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Pegepar

[TosicaurtenbHas 3anucka:93 c., 16 puc., 97 uctroynuka.

OO0beKkT Mcce0BaHUSI: TEXHOJOTUM TEHETUYECKOW aJIrOPUTMU3AIUU
MPOTPaMMHOT0 00€CTICUEHUSI.

Heab Marucrepckoil padoThbl: CO3IaHUE, HCCIENOBaHHE, HAOIIOJCHUE 3a
MOBEJACHUEM MYTallMd U €CTECTBEHHOIO OTOOpa I'€HOB IMPOTrPAMMHOIO OKPY>KEHHS
UHGOPMAIIMOHHBIX CHUCTEM C TOMOIIBI0 BHeApeHus TexHojoruu (Genetic
Programming.

Mertoabl  ucciaenoBanusi. Ilpm  pemreHMM — IIOCTaBIICHHOW — 3a1a4u
UCIIOJIb30BAJINCh HAyYHBIE JOCTHXKEHUS B 00JacTAX pa3paboTKu HMHPOPMAIIMOHHBIX
CUCTEM M MPOrPaMMHOI0 00ECIICUECHHS.

HayuyHasi HOBH3HA MOJTYYEHHBIX PE3YyIbTATOB COCTOUT B MPOBEJCHUHU aHAIN3a
U BBISABICHUU HENOCTAaTKOB IIOBEJICHUS TIE€HOMOB B H30JMPOBAaHHOW cpene,
CKpEIllMBaHUE, MyTaluel OOBEKTOB OKpPYKEHHS, a TakKe B HCIOJIb30BAHUU
METOJMKH aJTOPUTMU3AIMH UHPOPMAIIMOHHBIX CHCTEM HA OCHOBE HCIIOJIb30BAHUS
TE€XHOJIOTMH T€HETUYECKON aJITOPUTMHUA3ALUY.

IIpakTH4yeckoe 3HavyeHHe PadOTHI 3aKIIOYAETCS BEKTOPU3AIMU PACTPOBOM
rpaMKd C HCIOJIb30BAHUEM TEXHOJOTMU TEHETHYECKON alropuTMH3alud H
€CTECTBEHHOTO 0TOOpa OOBEKTOB, JIOTUPOBAHUE BCEX 3TANOB OTCEMBAHUSA CUJIBHBIX
MO JISLUH.

O0siacte npumenenusi. PazpaboranHas MHPOPMaLMOHHAS CHUCTEMA MOYKET
NPUMEHATHCA JJIA PEIICHHUs] IIUPOKOro CHEKTpa 3a7ad, B YaCTHOCTH, JUISl CO3JIaHuUs
pacTpoBoil rpaduku, ONTUMHU3ALKUK (PAUTOBBIX XPAHUIIUILI.

3HauyeHue padoThl M BBIBOABI. TaKoOro posa NPUIIOKEHUS MO3BOJISIIOT PEIIATh
npoOJemMbl € THUKCENMU3alMed pPa3jIMdHOro pojia Tpaduueckux OOBEKTOB, TMpHU
MOAU(PUKAIINK, MACIITAOUPYEMOCTH, YXOJ OT PACTPOBBIX H300paKECHUW B Pa3HbIX
chepax JeATeNbHOCTH, 4YTO TMOATBEP)KIAAeTCS pa3pabOTaHHBIM IPOTPAMMHBIM
IPOAYKTOM B IaHHOM MarucTepckoi padore.

IIporuo3sl mo pa3BuTHIO HccaeaoBaHuil. Pa3paboTtaTh yHUBepcaabHBIC
MPOrpaMMHBIE AJITOPUTMBI, ONITUMM3ALMUS, KOTOPbIE MOTYT OBITh MCIOJIb30BAHbI IS
nepexoga Ha BEKTOPHYIO rpaduky MH(DOPMAIMOHHBIX CUCTEM M3 PA3IUYHBIX cdep
pona nedrenbHOCTH. Pa3paboTaTh MporpaMMHOE CpPEACTBO M IOJIb30BATEIbCKHIMA
uHTEeppeic g rpauyecKoro MpeACTaBICHHUS pe3yJbTaTOB, CPABHUTEIBHOIO
aHaJ13a BXOJIHBIX U BBIXOJIHBIX JAHHBIX.

B paznesie «IKoOHOMMKA» MPOBEIAEHBI pacyeTbl TPYAOEMKOCTH pPa3pabOTKU
IporpaMMHOro obOecreueHusi, pacxoqoB Ha co3fganue [IO W IUTEIBHOCTH €ro

pa3paboOTKH.
Cnucoxk kiawueBbix c¢joB: EHETUYECKOE TIPOI'PAMMUMPOBAHUE,
[TPSIMOE KOJINPOBAHUE, KOCBEHHOE KOJWUPOBAHUE,

CKPELLIMBAHUS, MYTALUS, ECTECTBEHHBIM OTBOP, ®VHKLUI
[TPUCIIOCOBJIEHHOCTH, TEHETMYECKHE OIIEPALIMM, TEHOTUIL,
I'EHOM, ®UTHECC-METOJI, SOLUTIONS, IIPOT'OHbI, T'EHEPAIIUA
[TOKOJIEHUM



Pedepar

[TosicHioBanbHA 3anucka : 93 crop., 16 wmam., 97 mxepen.

O0'ekT a0CTITKEHHSI: TEXHOJIOTIT TE€HETHYHOI aJlrOpUTMIi3allii MPOrpaMHOro
3a0€e3MeUeHHS.

Meta marictepcbkoi po0OTH: CTBOPEHHS, IOCIIIPKEHHS, CIOCTEPEKEHHS 3a
MOBENIHKOIO MyTalii 1 MNPUPOAHOTO J000pY TEHIB MPOrpaMHOr0 OTOYEHHS
iHpOpMaIlIHHUX CHUCTEM 3a JIOMOMOIOI0 BIpOBaKeHHS TexHousorii Genetic
Programming.

Meroau  pocaigxenHsi. [lpu  BupilieHHI  MOCTaBJICHOTO  3aBJIaHHS
BUKOPHCTOBYBAJIMCSA HAYKOBI JOCSATHEHHS B 00JacTAX Po3poOKH 1HGOpMAaIIHHUX
CUCTEM 1 IPOrPaMHOro 3a0e3MeyeHHSI.

HaykoBa HOBM3HA OTpUMaHUX pe3yJbTaTIB MOJIATAE B MPOBEICHHI aHAI3y Ta
BUSIBJICHHI  HEJOJIKIB TMOBEAIHKM TEHOMIB B  130JIbOBAHOMY  CEPEIOBHIII,
CXpEIIlyBaHHS, MYTaIli€l0 O00'€KTIB OTOYEHHS, a TAKOX Yy BUKOPUCTAHHI METOJMKHU
anroputMizanii 1HQOpMAIIHHUX CHUCTEM Ha OCHOBI BHUKOPUCTAaHHS TEXHOJIOTIi
TeHETUYHOI aIrOpUTMIi3allii.

IlpakTtuyna wiHHICTH TIONATAa€ BEKTOpHW3alii pacTpoBoi rpadiku 3
BUKOPUCTAHHSAM TEXHOJIOTIT TEHETHYHOI alropuTMi3aiii 1 HPUPOAHOrO BiAOOPY
00'€KTIB, JIOTHPOBAHKE BCIX €TaIliB BiJICIFOBAHHS CHJIbHUX TTOMYJISIIINA.

O0sacte  3acrocyBaHHsl. Po3poOnena  iHdopmarliiiHa  cucTeMa  MOXKe
3aCTOCOBYBATHUCSI JJIsI BUPIIIEHHSI IIIUPOKOTO CIIEKTpa 3aBAaHb, 30KpEMa, Uil CTBOPEHHS
pacTpoBoi rpadiky, onTumizailii (pailyIoBUX CXOBHILL.

3HauyeHHs PoOOTH Ta BUCHOBKH. Takoro poy mporpamu J03BOJISIIOTh BUPIITyBaTH
npoOjeMr 3 TIKCEN3aIli€lo pi3HOro pomay rpadiuHux o00'ekTiB, mpu Moaudikariii,
MacITabOBaHOCTI, BIAX1A BiJ PacTpOBUX 300pakeHb B PI3HHUX cdepax IisUTLHOCTI, IO
MATBEPKYETHCS PO3POOJICHUM MPOTPAMHUM TMPOTYKTOM B JIaH1i MaricTepchKiit poooTi.

IIporuo3m moa0 po3BUTKY AOCJaiIKeHb. PO3poOUTH yHIBEpCallbHI IPOrpaMHi
QITOPUTMH, ONITUMI3aLlIA, SIKI MOKYTh OyTH BUKOPUCTaHI JJIsl IEPEX0ly HA BEKTOPHY
rpadiky iHbopmaliiiHuX cHucTeM 3 pi3HUX cdep poay AisuibHOCTI. Po3poOutu
nporpaMHuil 3aci0 1 mpuU3HAYEHWI AJid KopucTyBaya iHTepdeic s rpadiuHoro
MIPE/ICTABIICHHS PE3YJIbTaTIB, MOPIBHSILHOTO aHAII3Yy BXIJTHUX 1 BUXITHUX JAHUX.

Y po3aiii «kExoHOMiKa» TIPOBENECHI PO3pPaxXyHKH TPYIOMICTKOCTI PO3POOKH
mporpamMHoro 3adesneueHHs, BUTpaT Ha ctBopeHHs [10 1 TpuBaiocTi HOro po3pooKH.

Cmucoxk kawuoBux ciaiB: 'EHETUYHE ITIPOTPAMYBAHHA, ITIPSIME
KOJIMPOBAHUE, OITOCEPEJIKOBAHE KOJINPOBAHUWE, CXPEIIYBAHHA,
MYTALL, [TPUPOJIHUI JOBIP, ®YHKIII ITIPUCTOCYBAHb, TEHETHMYHI
OIIEPALIII, TEHOTUII, TEHOM, ®ITHEC-METO]/I, SOLUTIONS, ITPOI'OHU,
'EHEPAIILA [TOKOJITHb



Abstract
Explanatory note: 93 p., 16 fig, 97 sources.

Object of research: technology of genetic algorithmization of software.

The purpose of the degree project: creation, research, observation of mutation
behavior and natural selection of the genes of the software environment of
information systems through the introduction of Genetic Programming technology.

Methods of research. At the decision of the task in view, scientific
achievements in the fields of development of information systems and software were
used.

The scientific novelty the results obtained include analysis and identification of
shortcomings in the behavior of genomes in an isolated environment, crossing,
mutation of environmental objects, as well as using the algorithm of information
systems based on the use of genetic algorithmization technology.

The practical value of work is the vectorization of raster graphics using the
technology of genetic algorithmization and natural selection of objects, the logging of
all stages of screening out strong populations.

The scope developed information system can be used to solve a wide range of
tasks, in particular, for creating raster graphics, optimizing file storages.

The value of the work and conclusions Such applications allow solving
problems with pixelization of various kinds of graphic objects, with modification,
scalability, leaving raster images in different fields of activity, which is confirmed by
the developed software product in this master's work.

Projections on development research Develop universal software algorithms,
optimization, which can be used to switch to vector graphics of information systems
from different spheres of the activity. Develop a software tool and user interface for
graphical representation of results, comparative analysis of input and output data.

In section "Economics Calculations of the complexity of software
development, software development costs and the duration of its development were
carried out.

List of keywords: GENETIC PROGRAMMING, DIRECT CODING,
INDIRECT CODING, CROSSINGS, MUTATION, NATURAL SELECTION,
FUNCTION OF ADMISSIBILITY, GENETIC OPERATIONS, GENOTYPE,
GENOME, FITNESS-METHOD, SOLUTIONS, PROGONS, GENERATION OF
GENERATIONS
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Beryn

BekTopu3aiii€ro Ha3MBaIOTh MPOIEC OTPUMAHHS BEKTOPHOI MOJEN Ha OCHOBI
pactpoBoro 300paxeHHs. CyTh MpoOeMu MOJISITae B TOMY, 110 B TaHHUH Yac HE iCHY€
METOJy, SIKUH J03BOJISiE TIOBHICTIO aBTOMATH3YBaTH IEPEKIaJ B BEKTOPHY (opmy
iH(dopMmairii, npeacrabieHoi B rpadiyHoMy BUTIsAAl. barato B 4omy Iie MOB'S3aHO 3
TUM, IO aNTOPUTMIYHO HE BUpIIIEHA 3a/1a4a OJTHO3HAYHOTO TPAKTyBaHHs TpadiuyHIX
300paxenb. [lig BekTOopHOi dopmoro nanmi OyaeMo po3ymiTh HaOip 00'€KTiB, SKi

3aJ1al0ThCSl TOYKAMM, JAMAaHUMH 200 0araTOKyTHHUKaMHU.

Opnak € Oe3nmiy oOnacteil, B SIKUX ICHY€ HEOOXIIHICTh Yy MOJIOHUX
nepeTBopeHHsX. B mepmry depry me reoiHopmariiiiHi CUCTeMH, 1€ JJiI CTBOPEHHS
3aKIHYEHUX  MPOAYKTIB  HEOOXITHE  TEPETBOPECHHS  TPATUIIAHUX  JKEpen
kaprorpadiuHoi iHdopMaIli - manepoBUX HOCIIB - B eneKkTpoHHy (opmy. Cepen
IHIIMX cep 3aCTOCYBAHHS aNrOpUTMIB BeKTOpu3allii MoxHa HazBaTu CAIIP, nu3zaiin
1 TIATOTOBKY JPYKOBAaHMX / €NEKTPOHHUX BHJAaHb. Y KOXHIA 3 MUX oOyacten
ICHYIOTh CBO1 0c00JMBOCTI 1 ckiaaHocTi. Hanpuknaa, B ['IC 3a3Buyail MaeTbes Ha
yBa3i, 0 BUX1JHI pacTpoBi 300pakeHHs] KapT BUKOPHUCTOBYIOTH OOMEXEHY 1 JJOCHUTh
HEBEJIMKE YHUCJIO KOJBOPIB, aje MpHU I[bOMY HEOOXITHO 0OpoONIATH AyXKE BEIHKI 3a
po3mipamu 300paxenHs. Takox B I'IC 1 cuctemax mpoeKTyBaHHS 4aCTO BUXIJHI JIaHl
MICTATh CYMIII JHIAHUX (CYHIUIBHUX, MYHKTUPHUX, MITPUXITYHKTHPHOKO 1 1H),
MaiiTaHHUX, CAMBOJIbHUX 00'€KTiB, YMOBHHMX 3HAaKIB, 3alITPUXOBAHUX 00IaCTEH 1 T.1.
[Ilo Takok CUILHO 30UIBIIYE CKIIAIHICTh 3aBAaHb pO3Mi3HaBaHHs 1 BekTopu3zailii. 1o
crocyeTbesi CAIIP-gomatkiB, To TaMm icHye moTpeOa BUIICHHS TaKUX CrenU(iaHIX

BUIAJIKIB, SIK MPSAMI KYTH MIXK JIHISIMU 1 yTH KiJI.

3aBnaHHsA, SKI ICHYIOTH B 00JacTi Ju3aiiHy Ta mnodirpadii, HailmeHie
dbopmarizoBaHi 1 BU3HaUYeH1. Y OUIBIIOCTI BUIAJIKIB, B TOAIOHUX 3aBIaHHIX PAacTPOBI
300pakeHHs MatoTh MeHIm po3mipu, HixK B ['IC 1 CAIIP, 3a3Buuaii MaeThbcs Ha yBasi,

0 CUMBOJIbHO-TEKCTOBA YaCTHHA 300pakeHHS He MOTpedye po3Mi3HaBaHHI, TOMY



IO JIETKO MOXe OyTH J0JaHa BpYy4HY (Tak caMO HEOOXiTHO BiI3HAYMTH TOW (akT,
O JJIs PO3MMi3HABAaHHSA TEKCTIB PO3pOOJEHUN UMK KJIac alrOPUTMIB, JOCHUTH
CWIBHO BIAPI3HSAIOTHCS BiJI aJITOPUTMIB BeKTopu3allii). 3 iHIIoro OOKy, B 3ajadax
IIOTO THITY BHUXIJHI PAcTpOBI 300pa)K€HHS MAIOTh JOCHUTh BEJIHWKY KUIBKICTh
KOJIbOPIB, 3a3BUYall MEPEBUIIYE MEXKY, MPHU SIKOMY BIJIOM1 aJITOPUTMU JIAI0Th XOPOIIIi
pe3ynbTaTH, TOMY JIOJAaTKOBO BUHHUKAE MpOOJieMa SAKICHUX aJITOPUTMIB MONEPEAHBOL
00pOoOKH pacTpa - 3MEHIICHHSI YMCIIa KOJIbOPiB 1 (iabTpalii B APIOHUX MEPEHIKOI.

Mertoro pgaHoi poOOTH € peamizallis aJIrOpUTMIB  BEKTOpM3allii IS
BUKOPHUCTAaHHA B c(epl auzaiiHy Ta momirpadii. AIropuTMHU peani3oBaHi y BUTIISAIL
nonatky Ha PC.

VY nepiioMy po3aiii MPOBOJAUTUCS OTJISIT MPECTABICHUX B JITEpaTypl METO/IIB
OMUCYETHCS TPUCTPIM aIrOPUTMy BEKTOPHOI CKeJIEeTH3allli BUKOPUCTAHOTO IPHU
HAIlMCaHHI TPOrpamMH, MPUYMHU BUOOPY TE€HETUYHUX aJTOPUTMIB iXHI IepeBaru
nepea BiIOMHMH alrOpUTMamH sIKi BUKOPHUCTOBYIOTH Taki mporpamu sik Adobe
Photoshop / Illustrator / Corel Draw, HaBeneH1 onucu 1 pe3yibTatd poOOTH OHJIAKWH
MEepEeTBOPIOBAYIB. Y TPETHOMY PO3/iIi PO3MIIIEHO KOPOTKUM OMHUC MpOrpaMHOl
peasizallii HalMCaHHs MPOTPAMHU.

AKTya/IbHICTh po0oTH: B nanuii yac icHye JOCUThH BEJMKA KUTBKICTh METO/IB
kiacudikaili, MPOrHO3yBaHHs, PO3Mi3HABAHHS O0pa3iB € BAXKIUBOK YaCTHUHOIO
IHTENIEKTyaJIbHO-1H(POPMAIIIHHOTO aHaNi3y B paMKax IIUPOKOTO KOJIa MPHUKIATHUX
3a1ay. BuKoOpuCTaHHS HaKONMWYEHOi I1H(opMalli mpo pi3HI 00'€KTH Ta SBHILA
nependayae  BU3HAUYECHHS  3QJIEKHOCTI MDK  IMOYaTKOBUMU 1  (DIHATBHUMU
iHpopmartissMu, 1O 1  (QOpMYNIOEThCS Yy BUIISLAL  3amad  kiacudikamii  Ta
MIPOTHO3YBaHHS.

[TouarkoBa i1H(pOpMarlisi Moke OyTHM HETOYHOIO Ta HEMOBHOIO, TMPEIMETHA
0o0J1acTh HEAOCTAaTHHLO (hOPMAaIi30BaHOIO, a BHJ 3aJIGKHOCTI 3aHAJATO CKIATHUM 1
HESBHUM IS TOOYJOBU aJ€KBaTHOI MOJENl MOTPIOHOI 3alIe)KHOCTI. Y TaKuX
BUIIAJIKAX BUKOPUCTOBYETHCS T. 3B. HABUAHHS IO TpereneHTax. B pamkax maHoro

NIIXO0y aHamI3yeThecsi Oe3nmu map BuAy (<mouyaTkoBa iH(popmaimis »,« (iHaibHA



1H(popMaLis™>) 1 OyAyeTHCS AITOPUTM, KOPEKTHO BIATBOPIOE 3a/1aHy BiAMOBIAHICTH HA
HasIBHOMY KiHIIEBOMY Oe37i4i 00'€KTIB.

besniu mperencHTIB Ha3WBalOTh HABYAJIbHOK BHOIPKOIO, a IIOYaTKOBI
iHbopMarllii, O OMUCYIOTh OKpeMi MpEeleNeHTH, - O0'€KTaMH HaBYaHHA. Tak sK
iHopMalliss Tpo MpeaMETHY O00JIacTh BIJICYTHs, BUOIp 3aJle)KHO ITPOBOJMUTHCS 3
JIESTKOTO €BPUCTHYHOTO CiMEHCTBa anroputMmiB. Take CIMEHCTBO € B JCSIKOMY CEHCI
yYHIBEpCaIbHUM, OCKUTHPKM BOHO TIOBHHHO OyTH 3aCTOCOBAHO IS IUPOKOTO KJIacy

3aj1a4.

Hisi i 3aBananHs gociaigxkeHHsa. MeTo [1aHOI MariCTepchbkoi podOTH €
CTBOPEHHSI 1 BIPOBA/KEHHS T€HETUYHUX AITOPUTMIB B chepy poOOTH IporpaMu JJis
BEKTOpH3allll pacTpoBoi rpadiky, Tak caMO ONUC POOOTH METOAMK MPUPOIHOIO
B1JI00OpY T'€HOMIB, MPEJCTABICHUX B OTOUYECHHI MYyTallli Ha PI3HUX €Tarax >KUTTEBOTO
[UKITY TOMYJISAIT 00'€KTIB TpOrpamu.

JInst NOCSITHEHHST TOCTABJIEHOI METH MOTPIOHO BHITAJIKOBUM YMHOM CTBOPHUTH
MOYAaTKOBY  MOMYJIAILIK;  HABITh  SIKII0O  BOHA  BHUSBUTHCA  aOCOJIIOTHO
HEKOHKYPEHTOCIPOMOKHOI0, MMOBIPHO, IO TEHETHMYHUWA aJITOPUTM BCE OJHO
JIOCTaTHHO WIBUAKO IepeBele il B JKUTTE3ATHY MOMyJdiito. TakuM YWHOM, Ha
MepImioMy erami MOKHa OCOOJMBO HE CTAapaloThCsi 3pOOUTH  HAATO  BXKE
MPUCTOCOBAHUX OCOOWH, JOCHUTh, IM00 BOHU BiAnoBiganu GopmMary OCOOUH
MOMYJIAIT, 1 HA HUX MOKHa Oys0 3acTocyBatu (yHKIi0 npuctocoBaHocTi (Fitness).

[TincymkoM nepiioro Kpoky € nomysisiis H, mo ckinagaetscst 3 N ocoOuH.
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Ob'exm oOocnioddcenns GYHKIIST TPUCTOCOBAHOCTI - (DYHKITS OINIHKH, SKa
BH3HAYA€ MIpYy MPUCTOCOBAHOCTI OTPUMAHOTO PIIICHHS, TO3BOJISE OLIHUTHU CTYIIHb
MPUCTOCOBAHOCTI KOHKPETHUX OCOOMH B MOMYJIALii 1 BHOpaTH 3 HUX HAHOLIBIIT
IPUCTOCOBaHI (TOOTO MaroTh MiHIMajdbHE 3HA4YeHHSA (YHKIII MPUCTOCOBAHOCTI)
BIJIMOBITHO JIO €BOJIIOLIMHOTO MPUHIIMIIOM BH)KMBaHHS "HalCHIbHIIIIUX" (HaWKpalie
MPUCTOCYBAJIUCH).

IIpeomem Oocnioscenns — 00'ekTH poOOYOTO MPOCTOPY, MOJITOHU, TOUKH, iX
KOJIpHI BJACTUBOCTI pO3TAlllyBaHHS, €Tamu MyTallii 1 CXpEeU[yBaHHS MPOTATOM
AKHUTTEBOTO IIUKITY TPOTPAMHU.

loes po6omu CTBOpPEHHS MaKCUMAJIbHO TMOJIOHOI KOJIPHOi raMu 3a HasiBHUM
3pa3KoM, 3aIMC €TamiB MyTallli, eKCIIOPT OTPUMAHOTO pe3ynbTaTy B SVG.

Memoou  Oocniosxcennsn. Ilpm  BUpINIEHHI  MOCTABICHOTO  3aBJIAHHS
BUKOPHCTOBYBAJINCA HAYKOBI JIOCSTHEHHS B OOJACTSAX T€HETUYHUX AJITOPUTMIB MU
FOMY O QITOPUTMY CTaBJISATHCS Taki BUMOTH: TMO-TIEpIIe, BiH HE IIOBHHEH
JIOTyCKaTH TMOMWJIOK Ha TMpeleieHTax, 1 MO-Apyre - 3aJ0BOJIBHITH JIEIKUM
JOIATKOBUM OOMEKEHHSIM, 1110 B1JI00pakae BIACTUBOCTI 1 OCOOJMBOCTI MPEAMETHOI
obnacti [13, 14]. B pamkax anre6paiuHoro miaxomy Oyio JOBEIEHO MOXJIHMBICTh
no0y10BM KOPEKTHHUX aJIFTOPUTMIB JJIsl IIUPOKOTO KIJIACy PEryJISIpHUX 3aBIaHb

HaykoBa HOBM3HA OTPMMAHMX Pe3yJIbTATIB MOJSATA€ Y CTBOPEHINA METOAMII
CTBOPEHHSI TMOMYJIAIIN reoMeTprudHux ¢iryp, 3 BIaCHUM Teo(OHOM, T€HOMHU SKOTO
(bopMyIOThCS MiJ Yac €BOMIOLII IHIIUX 00'€KTIB.

IlpakTHyHe 3HA4YeHHs] OTPUMMAHHUX Pe3yJbTATIB IMOJSrae B PO3POOII
mporpaMHoro 3aco0y, SKHW JO03BOJISIE BEKTOPU3YBATH pacTpoBy rpadiky i
3aMKMCYBATH KOXKHY 1TEpaLlil0 TPUPOAHOTO BiAOOPY 00'€EKTIB JOCIIIKEHHSI.

