 3a7a4d, CBSI3aHHBIE C BHIOOPOM
Mapmipyra ¥ ¢ IUIJAaHHPOBAaHWEM pPAaOOTHI MapIIPyTU3aTOPOB, OTHOCSATCS K KIAcCy
KOMOWHATOPHO-ONITUMHU3AIMMOHHBIX 3aJ1ad, HE HWMEIOMUX TMPOCTHIX aHAJTUTHYECKUX
pemeHuii. I pemieHus TakuxX 3ajJad MOXKHO HCIIOJB30BaTh MOJIEITH, TTOCTPOCHHBIC HA
OCHOBe HelpoHHOH ceTn Xomndunaa, OONBIIMHCTBO CYIIECTBYIONIMX pabOT B JTOU
obnacTu 6a3UpyIOTCS Ha TAKUX MOJCISIX [2].

IMocranoBka 3agauyu. [I[puMEHHTENBPHO K KIIACCHYECKOM 3aJadye KOMMHBOSKEPA,
npobaeMa GopMyIUPYETCS CIETYIOMMUM 00pa3oM [3]: [ HEKOTOPOM TPYIIIBI TOPOJIOB, C
WU3BECTHBIMU PACCTOSHHUSMU MEXIy HHUMH, TPEOyeTCsS HAWTH KpaTJ4alliui MapuipyT
Pa30BOT0 MOCEMICHHS KaXKI0TO TOPOa ¢ BO3BPATOM B HCXOHYIO TOUKY.

O6o3HauuM TOpOaa, KOTOpPBIE HEOOXOAMMO ToceTuTh, OykBamm A, B, C..., a
paccrosiHust — dap, dac....dpc... PemenneM sBnsieTcs ynopsiioueHHOE MHOXKECTBO U3 7
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