Pesynbrati qumniaoMHOi poOOTH MOXKYTh OyTH BUKOPHUCTaHI MiAIPHEMCTBAMH,
dbipmaMu, po3pOOHUKAMM Il TMPOEKTYBaHHsS 1H(OPMAIIHHUX CHCTEM, CTBOPEHHS

MIPOTPAMHOTO MPOIYKTY
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Oco0/1MBHIT BHECOK MAriCTPa CKJIAJAETHCS B:
* BOOP1 METO/IIB JIOCIIIKEHb 1 TEXHOJIOT1H peani3arii;
" CTBOPEHHS 1H(OPMAIIIHHOI CHUCTEMH, IO peali3ye MeEXaHI3MU TEeHHO-
OpIEHTOBAHOTO MIAXOMAY;
" pO3po0Ill TEOPETUYHOI YACTUHU pPOOOTH, B SAKIM JOCHIKEHI 1
CHUCTEMAaTH30BaH1 3HAHHS PO ICHYIOUI IMIIX0AM Po3poOKH 1H(GOpMAaIIHHIX
CHUCTEM,;

" OI[IHI[I OTPUMAHUX PE3YIbTaTIB.

Ctpykrypa i o0csar poboru. PoboTta ckiiamaeTbes 3 BCTYIy, YOTUPHOX PO3JILIIB
1 BHCHOBKY. MicTtuth 93 CTOpIHKM JPYKOBaHOTO TEKCTy, 3 16 MamroHkamu, 92

BUKOPHUCTAHUX IKCPCII.
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PO3JIITT 1

OTJISIJT 3ACOBIB JUUISI BEKTOPU3ALUT 305PAXKEHD

1.1 llpuynHm, nepexyMOBH MOSIBH MiIXOTiB

B nanmii yac po3poOneHO BenuKa KUIBKICTh PI3HOMAHITHUX aJTOPUTMIB
nepekiany rpadiuHux 300pakeHb y BEKTOpHY ¢opmy. OTHUM 3 KIACHYHHUX
METO/IIB BEKTOPH3allli € po3Mi3HABaHHS Ha OCHOBI €TaJOHHUX 300pakeHb. OqHaK
el miaxid, SKUi BUOpPaBIOBYe cebe B 3a7adax pO3MI3HABAHHS JPYKOBAHUX 1
PYKOIIMUCHUX TEKCTIB, MAaJONPUUHATHUN 1O IHIIUX oO0NacTed, 30Kpema M0
BUKOPUCTAaHHSA BEKTOpHU3alli B UIIOCTPATUBHOI Tpadiky, 4epe3 HEMOXIHUBICTh

CTBOPEHHS €TAJIOHIB CTOCOBHO JI0 JaHO1 3a]1aul.

Jnst gaHoi oOnacTi Ouiblie MIAXOASTh AJITOPUTMH, B SIKUX POOJISATHCA
CIpoOM BUJILJIUTU HA PaACTpl JAESKI KOHCTPYKII 3arajbHOr0 BUMIISAY. Takumu
KOHCTPYKIIISIMA Ha HaWHIKYOMY piBHI 3a3Buuail OyBaioTh jamaHi JiHii. Ha
HACTYITHUX €Talax MOXJIMBE MOJAJbIIe YTOYHEHHSI PE3yNbTaTiB, iX MOJAJIbIIe
pO3MI3HABaHHS,  HANpUKIad, BWAUIGHHS  NOpPAMHX  KYTIB, [PaBHJIBHHUX
0araToKyTHUKIB, Iyr Kl Ta iH. (T.3B. 00'ekTHa Bekropu3auus, cMm. [1]), abo,
CTOCOBHO 3aBJaHb LJIIOCTPATUBHOI rpadiku, HAMPUKIIAJ, allPOKCUMAIllS 3HAWIEHUX

JJaMaHUX TJIaAKUMHU KPUBUMH.

B anroputMmax, 1o BHUKOPHUCTOBYIOTh JAaHHWM TiJXiJ, 3aBIaHHS 3a3BUYAil
«BUPIIMIYETHCS 32 HACTYMHOIO CXEMOIO: CIIOYATKy BHWIUISIOTHCS OCBOBI JIiHIT
00'€KTIB y BUIJISI/II JIAHIFOXKKIB TIKceNiB pactpa. [IoTiM BHKOHYeThCA JiHIMHA
anpoKCcUMaIlisl 3HalJICHUX OChOBHUX JIIHIM, B pe3yJbTaTi 4oro GopMyeThCsi MOJIENb
300paKE€HHS Y BUTJISAI HAOOPIB JJaMaHUX, CTUKYIOTHCSI B CBOiX KIHIIEBUX TOYKaX.
Hapemiti, BUKOHYEThCS MOCTOOpaOOTKA PE3yNbTAaTy anpoKCUMAIlii, 3 METOI0
I IBUILICHHS SKOCTI. »[2]

OCHOBHI BIIMIHHOCTI @JITOPUTMIB 3a3BMYail YKJIaJ€HI B MEPIIOMY €eTarll
BU/JIIJIEHHSI OCBOBUX JIiHINA. B [2] aBTOp BUIIIsI€ HACTYIHI CiM TpyM anropuT™is: (1)
3aCHOBAaHI Ha YTOHBIIHIA JiHINA, (2) 3acHOBaHI Ha 3ICTaBIICHHI KOHTYpiB, (3)
3aCHOBaHI Ha rpadax 00'eKTHUX WITPUXIB, (4) 3aCHOBaHI Ha PO3OUTTI 300pakeHHS
PETYISIPHOIO CiTKOIO, (5) 3acHOBaHI Ha PO3PIKEHOMY Meperysial pactpa, (6)

3acCHOBaHI Ha nepeTBopeHH1 Xada, (7) 3acHOBaH1 Ha anmpoKCcUMAIlii 00'€KTIB pacTpa
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IUTOIIAIKOBUMU T€OMETPUYHUMHU (irypamu. Po3risiHeMo noKIaaHilIe AesKi 3 [HUX
MIXO/I1B:

1. Memoou, 3acnoseani na ymonvwienna nainig. 1li anTrOpuUTMH TaKOX
HA3WBAIOTh aAJITOPUTMAMHU CKeJeTH3allii abo anropuTMaMu TPUBEACHHS [0
neHtpainbHoi oci [3]. B pesynprari iX poOOTH BHUXOJIUTH CYKYIIHICTH JIiHIN
OJIMHUYHOT TOBXXHHH, PO3TAIIOBAHUX Y3JOBXK IIEHTPAIbHOI OCI BUXITHOTO 00'€KTa
Ha pacTpi. OHUM 3 BU3HAUYEeHb ckelnera € HactynHe (o [ldaniy 1 Posendensay) -
0e3iy BCIX TOYOK - IIEHTPIB KUI, MOMIMIEHUX YCepeauHy o0'€eKkTa 1 MaroTh

MaKCUMaJbHO MOJIMBI PaJliyCH.

[cHye KkiJIbKa TPyN aJITOPUTMIB, IO PEai3yl0Th 3HAXOKEHHS CKEJIeTa.

AJTOpUTMH, 3aCHOBaHI Ha CTUPAHHS TPAHWYHUX IIapiB, BUPIIIYIOTh 3a]ady
a00 NUIAXOM ITEpaTUBHOIO CTUPAHHS MIKCEIB HA KOPJIOHI 00'€KTa JO OTPUMAHHS
JHII OIMHAPHOI TOBIIMHU, a00 NUISIXOM 3HAXOXKEHHSI MEX 00'€KTa, alipoKcUMaIlii
iX JamMaHUMH, SKI TOTIM PO3IJISAAIOTECA SK (DPOHT MOLIUPEHHS «BCEPEAUHY
00'ekTa» MIOCKOI XBUJIL. SIK pe3yapTaT poOOTH B LIbOMY BHIIAJIKy PO3IJIAIAIOTHCS
TOYKH, B AKUX TOYMHAIOTH 1 3aKIHYYIOTh MEPETHH Pi3HI (PPOHTU MOIIMPEHHS.
OpHak adropuTMHM JAHOI TPYIH, HE JNUBIAYMCH HA JIOCTATHIO OMPAlbOBAHICTH,
MarTh JIOCUTh BUCOKOI TPYIOMICTKICTIO 1 3aiiBOi TOYHICTIO MPU MOJCITIOBAHHI
OCBhOBHX JIIHIH, SKIIIO HA pacTPOBOMY O0'€KTI € Tapa3uTHI BIITATYKEHHS, 1 1alOTh

HETOYHOCTI IPU MOJIEIIOBAHHI MEPETHHIB Ta BIATaNy>KeHb JiHINA Ha pacTpi (Puc 1).

a —>»
§

Mg

<+—B

Puc. 1 — a - napa3uTHi BiiranyeHHs CKelleTa, O 1 6 -Ae(eKTH MPU
MOJIETIOBaHH1 PO3TaTy>KEHHS 1 IEPETUHY.

JIist KapAMHAIBHOTO BHUPIMICHHS TPOOJIEMH TPYIOMICTKOCTI CKeJleTh3arlii

pI3HUMH aBTOpaMH OyJI0 3alpONOHOBAHO PsJ HEITEPATUBHOMY aJTrOPUTMIB
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noOyZI0BU CKelleTa, 3aCHOBaHMX Ha BU3HaueHHI ckeneta [ldanma i Po3endennaa,
K1 BHM3HA4YalOTh HOro sk O€314 IEHTPIB MaKCUMAJbHUX KUI, ITOMIIIEHUX
ycepeauny o0'exrta. /[t BUSBICHHSA JaHUX TOYOK HA PacTpi CIOYaTKy HEOOX1IHO
noOynyBaTH 3a OlHApHUM PacTPy pacTp TaKOro X PO3Mipy, MIKCEeNl SKOTOo, IO
3HAXOMATHCS B TOYKAX OO0'€KTHUX MIKCEIIB BUXIAHOTO PacTpy, MalOTh 3HAYCHHS,
piBHI BiICTaHi BiJl HUX 10 HAMOIMX40i (POHOBOT TOUKM HA BUXITHOMY pacTpi. Jlane
BIJICTaHb, SIK MPaBUJIO, OOYUCIIOETHCS 3 BUKOPUCTAHHSAM JESIKO1 IEJIOYHCICHHON
METPHUKHU, HANIPUKIIAJ, BiACTaHl Bl ManxerTeHy». Take nepeTBOpEeHHs OTpUMAo
Ha3BY MEPETBOPEHHS BiJcTaHl abo MickaHTHUE nepeTBopeHHs. [loTiM moTpiOHO
NEPErIIHYTH OTPUMaHUM pacTp 1, TOYKH, B SIKUX CIIOCTEPITa€ThCSl MAKCUMAJbHE
3HAYEHHS B JIOKAJIbHIM OKOJIMII, € TOYKAMH, HAHOIMKYUMH JO0 CKEIeTHHX (SKI
MOXYTh PO3TAIIOBYBAaTUCS MIXK MIKCEJISIMHU, SIKIIO TOBIIMHA JiHII - mapHa). L1
QITOPUTMH MAIOTh TPYJOMICTKICTh CTPOT'O MPOMOPIIiHY BearuuHi pactpa. OiHaK
iM TpUTamMaHHI Takl HEIOJIKWA: HE TapaHTOBAaHO 3B'SI3HICTb CKEJIeTa, SIKIIO
BUXIJTHUHN 00'€KT Ha pacTpi OYB 3B'I3KOBUM, MOKJIMBI CKEJIETHI JIiHIT TOBIIUHOIO B
JIBa TIKCENs, 0 MPU3BOAUTH 0 YCKJIAJAHEHHS MPOIEIYp TPACyBaHHS CKEIETHUX
JH1{, JaH1 AITOPUTMHU CXUJIbHI 10 TOMUJIOK B TTO3UI[IOHYBaHH1 CKEJIETHUX TOYOK B
MICISIX CTUKyBaHHs a00 mepeTuHy JiHiH pactpa. Ll anroputMu MarTh
TPYJAOMICTKICTb CTPOrO MPONOPLIMHY BeIMYMHI pacTpa. OgHak iM MpUTaMaHHI
Taki HEHOJIKH: HE TrapaHTOBAHO 3B'S3HICTH CKeJeTa, SKIO BUXIAHUN O00'€KT Ha
pactpi OyB 3B'S3KOBHMM, MOXJIMBI CKEJIETHI JIiHII TOBIIMHOIO B JIBa MIKCENs, IO
NPU3BOJUTH J0 YCKIAJAHEHHS NPOUEAYp TpPACyBaHHS CKEJIETHUX JIHIN, AaHi
ANTOPUTMHU CXWJIBbHI JI0 TTOMHJIOK B ITO3HUIIIOHYBAaHHI CKEJIETHMX TOYOK B MICIIIX
CTUKYyBaHHs a00 mepeTuHy JiHii pactpa. Ll anropurMu maroTh TPYJAOMICTKICTb
CTPOTO MPOMOPIIHHY BeTU4YuHI pacTpa. OgHak iM MpUTaMaHH1 Taki HEJIOTIKUA: HE
rapaHTOBAaHO 3B'S3HICTH CKeJieTa, SKIIO BUXIAHUN 00'€kT HaA pacTtpi OyB
3B'SI3KOBUM, MOXJIMBI CKEJIETHI JIiHIT TOBIIMHOIO B JIBA IMIKCEJIs, 1[0 MPU3BOIUTH J10
YCKJIAHEHHS TIPOLIEyp TPACyBaHHS CKEJIETHUX JIIHIN, JJaH1 aITOPUTMH CXUITBHI JI0
MOMMJIOK B MO3UI[IOHYBAaHH1 CKEJIETHUX TOYOK B MICISIX CTUKYBAHHS a00 MEPETHHY

JHIA pacTpa.
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Jlis momonaHHA UMX HEOOJIKIB B JiTeparypi Oyiu 3alporoHOBaHi pPi3HI
aJITOPUTMH, IO TOJIMIIYIOTh SKICTh ckeneta 1o [ldanmy-Po3endensay. Ane ciin
3a3HAYUTH, WI0 TMOAIOHI  ANrOPUTMHU  KOPEKIii 30UIbLIYIOTh  3arajbHy
TPYAOMICTKICTb, XOYa camMe Juis 1i 3MEHIIEHHd B OCHOBHOMY 1 OyB

3anporioHoBanuil anroput™ Idanma-Po3zendensaa.

2. Memoou, 3acnosani na 3icmaenenni konmypis. Ilpu po6OTI anropuT™Mu
JTAHOT'O KJIacy MPHIYCKalOTh, 110 300paKEHHSI MICTUTh B OCHOBHOMY MpsIMI1 JIiHIi.
[IpoBoaMTHCS ampoKCHUMAIlis BiApi3kaMu KOPJOHIB MK 00'ektamu. IloTiM s
KOXXHOTO BiJIpI3Ka pOOUTHCS crnpoda 3HAWTU «JIPYry CTOPOHY JIHID» - 1HIIHA
Maike mapayielbHuA HOMY BIJPI30K, 10 OOMEXKY€E 00JacTh TOTO X KOJbOPY, IO
3HaXOJIUThCS Ha BIACTaH1 MEHIIE 3aJaHoro nopory (MacumanbHO IIUpUHA JIHIT).
[Ticns 3HAXOMKEHHSI IBOX CTOpPIH JiHIi, MOOyA0OBa OCHOBOI JiHII € TpHUBIATBLHUM
3aBJlaHHSAM. AJle aJIrOpPUTMHU JIaHOTO KJacy HACUITy CIPaBIISIFOTHCS 3 BUIAJAKaMH
BIITATYKEHHS JIHIM M1 MaJluM KyToM, ab0 3 BHUIAJKaMH, KOJU OIHOMY
IPaHUYHOMY BEKTOPY MOYKHA 31CTaBUTH KIJIbKa MPOTHIIEKHHUX BEKTOPIB, 00 KOJH
300paK€HHSI MICTUTh BUTHYTI JiHII. TakoXX HEIOMIKOM JJaHUX aJrOpPUTMIB € iX

HaJMipHa BUTOHUYEHICTb MPU 00pOOLIl JEIKUX OKPEMUX BUIIAIKIB.

3. Memoou, 3acnoeani na zpagax o6'ekmuux wumpuxie pacmpy. OCHOBHA
171Ies. JaHOT METOAMKU - HAa OCHOBI MOCIIAOBHOTO TEpErisiiy pacTpa 1 aHamizy
MOCJIIIOBHOCTEN 00'€KTHUX IMIKCETIB B PSAKaxX 1 CTOBIIAX pacTpa moOymyBaTu
KOMITaKTHE TOTIOJIOTIYHOTO BEKTOPHE MOJIaHHS pacTpOBOTo 300pakeHHs. [loTim,
MIePETIIAIAI0uH 1€ YSABICHHS, MOKHA TOCUTHh €(PEKTUBHO MOOYAYBaTH JCTANbHY
BEKTOPHY MOJIEJh pacTpa.

JIns 1bOTO BBOJUTHCS TMOHATTS ILITpUXa SK TMOCIIIOBHOCTI 00'€KTHHUX
MIKCEJIB, PO3TAIIOBAaHUX OJHWH 3a OJJHUM B OJIHOMY CTOBIIi a00 B OJHOMY
pAAKy, 1 OOMEXEHO 3 000X CTOpiH (OHOBUMH MmiKceIsIMU. OpPTOroOHAIBHOI
KOOPJIMHATOIO MITPUXa HA3MBAETHCS HOMEDP CTOBITYMKA, B SIKOMY PO3TallOBaHUH

BEPTUKAJILHUN IITPUX, a00 HOMEp psAaKa B pa3l TOPU3OHTAIBHOTO IITPUXA.
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[InsxoM NBOKpPATHOTO MEPETISIy pacTpa 3HAXOASATHCS BCl 00'€KTHI IITPUXH.
[licns 1mBOro MPOBOJUTHECS TIOMIYK OO'€KTHUX pedep, SK TOCTIAOBHOCTEH
CYMDKHUX IITPHUXIB. 3HalIeH] 00'€eKTHI peOpa MPUBOIATHCS A0 «CTPYKTYPHOMY»
BUJTY - JI0 JIIHIA OJIMHAPHO1 TOBIIMHH.

['igHICTh M1aHOT METOAUKH - €PEKTUBHICTH 32 YacoM. [0 HeI0MIKIB JaHOTO
METOY BIIHOCATHCS HETOUYHA 00OpOOKa TOUOK PO3TaTy>KeHHS 1 HeTOYHa 00poOKa

KPUBUX JIIHIN.

4. Memoou, 3acnoeani na po3oummi 300paxceHHsn pecyiApHOIO CIMKOIO.
['ol0BHOIO TIEpeBarol0 aJIropuTMIB AaHOTO TUIY € I1X BHCOKAa THMYacoBa
e(eKTUBHICTh. Ixes, 10 JeXWUTh B 11X OCHOBI Taka: BcE 300pa)KCHHS,
MOKPUBAETHCA PETYISPHOIO CITKOIO 1 aHATI3YIOThCS JIMIIE MIKCENl pacTpa Ha
NEepPeTUHI 3 JIHISIMU CITKH. BMICT KOMIPKM CITKA BIJIHOBIIOETHCA IIO
KOH(Irypalii 1Iux NepeTHHIB 3 BUKOPUCTAHHIM BH3HAauE€HOIo Oe3ivi m1abIoHIB

(Puc. 2).

. (| L
/i/ :>|:">:;DD:

Puc. 2 — [louyaTtkoBe 300paXkeHHs, pO3OUTTS MOTO HA KBAAPATH 1 3aMiHa KBaJIpaTiB

mabJIOHAMMU.

[Ipu npaBuinbHOMY BHUOOpI MapaMeTpiB aIrOpUTMy OUIBLIICTH OCEPEIKiB
OyJZie BU3HAUEHO, 1110 3aJUIIMINACA ) MOXYTh OyTH 00po0JieH1 a00 aaropuTMOM
CKeJeTu3aIlii, a0 MOoaIbIINM PEKYPCUBHUM JAUICHHSIM ocepenku. Jlo HeaomiKkiB
JAHOTO AJITOPUTMY BIJTHOCSITH CKJIQIHOCTI MPU BUOOPI ONTUMAIBLHOTO PO3MIPY
OCEpeIIKy, SIKI MOXKYTh MPUBECTU JO HEKOPEKTHOI 0OPOOKH TOYOK CTUKYBaHHS 1
po3ralTy’)kKeHHs1, a00 J0 MPOMYCKIB JiHIN, 0COOIMBO MTPUXOBUX 1 MyHKTHPHUX.

Takox ndaHi ajarOpuTMU HE MPUCTOCOBAHI IJis BEKTOpHU3alii 300paxkeHb 3
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BCJIMKHUM YHUCIIOM KpUBUX.

5. Memoou, 3acnoeani Ha po3pioxscenomy nepeanaodi pacmpa. OCHOBHOIO
METOI0  3allpOIIOHOBAHMX  AJITOPUTMIB € 3MEHIICHHS  TPYAOMICTKOCTI.
JlocsAraeTbesl 1€ 3a PaxyHOK BIAMOBU BiJl IEPETJIsiAYy BChOTO pacTpa, sK 1€
pOOUTBHCSA B alrOpUTMAax CKeJIeTHU3allii, TPOBOJAUTHLCS JIMIIE 00poOKa 00'€KTHHX
MIKCENiB, MPU LBOMY IO MOXIMBOCTI HE BCIX, a JHIIEe HEOOXITHUX MIJIs
1100y 10BU KOPEKTHOI BEKTOPHOT MOJIENI.

MIC-anroput™m (JITOPUTM «MaKCUMAJIbHUX BIHCAaHUX Kum», Maximal
Inscribing Circles) opieHTOBaHMI Ha MOWIYK NpsIMUX JiHIA Ha pactpi. B imeam
npsiMa JIiHIsS NPEACTABIAETHCS K SKUNUCH MPSIMOKYTHHUK, 110 Ma€ LJIKOM IEBHI
BJIACTUBOCTI, Ha AKUX 1 IPYHTYyeTbCcs MeToA. IIpu mepernsal nuiue o0'€KTHHUX
MIKCEJIIB aJITOPUTM IIIYKA€ MIKCEN, sIKI € IEHTpaMu BIIMCAHUX K1, TAKUX IO
KOPJOHU OKPYXHOCTI CTOCYIOTBCSI TPbOX CTOpPIH MpsMOKyTHUKa (auB. Puc. 3).
[Ipy nboMy MaeTbcs Ha yBa3l, WO pacTp € JiHIAYaTUM, Ti. HE MICTUTh
3a(papOOBaHMX MaillaHHUX OO'€KTIB, OTXKE, KOXKEH NPSAMOKYTHHUK MPEJCTABIISIE

co000 OKpEMUI CETMEHT JIIHiI.

Puc. 3 — MIC — anroputm.

[Ticns 3HAXOMKEHHS TAKOTO IEHTPY, 3HAWIIOBIIM Bl JlaMETPaIbHO
MPOTUIICKH] TOUKU TOTUKY Koja 3 ponom (P1 i P3), Bu3HauaeMo ToBIIMHY JiHIT
K JIOBKHMHY BIJIpi3Ka, 10 3'€qHyE 11 TOYKU. [lOTIM NpPOBOAUTHCS MOUIYK
noyatky 1 king cermenta (P2 1 P4) sk MakcumaibHO BiJTaieHUX TOYOK BiJ
3HAWJICHOTO IEHTPY BIMCAHOTO KOJIa B HAMIPSIMKY OcC1 L 3HaliIcHOTO CerMeHTa.

[lepeBaroro AaHOro ajJrOpUTMy € JOCUTh BHCOKA IIBUAKICTH POOOTH Ha

PO3PIKEHUX JIHIAYATUX pacTpax, B OCHOBHOMY CKJIQIAIOThCS 3 BIJIPI3KIB MPSIMHX
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JiHIM, ane TpU LIUIBHO 3allOBHEHUX pacTpax, OCOONMBO MIO CKIAJAIOThCS 3
JIpiOHUX BIJPI3KIB a00 IUIaBHUX KPUBHUX, BIA3HAYAETHCS PI3KE 3HMKCHHS
IIIBUKOCTI pOOOTH.

[Hmmi anroput™ maHoro ciMelictBa - OZZ-anTOpUTM BiTHOBJIIOE CEPEITHIO
JiHIIO 00'€KTa CHIAyHOYM TpaeKTopii Iydyka CBITJA, IO BiJOMBAETHCS BiJ
BHYTPIIIHIX KOPJIOHIB 00'€KTa 1 mepemilmaeThecs y3M0Bxk 00'ekta. Cepenns miHisA
BITHOBJIIOETBCSA SK JIaMaHa 3 BY3JaMH Ha CepeauHaxX TPAEKTOPid IMydka Mix

B1IOOpaKEHHSIMHU.

6. Memoou, 3acHo8aHi HA NAOULAOKOBOMY MOOENI0BAHHI 00 €Kmie.

VY ceBUIIEBUKIIA/IEH] aITOPUTMU HEKOPEKTHO MPALIOIOTh HA HEJIIHIHYaTHX pacTpax.
YacTKOBUM BHUPILIEHHSIM MPOOJIEMHU € CETMEHTaIllsl 300paKeHHsS Ha TOHKI JIHII 1
MaiJjaHH1 00'€KTH 3 MOJAIBLIOK «3UIMBKOIO» PE3YNbTATIB BEKTOpPHU3AIlll, ajie IpU
bOMY HE 3aBXKIU MOXJIMBO IO€JHAHHS OTPUMAHHUX BEKTOPHHX MOJEIIEH uepe3
MOXUOKH, III0 BUHUKAIOTh B IIPoIieci OIU(POBKH.

JUia  BupilieHHs JaHoi mpoGiemMu Oylo 3alpONOHOBAHO —AJITOPUTMH,
3aCHOBaHI Ha HAcTynHil i11ei. Bei o0'ektu, 300paxkyBaHl Ha BHXIJTHOMY pacTpl,
anmnpoOKCUMUPYIOTCS Habopamu 0araToKyTHUKIB,  MAarOTh MPOCTY

Tr€OMETPUYHY CTPYKTYpY, HalpUKIaJ, KBaJpaTaMu, TpamemisMu 1 T.II.
[ToTim, B 3aJI€KHOCTI BiJ XapaKTEPUCTUK MOOYJOBaHUX 0araTOKYyTHHKIB, YACTUHA
3 HUX HaJEXUTh allPOKCUMYIOUOi MaiilaHHI 00'€KTH, a YaCTHHA, 110 3aJIMIINIIACS -
miHiAHI. Tak sk 0araTOKyTHUKH MAaiOTh MPOCTY CTPYKTYPY, TO JTOCHUTH MPOCTO
noOylyBaT BEKTOPHI MOJIET1 KOPJIOHIB MailaHHUX OO'€KTIB 1 OCHOBHUX JIiHIN
TiHIMHUX 00'exTiB. Uepes Te, 1m0 aa MOACTIOBaHHS 00'€KTIB BUKOPUCTOBYETHCS
olHe Oe3mu OaraTOKyTHUKIB, O0O'€lHaHHS JaHUX BEKTOPHUX MOJCJICH He
CTaHOBUTH TPYAHOIILIB.

Bcei anroputMu 1pOro THIY MarOTh TPYAOMICTKICTh OUIBINY, HIK JiHIMHA,

11010 TIJIOIII pacTpa.

«IlopiBnsimpbHE BHWBYEHHS aJITOPUTMIB, M0 PEATI3yIOTh BHIIEOMHUCAHI

METOJMKH, JI03BOJMJIO 3pOOUTH HACTYNHI BUCHOBKM. MeTonu, 3acHOBaHI Ha
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IUTONIAIKOBOMY MOJIETIIOBaHHI 00'€KTiB, Ha BIAMIHY BiJ METOJIB 3iCTaBJICHHS
KOHTYPIB, PO30OUTTSI 300paKeHHSI PETYJISIPHOIO CITKOI, PO3PIHKEHOTO MEPETIisny
pacTpa, a TaKOX METOJIB, 3aCHOBaHMX Ha rpadax 00'€éKTHUX IITPHUXIB 1 METO/IIB,
3aCHOBAaHMX Ha TMEepeTBOpeHHI Xada, TaKk fAK JO3BOJISIIOTH 0O€3 CIelialbHuX
XUTPYBaHb OTPUMYBAaTH OCBHOBI JIIHII HE TUIBKU TPSAMHX JIiHIM, a ¥ JOBUIBHUX
JTIHINYATUX pacTpiB. »[2]

B MopnemroBanHi 00'€KTIB NMpUTaMaHHI Takl HETaTUBHI PHUCH, SIK JOCHTh
BEJIMKa TPYJIOMICTKICTh 1 OpI€HTOBaHICTh Ha OlHapH1 (ABOKOJILOPOBI) pacCTpH.
TeopeTuHO MOXJIMBO NPUBEACHHS MOBHOKOJIBLOPOBOTO pacTpa 10 Habopy 3
onHOrO abo Ounbine OlHAPHUX 300pa)K€Hb TAKUM YWHOM, IO BEKTOpU3AIIUS
OTPUMAHOTO Ha0Opy Ja€ BIpHY 3arajJibHy BEKTOPHY MOJCNIb OpHUTiHATY. Aje
peamizalisg LbOrO MIiAXOAY, HO-TEpUIe, BEIbMU 1 BEJIbMH HETPUBIAJIbHA 1,
3BUYANHO, 30UIbIIyE CyMapHy TPYAOMICTKICTh, TMO-Apyre, MNPU3BOAUTH 10
po0JIeM MO€JHAHHS BEKTOPHUX MOJIENIEN OKpeMUX OlHapHUX LIapiB.

[HIIIMM 00MEXyBaTbHUM YMHHUKOM € T€, [0 MOJICIIIOBaHHS, SK 1 OUIBIIICTh
BUIIICOTIMCAHUX aJTOPUTMIB, HE JO3BOJIIE OTPUMATH TPaBUIIBHI PE3yJdbTaTH IPH
HAsBHOCTI Ha PacTpi, TaK SK B [IbOMY BHUITQJIKy BEKTOPHUX MOJAHHSIM MalIaHHUX
00'ekTIiB OymyTh SKICh JIHII, OTpUMaHI «yTOHBIICHHE» X J0 MOCIIIOBHOCTEH
MIKCENB OJWHWYHOI TOBIIMHU. [IpupogHO M1 KOpUCTyBada pe3yjbTaTH TaKol

BekTOpu3ailii MmapHi (quB. Puc 4).

Puc. 4 — 3niBa - pe3ynbTar 3aCTOCYBaHHS CKEJNEeTH3allli 0 pacTpy, KUl MICTUTb
MmaiianH1 o0'ektu. [IpaBopyy — BipHa 3 TOUKU 30py KOPUCTyBaya BEKTOPHA

MOJIeJTh pacTpa.
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€IMHUM BHXOJOM 3 JIaHOI CUTYyaIlll € MmomepeaHsl CErMEHTaIlis pacTpa Ha
YaCTUHH, 110 MICTATh 00'€KTU ofgHOTrO TUMy. [Ipy IbOMY MOXIIMBE 3aCTOCYBaHHS
CHeIiali30BaHNX aJTOPUTMIB, HANpPUKIAJ, CErMEHTalid TEeKCTy - rpadiky,
JHIAHAX - MaWJaHHUX O0'€KTiB, TOHKMX - ToBcTMMH Ta iH. [1] Jlmsa wmamoi
npeaMeTHOi 00JlacTi aKkTyajlbHa JIMIIE CeTMEHTaIlis JHIKHUX 1 MalJaHHHX
o0'exTiB. g 1poro B JiTEpaTypi MNPOMOHYEThCA IMIAXiJ, 3aCHOBAaHUM Ha
3aCTOCYBaHHI OIEpPaTOpPIB MaTeMaTUyHOI MOP(QOJIOTii, CyTh SKOTO IOJISTae B
HACTYITHOMY: 3a/1a€ThCS TpaHUYHE 3HAYCHHS TOBIIMHM, piBHe 1. Jlam 10
300paXCHHsSI 3aCTOCOBYETHCSI TMEPETBOPEHHS, CTHpPAE 1O M IIapiB TPaHUYHHUX
nikceniB. OTpUMaHUl pacTp MICTUTH JIMIIE MaiiJlaHHI 00'€KTH, HOTO JuIle Tpeda
BIJIHOBUTH 3a JIOMIOMOTOI0 Mepe0aueHUX MPOoIEeypOI0 METOIB.

«HenonikoM Takoro ajiroputrMmy € Te, o KoMy HEOOXIJTHO BUKOHATH n + 1
1Tepallio 3aBepiieHHs poOOTH, TAKUM YMHOM, HOTO TPYAOMICTKICTh MPOMOPIIIHHA
ne S, ne S - mwioma BUXiAHOTO 300paxkeHHs» [2]. KpiM nporo nepegdavaerses, Mo
BUXIJTHUH pacTp € O1HAPHUM, IO TAKOXK OOMEKY€E 3aCTOCYBAHHS IILOTO AJITOPUTMY.

[HIIMi HETaTUBHOIO CTOPOHOIO CErMEHTAIlI] € Te, 10 B Pe3yJIbTaTi BUXOASThH
MO CYTI JIBI BEKTOPHI MOJIENI, SIKI MOTPEeOYIOTh MPOLIECI CYMIILIEHHS, B PE3YJbTarTi
YOro MOXE MOCTPAXAATH TOYHICTh BEKTOPHU3AIIii.

Jns momonaHHsS LMX HEMOMIKIB B poboTax [2] 1 [4] OyB 3ampornoHOBaHUM
QITOPUTM BEKTOPHOI TEHETUYHOI BEKTOpHW3aIlll, SKH JO3BOJIIE OJHOYACHO
kiacudikyBaTu 00'€KTH Ha JHIWHI 1 MaillaHHI 1 OTPUMYBATH €JUHY BEKTOPHY
MOJIeNb, SIKa MOTpeOye MOJaTKOBUX 3yCHJIb MO «3MIHUBII» 00'ekTiB. Ille omHuUM
HOT0 mepeBaroio € MOXJIHMBICTh 3aCTOCYBaHHSI MpU BEKTOpu3allii 0araToO0apBHUX
pactpiB. J[aHuWil anropuT™M 3aCHOBAaHMN HAa BUKOPHUCTAHHI TPIaHTYJSILIi B SKOCTI
0a30BOi CTPYKTYpH HpPEACTaBICHHS BMICTY pacTtpa. BiH 1 OyB BUKOpUCTaHUH, 3
HEBEJIMKUMH 3MIHAMH, JJIs peamisailii (QyHKIiH# BekTopu3aiii, 3 MOPOHKCHHIM
00'€KTIB MPUPOTHOTO BiAOOpy. JleTasbHUIT HOro ONMUC HaBEJEHO B HACTYIMHUX

po3minax 1.2, 1.3.
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1.2 Ilpupoana eBoONLiA

Ax Bigomo, y Ilpupoau € cBiii MeTOJ CTBOPEHHS KpalluxX OpraHi3MiB.
Hapsin Ha3BaB oro EBodroliero BHACTIIOK MPpUPOAHOTO BiaOopy. EBomomis mae
Ha YyBa3l miag coOOI0 TOCHIJOBHHUI PO3BUTOK OpraHi3miB - Oe3mepepBHY
MOCIOBHICTh 0aThKIB 1 1X JITE€H, KOJU JITU OaraTo yCHaJaKOBYIOTh BiJI CBOIX

0aTbKiB, aJie I B YOMY BiJ HUX BiAPI3HIIOTHCS.

[Tpupoanuit BigOip - 1e Oe3nepepBHE O1if 3a KUTTA MK ycima. "BrkuBae
CWIBHIIMIK" - OCh >XUTTEBE Kpeno [Ipupoau, SKIIO HaropomKyBaTh THUTYJIOM
"cuyibHUI" caMoro MiAXOASIIOTO, CaMOTO NPUCTOCOBAHOTO ISl KUTTS. SKIIO
MIIXOJUTH JI0 OMHUCY €BOJIOINIT OuIbll (OpManIbHO, TO CIOYATKY HEOOX1JTHO
3a3HAYUTH, 1110 00'€EKTOM PO3BUTKY (TOOTO €BOJIOLIII) € HE caMl OpraHi3Mu, a BUIU
B IJIoMy. Buja - 11e CyKymHICTh OpraHi3miB, MOJIOHHUX 3a OyJOBOIO Ta 1HIIMMH
O3HaKaMHU. Kopucryrourncs TEPMIHOJIOTIEI0 00'€eKTHO-OPIEHTOBAHOTO
porpaMmyBaHHs, BUJ - 1I€ KJIac, a HAJIEKATh BUY 1IHIUBIIU - 00'€KTH 1ILOTO KJIACY.
CyKyIHICTb 1HAMBIIIB OJTHOTO BUIY Ha3BeMo mnomysiiiiero. 1106 eBosromis B3arami
Oyna MOXJIMBA, OpraHi3MM TIOBUHHI  BIAMOBiAAaTH 3  HaWBaXJIMBIIIUM
BJIACTUBOCTSIM:

1. KoxkeH 1HAMBIA y MOMyJsAIii 3AaTHUM A0 PO3MHOXKEHHS. BiaMiHHOCTI
IHAMBIJIB IPYT BiJ APYyTa BIUIMBAIOTh HA UMOBIPHICTh 1X BUKMBAHHS.

2. KoxeH HamaJoK ycnaJKoBYy€e pPUCH CBOro OarThka (MOA10HE MOXOIUTH Bif
noAioHOTO0). Pecypen it miATpUMKH KUTTEAISIBHOCTI 1 PO3MHOXKEHHS 00MEXKEH,
10 MOPOIKY€E KOHKYPEHIIII0 1 00poThOyY 3a HUX. BCi mporiecu B )KMBUX OpraHizMax
IPALIOIOTh 32 PaXyHOK CKJIaJHUX MOJIEKYJ - OLIKIB.

3. Koxen 0110k siBsie o000 MalleHbKMI OloJjoriuHMii aBToMat. Monekysa
OlJIKa CKJIQJA€ThC 3 MOCHIIOBHOCTI aMiHOKUCIOT. CyKymHIicTh 1H(opmarii i
OyzoBa BCixX OLKIB B OpraHi3Mi BU3HA4Ya€ MOTO MOYATKOBY CTPYKTYPY (PO3BUTOK
OpraHizMy BiJI0OyBa€ThCs TAKOX 1 MMijJ AI€I0 30BHIMIHBOTO cepenoBuina). Bes 1
iH(opMallisi Ha3WBAEThCS TEHETHMYHOK 1HQopmarliero, abo reHorunoM. lIpoiec

noOyZI0BH, PO3BUTKY OpraHizamy 3a iH(oOpMaIli€l0 3 TEHOTHUITY Ha3UBAETHCS
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OHTOTeHe30M. A Oy/noBa, SIKOCTI Ta BIACTUBOCTI OpraHizMmy - ¢eHoTur. OCKIIbKU
30BHIIIIHE CEPEIOBUIIE BIUIMBAE€ HA OPraHi3M B LLJIOMY, TO MOXHa CKa3aTH, IO
WMOBIpHICTb BIDKMBAaHHS OpraHi3My BH3HA4aeTbcs (eHOoTHrnoM. [ eHeTHdHa
iHboOpMarliss B KT 30epiraeThCs B CHEIIATBPHUX MOJIEKYJaX - HYKJICTHOBI
kucioTu. HykieinoBa kucnoTa siBiisie o000 moJiiMep, TOOTO MOJIEKYIy, sika Oyia
MOCIIZIOBHICTD 13 CIOJyYEHUX MK COOOI0 HEBEIMKHX MOJEKYJT - MOHOMEpIB.
MoHoMepaMu HYKJIETHOBUX KUCIIOT € HYKJICOTHIH.

Jns xomyBaHHs 1H(OpMaIl BUKOPUCTOBYEThCA 4 BHJIM HYKJICOTHIIB, SKi
OXOILTIOIOTH 3a Ha3BaMH BXOIATh 10 HUX a30TuCTHX OCHOB - A, T, G, C. Takum
yuHOM, aindaBiT KOJyBaHHS ckianaetbea 3 4 OykB. [lpum cexcyaibHOMY
PO3MHOXXEHHI HalaJKy nepenaerbcs iHdopmanis npo OyIoBYy OaThKIB HUISIXOM
nepenaul JJHK. I'enetnuna indopmaris B KT 30epiraeTbcsi B CHELIAIBHUX
MOJIEKYJIaX - HYKJIETHOBI KucioTu. HykieiHoBa kucioTa siBisie co00r0 TOJIIMED,
TOOTO MOJIEKYJTy, sika Oyja MOCHIAOBHICTD 13 CIOJIYYEHUX MK COOOI0 HEBEIMKHUX
MOJIEKYJl - MOHOMEpPiB. MoHOMepaMu HYKJIETHOBUX KHCJIOT € HykjiaeoTuau. [ms
KOJyBaHHS 1H(QOpMaLlli BUKOPUCTOBY€ETbCS 4 BUAM HYKJIEOTHU[IB, SIKI OXOILTIOIOTh
3a Ha3BaMU BXOJSITh /10 HUX a30TUCTUX OCHOB - A, T, G, C. Takum unHOM, ayipaBit
KOJyBaHHS cKkjamaeTrbest 3 4 OykB. Ilpu cekcyambHOMY PO3MHOXXEHHI HAIAIKY
nepenaeTbes iHGopMallis mpo OyaoBy 0atbkiB nusixoM nepenayi JJHK. ['enernuna
iHopmallis B KITII 30epiraerbcs B CHEIIaJbHUX MOJEKYJIaX - HYKJIEIHOBI
kucioTu. HykneinoBa kucnoTa siBiisie o000 moJiiMep, TOOTO MOJIeKyIy, sika Oyia
MOCJIIJIOBHICTh 13 CHOJYYEHHUX MK COOOI0 HEBEJIIMKMX MOJIEKYJ - MOHOMEPIB.
MoHoMmepaMu HYKJIETHOBHX KHCJIOT € HykJIeoTuau. Jis xomyBanHs iHbopmariii
BUKOPHUCTOBYETbCA 4 BUIM HYKJICOTHIIB, SKI OXOIUTIOIOTH 33 Ha3BaMU BXOJSTH JI0
HUX azotucTux ocHoB - A, T, G, C. Takum uuHOM, andaBIiT KOJYBaHHS
ckianaerscs 3 4 OykB. IIpu cekcyanbHOMY PO3MHOKEHHI HAIAAKY MEPeIacThCs
iHpopMmaitiss mpo OynoBy OathkiB nuisixom mnepemaui JHK. s komyBaHHsS
1H(OopMaIlli BUKOPUCTOBYETHCS 4 BUIM HYKJICOTHIIB, SIKI OXOIUTIOIOTH 33 Ha3BaMH
BXOJISITh 10 HUX a30TUCTUX OCHOB - A, T, G, C. Takum unHOM, andasiT KOTyBaHHS

ckiagaeTrbes 3 4 OykB. [Ipu cexcyanbHOMY pO3MHOKEHHI HAIAAKY MEPEIAEThCs
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iHpopManis mpo OynoBy OarbkiB mwisixom mnepemaui JAHK. Jlns xomyBaHHS
iH(opMallii BUKOPUCTOBYEThCS 4 BUIU HYKICOTHIIB, SIKI OXOIUTIOIOTh 33 Ha3BaMH
BXOJISITh 10 HUX a30TUCTUX OCHOB - A, T, G, C. Takum unHOM, andaBiT KOTyBaHHS
ckinagaeThes 3 4 OykB. [Ipu cexcyanpbHOMY pO3MHOMKEHHI HAIaAKy MEpPEeaacThCs
iH(opMairis mpo Oya0By 0aTbKiB nuiaxoM nepenadi JJHK.

[Tpu upomy, mns noOynoBu JIHK namazaka, OarekiBehki JJHK miHstoThCS
cBOIMU AinsiHKaMH. Lle mportec Ha3MBa€eTHCS CXPEITyBaHHIM (KPOCOBEP Crossover).
[Ipy 11boMy HOBHUI T'eH sBiIs€ coO0K KoMOiHamiio iH(opMarii 3 6aTbKIBCHKHX
JIHK (pexomb6inartis craakoBoi iHdopmartii).

Po3paxyHOK BEeKTOpa HUJILOBUX 3HAYCHb.
Kpok eBomroriii - moGymoBa HOBOTO ITOKOJIIHHS.
[lepeBipka KpUTEpitO 3aBEPIICHHS, SIKIIIO HE BUKOHAHO - TIEpeXiJl Ha 2.

Kpoxk eBorornii MOXHa pO3AUIATH HA HACTYIIHI €TAIlH:

1. OGuuCIeHHS BEKTOpa MPUCTOCOBAHOCTI.

2. Bin6ip kanaunatiB Ha cxperryBanHs (BigOip - Selection).

3. CxpenryBaHHs, TOOTO TOPOJKEHHS KOXHOIO Taporo0  BiaiOpaHuMX
KaHJIUJIaTIB HOBUX 1H/IMBI/IB, IUITXOM I'€HOMIB.

4. MyrTartisi TCHOMIiB.

5. OOuucneHHs BEKTOpa IILOBUX 3HAa4Y€Hb 1 MOOYyAOBa HOBOI MOMYJISIIT

(HOBOTO MOKOJIIHHS).
1.3 HinboBa pyHKUis | KOTYBAHHA

Cepen KOMIOHEHTIB, IO YTBOPIOIOTh T€HETUYHUN aJITOPUTM, B OUIBIIOCTI
BUIAJKIB TUIBKHU JIBa O€3MOCEpEHbO BU3HAYAIOTHCS KOHKPETHUM 3aBJIaHHSM - 11€
KOJyBaHHSl 3aBAaHHS (BIIOOpa)XEHHS MPOCTOPY IMONIYKY Ha MpOCTip OITOBHUX
pAAKIB) 1 LIbOBA (PyHKIS. Po3risHemMo 3aiavy mapaMeTpu4yHOi ONTUMI3AIlll, sKa
MOJITa€ y BU3HAUYCHHI HA00pY 3MIHHUX, MIHIIMIZIPYIOIIIX JAESKY BETUYNHY (MeTa).
VY Ounbll TpaJUUIMHUX TEPMIHAX, 3aBJAaHHS MOJIATAE B MOUIYKY MIHIMYMY JESKOi

bynkmii F (X1, X2, ..., XM).
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Ha mnepmiomy erami 3a3Bu4ail poOUTHCS MNPUIIYIICHHS, L0 3MiHHI, IO
MPEACTABIAIOTH MMapaMeTpu, MOXKYTh OyTH MpeAcTaBieHl OiToBUMHU psakamu. Lle
O3Hauae, 1110 3MiHHI MOMEPETHBO TUCKPETUIUPYIOTCA ISIKUM YHHOM 1 10 00JacTh
JTUCKPETHUX 3HAYEHb € MEeBHOIO Mipoto 2. Hampukiam, 3 10 Gitamu Ha mapameTp
MU oTpuMyeMo obOsacth 3 210 = 1024 nuckpeTHUX 3HAYEHb. SIKIO mapaMeTpu
HENepepBHi, TO MpobiieMa TUCKpPETH3allii HE 3aciyroBye Ha OCOOJIMBY yBary.
3po3ymino, TnependayaeThCcs, IO JUCKpeTH3alis  3abe3neuyye  JOCTAaTHE
PO3LIUPEHHS, 1100 3pOOUTH MOXKJIMBUM PEryJIOBaHHS OTPUMAHHS PE3yJbTaTy 3
OaxxaHuM piBHEM TOYHOCTI. [lepenOavaeTbest TaKOXK, IO AUCKPETU3ALIIS B IEIKOMY
CEHC1 TIPEJICTaBIII€E OCHOBHY (DYHKIIIIO.
biToBy psgok noBxkMHU N MOKHA pO3IJISAATH SIK Ile ABIMKOBE uMcio I, sskomy
BI/IMOBIIaB OM SIKUICh PEUOBUM 3HAUYEHHS T 3 3aJ]aHOr0 jAianazony [Min, Max]. Lle
BIJIMOBITHICTh BCTAHOBIIOETHCS (DOPMYIIOIO

r=Min + (Max - Min) I/ (2-1) 5 1.0
3a BUHATKOM IpoOJIeMH KOJyBaHHS, IUIbOBA (DYHKIIIS 3a3BUYAll JA€EThCA 5K
YacTHHA MMOCTAHOBKM 3aBJIaHHA. 3 1HIIOro OOKY, po3poOKa UTLOBOT (PYHKIIIT 1HOII
MOKe 0e3Mocepe/IHbO BXOJAUTH B PO3POOKY alTOPUTMY ONTHUMI3AIIl a00 MOIIyKY
pimieHHs. B iHIMX BUMajkax 3HAYEHHsI LUIbOBOI (PYHKINI MOXE 3ajie’KaTu Bijl

peasizallii 1 JaBaTy TUTBKUA HaOIMKEHHU a00 MpUBATHHUMN pe3ysIbTarT.
1.4 3arajibHa CTPYKTYpPa reHETUYHOIO AJTOPUTMY

Y npupoai ocoOMHM B MONYJALIi KOHKYPYIOTh OJMH 3 OJHUM 3a Pi3HI
pecypcH, Taki, HanpuKiag, K ika abo Boaa. KpiM Toro, 4ieHd MOMyJIsIIii OJJHOTO
BUJly 4YacTO KOHKYPYIOTh 3a 3allyd€HHsI HUIIOOHOro maptHepa. Ti1 0coOMHH, SKi
HANOUTBII MPHUCTOCOBAHI J0 HAaBKOJUIIHIX YMOB, MaTUMYTh BIJHOCHO OiJblie
IIaHCIB Ha BiATBOpeHHs Ham@aakiB. Crabo mpucTocoBaHi ocoOnHu abo 30BCIM HE
CTPaBISATh TOTOMCTBA, a00 iX TOTOMCTBO Oyne Ayxe HeuuciaeHHuM. Lle o3Hauae,
II0 TEeHU BiJ BHCOKO aJaNTOBaHHUX abO MPHUCTOCOBAaHUX OCOOMH OyAyTh

MOIIUPIOBATUCS B 30UIBIIEHHI KUIBKOCTI HaIaJIKIB Ha KOXXHOMY HACTYITHOMY
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MOKOMHHI. TakuM YHHOM, BHJI PO3BUBAETHCS, BCE Kpallle MPHUCTOCOBYIOUUCH IO

CCpcaoBuIIla IMMPOKNUBAHHA.

['eHeTHYHI anTOPUTMH BUKOPUCTOBYIOTH IMPSMY AaHAJIOTII0 3 TaKUM
MeXaHi3MOM. BOHM MpalfoloTh 3 CYKYIHICTIO "OCOOMH" - MOMYyJIAIIEl0, KOXKHA 3
SKUX TPEACTABIIAE€ MOXJIMWBE pimieHHs ngaHoi mpobnemu. KokHa ocoOuHa
OIIHIOETBCSL MIipor0 11 "MpUCTOCOBAHOCTI" 3rigHO 3 THUM, HacKiUIbkH "mgobpe"
BIANOBIAHE 1M pimeHHs 3aaaui. Hampukiaa, mMiporo MpHCTOCOBAHOCTI MOTJIO O
OyTH CTaBJICHHS CWIM / Bard JUisi JaHOTO TPOEKTy Mmocta. (B mpupomi 1e
€KBIBJICHTHO OIIIHII TOTO, HACKUIBKUA €(PEKTUBHUN OpraHi3M MpU KOHKYPEHINi 3a
pecypcu.) Haiibinbpin  mpucTOCOBaHI  OCOOMHM  OTPUMYIOTH  MOJKJIUBICTH
"BiATBOpIOBaTH" IOTOMCTBO 3a JIOIMOMOIOI '"MEPEXpPEeCHOro cXpelryBaHHSA" 3

IHIIIMMHA OCOOMHAMM TOMYJISIIII.

Ile mpu3BOAUTH 1O MOSBH HOBHX OCOOWH, SIKI MOEJHYIOTH B €001 JEsKI
XapaKTepUCTUKU, YCIAJKOBaHI HUMHU Bijg OarbkiB. HaiimMeHIT mnpucTOCOBaHI
OCOOMHU 3 MEHIIOK HMOBIPHICTIO 3MOXYTh BIATBOPUTHU HAIAJKIB, TaK IO Ti
BJIACTUBOCTI, SIKUMU BOHU BOJIOJAUIM, OyAyTh MOCTYIOBO 3HMKATHU 3 MOMYJIALIl B
MPOLIECT €BOJIIOLII.

TakuM 4YMHOM, BIATBOPIOETHCS BCS HOBA MOMYJISILIS JOMYCTUMHUX PIillI€Hb,
BUOWPAIOYN KpalllUX MPEICTABHUKIB MOMEPEIHHOTO MOKOJIHHSA, CXPEUIyIYH iX 1
OTPUMYIOYM Oe3Jlid HOBUX 0COOWH. Ile HOBE MOKOJIIHHS MICTUTH OLIBII BUCOKE
CIIBBITHOIIIEHHS XapaKTEPUCTHUK, IKUMHU BOJIOAIIOTH XOPOIII YJIEHHU MONEPEIHBOrO
MOKOJMIHHS. TakuM YMHOM, 3 TIOKOJIIHHSI B TIOKOJIIHHSI XOpOIIl XapaKTePUCTUKH

MOIIUPIOIOTHCS MO BC1M MOIMYJISIII.

CxpenryBaHHsI HaUO1IbIIT TPUCTOCOBAHUX OCOOWH MPU3BOAUTH A0 TOTO, 1110
JOCIIJIKYIOTBCS.  HaWOUIbII MEpPCHEeKTUBHI JUISHKM MPOCTOpPY Mowyky. B
KIHIIEBOMY MIiJCYMKY TOMYJSAIisl Oy/le CXOAWTHCS 0 ONTHUMAIBHOTO DIIICHHS
3amayi. CaMe TOMY BHHHUKIA TNOTpeda B CTBOPEHHI HPOTrPaMHOr0 MPOAYKTY
BUKOPUCTOBYIOTh T'€HETHYHI QITOPUTMH JJII TEPETBOPEHHS  PacCTPOBOTO

300paKE€HHS Y BEKTOPHE.
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PO3/ILT 2

AHAJII3 TIPEJIMETHOI OBJIACTI 1 IOCTAHOBKA 3ABJJAHHS
2.1.1 IlpexmeTHa 00J1aCTH

VY Bcix MeToAax MoO0yJ0BU AJTOPUTMIYHUX KOMITO3UIIIM BUKOPUCTOBYETHCS
JOKaJbHAa ONTHMi3alis. BoHa MpoOBOAWTBCS TOMY, IO 3aBAAHHSA OJHOYACHOL
onTuMi3allii BCix 0a30BUX aJTOPUTMIB 1 KOPEKTY€E Omnepallii Haa3BHUaiHO CKJIaHA.
Bona € GararonmapameTrpuuHoi, 0araToeKCTpeMaibHOIO, i B 3arajlbHOMY BUIAJKY

HC 3BOAUTHCA OO T'OTOBUX IIPOLUCAYP HaBUAHHA 0a30BUX aJIFOPPITMiB.

[Ipu mnpakTUYHOMY BHPIIIEHHI CKJIQJHUX, TMOTaHO (opMaTi30BaHuUX,
MHOTOIIapaMEeTPUUECKUX 3aB/IaHb HECTIOIBAHO FapHi PIlIEHHS MOXKYTh 3HAXOIUTH
CBOJIIOIIMHI anroput™Mu. OIHUMHM 3 HAWUOUIBIIUX 1 TMONIMPEHHX CEpel HUX €
TeHETHYHI aJTOpPUTMHU, 3anponoHoBaHi XosutanaoM B 1975 pori [53]. Anropurmu
I[bOI0 KJIacy 3aCHOBaHI Ha JapBIHIBCHKUN EBOJIOLINHUX NPUHIMIIAX, a caMe
3a0€3MeUeHHs TeHETUYHOI PI3HOMAHITHOCTI 1 IpUpOAHOTOo Bioopy. Tak, B pamkax
TEHETUYHOIO aJrOpUTMY (POPMYETHCS MOMYJIALIS NOTEHLIIMHUX PIlIeHb 3aBJaHHS,
3BaHl WHJU- BHUJAMU. Y TMPOCTOpl IHIMBIAIB BH3HAYAIOThCA OilHapHA oreparris
pexoMOiHaIlli 1 yHapHa - MmyTallii (MOJIMBI 1 1HII «TE€HETUYHI» omepaiii). Jlami
3aIyCKA€ThCS ITepaliiHUN MPOLEC, Ha KO)KHOMY KpPOLl SIKOr0 OTOYHA MOMYJISLIIs
MiIa€ThCsl PeKOMOIHAINT 1 MyTaIllii, MICAsS YOro MPOBOAMTHCS CENEKIlI Kpamux
BaplaHTIB BUPIMICHHS JMJI1 HACTYITHOTO MOKOJIHHSA. ['€HeTH4YHI anropuTMu
BUKOPHUCTOBYBAJIUCS JIJIsl IIIUPOKOTO KOJa 3aBAaHb, B TOMY YHMCJI1 1 B pO3Ii3HABAHHI
[41]. Tak, B [91] reHeTHUHMIA aNTOPUTM BUKOPUCTOBYETHCS JIJIs1 B1IOOPY HANWO1IBII

iH(pOopMaTUBHUX O3HAK, B [40] - 1711 CUHTE3Y JIOTIYHUX MPUIIENUB Kiacuikarrii.

Bigomi Takoxx mMeToau moOyI0BH BUPIIATBLHUX JIEPEB, KOJIM PEKOMOIHAIIIS
peanizyeThes sIK OOMIH MiAepeBaMH y Tapy BUPIIIAIbHUX AepeB. Y JTaHiid poOoTi
BUKOPUCTOBYETHCSI ~ OCOOJIMBUM  BHUJI TEHETUYHOTO  alTOPUTMY,  3BaHUU
kooriepatuBHOi koeBostowis (Cooperative Coevolution) [64, 63]. Jlana mouens
BUKOPUCTOBYE KIJTbKA TOIMYJISIIN, KOXHA 3 SIKUX BIJAMOBIA€ PIIICHHIO YaCTUHU

3aBaaHHs a0 ii moazagayde. [lomynsiii B3aEMOIit0Th OJIMH 3 OJHUM 32 MIPUHITUTIOM
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cuMO103y, BHOHMpAOYM aITOPUTMHU, HAWKpPAIIUM YHUHOM KOOMEPUPYIOIIHNX 3
iHmMMH. PaKTHYHO, BiH BHUKOPHUCTOBYETHCS SK METOJ HACTPOHKH KOHKPETHOI
MOl anroputMiB. Y JaHiil poOOTI MPOMOHYETHCS HOBUM MIAXiJ, MPU SAKOMY
TCHETUYHHI aITOPUTM BHUCTYIAE B POl HAIOYIOBU HAJl CTAHIAPTHUMHU METOJaMHU
HaBYaHHs 0a30BHX aJTOPUTMIB, HE BTPYYAIOUHUCh B IXHIO BHYTPIIIHIO CTPYKTYPY.
BIJIMTOBIJIa€ OJTHOMY aJTOPUTMY KOMIIO3UIIii, @ KOPEKIlisi TPOBOIUTHCS TIIBKHA MPHU
OIIHIII TIPUCTOCOBAHOCTI 1HAWBIAIB. B Tmporeci eBomromii KoxeH Oa30BHiA
QITOPUTM OTPUMYE MOJKIIMBICTh CIICIIai3yBaTUCS B TE€BHIM, TUIBKH HOMY
pUTaMaHHOIO poJii. B pamkax maHoTo miaxomy po3poO0seHo 1 AeTaTbHO ONMUCAHUN
B JIaHIi poOOTI MeToJ MOOYIOBU JIOKAIbHUX 0a3uCIB HA OCHOBI KOOIIEPAaTUBHOI

KOEBOJIIOII].

Jlanuii MeTon, Ha BIAMIHY BT IPOOJIEMHO-OPIEHTOBAHMX METO/IIB
anreOpaiuHoro MiJaXoay, HE € 3KaJlOHUM 1 J03BOJsi€ OyayBaTH KOMITO3HUIIIL
MIHIMaJIbHIN MOTYHOCTI. KooneparuBhna KOEBOJIIOIUS BIIEpILIE
BUKOPUCTOBYETHCS MJI1 MOOYJOBM AITOPUTMIYHMX KOMIIO3UIIM 3 JOBUIBHHUMH
0a30BUMH  pOJAMHAMHM  QITOPUTMIB 1 KOPUTYBaJIbHUX ormepamid. Meroa
peanizoBaHU IS JIIHIMHUX KOPUTYBAJIBHHX ONEpaIliil 1 MpPOTECTOBAaHUU 3
npaBuioM baifeca B IKocTi 6a30BOro CiMEICTBA aJITOPUTMIB Ha Psifil MOAEIBHHUX 1

PCAaJIbHUX 3aBAdHb.

2.1.2 IlocTanoBka 3axayvi

Meta po6GOTH: PO3POOUTH TEHETUUYHHUIN aJITOpPUTM JIJIsi MOCTOEHISl JepeBa
KOEBOJIONIT BUKOPUCTOBYE KiJIbKa CTBOPIOBAHWUX TOMYJSIINA JJisi TeHepari
MOJIITOHIB MPUCTOCOBaHUX (PiTHEC (YHKITIEIO CIIUPAIOYKCH HA 3a7aHe 300paKeHHS
KOPHUCTYyBaya, 3akiC TeHEePYIOThHCS TTOKOJTiHb.

VY mporieci JOCATHEHHS IMOCTABICHUX IIiJICH BUHUKAIOTh HACTYITHI 3aBJIaHHS:

1. IBuakuii 1 HamiMHUN crmoci0 3HAXOMHKEHHS CHOJYYHUX TOYOK MIXK

300paXKEeHHSIMHU.
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2. 3actocyBaHHs (hITHEC METOMY AJSl BIJICTEKEHHS SIKOCTI TE€HEPYIOThCA
HaI[aIKIB.

3. MyrTanis MOTOYHUX MOJITOHIB, CXPEILYBAHHS.

4. BBeneH1 0OMEXEHHS:

5. ®DyHKIIIE€ TPUCTOCYBaHHA Oye cyMa MOXUOOK KOJIbOPIB BCIX MIKCEIIIB.

2.1.3. AuaJi3 3aBaaHHAa

['eHeTHYH1 adTOPUTMU € HANOUIBIN MOUTUPEHUMH 1 HAaWOUIBII BHUBYECHHUMH
CBOJIIOLIIMHUMHU aJITOPUTMAMH. IX BigMiHHOIO pUCOI0 € YSBJICHHS I1HJUBIIIB Yy
BUMIISIAI OIHAPHUX BEKTOPIB, MEBHUM YHMHOM KOJYIOTh PILIEHHS IOCTaBJIEHOTO
3aBAaHHs. ['€eHeTUYHUM aJrOpPUTM 3a3BMYail MICTUTH JIBI TEHETHUYHI omeparii -
cxpeuryBaHHsl (pekoMOiHalli, KpocuHroepy) 1 MyTtamii. dDopManbHO s
KOHBEpTallli B BEKTOPHI 300pa)K€HHSI TOCUTh CKOPUCTATUCS HACTYITHOK HA0OpOM
napaMeTpiB:

GA=(P0,n,ni,m, S, C, M, f, t) (2.0)

PO =(al,..., An) €In,1={0, 1}

m - MOYaTKOBA MOMYJISIIIS;
n - pO3MIp MOIMYJIAINT;

ni - po3Mip IPOMIDKHOT TOMYJISAIIIT, 3 IKOT BUPOOIISETHCS CEIEKITIs

HalKpalux HallaJKiB;

m - TOBXHWHA OIHAPHOTO YSIBJICHHS 1HIUBIIA;

S: I ni — I n - onepatop cenekIii;

C: I x1— 1 - onepaTop cxpeuryBaHHs;

M: I — I - oneparop MyTarii;

f: I — R - dyHKIIIg BIATOBITHOCTI;

t: In— {0, 1} - kpuTepiii 3ynuHKY;
2.1.6 Omnuc i cTPYKTYpa AJIrOPUTMY
ANTOPUTM BUKOHYETHCSI HACTYITHUM YMHOM: Ha MIEPIIOMY €Tari CTBOPIOETHCS
noyaTkoBa momyJsiiis PO MOBIYHUX BEKTOPIB JOBXKHHU M, IO CKJIAJAETHCSA 3 N
IHIUBIJIIB - BEpUIMHU TOJITOHIB. J[ani Ha KOXHIN iTeparlii anropuTMy 3 MOTOYHOT
nonyssuii Pk 3a gomomororo oneparopiB cxpeuryBaHHs Ta MyTauli (Gpopmyerbes

npomixkHa (intermediate) momyssiis Pik po3mipy ni, 3 sikoi onepatop cenekiii S
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BiIOMpae n HaWOIBII MPUCTOCOBAHUX I «PO3MHOMKEHHS» HAa HACTYMHIN 1Teparii
B 3aJICKHOCTI Bl OTpuMaHuX JaHuX nmo RGB kanamax 3 BHXiIHOTO 300pa’keHHSI.
[IpuctocoBanicTh, a00 amaNTUBHICTh, IHAWBIAA, BU3HAYAETHCS (YHKINIEO
BinmoBigHocTi f (iTHEC MeTom), IO CIHYXKHTHh CIHOJYYHOI JIAHKOK MIXK
rpoMajsiHaMHd Ta TPEIMETHOI 00JacTio. [HIUKAaTOPOM 3yNMUHKH aJTOPUTMY
CITy>KUTb KpUTEPIii t.

B cuiny 3raganux BUIIE NMPUYKH ICHYE 0€3/114 CIIoco01B 3aBAaHHs KOXKHOTO 3
NepepaxoBaHUX IMapaMeTPiB, KOXKHUH 3 SKUX HE MOXKEe OyTH, B3arai Kaxydyw,

BU3HAHUU Tipiie ado Kpale 1HIIOoTo.
2.2 Onuc MoB i 3ac00iB MporpamMyBaHHS 115l PO3PO0KH NMPOrpaMu

JIJisi eKCIEepUMEHTIB TeHETUYHUX alTOpUTMIB Oyjia oOpaHa cepefoBHIIE
po3poOku Java 8 Mo CKIJIbKM BOHA OUTBIN COPUSTINBA B IJIaHI OYUIIICHHS MaM'sITi
miciasi BUKOHAHHA cenekuii Java € MOBOIO mporpamyBaHHS 1 miaThopmy
oOuucieHb, sika Oya Boepiie BunymeHa Sun Microsystems B 1995 p IcHye 6e3m11u
JOJIaTKIB 1 B€O-CalTIB, sIKI HE MPALIOIOTh MPU BIACYTHOCTI BCTAHOBJIEHOT Java, 1 3
KO)KHMM JHEM 4YHCIIO TaKuX BeO-CalTiB 1 JOJaTKIB 30UIbIIyeThCs. Java
BIIPI3HSAETHCS IIBHUJAKICTIO, BHCOKUM pPIBHEM 3aXUCTy 1 HajilHIicTIO. Bin
MOPTAaTUBHUX KOMIT'IOTEPIB JO IIEHTPIB JIaHUX, BIJ ITPOBUX KOHCOJIEH [0
KOMIT'FOTEPIB, SIKI BUKOPUCTOBYIOTHCS JJII HAYKOBUX PO3POOOK, BiJl CTUTHBHUKOBUX
tenedoniB 10 mepexi [aTepuer - Java Bcroau!Java - 00'eKTHO-OpiEHTOBaHA MOBa
porpaMyBaHHs, 110 Po3poOIIIeThCcsl KoMmaHiero Sun Microsystems 3 1991 poky 1
odimiino Bunymenuit 23 TpaBHs 1995 poky. Cnodarky HOBY MOBY
nporpamyBaHHsi HasuBaBcsa Oak (James Gosling) 1 po3poOmnsiBcst ajisi moOyTOBOT
eJIEKTPOHIKH, aje 3rofoM OyB nepeiiMeHoBaHul B Java 1 CTaB BUKOPUCTOBYBATHCS
JUTsl HAlTMCaHHS aruvieTiB, TOAAaTKIB 1 CEpBEPHOTO MPOrPaMHOIo 3a0e3MeYeHHS.

[Iporpamu Ha Java MOXyTb OyTH TpaHCIbOBaHI B OaWT-KOJ, IO
BUKOHYETHCS Ha BIpTyaibHIN java-MamuHi (JVM) - mporpamoro, 06poOHiit O6aiT-
KOJl 1 MepeaBajbHOI 1HCTPYKI[i 00JIaHAHHIO, SIK IHTEPIpEeTaTop, ajie 3 TIEI0
BIIMIHHICTIO, MO0 OaWT-KOA, Ha BIAMIHY BIJ TEKCTYy, OOpOOJISETHCS 3HAYHO

MIBHUIIIIE.
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MoBa Java 3apoauBCA SIK YaCTMHA IIPOEKTY CTBOPEHHSA IIE€PEIOBOrO
MIPOTPaMHOT0 3a0e3MedYeHHs JIJIs pI3HUX MOoOYTOBUX MpuiaaiB. Peamizairis mpoekTy
Oymna mouara Ha MoBi C ++, Asne He3abapoM BHHHUK psl MpoOiieM, HaWKpalum
3acoboM OopoThOM 3 sKuMU Oyia 3MiHa C€aMOro I1HCTPYMEHTa - MOBHU
nporpamyBaHHsi. CTano OYEBHIAHHMM, IO HEOOXIIHUN MIATHOPMO-HE3AICKHUN
MOBa MPOrpaMyBaHHsI, 110 JO3BOJIIE€ CTBOPIOBATH MPOrpaMu, sIKi HE JOBOJMIOCS O
KOMITLTIOBAaTH OKPEMO JJIsl KOYKHOI apXiTeKTypH 1 MOKHa O0yJ10 O BUKOPHCTOBYBATH
Ha PI3HUX Mpollecopax MijJ pi3HUMH ONEPAITHUMUA CUCTEMaMH.

Moga Java moTpiOeH 11 CTBOPEHHS IHTEPAKTUBHUX MPOAYKTIB AJI MEPExKi
Internet. ®akTUYHO, OLIBIIICTH APXITEKTYPHUX PIllIEHb, TPUIHATUX MPU CTBOPEHHI
Java, Oysi0 mpoAuKTOBaHO OakaHHAM HaJaTu cUHTakcuc, cxoxuid 3 C 1 C ++. B
Java BUKOPUCTOBYIOTHCSI MMPAKTUYHO 1ICHTUYHI YTrOJU ISl OTOJIOIICHHS 3MIHHUX,
nepeayl nmapaMeTpiB, OMepaTopiB 1 JJIsl YIPABIIHHS MOTOKOM BUKOHAHHSM KOJY.
B Java nonani Bci xopomri pucu C ++.

Tpu KJIrO4OBI1 €IeMEeHTH 00'€THATUCS B TEXHOJIOT1i MOBH Java

1.Java Hajmae 1 IIMPOKOrO BHUKOPUCTaHHS cBoi ametu (applets) -
HEBEJIMKI, HaTIHI, THHAMIYHI, K1 HE 3aJeXKaTh BiJ IIaTGOPMU aKTUBHI MEPEKEBI
JIoAaTKU, 10 BOYAOBYHOThCS B cTopiHku Web. Amnetu Java MOXyTh
HAJIAIITOBYBATUCA 1 MOMIUPIOBATUCS CIIOKMBAYaM 3 TaKOIO XK JIETKICTIO, K OY/Ib-
aki jokymentu HTML

2.Java BHBUIbHSE MIlb OO0'€KTHO-OPIEHTOBAHOI PO3POOKU JOAATKIB,
MOEHYIOYN TIPOCTUHM 1 3HAMOMMI CHHTAaKCHC 3 HAJIWHUM 1 3py4YHUM B POOOTI
cepenoBuiieM po3poOku. Lle no3Bossie MMPOKOMY KOy HPOrpamicTIB IIBUAKO
CTBOPIOBATH HOBI IPOrPAMHU 1 HOBI arljIeTH

3.Java nHamae mporpamicTy Oaratuii HaOlp KiIaciB O0'€KTIB ISl SICHOTO
abctparyBaHHsl 0araTbOX CHUCTEMHHUX (DYHKIIIM, BUKOPUCTOBYBAaHUX MpH POOOTI 3
BIKHAMH, MEpEeXe 1 s BBEACHHsS-BUBEACHHA. KirouoBa puca 1MX KIaciB
noJjisira€ B TOMYy, IO BOHM 3a0€3Meuyl0oTh CTBOPEHHS HE3aJeKHUX BiJ
BUKOPUCTOBYBaHO1 miaT@opmMu aOCTpakiii Jyisl IIMPOKOrO CIEKTpa CHUCTEMHHUX

iHTepderciB

31



s po3poOku iHTepdelicy Oyna oOpana Ttexnosoris JavaFX 2.0, HoBa

Bepcis  1maTt@opMu  (PYHKIIOHAIBHO-OAaraTux  KJIIEHTCHKUX  Java-J0/aTKiB,
croyatky po3po6ieHoi B Sun Microsystems, 10 kinisg BecHu 2011 poky mepeiine B
CTalil0 BIOKpUTOro OerTa-TecTyBaHHs. DiHanbHa Bepcid MIATGOPMU TMOBHHHA
3'SIBUTHUCS TI3HIIIE B TEUEHUUHU POKY.
OcuoBuuMu HoBoBBeAeHHsAMU JavaFX 2.0 cramyrs HabGip API mms pobGortm 3
CepemoBUIlleM Ha Java, BHCOKONPOAYKTHUBHE rpadidyHe sapo, MIATPUMKA
BIITBOPCHHS MYJbTHMEia, MOXJIUBICTH BIpoBajkyBath HTML-KOHTEHT B
JavaFX-nomatku, HOBI €JIeMEHTH KOPHCTYBalbKHX 1HTEp(]EiciB 1 crpoiieHa
THCTaJIAIIIA.

Ha6ip API npomonyerbcst 3amicte MmoBu JavaFX Script, panime
BUKOPUCTOBYBaBCA B Iatopmi. Po3poOHUKH, SIK 1 paHillle 0X04l 3aCTOCOBYBaTH
MOBY CKPHUITIB, MOXYThb CKOpPUCTaTHCS MpOEKTOM Visage, skuil 3abe3nedye
MOXIJIMBICTh ~ CTBOPEHHSI ~ KOPUCTYBallbKuUX  1HTep(deiciB 3a  OMOMOroro
JIEKJIapaTUBHOTO MOBH MTPOTPaMyBaHHSI.

[natpopma JavaFX 3maraerbcss 3  IHIIMMHU — TEXHOJOTIAMH  CTBOPEHHS
dbynkuionanpHo-0aratux kmentiB: HTMLS, Microsoft Silverlight i Adobe Flash.
Hosgi inTepdeiicu 103BOMISTS:

1. 3acTOCOBYBaTH TOTY>KHI (YHKI[IOHAJIBHI MOXJIMBOCTI Java, Taki sIK
napameTpu3pBaHi TUITH, AaHOTAIIli 1 6araToNnoOTOYHICTb;

2. CIPOCTUTH BHUKOPUCTAaHHS Wweb-po3poOHukamMu JavaFX B 1HIIKX
NOMYJSIPHUX JUHAMIYHUX MOBax IporpamyBaHHs, Takux sk JRuby, Groovy and
JavaScript.

[ToBHOGYHKIIIOHATBHI KIIIEHTCHhKI mporpamu Ha 0a3i JavaFX 2.0 wminkom
po3pobuieni Ha Java. 3actocoBytoun Java 1 B CepBEpHIii, 1 B KJIIIEHTChKOI YaCTUHU
JOJIaTKIB, PO3POOHUKHA MOXKYTh 3HAYHO 3HU3WUTHU PHU3UKH, CIPOCTUBIIHU Oi3HEC-
pimenHs, BBaxkaroTh B Oracle. JavaFX 2.0 Hagae BeO-KOMIOHEHT, SIKUI TIpaItoe Ha
0a31 nBWxKKa BeO-peHaepuHra Webkit 1 go3Bosisie po3poOHHUKAM e(hEKTUBHO
KOMOIHYBATH 1 TOETHYBATH TPAJAMIIITHI MOKIIUBOCTI Java 1 AMHAMI4H1 MOKITUBOCTI

BE€O-TEXHOJIOTH.
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Po3po6HNKHM MOXYTh BUKOPHUCTOBYBAaTH iCHYyIoui 0i0mioreku Java, oTpuMyBaTu
JOCTYT 10 BOYJIOBAaHHUX MOKJIUBOCTSAM CHCTEM a00 €(PEeKTUBHO MiJIKIIOYATUCS /10
CEpBEPHHX CIIOJIYYHOIO MOAaTKiB Ha 0a3i Java Platform, Enterprise Edition (Java
EE) 3 momatkiB JavaFX. IcHyroui momatkm Java Swing MOXyTh OyTH JIETKO
MOJICpHI30BaHI 3a  JgomoMoror HoBux  (Qynkmi JavaFX, Takux K
NOBHO(YHKIIOHANBHUN — TpadiuHuil mporpamHuil  iHTEepdeic, BIATBOPEHHS
MyJIbTUME/I1a 1 BOY/I0BaHUI BeO-KOHTEHT, IeThcs B moBigomiieHH1 Oracle.

3 napyroto Bepcieto JavaFX 3amoBHuUKaM 1 mapTHepam OyJe MpocTilie
CTBOPIOBATU CydYacHi, Bupa3Hi rpadiuni iHTepdelcu KopucCTyBayda 1 Bi3yasbHi
MPEICTABIICHHS JTAaHUX, CIIMPAIOYUCh HA HAsABHI 3HAHHS 1 1HBECTHIli B TEXHOJOTI]
Java, - 3agBwina Hannunu Pamani (Nandini Ramani), Bitie-npe3uaeHT mo po3po0ii,
Java Client Group , Oracle. - Ilnarpopma JavaFX 2.0 € HOBITHBOIO PO3POOKOIO,
gKa BpaxOBY€ BHUMOI'M CYMICHOCTI 3 YyCIMa HOBUMH XapaKTEPUCTUKAMH 1
(GyHKLI0HATBHUMU MOXJIUBOCTAMH Habopy Java Development Kit (JDK), B Tomy
YUCIl TUMH, 5IK1 3'BIATHCA Y Bepcii JDK 8, Hampukian, MOAyJIbHICTE 1 " private’
METOoJaMu~>.

JavaFX 2.0 nae po3poOHMKaM THY4YKI MOKJIMBOCTI AJIE CTBOPEHHS JTOJATKIB

3 BUKOPUCTaHHSAM Oa)kKaHWX IHCTPYMEHTIB 1 MOB nporpamyBaHHA. Tak, B JavaFX
2.0 BBoguThcss FXML, moBa 3 MmiATPUMKOIO CIIEHapiiB, 3aCHOBAaHWUW Ha MOBI
po3MiTkn XML 1 mnpu3HadeHWil AJii ONUCY KOPHUCTYBALbKUX 1HTEp(EHCIB.
Po3poOnuku, 3HaOMI 3 BEO-TEXHOJIOTISIMU 200 1HIITMMU MOBaMH PO3MITKU Ha 0asi
XML, nerko ocBosith FXML 1 #1010 MOXKIIMBOCTI [t CTBOPEHHSI PI3HOMAHITHUX
JIOAATKIB, TAKUX SIK Bi3yalli3allis JaHUX 1 O13Hec-1oaaTKu Ha 6a31 GopM.
JavaFX 2.0 Takox [03BOJII€ 3aCTOCOBYBATH MOMYJISIPHI MOBH CIIEHApIiB,
MiATpUMYBaH1 BipTyalibHOI MammHO Java (JVM), Taki sik Groovy, JRuby 1 Scala,
1 00'elHye TPOCTOTY MAMHAMIYHMX MOB 3 TMOTY)XHOIO (DYHKIIIOHAJIBHICTIO
iatdopmu Java.

Kpim Toro, mpu crBopenHi noaarkiB JavaFX po3poOHUKH 3MOXKYTb

BUKOPUCTOBYBATH OakaHl IHCTpyMEHTH Java-po3poOku, Hampukiazn, NetBeans i
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Eclipse. Jlogatku JavaFX peanmizyroThcsi ab0 SK HaACTIIBHI JojaTkd, abo B
3aXUIIEHOMY PEXHUMI uepe3 Opay3ep 3 BUKOPUCTaHHSIM MOayIs Java.
HonatkoBo Oracle mnpeacTtaBuia HOBI NPOEKTH 1 Mporpamu, TNOB'sI3aHI 3
miatdopmoro JavaFX: 3aransHomocTynHy 6era-Bepcito JavaFX 2.0 for Mac OS X;
3aKpUTY Mporpamy o3Haiiomyoro aoctyny 3 JavaFX Scene Builder, inctpymenTomM
Bi3yalbHOro moOynoBu iHTEepdeiicy mna tuardpopmu JavaFX  (mo3Boisie
IPOEKTYBaTH €KpaH LUIIXOM MEpEeTATYBaHHS 3 MaliTpu 1 PO3MIIIEHHS Ha CIeHI
KOMITOHEHTIB JIJIs KOpUCTyBaya iHTepdeicy). 3aralbHOJOCTyIIHE 0eTa-TeCTyBaHHS
Scene Builder 3amnanoBano Ha nmouatok 2012 p

VY 3B'SI3Ky 31 3MIHOIO BHYTpIlIHBOI apxitektypu JavaFX 2.0 xopmoparis
Oracle oronocuna B jtoromy 2012 poky npo MaiOyTHE MPUMUHEHHS MIATPUMKH
cTapiliux Bepcid wi€i miatdopmu (yHKLUIOHAIBHO-0AraTux 1HTEPHET-I0JATKIB.
Honatku, 3acHoBaHi Ha JavaFX 1.2 1 1.3, no KiHI HBOTO POKY HEOOXIJIHO
OHOBUTH IIIJISIXOM Nepekiiany Ha Bepcito 2.0, Bka3yoTh B Oracle.
Ho JavaFX 2.0 po6ota 3 miargopmoro BimOyBanacs 3a gornoMororo MoBu JavaFX
Script. ¥ 2010 pomi Ha kondepeniii JavaOne kommanis Oracle oronocuna, 1o
BimMoBUTHCs Binl JavaFX Script 1 peanizye Bukiuku Bcix ynkiii JavaFX 2.0 B
API Java. CepenoBuiie Bukonans JavaFX 2.0 qins Windows Oyna BumyiiieHa B
YKOBTHI MUHYJIOTO POKY, a Mi3HiIme 3'ssBUIucs nonepeani penizu ainst Mac OS X 1
Linux.
MoxnuBicth 3aBanTaxxutu JavaFX 1.2 1 1.3 Ha caiiti Oracle 30epexerbest o 20
rpyasas. Haramaemo, xommanis Sun Microsystems npencraBuia JavaFX B 2007
poli B SIKOCTI PO3LIMPEHHs Java, 110 03BOJIsI€E CTBOPIOBATH OaraTi Tpadikoro
mynbTUIUIaTGopMenHi  noaatku. Oracle micnss mokynkd Sun  npoaoBXHIIA
po3BuBatH JavaFX, ane 111 TEXHOJOTIS MEHII MOMYJApHA, HDK 1HIIN TuaTGopmu
aHaJOTrYHOro npu3HadeHHs, - Flash 1 Silverlight.

Bepcis JavaFX 8 Bumymena sk wuactmHa peamzaiii Oracle Java

Development Kit (JDK) 8 1 Oyae cuyxutu 06a30BUM HAaOOpPOM I1HCTPYMEHTIB

pO3pOOKU TTpU3HAUYEHOTO Il KopucTyBaua iHTepdericy misa Java SE 8 Embedded,
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HAJAI0YH €IMHY y3TOJDKEHY Cepely IpOrpaMyBaHHS JOJATKIB SK N7l BOYIOBAaHHMX,
TakK 1 UIg HacTUILHUX cucteM. JavaFX 8, Bkirodae:

1. Baranpnonoctynuuit - API-intepdeiic Public Ul Control API, skuii
JO3BOJIUTH 1HIITMM PO3POOHUKAM, IO CTBOPIOE KEPYIOUi €JIEMEHTU MPU3HAYCHOTO
JUUIs KOpUCTyBada iHTepdeiicy, 3ade3nedyBaT BUCXIIHY CYMICHICTh 3 MaHOyTHIMU
Bepcismu JavaFX;

2. 1lintpumky npomatkoBux teriB HTMLS5, peanizoBaHy B KOMITOHEHTI
WebView, 1o nigsuiye piBeHb cymicHOCcTi Mixk Java 1 HTMLS;

3. Posmmpeny miarpumky 3D gus kpamoi  Bigyamizamii  JaHUX 1
IHHOBALIMHUX KOPUCTYBAJIbHULIBKUX 1HTEP(DENCIB;

4. [linTpuMKy MOB 3 JBOHANPABICHUM MHCHbMOM (B SIKMX CJIOBa 3a3BUYai
NUITYTh CIIpaBa HaJBO, a U(pH - 3J11Ba HAINPaABO) 1 CKIAAHUX HAOOPIB CUMBOIIIB,
110 3a0€3Ne4YHTh MOBHY 1HTEPHAL[IOHAI3AIII0 JIATHOPMH.

5.JavaFX SceneBuilder 2.0 Oyae Takox niarpumyBatu QyHkiii JavaFX 8 1,
KpiM TOro, moJiermuTh B3aemojiifo 3 NetBeans Integrated Development
Environment (IDE) 1 iHImMMu 1HTETpOBaHUMHM CEPEIOBUIIIAMU PO3POOKH Java;

6. Oracle mae Hamip craHmapTuU3yBaTd BianoBinHi yactuHu JavaFX B
pamkax mpouecy JCP B mepion po3po6ku Java SE 9.

CknagansHuk npoekty Gradle - cucTeMa aBTOMaTUYHOIO CKJIaJIaHHS, MO0Yy10BaHa
Ha npuHiunax Apache Ant 1 Apache Maven, ane nagae DSL nHa MoBi Groovy
3aMicTh Tpaauiiiaoi XML-noni6Ho1 hhopmu mogaHHs KOHDIrypailii IpoeKTy.

Ha Bigminy Bin Apache Maven, 3acHOBaHOrO Ha KOHUENIIi >KUTTEBOTO
IIUKITy TIPOeKTy, 1 Apache Ant, B SKOMY TOpSIOK BUKOHAHHS 3aBIaHb (targets)
BU3HAYAETHCS BimHOCMHAMU 3aiexxHocTi (depends-on), Gradle BukopucToBye
CIPSIMOBaHUH alUKIIIYHUHN Tpad JUTsl BUBHAYEHHS MTOPSIIKY BUKOHAHHS 3aB/IaHb.

Gradle OyB po3poOieHMil A PO3MHMPIOBAHUX MHOTOMPOEKTHON 30ipoK, 1
HIATPUMYE THKpEMEHTalbH1 301pKH, BU3HAYAIOYH, SIKI KOMIIOHEHTH JiepeBa 301pKu
HE 3MIHMIMCS 1 $KI 3aBIaHHs, 3aJCKHI BlJ IIMX 4YacTHMH, HE BHUMAararoTh

nepe3amycky.
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OcCHOBHI MJIariHu MpU3Ha4YeHi A7 po3poOku 1 po3ropranHsa Java, Groovy i

Scala nogaTkiB, ajie TOTYIOTHCA IJIATTHY 1 7Sl IHIIUX MOB IPOTrpaMyBaHHS.
JIist TocSATHEHHST KpaIluil MIed B TECTYBaHHI 1 HAJaro/HKEHHS MPOrpaMu 00paHo
IDE IntelliJ IDEA, 3aBmsxu TexHosorii evolution expression - M03BOJSIE BECTH
CIIOCTEPSKEHHA 1 MYyTyBaTH HEOOXiJHI JaHl eQeKTiB Yy MOporpaMHOMY
3a0e3MeyYeHHl, 3 BUKOPHUCTAHHSAM 3alaloTbcsi yMmoB nebar pexumy. IDEA -
IHTETpOBaHE CEPEIOBHINE PO3POOKH MPOrpPaMHOTO 3a0e3MedYeHHs Ha 0araThox
MOBax MporpaMmyBaHHs, 30kpema Java, JavaScript, Python, po3po6iiena koMmani€ro
JetBrains.

[lepmra Bepcis 3'sBusacs B ciuni 2001 poky 1 MIBUAKO CTaja MOMYJISPHOIO,
K Iepila cepefa uid Java 3 HIMPOKUM HaOOpOM 1HTETPOBAHUX 1HCTPYMEHTIB JJIst
pedakropinra [2], sAKi J03BOJSUIM MpOrpaMmicTaM IIBUAKO PEOpPraHizoByBaTH
BUX1/IHI TEKCTU nporpam. J{u3ailH cepeioBuIlla OpIEHTOBAHUN HA MPOAYKTHUBHICTb
poOOTH TPOrpamicCTiB, AO3BOJISIIOYM CKOHIIEHTPYBATHUCS Ha (PYHKIIOHAIBHUX
3aBlaHHAX, B ToMl yac sk Intellil] IDEA Oepe Ha cebe BHKOHAHHS PYTUHHHX
oreparii.

[Tounnaroum 3 moctoi Bepcii npoaykry Intellil] IDEA nagae inTerpoBanuii
IHCTpYMEHTapid 1 po3poOku rpadiuHoro iHTepdeiicy kopuctyBaua. Cepen
IHITUX MOXKJIUBOCTEH, cepenia 1o0pe cyMicHa 3 6ararbMa MOMYJISSPHUMU BUIBHUMH
IHCTpYMEHTaMH po3poOHuKiB, TakumH gk CVS, Subversion, Apache Ant, Maven 1i
JUnit. ¥V motomy 2007 poky po3pobnuku IntelliJ anoHcyBanu paHHiO Bepciro
TIariHa Jyis TiATPUMKH IporpaMyBaHHs Ha MOB1 Ruby [3].

[Tounnaroun 3 Bepcii 9.0, cepena nmoctynHa B ABoX penakilisax: Community
Edition 1 Ultimate Edition. Community Edition € NOBHICTIO BIJIBHOIO BEPCIEO,
JIOCTYITHOIO i Jtinen3iero Apache 2.0, B Hilii peanizoBaHa MOBHA MiATpUMKa Java
SE, Groovy, Scala, a Takox i1HTerpailis 3 HalOUIbII MOMYJSIPHUMH CUCTEMaMHU
ynpasiiaHs Bepcisimu. B penakii Ultimate Edition, mocTymHOIO 11,1 KOMEPIIHHOIO
JineHsiero, peanizoBana miarpumka Java EE, UML-niarpam, miapaxyHOK MOKPUTTS
KOy, a TakKoX MIATPUMKa IHIIUX CHUCTEM YIpaBIiHHA BEpCIAMH, MOB Ta

bpeitmBopKiB [4].
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2.4 O0rpyHTyBaHHA BUOOPY TeXHIYHHUX i MpOrpaMHMX 3ac00iB

OCKiTbKH CTPYKTypa IOJATKA 3 BHKOPHUCTAaHHSIM OOpaHHWX TEXHOJOTIH,
npenacTaBisie  cobor  windows-gogaTok, HamucaHud Ha MoOBI Java 8, i3
3actocyBaHHsAM (peiimBopka JavaFX. 3xaiticaeno podora Ha OC Windows 10, Tak
caMo TecTyBajacs poborta mogaTku Ha Linux Mint.

TexHiuHi MiHIMaIbLHI BUMOTH TaKi:

e [lpouecop 3 takToBor uyactotTi 2000 mhz (manpuxnaza, Intel Celeron abo

Kpaiie),

e 1024 MB onepaTuUBHOI Iam'siTi,
e VGA-cymicHa rpadivHa kapTa 3 po3aiabHO0 31aTHICTIO 1024 X 768,
e 5 GB BUIBHOIO TUCKOBOTO MPOCTOPY.

Opnak, 11 OLTbII-MEHII KOM(POPTHOT poOOTH MOTPIOEH KOMI'IOTED 3

XapaKTepUCTUKaMHU, KpAIIUMH HIXK:
e CPU 3 ghz,
e 4096 MB onepaTtuBHOI nam'siTi,

e 8 GB BUIBHOTO JUCKOBOTO MIPOCTOPY.
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PO3/11 3

[TPOEKTYBAHHA POBOTU ITPOI'PAMU

JlromuHa MOXKE€ TOpPIBHATH 300paKeHHS 1 BHAUIITH Ha HUX 00'€KTH
Bi3yaJbHO, Ha IHTYyiTUBHOMY piBHI. OAHAaK, A7 MalIMHU 300pa’kK€HHS - BCHOTO
JIMIIE Hi MPO 110 HE TOBOPUTH HaOlp JaHUX. Y 3arajbHUX pUCax MOKHA OMHUCATH
JIBa TMIIXOU J0 TOTO0, MO0 SKOCh «HATUIUTHY MAIIUHY UM JIIOJACHKUM YMIHHSM.
€ meBHI METOHU ISl MOPIBHSAHHS 300pa)KeHb, 3aCHOBAHI HA 31CTaBJICHHI 3HaHb MPO
300paKeHHS B LUJIOMY. Y 3arajibHOMY BUIAJIKY 1€ BUIJIAJA€ HACTYITHUM YHUHOM:
JUISL KOXHOI TOYKHM 300pa)K€HHS OOYMCIIOETHCS 3HAYEHHsS NEBHOI (DYHKII, Ha
MiJICTaBl IUX 3HAYEHb MOYKHA MPUIUCATH 300paKEHHIO TEBHY XapaKTEPUCTHUKY,
TO/A1 3a/Jada TOPIBHSIHHS 300pa)K€Hb 3BOJUTHCS JO 3a7adl MOPIBHSHHS TaKHX
XapaKTepUCTHK. 3a BETUKUM PaXyHKOM, Il METOJM HACTUIBKH K MOTaH1, HACKUIbKU
POCTi, 1 MPAIIOIOTh MPUHHATHO, MPAKTUYHO, TUTBKK B 1J€aNbHUX CHUTYallisX.
[IpyurH 1BOro OUIBII HIXK JOCTATHHO: IMOSIBA HOBHX OO'€KTIB Ha 300pakKeHHI,
NEPEKPUTTS OJTHUX O0'€KTIB IHIIMMHU, IIIyMH, 3MIHH MacIITaly, MOJ0KEHHS 00'eKTa
Ha 300pakeHHIi, MOJOXEHHS KaMepu B TPUBHUMIPHOMY TPOCTOPi, BUCBITICHHS,
adinHUE TIEpeTBOPEHHS 1 T.J. BiacHe, moraHi sIKOCTI IIMX METO/IIB 0OYMOBJIEHI iX
OCHOBHOIO 17I€€10, TOOTO

Ocranns (pasza Bigpa3y HAIMITOBXYE Ha JYMKH OOXOAYy TakKuX MpoOieM:
Tpeba abo sIKOCh BUOUMPATU TOUKH, 110 BHOCSTH BKJIAJl B XapaKTEPUCTHUKY, a0o0, 111e
Kpare, BUIUISATH JesiKi 0coOmBi (KITFOUOB1) TOYKH 1 MOpiBHIOBATH ix. Ha mpomy
MU 1 TiAIANUIM 10 17€i 31CTaBJIeHHS 300pakeHb MO KIOYOBUX TOYKax. MoxHa
CKa3aTd, 10 MU 3aMIHIOEMO 300pa)KE€HHS JEsIKOi MOJE/UII0 - HabopoMm Horo
KJIIOYOBHX TOYOK. Bimpasy Bia3HauMmo, 1o ocoOnMBOi Oyle Ha3WBaTHUCSA Taka
TOYKa 300paKeHOr0 00'€KTa, KA 3 BEJTUKOI YaCTKOK WMOBIPHOCTI Oy/ie 3HaAlIeHa
Ha 1HIIOMY 300pakeHHI IBOTO X 00'ekTa. DITHEC-METOT CITYKUTH TSI 31CTABIICHHS
MOJIITOHIB, 110 TEHEPYIOThCA MPOrpaMHOI 1 3aJaHOi KOPUCTYBauye€M BHXIJIHOI
KapTUHKH. BiH nmoBHUHEH 3a0e3reuyBaTH 1HBAPIaHTHICTh 3HAXOXKEHHS OJHUX 1 THX

e 0COOJMBUX TOUOK 100 MEPETBOPEHD 300paKEHb.
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€I1MHO, 10 3aJMIIAETHCS HE3PO3YMUIMM - SKMM UYMHOM BHU3HAuUaTU SKa
KIFOUOBA TOYKAa OJHOTO 300paKCHHS BIAMOBIZAE KIFOUOBIA TOYIl I1HIIIOTO
300paxkeHHs. AJDKe TICIs 3aCTOCyBaHHS (PiTHEC METOIy MOYKHA BU3HAYUTH TUIBKU
KOOPJIMHATA OCOOJMBUX TOYOK, a HE PIBEHb IMEPEKPUTTS 10 KaHamy A
(Ipo30pocCTi) BOHM Ha KOKHOMY 300pakeHH1 pi3Hi. TyT B cmpaBy 1 BCTyHaroTh
MmyTaiii. MyTaTop - MeTOA MAO03BOJIS€E 3MIHUTH TIOBEIIHKH B)XE I1CHYIOUHMX
TIOJTITOHIB, KOJIp, TPO30PICTh, @ TAK CAMO BiIMOBITHI HOTO TeHU

VY miacyMmMKy BUXOJUTH HACTyIIHA CXeMa pIIICHHS 3a7adl 31CTaBJICHHS
300paKCHb:

1. Ha 300pakeHHSIX TE€HEPYIOTHCS 3a 3aJaHUMHU KPUTEPISIMU TOYKH, SIK1
YTBOPIOIOTH Tpad.

2. 3a 301irom pe3yJbTatiB (piTHEC METOAY IPOTPAMOI0 IPUMMAETHCS PIILIEHHS
HEOOX1THO 3aTUIIIUTU MOTOYHUHN TIOJIITOH, YM MIPUAATHUNA JAHUW HAIA/I0K.

3. Ha ocHOBI Ha0Opy CUJIILHUX TOKOJIIHb OYAYETHCS MOJIENb MEPETBOPEHHS
300paKkeHb, 3a IOIOMOTOI0 SIKOTO 3 OJJHOTO 300paKEHHsI MOKHA OTPUMATH 1HIIIE.

Ha xoxkxHomy ertami € cBOi mpoOieMH 1 pi3HI METOJAW iX BUPIMICHHS, IO
BHOCUTh TIEBHMI CBaBULIS B pIlIeHHsS Mo4yaTKoBoi 3amaui. Jlam Oynemo
pO3IIIAIaTH TIEPIy YACTUHY DIIIEHHS, a caMe TeHepallilo 0COOIMBHUX TOYOK 1 X
peakuiro ¢iTHec-MeTooM B ocHOBHOMYy Oyjie OMHMCAHHWI alTOPUTM METOMAY
reHepallii MoTOMCTBA, a He T€, YOMY Il alTOPHUTM IPAITIOE, 1 BUTTISAIAE CaMe TaK.

Ha ocranok mepepaxyeMo nesKi MEPETBOPCHHS, IOJI0 SKUX MU O XOTLIH
OTPUMATH 1HBAPUAHTHICTD:

1) 3MmileHHs

2) MoBOPOT

3) MacmTad (oauH 1 TOM ke 00'€eKT MOKe OyTH Pi3HUX PO3MIPIB HA PI3ZHUX
300paKEeHHSIX)

4) 3MiHU SICKPABOCTI

5) 3MiHM MOJIOKEHHS KaMepu

NHBapraHTHOCTh MIOAO TPHOX OCTaHHIX TEPETBOPEHb B TOBHIN Mipi

OTpUMAaTH HE BJACTHCH, ajie X04a O 4aCTKOBO 3pOOUTH IIe BxKe OyJI0 O HE MOTaHo.
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3.1 Anpokcumailisi reoOMeTPUYHHMX NEPEeTBOPEHDb 300pakeHb 32 10IMOMOTI 010

MHOTOYJICHIB

TumnoBoro 3aBmaHHsAM B ob6nacti 1udppoBoi 0OpoOKH 300paxkeHb €
reOMETpUYHE TIePEeTBOPEHHS 300paxeHb [5], Hampukian, obepraHHs abo
MacmTabyBaHHs. ['€OMeTpUYHI TEPETBOPEHHS TaKOX 3aCTOCOBYIOTHCA IIPH
BUIMPABJICHH] JUCTOPCUU (T€OMETPUYHUX CIOTBOPEHBL) Kamepu [6, p. 396],
noOy70oBi TaHOpaMHHX 300paxkeHb [7] Ta 1H. ['eoMeTpu4Hi TIEPETBOPCHHS
BU3HAYAIOTh 3aJIKHICTh MDK TOYKAMHU Ha BHXIJIHOMY 1 TI€pETBOPEHOMY
300pakeHH1 1 HaiyacTile BHU3HAYAIOThCA Yy BUMIAAI (QYHKIIH mpsMoro ado
3BOPOTHOTO B1AOOpaKEHHS:

u=M@u")
u'=M-1 (u), 3.0
e u '=[u', v'] - KoopIMHATH BUXITHOTO 300paKeHHS, a U = [U, V] - KOOpJMHATH
NIEPETBOPEHOT0 300PAKEHHS.

Buxopucranns ¢yHkuii 3BopoTHOro BigoOpakenHs (3.0) kparmie, Tak sk
J03BOJISIE YHUKATH HAKJIAIEHb 1 JIPOK, SIKI MOKYTh BUHUKHYTH IMPU 3aCTOCYBaHHI
GyHKLIT MPSMOTo BiI0Opa)KEHHS, a TAKOXK MOJIETIY€E 3aBJaHHS IHTEPIOJIALI1
PosrnsiHemo 3ajmady BUNpaBICHHS JUCTOpCli KaMepu, SK HaAWOUIbII YacTo
3yCTPI4A€ThCsl HA MPAKTHUI[l TPH BUKOPUCTAHHI MIMPOKOKYTHOI ONTHKU. Mojenb
CIIOTBOPEHb, 1110 BHOCITHCS 00'€KTUBOM KaMEpH, BU3HAYAETHCS XapaKTEPUCTUKAMU
oO0'ektnBa. Hampukmnan, Mojenb CHOTBOPEHb MOXE€ OyTM BH3HAY€Ha TpbOMa
koediientamu pamianbHux cnoTBopeHb kl, k2, k3 1 nBoma koedilieHTaMu

TaHTEHIIIaJTbHUX CIIOTBOPEHBb pl 1 p2 HACTYITHUM YHHOM:

u=u—-uyl f,
‘N’:(v_vo)/fv
rr=ut+v?

' =u(l+kr’ +kr* +kr®)+2puv + p,(r’ +2i)

V=V + ki’ + kr? + k) + 2 p,iv + p(rF +27)

u'= flu'+u

3.1

V= £
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ne [u0, v0] 1 [fu, fv] koopauHaTH LIEHTPY 300pakeHHS (TOYKA MEPETUHY ONTUYHOI
oci 1 TIomMHU) 1 POKyCHI BiACTaHI MO 000X OCSX AJi BUXIAHOTO 300paKeHHS;

napametpu [uy,v, | I [ £/, f)]. BusHaueH1 aHaJOT14HO 11 BUX1JHOTO 300pa’KeHHSI.

OOuucneHHs Bupa3y JUisl OJHIE] TOYKM BHMAarae BUKOHaHHA 14 yMHOXEHUH 3a
YMOBH 30€epiraHfs pe3yJabTaTiB MPOMIXKHUX OOYHCIICHb, ITI0 € BEIbMU BHUTPATHUM
npu o0poOIll Bigco B pekuMi pealibHOro uacy. IlommpeHa pilieHHS B IbOMY
BUIAJIKY: MOIMEPEIHBO pO3paXyBaTH 3HaUYEHHS (PYHKIIIi 3BOPOTHOTO BiAOOpaKEHHS
JUIS BCIX MOXJIMBHX TOYOK IE€PETBOPEHOro 300paxeHHs. Jljis BUXIAHOTO
300paskeHHs po3Mipy W X h 6ynyTh motpi6H1 AB1 Tabmuii U (v, u) 1V (v, u), ne u =
0,1,...,w-1;v=0,1, ..., h - 1. Takuii miaxig BUMarae mocTitHOro 30epiraHHs B
nam'aTi TaONMIl 3a3Jajeriib po3paxOBaHMX 3HAYEHb (YHKIII 1, OTXKE, YacTo
neperasgadTe i ramy3l maM'ari, 10 MOXKe MPEACTAaBISATH TPYIHOII B pasi
peamizaiii ~ aJITOPUTMY  BHIIPABIICHHSA  TEOMETPHUYHHX  CIIOTBOPCHb  Ha
porpamMoBaHuX JoriyHuX iHTerpanbHux cxemax (I1JIIC).

fiX)=a0+al x+al x2+...+an; xn! + An xn. 3.2

OOumnciaeHHsA 3HAYeHb TAaKOTrO0 MHOI'OYJICHA C(i)eKTHBHO peaﬂi3y€TLC5I 3a

JnonoMororo cxemu ['opHepa, pu IbOMY MHOTOUJIEH 3aMUCYETHCS B Takiid popmi:
fiX)=a0+x (al +x (a2 +...x (an.; + Anx) ...)). 33

Hes3Baxkaroun Ha mpoCTOTy, TaKuM MIAX1A JO3BOJSE OOUMCIUTH 3HAYCHHS
MHOTOYJICHA 3a N Ofepalliil JoJaBaHHs 1 n omnepamii MHOXeHHsS. [Hmwmit crnocio
OOYHCIICHHsSI 3HAYCHb TOJIIHOMA, IO JIO3BOJISIE OOIMTHCS BHKJIIOUHO OIEepaIlisiMu
JIoJIaBaHHsA, IO B 0araTrhoX BUIIAJKAX JIO3BOJISE MIIBUIIMTH IIBUIKOII0, BIJIOMHMN
SIK MEMmMo0 KiHyesux pizHuys [3]. 1J1 MHOTOWICHA PO3TIITHEMO HACTYITHI PI3HMII:

A0 (x) =P (x),

Ai+1X)=Ai+1(x+1)-Ai(x), 34
ne1=0,1, .., n- 1. BunumBae, o

PX+1)=A0(x+1),

Ai+1x+1)=A1(X)-Ai+1(X). 35

MoskHa, MOXJIMBO JIOBECTH, 10 KIHIIEBA PI3HULIIO N-T0 MOPSAKY An (x) Oyze
OJIHAKOBOIO TIpU Oynb-akux X. OTpumani iTepariifHi CrHiBBiAHOMEHHS [6]
JIO3BOJIAIOTh OOYMCIIUTH 3HAYCHHS MHOTOWICHA B TOYIl X + 1 mpwm BigoMux
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3Ha4YeHHSAX MHorowieHa P 1 pisaummps Aj (x) mng j = 0, 1, ..., n B Toumi X.
PoskpuBatoun Bupasy [5], oTpuMyeMO CIIAYIOIIME MOYATKOBI 3HAYEHHS PI3HUIIb
Aj niis MHOTOUWIIEHA cTymneHs n = 5 pu X = 0:

A0 (0) = a0,

Al (0)=al +a2 +a3 +a4 +a$,

A2 (0) =2a2 + 6a3 + 14a4 + 30a5, (7)

A3 (0) = 6a3 + 36a4 + 150a5,

A4 (0) =24a4 + 240a5,

As(0) = 120a5. 3.6

Taxkum YUHOM, aJITOPpUTM 00YHCIICHHS 3HAYeHb MHOTOYICHA 3a JOIIOMOI'OIO

METO/y CKIHUEHHUX PI13HUIb HACTYITHUM:

1. OTpumaT Mo4YaTKOBI 3HAYEHHS Pi3HUIL Aj B Toull X = 0 3a hpopmynamu

(3.6). 3nauenns mHorousieHa B 11 Toui P (0) = AQ.

2. 115 oTpuMaHHSI KOKHOTO HACTYITHOTO 3HAYEHHS MHOTOYJIEHA HEOOX1THO
BIANOBITHO 10 (opmyn (3.6) iTepauiiiHO OHOBHTH 3HA4Y€HHI Aj, a MOTIM
3anam'atati AQ sik 3HaYEHHSI MHOTOWJICHA.

[Tepmmii KpOK adTOPUTMY MOKHA OTYCTHUTH, SIKIIO B SKOCTI BXITHUX JAaHUX
BUKOPUCTOBYBaTH HE KOE(DIIIEHTH TMOJIHOMA aj, a MOMNEPEeIHbO PO3paxoBaHi
pizHuil Aj. Takum YuWHOM, ISl OOYMCIIEHHS OJHOTO 3HAYEHHS MHOTOYJICHA
nOTPiOHO BCHOTO 1 - 1 omepariiii Jo0/1aBaHHS.

Posrnsiuemo Tenep 3amauy anpokcumariii esKoro Habopy TOUoK (xi, yi), 1=

0, 1, ..., m 3a TOTMTOMOT'0K0 MHOTOYJICHA 3aJ]aHO1 CTYIICHS N. IMIJICTABJIAIOUM X1 1 Y1 B

(3), OTpUMy€EMO HACTYNHY CUCTEMY PIBHSIHb:

n n—1

x, x, - x, 1} a, Yo

n n—1

XX XN 1 a1 | | N

n n—1

xm xm e xm 1 aO ym 3.7

[lepmnii MHOKHUK CHCTEMH PIBHSHB, 3BaHUN MaTpuIeio Banaepmonna,
no3Haunmo sk X. Bexkropamu a = (ao, ai, ..., an) 1y = (o, y1, ..., ym).
[TozHaunmo koe(ilieHTH TMOMIHOMA 1 AIPOKCUMYETbCA 3HA4YeHHs. Takum

YMHOM, CUCTEMa PIBHAHb MOXE OYTH MPEACTABIICHA B KOPOTKIM 3anmucu: Xa =y.
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IIpU m>n CUCTEMa € MEePEBU3HAUYCHHS 1 HE Ma€ TOYHOTO PIIIEHHS. Y TOMY BUIIAJIKY,
SKIIO TOTPIOHO AamnpOKCHMMYBATH [aHi, IO HE MICTATh HEKOPEKTHHX 3HAY€Hb
(BUKHIIIB), PO3YMHO 3aCTOCYBaTH METOJ] HailMeHIMX KBajapaTiB. [lozHauumo
PI3HUIIIO BUXIHUX 1 aPOKCUMOBAHMX 3HAYECHb, TAKOK 3BaAHY 3AJIUIIKAMHU, SIK
e=y-Xa. 3.8
[Ipu BupimenHi cucteMu (3.7) 3a METOJIOM HaWMEHIIMX KBaJIpaTiB 3HAXOSATHCS
Taki KoeQiieHT a MHOTOYJIeHa, 10 CyMa KBaJApaTiB PI3HHUIb 3AJIUIIKIB € €
MIHIMAJIBHOIO:
a = argmin (P (x;) - yi) 3.9
Cyma kBa/ipaTiB 3aJIMIIKIB TAKOX MOKe OyTH 3amucaHa B HACTYITHOMY BHUTJISIJII:
2(P (xi)-yi) 2= Et e = (y-Xa) t (y -Xa) 3.10
T epeHIIoYH 32 a 1 TPUPIBHIOYH MOX1HY 10 0 (Y 1bOMYy BHMNAAKYy MTOMUIIKA
OyJie MiHIMaJILHOIO), OTPUMYEMO:
(X'X)a = Xy, 3.11
[Totim 3HAXOAMMO a:
a=(X"X) -1Xy = X1y, 3.12
tyr X' = (X™X) -1XT ¢ nceeoo zeopommnoio mampuyero[71], ska moxe Oytu
3HAKJICHA 32 IOTIOMOT'0I0 CUHTYJISIPHOTO PO3KJIaIaHHsA [2].

Bume Oyna posrisHyTa ampokcuMallisi MHOTOYWICHAMH OJHOBUMIPHUX
¢bynkuid, a tabmuui ¢yHKUii 3BOpoTHOro BimoOpaxkenns U(u, v) 1 V(u, V)
JIBoBuMipHi. JIJig mepexoy 10 JIBOBHUMIPHOMY HAaroju MpPOMOHYETHCS HACTYITHUMN
niaxin. KoxkHa v-ii psaok tabmumi (Hexai 11t BU3HaYeHo Tl 1e Oyzae tabmuis U)
alpPOKCUMY€ETHCS MHOTOYJICHOM CTYIIEHS N 4Yepe3 MAPSATHUK (TOMy IO
HapJacrime 300pa)kKeHHs 30epiracThCs B MaM'sTi yepes3 MiAPSTHAK):

U, uy)=Rv@u)=r0(v)+rl (v)u+r2(v)u2+..+rm(v)un. 3.13

Jamni 3a popmynamu, moiOHUM [7], 3M1MCHIOEThCS TIepexif] Bl KOedIIEHTIB
1] (v),] =0, 1, ..., n GaraTrowieHiB J0 MOYATKOBUX 3HAYCHb KIHIIEBUX PIZHUILL A]
(v). Otpumani xkoediuieHTu Aj (V) po3risiialoThes K PYHKIIT Bl HOMEpa psjiKa V.
SAxmo tabmuuga U e rnankoroo QyHKIi€o, To 1 pizHULl Aj (V) Takox OyayTh

r’TaiKMMH, i, OTXKC, 1X TaKO> MOXKJIMBO AIIPOKCUMYBATH MHOT'OYJICHOM CTYIICHA M
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A} (v)=Cj(v)=cj0+cjlv+¢j2v2 + ... + cjmvm. 3.14
Hapemiri, 111 MHOTOWICHH MPEACTABISIIOTHCA y BUTIISAAI HAOOPY pi3HHI 0ji, 1 = 0,
1, ..., m, oTpuMaHux 3a ¢hopmysiaMH 3 KOe(]IIIEHTIB Cji.
B pesynprari Buxigaa tabmui U (v, u) po3mipy w X h yrmakoByeTbCs B TaOJIUIIIO
koedirieHTiB 6j 1 posmipy (m + 1) x (n +1),1=0,1, ..., n; j =0, 1, ..., m.
AHQJIOTIYHUM YHMHOM ymakoByeTbcs Tabmuisg V (v, u). Ilpu anpoxcumariii
MHOTOYJICHAMH HEOOX1HO MiAiOpaTH CTYIEHS MOJIHOMIB M 1 N TaKUM YHHOM,
00 3 oJlHOT0 OOKYy 3a0€3IMeYnTH JTOCTATHIO TOYHICTh allpOKCHUMAIlli, a 3 1HIIOTO
OOKy YHHMKHYTHM HeOa)KaHUX OCHUWJIAIIN ampoKCUMyro4oi (yHKIi, SKI MOXYTb
BUHUKHYTU TpU 1ii BHUCOKMX mopsakax (momiOHux ¢eHomeny Pynre).
PosmakyBaHHsi JBOBUMIpHOT Tabnuill pi3HUIL A ji Moxke OyTu 3iiiicHEHa 3a
HACTYITHUM QJITOPUTMOM:

1. ITpuitasaTy, 110 HOMEp psaaka v = 0;

2. KoniroBatu Aj «— 6j 0, s j=0, 1, ..., n;

3. IIpwnitasaTy, 110 HOMep croBnus u = 0;

4. 3anucartu B BUXigHy Tabdmuito 3HaueHHs U (u, v) = AO;

5. SIKu10 MOTOYHUM €JIEMEHT - OCTaHHIN B pAAKY (u = w-1), mepeitu 10 8§;

6. OHoBUTH 3HaUeHHSA Aj «— Aj+ Aj+ 1, ina1j=0,1,...,n—1;

7. OHOBUTH HOMED CTOBIMUMKA U «— U + 1 1 mepeiiTu 10 4;

8. ko moToyHa psinok octanHs (v = h-1), 3aBepmintu poOOTY anropuTMy;

9. MnaBcix j=0,1,..,n11=0,1, ..., m - | oHOBUTH KOEIIIEHTHU 0] «— 0ji
+0j1+1;

10. OHoBUTH HOMEp psiika vV «— v + 1 1 mepeiitu a0 3.
B sixocTi UmrocTpaiiii po3risHEMO 3aCTOCYBAHHS OMKMCAHOTO CIIOCO0Y anmpoKcUMartii
tabauip U (v, u) 1 V (v, U) il CTUCHEHHS TaOJIUIb BUMPABJICHHS T€OMETPUUHUX
cnotBopeHb. Ha pucynky 3.1 HaBeneHO pa3HOCTHOE 300paXKeHHS BUXIIHHUX 1
alPOKCHUMOBAHUX  TaONWIb  IEPETBOPEHb. TeMHI  TOHHM  BIiATOBIIAIOTH
MaKCUMaJIbHOI a0COJIFOTHOI Pi3HUIIL, CBITII - MiHIMaJIbHOI. CepeHbOKBaApaTHUHE

BIIXWJICHHSI 3HAYCHb, alIPOKCHMOBAHHUX BIJ 3HAYCHb BHXIJHHX TaOJHUIlb, CKJIAJIO
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oam3pko 0,014 mikcensa, a MakcuMalibHe a0coiroTHe - Onm3bko 0,08 mikcens, 110
3HAYHO TIEPEBEPINYE TOYHICTh KaTiOpyBaHHS KaMepH (B KOHKPETHOMY BUITAIKY

osm3bko 0,5 mikcens).

r 1! ]

| | |

Puc 3.1 — Anpokcumariis TabIuIb 300paKeHHS.
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3.2 Onuc AJroPUTMY POBOTH

Jlis  BUpIIICHHS ONUCAaHUX B TMOMEPEAHHOMY PpO3IUTL  aNTOPUTMIYHUX

KOHCTPYKIIiM, Oyla ckjaJeHa 3arajbHa OJOK-CXema, IpelcTaBiieHa Ha puc 3.2.

IIO4YaToOK

\4

3aBaHTaKCHHSI KOPHCTYyBaueM
300paKeHHS

¥
IToxu npaitoe
— nporpama < 3aBEpILIECHHS

v

T'eneparist momymsmii TOYOK

v

TeHepaLis MOJIIrOHIB

v

Ilepenaua nonirony ¢itaec
METOLy

v

BusnauenHs pesynpTaTy
BHUXIAHOI raMu 1 LiJILOBOI 3a
KOOp)_'[I/IHaTa}\/II/I MOJIITOHY
\ 4

30epexxeHHs YCIIIIHOTO
pe3yiIbTaTy

Puc. 3.2 — 3aranpHa O10K-cXeMa poOOTH IPOTPAMH.

['ern B HamoMy J0JaTKy OyIyTh KOOpPJAWHATH TOYOK OaraTOKyTHHKA
(momiroHoMm) 1 fioro komip. CxpenryBaHHs MU BUKOPUCTOBYBATH HE OyZeMO, TUTbKH
MyTauio (e koM aonyctumo). [lomynsiis, sk He TuBHO, Oyae cKiazaTucs 3
OJTHOTO 1HIUBI/A, 1 1€ Oy/Ie KapTHHKA 3 MPOMAIbOBAHUM HA Hil MOJTITOHAMHU.

DYHKIIE TPUCTOCYBaHHS Oyle cymMa MOXHOOK KOJBOPIB BCIX IIKCENIB.
[ToxuOka mis mikcens Bu3Hadaemo, sk R * R, + G; * G, + B; * By, ne R - pizauns
MDK YE€pPBOHOIO CKJIQJIOBOIO TIKCENsl BUXITHOT KapTWUHKU 1 oTpumanoi, G 1 B -

3€JIEHOTO 1 CHHBOTO. UMM MEHIlIe 3HaueHHs (PYHKI[Ii MPUCTOCOBAHOCTI, TUM MEHIIIE
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oXHOKa 1 TUM Kpaly KapTUHKY MU OTPUMAJIH.

Touka mae koopmmuatm X 1 Y. Ilpomenypa SetRandom 3amae Touri
BUIMAJKOBI KOOpPAWHATH, BIJAMOBIIHO J0 PO3MIpIB Hamioi kKapTuHkU. [Ipouemypa
Mutate AiUTMTBCS Ha TPU YaCTHHH, KOJKHA 3 SIKUX BUKOHYETHCS BiJIMTOBITHO IO CBOET
3aJjaHO1 UMOBIPHOCT] BUTIA/IaHHS.

[Tepia qae mraHc TOYIll MEPEMICTUTUCS B OY/Ib-SIKE MiCIle KapTHHKH.

Jpyra yacTvHa nmepemMiilye TOUKy Ha CepeHI0 BiJcTaHb, 10 20 MmiKCeiB.
Tpetst wacTHa Mae€ Haromy MiTHSATHUCS HAa HEBEJIMKY BiACTaHb, Yy MEHE II¢ J0 3

nikcemB. J[7s kpamoro ysBIeHHS MPUBOKY BCTABKY KOy IIPOTPaMHU:

public class Point implements Cloneable {
public int X;
public int Y;

public Point (int x, int y) {
X = x;
Y =y;

}

public Point () {
}

public void SetRandom() {
X = ThreadLocalRandom.current () .nextInt (0, Helper.Width) ;
Y = ThreadLocalRandom.current() .nextInt (0, Helper.Height);
}

public void Mutate (Workarea workarea) {

if (rDouble(1.0) <= Helper.MutationPointMoveMaxChance)
{

SetRandom () ;

workarea.IsChange = true;

}

if (rDouble(1.0) <= Helper.MutationPointMoveMiddleChance)
{
X = Math.min(Math.max (0, X + Helper.rInt(-Helper.MiddleRange,
Helper.MiddleRange + 1)), Helper.Width);
Y = Math.min(Math.max(0, Y + Helper.rInt(-Helper.MiddleRange,
Helper.MiddleRange + 1)), Helper.Height);
workarea.IsChange = true;

}

if (rDouble(l.0) <= Helper.MutationPointMoveNearChance)
{
X = Math.min(Math.max (0, X + Helper.rInt(-Helper.NearRange,
Helper.NearRange + 1)), Helper.Width);
Y = Math.min(Math.max(0, Y + Helper.rInt(-Helper.NearRange,
Helper.NearRange + 1)), Helper.Height);
workarea.IsChange = true;
}
+}

Kucts: ¥V kucti € A, R, G, B ckianosi konbopy. SetRandom iHimianizye ix
BUMAJKOBUMH 3HaueHHsIMHU. Y mnpoueaypi Mutate koxHa 31 CKJIQJIOBUX MOXKE

BUITAJIKOBO 3MIHUTHUCS BIJAMOBIIHO JO CBO€I WMOBIPHOCTI BUNAJaHHS MYyTarlii
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OMYIIeH] MepEeBU3HAYCH] METOIH:

public class Brush implements Cloneable, Serializable {

public int A;
public int R;
public int G;
public int B;

public Brush(int a, int r, int g, int b)
this.A = a;
this.R = r;
this.G = g;
this.B = Db;
}

public Brush () {
}

public void SetRandom ()
{

A = rInt(30, 61); // Is need add +1 to bound?
R = rInt(0, 256);
G = rInt(0, 2506);
B = rInt(0, 256);

public void Mutate (Workarea workarea) {

if (rDouble(1l.0) <= Helper.MutationBrushAChance)

{
A = rInt(30, 61);
workarea.IsChange = true;

if (rDouble(1.0) <= Helper.MutationBrushRChance)

R = rInt(0, 256);
workarea.IsChange = true;

if (rDouble(1.0) <= Helper.MutationBrushGChance)

G = rInt(0, 256);
workarea.IsChange = true;

if (rDouble(1.0) <= Helper.MutationBrushBChance)

B = rInt(0, 256);
workarea.IsChange = true;

H}

ITomiron BkIrOYae B cebe MacuB

SetRandom mHUIMANN3UPYET KUCTh, @ TAKOXK Oyaye MiHIMAJIbHY KUIBKICTh TOUOK
HABKOJIO BUMAAKOBO 00paHoi. MyTallis TOJIroHy SIBJsS€ COOO0 MYTaIlif0 KHUCTI 1
KOXKHOI TOYKM TOJIITOHY, a TaKOX 3 IIEBHOI WMOBIPHICTIO MOXE BIIOyTHCS

nonaBaHHs a0o BHJaleHHs sikoick Touku. [Ipouenypa Draw BigmanboBye Hall

HOJIITOH:
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public class Polygon implements Cloneable {

private List<Point> Points;
private Brush Brush;

void SetRandom ()

{

Points = new ArrayList<>();
Point center = new Point();
center.SetRandom() ;
for 0;

{

(int 1 =

Point point = new Point();

point.X = Math.min(Math.max (0,
Helper.Width) ;
point.Y = Math.min(Math.max (0,

Helper.Height) ;
Points.add (point) ;
}

Brush = new Brush();
Brush.SetRandom() ;
}

vold Mutate (Workarea workarea)

{

if (Helper.rDouble(1.0)
{
AddPoint () ;
workarea.IsChange = true;
}
if (Helper.rDouble(1.0)

{
DelPoint () ;

workarea.IsChange = true;

Brush.Mutate (workarea) ;
Points.forEach ((Point p)
}

private void AddPoint ()
{
if
{

(Points.size ()

Point point = new Point();
int index = Helper.rInt(l,

i < Helper.MinPointsPerPolygon;

Points.size () -

i++)

center.X + Helper.rInt (-3,

center.X + Helper.rInt (-3,

->p.Mutate (workarea)) ;

< Helper.MaxPointsPerPolygon)

1)

Point pl = Points.get(index - 1);
Point p2 = Points.get (index) ;
point.X = (pl.X + p2.X) / 2;
point.Y = (pl.Y + p2.Y) / 2;
Points.add(index, point);

private void DelPoint ()
{
if
{

(Points.size ()

int index =

Helper.rInt (0,

> Helper.MinPointsPerPolygon)

Points.size());

Points.remove (index) ;

}

void Draw (Graphics g)
{
int npoints =
int xpoints[] =

Points.size();
new int[npoints];
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int ypoints[] = new int[npoints];

for (int 1 = 0; i<npoints; i++) {
xpoints[i] Points.get (i) .X;
ypoints[i] = Points.get (i) .Y;

}
java.awt.Polygon p = new java.awt.Polygon (xpoints, ypoints,npoints);

g.setColor (new Color (Brush.R, Brush.G, Brush.B,Brush.A));
g.fillPolygon(p) ;

3aKII0OYHUN OCHOBHMM Kiac sBisie 0000 poOovy 00JIacTh MICTUTH HaIll
OararokyTHukU. IctuHHicTh BiacTuBOCTI IsChange moxasye, mo npech cranacs
myTanig. SetRandom iHimioe MiHIMajgbHE MOYATKOBE YMCIO TOJITOHIB. Mutate
3aIycKae MyTaIlilo g KOXKHOTO MOJITOHY, a TaK0X 13 3aJaHOI0 BIPOT1IHICTIO
MOX€E CTaTUCSl J0JaBaHHs ab0 BujaneHHs mnosirony. Fitness-method oOuuciioe
(YHKLIIO TPUCTOCYBAHHS, 1M TMEpPEHaETbCsl MAaCHUB KOJbOPIB  OPHUTIHAIBHOT

kaptuHku. Hy 1 ¢pynkiis Draw noBeprae Hally BiIMaJIbOBaHy KapTUHKY:

public class Workarea implements Cloneable, Serializable {
List<Polygon> Polygons;
boolean IsChange;
void SetRandom () {
Polygons = new ArrayList<>();

for (int 1 = 0; i < Helper.MinPolygons; i++)
{

AddPolygon () ;
}

IsChange = true;
ioid Mutate ()
{ if (Helper.rDouble(l.0) <= Helper.MutationWorkareaAddPolygonChance)
{ AddPolygon () ;
IsChange = true;

if (Helper.rDouble(l.0) <= Helper.MutationWorkareaDelPolygonChance)

DelPolygon () ;
IsChange = true;

}

Polygons.forEach(p -> p.Mutate(this));
}

private void AddPolygon ()
{
if (Polygons.size () < Helper.MaxPolygons)
{
Polygon polygon = new Polygon();
polygon.SetRandom() ;
Polygons.add (polygon) ;
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private void DelPolygon ()
{
if (Polygons.size() > Helper.MinPolygons)
{
int index = Helper.rInt(0, Polygons.size());
Polygons.remove (index) ;

}

double Fitness (Color[][] colors)
{
double fitness = 0;

BufferedImage img Draw () ;

for (int 1 = 0; i < Helper.Width; i++)

{
for (int j = 0; j < Helper.Height; Jj++)
{

int clr = 1img.getRGB(i,]j);

int red = (clr & 0x00££0000) >> 16;
int green = (clr & 0x0000££00) >> 8;
int blue = <clr & 0x000000ff;

Color cl = new Color(red,green,blue);
Color c2 = colors[i]I[3];

int r = cl.getRed() - c2.getRed();

int g = cl.getGreen() - c2.getGreen();
int b = cl.getBlue() - c2.getBlue();

fitness +=r * r + g * g + b * b;
}

return fitness;

}

BufferedImage Draw ()
{
BufferedImage img = new BufferedImage (Helper.Width, Helper.Height,
TYPE INT ARGB) ;

Graphics g = img.createGraphics();
for (Polygon p :Polygons) {
p.Draw(g) ;

}

return img;

@Override

protected synchronized Object clone() {
Workarea newarea = new Workarea();
newarea.Polygons = new ArrayList<Polygon>();

Polygons.forEach ((p) —-> newarea.Polygons.add((Polygon) p.clone()));
return newarea;

[HimianizipyeM MOYaTKOBY MOMYJIALIIO, Jadl poOMMO KOMIK0 1 MYTYHOUH ii,
00unCcIIOeEMO (DYHKIIIIO MPUCTOCYBAHHS I HOBOT MOIMYJISIT 1, SIKIIIO BOHA MEHIIIE
MOTOYHOI (AKIIO HAC, YMM MEHIIe 3Ha4YeHHs (QyHKIii, TUM Kpame), TO

[lepe3anucyemMo MOTOYHY MOIMYJISILIIF0 HOBOI, OUIBII KPAIIO0.
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Tax camo 3anummBcs kiac HanamTyBanb Helper:

class Helper {
static int wWidth = 0;
static int Height = 0;

|
w
~.

static int MinPointsPerPolygon =
static int MaxPointsPerPolygon = 10;

static int MinPolygons = 0;
static int MaxPolygons = 100;

static int NearRange = 3;
static int MiddleRange = 20;

static double MutationPointMoveMaxChance = 0.0007;
static double MutationPointMoveMiddleChance = 0.0007;
static double MutationPointMoveNearChance = 0.0007;

static double MutationBrushAChance = 0.0007;
static double MutationBrushRChance = 0.0007;
static double MutationBrushGChance = 0.0007;
static double MutationBrushBChance = 0.0007;

0.0007;
0.0007;

static double MutationPolygonAddPointChance
static double MutationPolygonDelPointChance

static double MutationWorkareaAddPolygonChance = 0.0014;
static double MutationWorkareaDelPolygonChance 0.0007;

private Helper () {
}

static int rInt (int start, int end) {
return ThreadLocalRandom.current () .nextInt (start, end);

}
static double rDouble (double max) {

return ThreadLocalRandom.current () .nextDouble (max) ;

}

3.3 BUKJ/IMK i 3aBaHTaKEeHHSA

@®parMeHT aBTOMATH30BaHOI 1H(POPMAIIHOI CUCTEMU JIJISi TIEPETBOPEHHS

pactpoBoi Tpadiku y BeKTOpHY. OCHOBHUM NPHU3HAYEHHSM PO3POOJIICHOTO

(dparmMeHTa € aHaii3 1 BIACIIOBaHHS T€HETUYHO CUJIbHY MOMYJISIII0 3 T€HIB Ha

reHepyeThes iHpOopMaIli€ro.

52



[Ticas 3amycky mporpamu KOpUCTYBa4yeBl MpOrpamMu BiioOpa)kaeTbesl BIKHO,
MpEICTaBICHe Ha MATIOHKY 3.5 B manuii yac mporpamMHuil TPOIyKT mepedyBac B
cTaHl 0eTa-TecTyBaHHS, 1 ONTUMI3AIII].

OCHOBHMMHM €JIEMEHTaMH, MPUCYTHIMH Ha (OpMi €: BIKHO 3 PI3HUMH
KOMIIOHEHTAMHU 3aBaHTAXCHHS 30€peXEHHS CTaHy, MOHITOPUHT pe3yJbTaTiB
biTHEC MeTOoAy, B PEXKHUMI pPEaTbHOTO Yacy BIJOOPaKarOThCS Ppe3yJIbTaTH

BiJICIFOBAHHS TTOITYJISIIIN.

3.4 Onuc npu3HAYEeHOro ISl KOPUCTYyBada inTepgeiicy

Po3pobinseTbess yTuiiTa TOKJIMKAaHA TOJETIIUTH POOOTY KOpHUCTyBaya 1
pU3HayeHa uisl poOOTH B aBTOMaTUYHOMY pexxkumi. Tomy 1HTepdelic nmporpamu,
10 PO3POOISETHCS MIHIMAIICTUYHUH 1 TIepe0ayae TUIbKY 3aBaHTaXeHHs (ailiny, a
TaKOXX BKa31BKY Il BUBAHTXKCHHSI OTPUMAHOI KapTH.

OckinpKH Ha JaHWA MOMEHT MporpaMa MPOXOAUTh O€Ta-TeCTyBaHHS, TAKOX
nepeadayeHo BUBEJCHHS JOMOMIKHOI 1H(OpMaIi Mo Kajapam, MpeacTaBICHUN Ha

puc 3.5-3.13.

B ' Sorokin vect img — O X

Load Image Export SVG Save Data Load Data Start

Puc. 3.5 - 'onoBHe BikHO nporpamu, 15-a momymsiis.

53



[Tpu natuckanni Ha kHONKy «Load Image »Biakpuerscs iHTepderic Bubopy
300paxeHHs. B sikoMy HeoOXiHO BHOpATH IIbOBY KapTHHKY, MOTIM HATHCHYTH
KHOIIKY «Start», MICIs 4Oro CIOCTEPIra€TbCsl NEPEPUCOBKA 300paXKEHHS PI3HUMU

OaratokyTHuKamu B cTiili RGBA:

B ! Sorokin vect img s ] X

Load Image Export SVG Save Data Load Data Start

Puc. 3.6 - HapouryBanns nomyJsiiii, 50-a momyssiis

B ' Sorokin vect img — O X

Load Image Export SVG Save Data Load Data Start

Puc. 3.7 - HaporryBanHs momyssiii, 75-a momyssiis
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B ' Sorokin vect img

Load Image

Export SVG Save Data Load Data Start

Puc. 3.8 - HapomryBanus nomyssiiid, 280-ast momymsiis

B ' Sorokin vect img

Export SVG Save Data Load Data Start

Puc. 3.9 - HapouryBanns nomyssiuiit, 400-as momyssiis
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B ' Sorokin vect img = a X

Load Image Export SVG Save Data Load Data Start

Puc. 3.10 - HapomryBausnst momyssitiit, 800-ast mormysisiis

B ' Sorokin vect img = ] X

Export SVG Save Data Load Data Start

Puc. 3.11 - HapomryBanus nomyssii, 1500-ast momysitis
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B ' Sorokin vect img = a X

Export SVG Save Data Load Data Start

Puc. 3.12 - HapouryBanus nmomynsiii, 3500-a momymsiis

B ' Sorokin vect img = ] X

Export SVG Save Data Load Data Start

Puc. 3.13 - HapomryBanus nomyssiit, 5000-ast momyssitis
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B ' Sorokin vect img = a X

Export SVG Save Data Load Data Start

Puc. 3.13 - HapouryBanus nomymsiii, 10000-as momyssiiist

3.5 O0poOKka NOMMIOK | BUHAATKOBHMX CUTYyalii

BunsitkoBa curyamisi(Exception) - 1e mnepepuBaHHS HOPMAIbHOTO XOMIY
pobOTH mporpaMu HYepe3 HEMOXIIHMBICTh TMPABWIBHO BHUKOHATH HACTYIHI Iii.
OOpoOKa BUHATKIB BiJloMa K METO/ HelTpanizaiii moMuiok. O0'eKT BUKITIOYEHHS
3abe3neduye iH(OpMaIlito MPO THUI BUHUKIIA TIOMUJIKH 1 3MYIIIY€ TIOTIK BUKOHAHHS
mporpaMu  THUMYacoOBO TMPU3YNHUHUTHUCS TPU TeHepalili abo MOpyIICHHS
BUKITIOYeHHS. [IpuMipHUKN OO0'€KTIB BUHSTKIB aBTOMATHYHO CTBOPIOIOTHCS TPHU

MOPYIICHH] BUKIIFOUEHHS 1 pyHHYIOTBCS TICHsS 10ro 00poOKH.
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Po3znain 4
EKOHOMIYHA YACTUHA

[Ipu po3poOii mporpaMHOrO 3a0€3MEeUeHHs BAXKIMBUMHU E€TalmaMu €
BU3HAUYEHHS TPYAOMICTKOCTI po3poOku [13, po3paxyHOK BHUTpaT Ha CTBOPEHHS
MPOrpaMHOTO MPOAYKTY 1 aHaji3 PHHKY 30yTy pO3poOJIEHOT0 MPOTrpaMHOrO

3a0€e3IeYeHHH.

4.1 BuzHa4yeHHsI TPYJAOMICTKOCTI pO3pO0KH MPOrPpaMHOro 3ade3nevyeHHsi

[TouyaTkoBi AaHi:

1) nepenbauyBaHe uncio onepaTopis - 720;

2) koeiIieHT CKIaAHOCTI Mporpami - 1,6;

3) koedilieHT KOpEKIIil IporpaMu B X0l ii po3poOku - 0,4;
4) roguHHa 3apo0iTHA MJIaTa mporpamicra, TpH / rof - 50;
5) BapTticTh MammHoO-roauan EOM, rpH / rox - 5;

6) koedimieHT kBamidikaiii mporpamicra - 1.

HopmyBanns npaui B mporieci ctBopeHHs [13 1ICTOTHO yCKJIaJHEHO B CHIY
TBOPUOTO XapakTepy IMpall Mporpamicra, TOMY TPYIOMICTKICTh po3poOku [13
MOXe OyTH pO3paxOBaHa Ha OCHOBI CUCTEMH MOJIEJIeH 3 Pi3HOIO0 TOUHICTIO OIlIHKH.

TpyIoMICTKICTh MOKHA pO3paxyBaTu 3a (HOpMYJIOH0:

t=t,+t,+t,+t,+t, +1, TFOQUHO-TOJIUH,

Jle to BuUTpatu Tpalil Ha MATOTOBKY 1 OMKC MOCTABJICHOTO 3aBJIaHHS

(mpuitmaetbes = 50);

T, BUTpaTH mpaili Ha JOCTIPKEHHS aJITOPUTMY PO3B'sI3aHHS 3a/aui;
T, BUTpaTH npaili Ha po3poOKy OJIOK-CXEMHU aITOPUTMY;

Ty BUTpaTH Mpalll Ha TPorpamMyBaHHs MO TOTOBIM OJIOK-CXeMi;

Tors BATpPATH TIpalll Ha HAJIAroKeHHS IporpamMu Ha EOM;

T, BUTpaTH mparii Ha MiArOTOBKY JOKYMEHTAIIii.
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CkJ1aioB1 BUTpaTH Mpalli BU3HAYAIOTHCS BUXOASYM 3 YMOBHOTO YHCIIa ONEPATOPiB
B po3poousierhes 110.
YMOBHE 4HMCIIO OIePaTOPIB:
O=q-C-(1+p) 4.1

Q nependauyBane uncio onepatopis (q = 720).
C xoedimieHT cxmagHocTi mporpamu. KoedimieHT CKIagHOCTI 3aBAaHHS 3
XapaKTepU3y€e BIHOCHY CKJIAJIHICTh MPOTpaMu MO BIAHOUIEHHIO JO TaK 3BaHO1
TUIOBOI 3ajadyi, IO peali3ye CTaHAapTHI METOAW PIllIeHHS, CKJIAIHICTh SKOi
npuitHATa piBHOIO oauHuULI (BemuunHa C JiexuTh B Mexax Bia 1,25 mo 2). s
JAHOTO TPOTPAaMHOTO TPOJAYKTY, 3 ypaxXyBaHHAM BEJIUKOI KIJIBKOCTI 1
PI3HOMAaHITHOCTI 00po0IIOBaHO1 1H(OpMAaILii 1 CKJIaJAHOCTI CKJIAJaHHS 3BITIB,
Koe(iIieHT CKJIaJHOCTI 3aBIaHHs Bi3bMeMO 1,6.
P koedimient xopekiii mporpamu B xoji ii po3poOku. KoedimieHT Kopekiii
MpoTrpaMu p - 30UIbIIEHHS 00CATY pOOIT 32 paXyHOK BHECEHHS 3MIH JI0 allTOPUTMY
abo mporpamy 3a pe3yJbTaTaMH YTOYHEHHS MOCTAaHOBOK. B maHOMy BHManKy
nporpamMa BUMarajga YHUCIEHHUX J0poOOK. 3 ypaxyBaHHAM IIbOTO BI3bMEMO
koedirienT pisauit 0,4.

Q=720-1,6- (1 +0,3)=1479 4.2
Butpatu mparii Ha BUBYEHHS ONUCY 3aBJaHHS BHU3HAYAETHCS 3 ypaxyBaHHSIM

YTOUHEHHS ONUCY 1 KBaji(ikalli mporpamicra.

__ 9B

t, = 4.3
“ T (75...85K

B koedirmienT 30u1bIIIEHHST BUTpAT Tparli BHACTIIOK HEJOCTATHHOTO OMHCY
3aBaaHHs. KoedimieHT 3011bIIEHHS BUTpAT Ipalll B 3aJ€XKHOCTI Bl CKIAAHOCTI
3aBAaHHS mpuMaeThes Bia 1,25 1o 2, BHACTIIOK HEAOCTATHHOTO OMUCY PIIIEHHS
3aaa4i npuitmemo B = 1,8.

K koedimienT kBamidikaiii nmporpaMmicta, SKMA BHU3HAYAETHCS BIJl CTAXKy
poboTH 3a daHOIO cherianbHICTIO. KoedimieHT CTaHOBUTL: IJIS MPAIIOIOYUX 0

nBox pokiB 0,8; Big 1BOX 10 TphoX pokiB 1,0; Big Tphox 10 m'stu pokiB 1,1 1,2; Bix
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m'stu 1o cemu 1,3 1,4; monaz cim pokis 1,5 1,6. Tomy npuiimemo K = 1.

1613
t, = W =36,288 nmron.-roaus

Butpatu npartii Ha po3poOKy aaroputMmy pimieHHs 3agadi:

P 4.4
(20...25)K
1497
ta = 2—0 = 29,94 JOO.-TOAUH.
BuTpaTi Ha CKIaJaHHs IPOrpaMH [0 TOTOBIHM GJIOK-CXEMi:
P 4.5
(20.25)K

1497
L, =5 59,9 mropn.-ronuH.

BI/ITpaTI/I Hpaui Ha HaJaroKCHHs  IIporpaMm 3a YMOBH  AaBTOHOMHOI'O

HaJIaroJKCHHA OJHOI'O 3aBAaHHA:

Q

t,,, = ———
onmi (4”5)K 4.6

1497
Lo = = - 299,52 mom.-roauH.

Butpatu nmnpaii Ha Hajlaro/KeHHsS MOporpaMd  3a yYMOBH  KOMILUIEKCHOTO
Hanaro KeHHS 3aBIaHHS:
T =15t om, 4.7
T ri=1,5-299,52=449,28 moa.-roiuH.

BuTtpartu Ha miAroTOBKY JOKYMEHTAIIII:
L :tdp 1y, 4.8

Jle tap TpyJOMICTKICTb MiAITOTOBKK MaTepialliB 1 pyKOIHUCH;
Tno TpyZoMICTKICTh pefaryBaHHsl, IpyKy 1 0hOpMIICHHS TOKyMEHTAITI].

TpyaoMiCTKICTh MIATOTOBKU MaTePialliB 1 PyKOTTMCH BU3HAYAETHCS 32 (POPMYIIOLO:
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Q

? (15.20)K
1497
» =g 83,2 mro.-roavH.
TpynoMiCTKICTh peflaryBaHHsI, IPyKy 1 ohOpMIICHHS JOKYMEHTAIII:
ty, = 0,751, 4.10

T mo=0,75 * 83,2 = 62,4 nmoxa.-roguH.
Butpartu Ha miArOTOBKY JOKYMEHTAIII1 CKIaAyTh:
Tn=83,2+ 62,4 = 145,6 mon.-roauH.
OTpumyeMo TpyIAOMICTKICTb po3po0ku I13:
T=50+29,952+ 29,94 + 59,904 + 299,52 + 145 = 614,316 mox.-ronud
TakuM 4MHOM, TPYIOMICTKICTH PO3POOKH MPOTrpamMHOro 3a0€3MeUeHHs] CTAHOBUTH

614,316 mroa.-roguH.
4.2 BurpaTtu Ha CTBOPEHHS IPOrPaAMHOI0 3a0e31eYeHHs

Butpatu na ctBopenns [13 (Kmo) Bkito4aroTh BUTpaTH Ha 3apoOITHY IUIATY
po3poOHUKIB mporpamu (33 / 1), sfKa BU3HAYAETHCS MHOXKECHHSIM CyMapHOi
TpyaomicTkocTi po3pobku 13 (t) Ha cepemHro 3apoOiTHY IUIaTy MporpamMicra 3
HapaxyBaHHSAMH Ta BApPTOCTI MAIIMHHOTO YacCy Ha HAJIArOJKECHHSI.
Kpo =357+ 3up 4.11

3apo0iTHa m1aTa po3pOOHUKIB BU3HAYAETHCS 3a (POPMYIIOIO:

3 =t-Cpp, 4.12
Jle t 3aranbHa TPYAOMICTKICTb, JIFOJ.-TOUH.
Crp cepenHsi roIMHHA 3apo0iTHA TUIaTa MporpamicTa, rpH / To.
Cnop =20 rpH. / T'on.

33m1=710,8-20 = 14216 rpH.

BapricTe MammmmHHOTO Yacy, HEOOX1AHOTO JIJIsl HajarokKeHHs nporpamu Ha EOM:

3 =1 -C 4.13

Me oma MY 9

Jle toTn TpyAOMICTKICTh HajaropkeHHs nporpamu Ha EOM, .
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CMUY Bapticts MammaHOTO yacy EOM rpu / ron.
3 MB =299,52-5=1497,6 rpH.
BurtpaTtu Ha CTBOpEHHS POrpaMHOro 3a0€3MEeUEHHS CKIalyTh:
Kno = 14216 + 1497,6 = 15713,6 rpH.
[leBHI TakuM YHMHOM BHUTpPAaTH Ha CTBOPEHHS NPOrPaMHOTO 3a0€3MeueHHs €
OJIHOPA30BUMHU KalliTaTbHUMH BUTpaTamMu Ha cTBopeHHs AC.

OuikyBanuii iepion creopenHs I10:

Mic., 4.14

e Bk uncino po3poOHHUKIB;
Fp micaunuii ponn pobouoro vacy (npu 40 roquaHOMY poOodoMy THxHI Fp = 176
TOJIUH).

- _ 7108

- —4 i
176 Mic.

TakuM 4YMHOM, OYIKyBaHa TPHUBAIICTh PO3POOKU CKiaae Onm3bko 4 MicsliB, a

BUTPATH Ha CTBOPEHHS MPOrpaMHOro 3ade3neueHHs - 15713,6 rpH.
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4.3 MapKeTHHIOBI JOCTiI’KeHHS] PUHKY 30yTy po3p0o0/IeHOr0 NPOrpaMHoOro
NPOAYKTY

MapkeTUHroBl JOCHIPKEHHSI PO3POOJIEHOTO MPOrpamMHOro 3abe3neyueHHs
HEOOX1IHO TPOBECTH IJsi BUBYEHHS PUHKY 30yTy 1 MOTEHIIWHUX MOKYMIIB, 3
METOI0 HOTO peai3allii He TUIbKU MiAMPUEMCTBY-3aMOBHUKY. 3 METOIO 3MEHILIEHHS
IPOIIOBUX BUTpaT, MIANPUEMCTBA IIUPOKO BUKOPUCTOBYIOTH BITYM3HSHI
MporpamMHi MPOAYKTH B 3B'SI3KY 3 iX JCHMIEBU3HOIO, aJalNTOBAHICTh O MICIIEBHX
YMOB TOCIHOJAPIOBaHHS 1 TMIPOCTOTOI CEPBICHOTO OOCIYrOBYBaHHS, TOMY
po3po0JIeHO mporpamMHe 3abe3neueHHs Oy/ie MaTh MepeBaru B LIHOBIN MOJITHUIIL 1
3pYYHOCTI BUKOPUCTAHHSA B MOPIBHSAHHI 3 3apyOIKHUMU aHAJIOTaMHU.

OCHOBHMMH TIOKYMISIMH PO3pPOOJIEHOTO MPOTrPaMHOTO TPOAYKTY OyIdyTh
(1314HI Ta IOPUANYHI OCOOU, SIKI MAIOTh CHPABY 31 CTBOPEHHSM 300pa)KEHHS, IS
nyOmikarlii, a0 B peKJIaMHUX IIJIsX. [ 0JIOBHOIO METOIO MOKYIKU Oye OTpUMAaHHS
MOCJIYT, TIOB'A3aHUX 3 BIITBOPEHHSM I[JIOBOT'O 300pa’KeHHS Ha BEKTOPHI OCHOBI.

['070BHUMH KOHKYpPEHTaMH pO3POOJICHOTO MPOrPaMHOTO 3a0e3MeYeHHS
OynyTh JONATKH, MPU3HAYEHI IJI1 pOOOTU 3 PACTPOBOIO 1 BEKTOPHOIO Tpadikoro,
K1 MaloTh (DYHKIIT epeTBOPeHHs B BekTop. HaiiBijoMimmmu 3 TakKux Mporpam €
Adobe Photoshop, Corel Draw, sxi BuUMararoTb HasSBHOCTI Ju3aiiHepa st
POBEICHHS IMOIIOHUX KOHBEPTAITIH.

IlepeBara po3po0JEHOTO B JAHOMY JOWUIUIOMHOMY MPOEKTI MNPOrpPaMHOrO
3a0e3neveHHs] MoJyisirae B KOMOIHaLli 3 OpPUTIHAJIBHUM aJITOpPUTMY KOHBEpTAallil
300pak€HHsI 3 PacTpPOBOi y BEKTOPHY Tpadiky, BUKOPUCTOBYIOUM TE€HETHYHI
QIrOPUTMH, @ TAKOK B ONTUMAaJbHIA BapTOCTI JILEH31] Ha BIANOBIIHUN MEPIO.
Jlist maHoro mporpamMHoro 3acoOy, MOro ajaropuTMiB, aHAJIOTIB HE ICHYE TOMY

gyepe3 1€ He MOYKHA TTOPIBHATH 3 KOHKYPEHTaMHU.

64



4.4 Ouinka eKOHOMIYHOI e()eKTUBHOCTI BIIPOBA/I>KEHHH IPOrPaAMHOI0
3a0e3ne4eHHs

Hane I1O no3BoJisie CKOPOTUTH JIOA.-TOJUHHH, BUTPAUYE€HUX JTU3alilHEpaMU
Ha KOHBEPTYBaHHS 300pakeHHs y BEKTOpHY rpadiky. Uepe3 BiACYTHICTh aHAJIOTIB
Ha PUHKY HE MOJKHA MOpaxyBaTH B AKOMY 00Cs31 HEOOX1H1 1HBECTHIIIT, TEPMIH
OKYIIa€MOCTI, TaK, SIK 1 O4iKyBaHUN pUOyTOK. ExoHOMIUHMIT epexT micis

BIPOBA/KEHHS IIPOPAXyBATH HEMOKIINBO.
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BucHoBku

B xoni mposeneHoi poOoTu OysiM BHUBYEHI Pi3HI aJTOPUTMH 300pakeHb 3
METOI0 OTPUMATH YSBJICHHS MPO CHUJIbHI Ta CIabKli CTOPOHH PI3HUX MIAXOMIB 1
BUOpaTH HANOIIBIN MIAXOASAIIUMNA aJITOPUTM JJIs 3a7aHoi chepr 3aCTOCYBaHHS -
oOnacTi au3aiiHy 1 UIIOCTpaTuBHOI rpadikd. Y Tmpoleci BHUBUYEHHS Oyinu
3aMpONOHOBAaHI Ta MPOTECTOBAaHI HOBI CIIOCOOW BHUPIIICHHS 3aJad CEerMEHTaIlii
pactpa Ha irypu 1 JiHIiHI 00'€KTIB, alpPOKCUMAIIii MOJIITOHIB, 1 TPAHUYHUX JIIHIN B
KOHTEKCTI BUKOPHUCTAHHS aJITOPUTMY, 3aCHOBAHI Ha TJIOMAKOBOMY MOJICITIOBAHHI
00'eKTIB 3alPONIOHOBAHOTO B poOoTax [25] Ta [48].

B pesynbraTi OyB po3po0ieHUIl T€HETUYHUN alIrOpUTM, peanizye (QpyHKIii
BEKTOpHM3aAIlii TTOBHOKOJBOPOBUX PACTPOBHX 300pakeHh 3 aBTOMAaTHYHUM
BUJIIJICHHSIM JIIHIM 1 TIOJIITOHIB, aHaIi3y alpOKCHUMAIIll]l IaHUX, 1110 TeHEPYIOTh MPU
HapoIlyBaHHI MOKOJIIHb T€HIB.

Y po6oTi Hag mpoekToM OyJIo MPOBEACHO aHalli3 ICHYIYMX MEXaHi3MIB iX
CTPYKTYpH 1 KOMIIOHEHTIB, 10 BIJIMOBIAAIOTh 32 MYTallil0, CXpEIlyBaHHS 00'€KTIB,
TaK CaMO aHaji3 B JIOCATHEHHI Kpalloro pe3yJbTaTy reHeparii 1 MOpIBHSHHSA
nomyJsiid momiroHiB. KpiMm Toro, Oyno MpoBEACHO OIS 1 OMNUC METOMAIB
po3Mi3HaBaHHsA 1 aHami3y rpadiyHoi iHdopmarlii, po3KiIaJaHHs 300pa)K€HHs Ha
CIEKTPU KaHaIH, JOKJIATHUN OMHUC TOPIBHSHHS BUXIIHHUX JIaHUX 3 JOCATHYTHM
PE3YIBTATOM.

[Ipn BHOpoBaIKEeHHI [JaHOI CHUCTEMH B MEXaHI3M BeKTOopH3auli Oyio
MOMIYEHO TPAaHWYHO BHMCOKHI 4Yac poOOTH MPOrpaMH MpU 300paKEHHSIX TOHA

3264x2448px, B mopiBHsHHI 3 3072 % 1620px - 3pocna B 1,4 pa3u.
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Jonatok A (TEKCT IpOrpamu)

Main.java:
public class Main extends Application {
public static Scene mainView;

@Override
public void start(Stage primaryStage) throws Exception({
Parent root =
FXMLLoader.lIoad(getClass () .getResource ("sample.fxml")) ;
primaryStage.setTitle ("Sorokin genetic transform to
vector graphic");
mainView = new Scene (root):;
primaryStage.setScene (mainView) ;
primaryStage.show () ;
}
public static void main (String[] args) {
launch (args) ;

}

sample. fxml:
<FlowPane prefHeight="448.0" prefwidth="820.0"
GridPane.rowIndex="9"
xmlns="http://javafx.com/javafx/8.0.121"
xmlns: fx="http://javafx.com/fxml/1"
fx:controller="org.max.Controller">
<children>
<GridPane prefHeight="414.0" prefWwidth="820.0">
<columnConstraints>
<ColumnConstraints hgrow="SOMETIMES"
minWidth="10.0" prefwidth="100.0" />
<ColumnConstraints hgrow="SOMETIMES"
minWidth="10.0" prefwidth="100.0" />
</columnConstraints>
<rowConstraints>
<RowConstraints minHeight="10.0"
prefHeight="30.0" vgrow="SOMETIMES" />
</rowConstraints>
<children>
<ImageView fx:id="originImage"
fitHeight="408.0" fitWidth="408.0" pickOnBounds="true"
preserveRatio="true" />
<ImageView fx:id="generatedimage"
fitHeight="408.0" fitWidth="408.0"
nodeOrientation="INHERIT" pickOnBounds="true"
preserveRatio="true" GridPane.columnIndex="1" />
</children>
</GridPane>
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<Button fx:id="loadImage" mnemonicParsing="false"
onAction="#loadImage" text="Load Image">
<FlowPane.margin>
<Insets left="55.0" right="40.0" />
</FlowPane.margin>
</Button>
<Button fx:id="exportSvg" mnemonicParsing="false"
onAction="#exportSvg" prefHeight="25.0" prefWidth="104.0"
text="Export SVG">
<FlowPane.margin>
<Insets left="10.0" right="40.0" />
</FlowPane.margin>
</Button>
<Button fx:id="saveData" mnemonicParsing="false"
onAction="#saveData" prefHeight="25.0" prefWidth="102.0"
text="Save Data">
<FlowPane.margin>
<Insets left="10.0" right="40.0" />
</FlowPane.margin>
</Button>
<Button fx:id="loadData" mnemonicParsing="false"
onAction="#loadData" prefHeight="25.0" prefWwidth="98.0"
text="Load Data">
<FlowPane.margin>
<Insets left="10.0" right="40.0" />
</FlowPane.margin>
</Button>
<Button fx:id="start" mnemonicParsing="false"
onAction="#start" prefHeight="25.0" prefWidth="102.0"
text="Start">
<FlowPane.margin>
<Insets left="10.0" right="40.0" />
</FlowPane.margin>
</Button>
</children>
</FlowPane>
Controller.java:
public class Controller {
File selectedFile;
Worker w;
boolean dialog = true;

@FXML
private void loadImage (ActionEvent event) {
System.out.println ("LoadImage event: ");
FileChooser fileChooser = new FileChooser();
fileChooser.setTitle ("Open Resource File");
fileChooser.getExtensionFilters () .addAll (
new FileChooser.ExtensionFilter ("Image Files",
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"*.png", "*.jpg", "*.gif"));
selectedFile = fileChooser.showOpenDialog (null) ;
if (selectedFile != null) {
try {
BufferedImage bufferedImage =
ImageIO.read(selectedFile);
Image image =
SwingFXUtils. toFXImage (bufferedImage, null);
( (ImageView)
Main.mainView.lookup ("#originImage")) .setImage (image) ;
} catch (IOException ignored) {

}

QFXML
private void exportSvg (ActionEvent event) {
if (!dialog) {
FileChooser fileChooser = new FileChooser();
fileChooser.setTitle ("Save Image");
fileChooser.getExtensionFilters () .addAll (
new FileChooser.ExtensionFilter ("Save data",
"x.svg")
) ;
File file = fileChooser.showSaveDialog (null);
try (BufferedWriter bw = new BufferedWriter (new
FileWriter (file))) {
bw.write(w.toSvg());
} catch (IOException e) {
e.printStackTrace() ;
t
} else {
Alert alert = new
Alert (Alert.AlertType.INFORMATION) ;
alert.setTitle("Information Dialog");
alert.setHeaderText (null) ;
alert.setContentText ("Save must be after start
process!");
alert.showAndWait () ;
}
t

@FXML
private void saveData (ActionEvent event) {
if (!dialog) {
try {
FileChooser fileChooser = new FileChooser();
fileChooser.setTitle ("Save Data");
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fileChooser.getExtensionFilters () .addAll (
new FileChooser.ExtensionFilter ("Save
data", "*.ser")
) ;
File file = fileChooser.showSaveDialog(null) ;
this.serialize (w.getWorkarea(),
file.getPath()):;
} catch (IOException e) {
e.printStackTrace() ;
}
} else {
Alert alert = new
Alert (Alert.AlertType.INFORMATION) ;
alert.setTitle("Information Dialog");
alert.setHeaderText (null) ;
alert.setContentText ("Save must be after start
process!");
alert.showAndWait () ;
}
t

QFXML
private void loadData (ActionEvent event) {
try {
FileChooser fileChooser = new FileChooser();
fileChooser.setTitle ("Open Resource File");
fileChooser.getExtensionFilters () .addAll (
new FileChooser.ExtensionFilter ("Load saved
data", "*.ser"));
Object wo =
deserialize(fileChooser.showOpenDialog (null) .getPath())
if (wo instanceof Workarea) {
if (w == null) {
w = new Worker();
}
w.setMainFrame (Main.mainView) ;
w.setWorkarea ( (Workarea) wo);

}

} catch (IOException e) {
e.printStackTrace() ;

} catch (ClassNotFoundException e) {
e.printStackTrace () ;

}

@FXML
private void start (ActionEvent event) {
if (selectedFile != null && selectedFile.canRead()) {

79



Task<Boolean> task = new Task<Boolean> () {

@Override
public Boolean call() throws IOException {
if (w == null) {
w = new Worker():;

}

w.setMainFrame (Main.mainView) ;
w.doAction (selectedFile) ;
return true;
}
i
dialog = false;
new Thread(task) .start () ;
} else {
Alert alert = new
Alert (Alert.AlertType.INFORMATION) ;
alert.setTitle("Information Dialog");
alert.setHeaderText (null) ;
alert.setContentText ("At first you need select
image!");
alert.showAndWait () ;

}

}

private Object deserialize (String fileName) throws

IOException,
ClassNotFoundException {
FileInputStream fis = new FilelInputStream(fileName) ;

ObjectInputStream ois = new ObjectInputStream(fis);
Object obj = ois.readObject();

ois.close();

return obj;

}

private void serialize (Object obj, String fileName)
throws IOException {
FileOutputStream fos = new

FileOutputStream (fileName) ;
ObjectOutputStream oos = new ObjectOutputStream(fos);

oos.writeObject (obj) ;
fos.close () ;

}
}

Workarea.java:

public class Workarea implements Cloneable, Serializable {
public List<Polygon> Polygons;
public boolean IsChange;
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public void SetRandom() {
Polygons = new ArrayList<>();
for (int i = 0; i1 < Helper.MinPolygons; i++) {
AddPolygon () ;
}

IsChange = true;

}

public void Mutate () {
if (Helper.rDouble(l.0) <=
Helper.MutationWorkareaAddPolygonChance) {
AddPolygon () ;
IsChange = true;

}

if (Helper.rDouble(l.0) <=
Helper.MutationWorkareaDel PolygonChance) {
DelPolygon () ;
IsChange = true;

}

Polygons.forEach(p -> p.Mutate(this));
}

private void AddPolygon () {
if (Polygons.size () < Helper.MaxPolygons) {

Polygon polygon = new Polygon () ;
polygon.SetRandom() ;
Polygons.add (polygon) ;

}

private void DelPolygon () {
if (Polygons.size () > Helper.MinPolygons) {

int index = Helper.rInt(0, Polygons.size());
Polygons.remove (index) ;

}

public double Fitness(Color[][] colors) {
double fitness = 0;

BufferedImage img Draw () ;

< Helper.width; i++) {

for (int 1 = 0; 1
0; j < Helper.Height; j++) {

for (int 3

|| ~e
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int clr = img.getRGB (i, 7J);

int red = (clr & 0xO00f£f0000) >> 16;
int green = (clr & 0x0000££00) >> 8;
int blue = clr & 0x000000ff;

Color ¢l = new Color(red, green, blue);
Color c2 = colors[i][3];

int r = cl.getRed() - c2.getRed();

int g = cl.getGreen() - c2.getGreen();
int b = cl.getBlue() - c2.getBlue();

fitness +t=r * r + g * g + b * b;
}

return fitness;

}

public BufferedImage Draw () {
BufferedImage img = new BufferedImage (Helper.Width,
Helper.Height, TYPE INT ARGB);

Graphics g = img.createGraphics();

for (Polygon p : Polygons) {
p.Draw (qg) ;

}

return img;

@QOverride
public synchronized Object clone() {
Workarea newarea = new Workarea():;

newarea.Polygons = new ArrayList<Polygon> ()
Polygons.forEach ((p) —->
newarea.Polygons.add((Polygon) p.clone()));
return newarea;

}

@Override
public String toString() {
return "Workarea{" +
"Polygons=" + Polygons +
", IsChange=" + IsChange +

4
V}V;
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public String toSvg () {

String svg = "";

String header = "<?xml version=\"1.0\"
encoding=\"1is0-8859-1\"?>\n" +

"<svg version=\"1.1\" id=\"Layer I1\"

xmlns=\"http://www.w3.0rg/2000/svg\"
xmlns:xlink=\"http://www.w3.0rg/1999/x1ink\" height=\"" +
Draw () .getHeight () + "\" width=\"" + Draw() .getWidth() +
AT

ArrayList<String> poly = new ArrayList<>();

Polygons.forEach ((Polygon p) -> poly.add(p.toSvg()));

String footer = "</svg>";
svg += header;
svg += String.join(" ", poly);

svg += footer;
return svg;
}
}
Polygon.java:
public class Polygon implements Cloneable, Serializable {

public List<Point> Points;
public Brush Brush;

public void SetRandom() {
Points = new ArrayList<Point>();

Point center = new Point();
center.SetRandom () ;

for (int i1 = 0; 1 < Helper.MinPointsPerPolygon; i++)

Point point = new Point();
point.X Math.min(Math.max (0, center.X +

Helper.rInt (-3, 4)), Helper.width);

point.Y = Math.min(Math.max (0, center.X +
Helper.rInt (-3, 4)), Helper.Height);

Points.add (point) ;

}

Brush = new Brush():;
Brush.SetRandom () ;
}

public void Mutate (Workarea workarea) {
if (Helper.rDouble(1.0) <=
Helper.MutationPolygonAddPointChance) {
AddPoint () ;
workarea.IsChange = true;
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}

if (Helper.rDouble(1.0) <=
Helper.MutationPolygonDelPointChance) {
DelPoint () ;
workarea.IsChange = true;

Brush.Mutate (workarea) ;
Points.forEach ((Point p) -> p.Mutate (workarea)):;

}

private void AddPoint () {

if (Points.size() < Helper.MaxPointsPerPolygon) {
Point point = new Point (),
int index = Helper.rInt(l, Points.size() - 1);

Point pl = Points.get(index - 1);
Point p2 = Points.get (index);
point.X = (pl.X + p2.X) / 2;
point.Y = (pl.Y + p2.Y) / 2;
Points.add (index, point);

}

private void DelPoint () {
if (Points.size() > Helper.MinPointsPerPolygon) {
int index = Helper.rInt(0, Points.size());
Points.remove (index) ;

}

public void Draw (Graphics g) {

int npoints = Points.size();
int xpoints[] = new int[npoints];
int ypoints[] = new int[npoints];
for (int 1 = 0; i1 < npoints; i++) {
xpoints[i] = Points.get (i) .X;
ypoints[i] = Points.get (i) .Y;
}
java.awt.Polygon p = new java.awt.Polygon (xpoints,

ypoints, npoints);

g.setColor (new Color (Brush.R, Brush.G, Brush.B,
Brush.A));

// g.drawPolygon (p) ;

g.fillPolygon (p);

// g.dispose();
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}

@Override

protected Object clone() {
Polygon newpolygon = new Polygon()
newpolygon.Brush = (org.max.gen.Brush) Brush.clone();
newpolygon.Points = new ArrayList<>();
for (Point p : Points) {

newpolygon.Points.add ((Point) p.clone());
}
// Points.forEach ((Point p) ->
newpolygon.Points.add ((Point) p.clone()));

return newpolygon;

}

@Override
public String toString () {
return "Polygon{" +
"Points=" + Points +
", Brush=" + Brush +
l}l;

}

public String toSvg() {
ArrayList<String> points = new ArrayList<>();
Points.forEach ((Point p) -> points.add(p.X + "," +
p.Y));
String arrayPoints = String.join(" ", points);
String color = "style=\"fill:rgba(" + Brush.R + "," +
Brush.G + "," + Brush.B + "," + ((double) Brush.A / 255) +
A
return " <polygon points=\"" + arrayPoints + "\" " +
color + " />";
}
}
Point.java:
public class Point implements Cloneable, Serializable {
public int X;
public int Y;

public Point (int x, int y) {
X = x;
Y = y;

public Point () {

85



public void SetRandom () {
X = ThreadLocalRandom.current () .nextInt (0,
Helper.Width) ;
Y = ThreadLocalRandom.current () .nextInt (0,
Helper.Height) ;
t

public void Mutate (Workarea workarea) {

if (rDouble(l.0) <=
Helper.MutationPointMoveMaxChance) {
SetRandom () ;
workarea.IsChange = true;

}

if (rDouble(l.0) <=
Helper.MutationPointMoveMiddleChance) {

X = Math.min(Math.max (0, X + Helper.rInt (-
Helper.MiddleRange, Helper.MiddleRange + 1)),
Helper.Width) ;

Y = Math.min(Math.max(0, Y + Helper.rInt(-
Helper.MiddleRange, Helper.MiddleRange + 1)),
Helper.Height) ;

workarea.IsChange = true;

}

if (rDouble(1.0) <=
Helper.MutationPointMoveNearChance) {
X = Math.min(Math.max (0, X + Helper.rInt(-
Helper.NearRange, Helper.NearRange + 1)), Helper.Width);
Y = Math.min(Math.max (0, Y + Helper.rInt(-
Helper.NearRange, Helper.NearRange + 1)), Helper.Height);
workarea.IsChange = true;
}
}

@Override
protected Object clone() {
return new Point (X, Y);

}

@QOverride
public String toString() {
return "Point{" +
"X=" + X +
", Y=" 4+ Y 4+

4
V}V;

86



Helper.java

public class Helper {
public static int Width = 0;
public static int Height = 0;

public static int MinPointsPerPolygon = 3;
public static int MaxPointsPerPolygon = 40;

public static int MinPolygons = 0;
public static int MaxPolygons = 100000;

public static int NearRange = 3;
public static int MiddleRange = 20;

public static double MutationPointMoveMaxChance =
0.0007;

public static double MutationPointMoveMiddleChance =
0.0007;

public static double MutationPointMoveNearChance =
0.0007;

public static double MutationBrushAChance = 0.0007;
public static double MutationBrushRChance = 0.0007;
public static double MutationBrushGChance = 0.0007;
public static double MutationBrushBChance = 0.0007;

public static double MutationPolygonAddPointChance =
0.0007;

public static double MutationPolygonDelPointChance =
0.0007;

public static double MutationWorkareaAddPolygonChance
0.0014;

public static double MutationWorkareaDelPolygonChance
0.0007;

private Helper () {
t

public static int rInt(int start, int end) {
return ThreadLocalRandom.current () .nextInt (start,
end) ;

}

public static double rDouble (double max) {
return ThreadLocalRandom.current () .nextDouble (max) ;

}
}

Brash.java:
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public class Brush implements Cloneable,

public int A;
public int R;
public int G;
public int B;

Serializable {

public Brush(int a, int r, int g, int Db) {

this.A = a;

this.R = r;
this.G = g;
this.B = b;

}

public Brush () {
}

public void SetRandom () {
= rInt(
= rInt(
= rInt(
= rInt(

0, 256);
0, 256);
0, 256)

W o x>

14

}

public void Mutate (Workarea workarea)

30, 61); // Is need add +1 to bound?

{

if (rDouble(1.0) <= Helper.MutationBrushAChance)

A = rInt(30, 61);
workarea.IsChange = true;

if (rDouble(1.0) <= Helper.MutationBrushRChance)

R = rInt(0, 2506);
workarea.IsChange = true;

if (rDouble(1.0) <= Helper.MutationBrushGChance)

G = rInt(0, 250);
workarea.IsChange = true;

if (rDouble(1.0) <= Helper.MutationBrushBChance)

B = rIint(0, 2506);
workarea.IsChange = true;

}
@QOverride

protected synchronized Object clone()
return new Brush (A, R, G, B);
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}

@Override
public String toString() {

return "Brush{" +
"A=" + A +

", R=" + R +

"’ =" + G +

+ B +

n B="

Bisibe MokHa 3HAWTH B 10IaHOMY /10 podoTH Jlucky.
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Honatok b

BIAI'YK
HA IMIVIOMHHUHA MpoeKT cryAeHTa rpynu 121m-16-1 Copoxkina M.L
Ha Temy: «Po3poOka mporpamHoro 3ade3ne4eHHss KOHBepTaLii pacTPoOBOi
rpaiky y BeKTOpHY, BUKOPUCTOBYIOYH FeHETUYHI AJITOPUTMID)

Tema DUIIIOMHOTO MPOEKTY - KOHBEPTAIliS PacTpoBOi rpadikvl y BEKTOPHY 3
BUKOPUCTAHHSAM I'€HETUIHX aJTOPUTMI.

AKTyaJIbHICTh TIOCTABJICHOTO 3aBJaHHS OOYMOBIIOETHCS ITMPOKUM TOMKUTOM Ha
pi3HOTO poay iHGOpPMAIIHHUX CUCTEM B Pi3HHUX cepax AiSUIBHOCTI.

Tema JAWMIIOMHOTO MPOEKTY MPSMO TOB'A3aHAa 3 OO0'€KTOM JISUTBHOCTI
8.05010301. ITporpamua iHxeHepist MaricTp 3 iHGOpMaIIHHUX TEXHOJIOTIH.

3MicT poOOTHM BKJIKOYAE€ CTBOPEHHS, JOCIHIPKEHHS, CIIOCTEPEXKEHHS 3a
MOBEAIHKOIO MyTallli 1 MNPUPOJHOTO J000py TEHIB NPOrpaMHOrO0 OTOYEHHS
iH(pOpMaIIiHUX CHCTEM 3a JONOMOIOK BIIPOBaKEHHS TexHousorii Genetic
Programming. [Ipu BupilieHHI HOCTaBIECHOTO 3aBIaHHSI BUKOPUCTOBYBAJIMCS HAYKOBI
JOCSITHEHHST B 00MacTsIX po3poOKH 1H(OpMAIIMHUX CUCTEM 1 HPOrPaMHOIO
3a0e3nedeHHs. HaykoBa HOBHM3HA OTPMMAaHMX pE3yJIbTATIB MOJSATAE B MPOBEICHHI
aHaJi3y Ta BHSABJICHHI HEIOJIKIB MOBEIIHKA I'€HOMIB B 130JIbOBAaHOMY CEpPEJIOBHIIII,
CXpellyBaHHs, MyTalll€l0 00'€KTIB OTOYECHHS, a TaKOXX y BUKOPUCTAHHI METOJMKHU
anroputmizanii 1HGOPMAIIHHUX CUCTEM Ha OCHOBI BUKOPUCTAaHHS TEXHOJIOTIT
TE€HETUYHOI aIrOpUTMIi3allii.

[IpakTHyHa 1IHHICTH TOJNSTAa€E y BEKTOpHU3aIlli pacTpoBoi Tpadiku 3
BUKOPUCTAHHSAM TEXHOJIOT1I TE€HETUYHOI alrOpUTMIi3allii 1 MNPUPOIHOTO BiAOOPY
00'eKTiB, JIOTMPOBAHHME BCIX €TaIliB BIJCIFOBaHHS CHJIBHUX mnomyismi. Ile mae
MO>KJIMBICTh 3aCTOCYBaTH HOB1 TE€XHOJOT1i BUKOPUCTAHHS T€HETUYHUX AJTOPUTMIB,
10 JT03BOJISIE OTPUMATH SIKICHI 300pakeHHS 3a MEBHUM Mep1oJ1 yacy.

CryniHp oOmpaioBaHHs KOMIIOHEHTIB JAaHOTO TPOEKTY, JO03BOJISIE OILIHUTH
poOOTYy Ha «BIIMIHHO» 1 pPEeKOMEHAYBaTH MpHUCBOITH cTyaeHTy M.I. CopokiHy
kBamikamito  «lIpodecionan 3 po3poOKM Ta TECTyBaHHS MPOrPMAHOIO
3a0ereyeHHs».

KepiBHUK JUILIOMHOTO MPOEKTY,
n.1.H., npod. kadbenpu [I3KC /Memepsikos JI.I./
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Honatok B

PELIEH3IA
HA JUIJIOMHUM NPoeKT cryaeHTa rpynu 121m-16-1 Copoxkina M.I.
Ha temy: «Po3po0ka nmporpamMHoro 3ade3ne4eHHsi KOHBepPTauii pacTpoBoi
rpadiku y BeKTOpHY, BUKOPHUCTOBYIOUYM FeHETUYHI AJTOPUTMID)

Sk cBimuath pi3HI pKepena iHpopMmarlii, B JaHUM Yac B HaIllli KpaiHi Ta 3a
KOPJIOHOM 3a pe3yJbTaTaMH OIIIHKA BHECKY pI3HUX TEXHIYHUX 3aco0iB B
noOy/I0By XMapHHUX pIIIeHb JJIs HAYKOBHUX JOCHIIKE€Hb, BUCOKOHABAHTAXKCHUX
AJITOPUTMIB, SIKI JOCTYIHI KOXXHOMY JJI CBOIX EKCIIEPUMEHTIB HaWKpaliuMu
sBisiroThest Google Compute Engine, Microsoft Azure.

B jaummomMHOMYy TIpOeKTI B pe3ynbTaTi MpPOBEACHOI polboTH Oyio
po3p0o0JIeHO (PparMeHT aHajizy MO ampoKcuMallii pactpoBoi Tpadiku. Jlis
JIOCSITHEHHSI OCHOBHOT METH BUKOHAHO HACTYIHI 3aBJIaHHA:  aHaji3  CIEKTPIB
RGB 300paxkenp; aHami3 0COOJMBOCTEH TIE€HETUYHUX aAITOPUTMIB, MUISIXOM
MPUPOIHOTO BiIOOpY; aHaII3 METOJIB po3mi3HaBaHHs rpadiynoi iHGopmarlii; B
pe3ynbTaTi CcPOPMOBAHO CHPOEKTOBHUI Ta pO3pOOJECHUN aIrOpUTM IS
KOHBepTallli 300paxkeHb 3 pacTpoBoro (opmary Ha BekTopHuid. Ilig yac
MPOBENICHHS JUIUIOMHOI poboTh Oyrna pos3poOsienHa dopmyna s Qykiii
MPUCTOCYBAaHHS, OCHOBHUU MEXaHI3M TOPIBHSHHS PE3yJbTAaTiB POOOTH AKOI €
QITOPUTM, IO BUKOPUCTOBYE METOAMKY TIOKOJIIHb SIKI B3a€MO3B’353aHl 3
nonepeaHIMU MOKOJIIHHSIMU T'EHIB.

Po3pobnena cucrema J03BOJUTH MIABUIMUTHA IIBUAKICTH OOpPOOKHU
1H(popMarlii, ONTUMI3yBaTu Micle 30epiraHHs, CKOPOTUTh TEPMIHHU 3aBaHTAKEHHS
300pakeHb, MO30aBUTH BiA NpoOieM MacmTaOyBaHHS jpeg 1 3a0laJUTh Yac
poOOTHU KOpUCTYBavya KOPUCTYBaUiB.

Crynent CopokiH M.I. pozibpaBcs B croernudili 3aCTOCYBaHHS
pI3HOMaHITHUX  1H(GOPMAIIIHHUX  TEXHOJIOTIM  po3Mi3HaBaHHA  TpadiyHOi
1HpopMmariii, po3poOKOr0, TOPIBHIHHS 3 BUKOPUCTAHHSIM T'€HETUYHUX aJITOPUTMIB
y pi3HUX cepax AiSTHbHOCTI.

3 ommsimy Ha BUINEBUKIANCHE, MOXHAa 3pOOUTH BHCHOBOK, IO JaHUH
MPOCKT IIIJIKOM BIJIOBIJIa€ BUMOTaM, IO MPEI'SIBIASIOTHCA 0 KBaTi(iKaIrliiHUX
poOIT piBHA MaricTpa.

B uinomy mnpoBeneHHUN aHall3 BUKOPUCTAHHUX KOMIIOHEHTIB JaHOTO
MIPOEKTY, JI03BOJISIE OIIHUTH POOOTY Ha «BIJAMIHHO» 1 PEKOMEHIYBAaTH MPUCBOITH
crynenty M.I. Copokin kBanidikauiro «IIpodecionan 3 po3poOku Ta TeCTyBaHHS
IPOrpMaHOTo 3a0EeTeUCHHS.

Penenzent
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Honatok I'

IlepeJiik TOKYMEHTIB HA JUCKY

iM'sa gaitay ‘ onuc
ITosicHIOBaJILHA 3aNHCKA
[MosicaroBanpHa 3amicka.docx ‘ [TosicHIOBaNbHA 3amKCKa
nporpamMa
project.zip ‘ ApxiB. MiCTUTh BHXi/IHI KOJU IPOTPAMHU.
npe3eHTanis
[IpesenTariis.pptx ‘ [Tpe3eHTallis] TUIIIOMHOTO IMPOCKTY
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