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KOMII'IOTEPHA ITPOI'PAMA PIINEHHSA PI3BHUX BAPIAHTIB 3AJ1AYI
KOMIBOA/KEPA 3 TOITIOMOTOIO TEHETUYHOI'O AJITOPUTMY

YV naw uac inmencusno possusaemocs mparncnopmua nozicmuxa. OnmuManbHi Mapuipymu pyxy mpaHCHOPIMHUX
3ac00i8, 0711 Ne6HO20 HAOOPY NYHKMIB8 KOMYHIKAYTI: MPAH3UMHUX, BUXIOHO20 MA KIHYe8020 NYHKY, MOXCYMb Oymu 3HA-
ti0eni npu pitienHi pisHux apianmis 3a0ayi Komigosicepd.

3a0aua komisosicepa — knacuuna 3adaua onmumizayii. Y eunaoky i 3aMKHYmMoeo eapianma, Komieosicep, pyxa-
ouucey i3 suxionoeo nynkmy (BII), oOnokpamuo 6i0sidye eci mpansumui nynkmu ma eepmaemvcs y BIL YV eunaoky
HEe3aMKHYMOo20 sapianma, Komieosidcep pyxaemocsi 3 BIl, oOHoKpamHo 6i08idye 6ci mpaH3umui nyHKmu ma npubysae
¥V KIHYeBULL NYHKM.

Mapwpymu pyxy Ona 3aMKHYMO20 mMa HE3AMKHYMO20 8Apianma 3a0ayi MoXcyms 0Vmu 8U3HA4eHi 3a 00NoMO200
KOMN TOMEPHUX NPOSPAM, SKI GUKOPUCTNOBYIOMb 05 pileHHs cenemuunutl areopumm (TA).

Ipu sacmocysanni I'A Ons piwiennsi 3a0aui Komigosicepa, npu 6EIUKIU KIIbKOCTI MPAH3UMHUX NYHKMIG, MONCIUBA
cumyayis uUOOPY ONMUMALLHO20 MAPWPYNTY 3 OEKIIbKOX, OMPUMAHUX NPU PIZHUX NAPAMEMPAX 2EHEMUYHO20 AN2OPUNI-
my. ¥V ybomy eunaoxy neoOXioHo onepamugna iHmepakmueHa 63aemoois iz npoepamoio 0us sminu napamempis IA. Ak
8i00MO, THMEPAKMUBHICIb MAIOMb KOMN TOMEPHI Npo2pamu i3 epapiyHum iHmepzpeﬁcom Kopucmysaua.

Y pobomi na mosi npoecpamysanna Java pospobnena Kpocniam@opmHa Komn 1omepHa npocpama pilleHHs pPisHUux
sapianmia 3a0aui KOMIBOANCEPA 3 OONOMO20I0 2EHEMUUHO20 aneopummy. Bona mae epagiunuii inmepgetic kopucmysava
ma 00360J4€ GUHAYUMU ONMUMATLHUL MAPWPYM PYXY, K 05l 3AMKHYMO020, MAK | He3AMKHYMO20 8apianmy 3a0ayi
Komigosidicepa. Y moii uac, epagiunuil inmepgetic 0ooamxa 0ae moxcaugicms 3miniosamu napamempu I'A y npoyeci tioco
pobomu ma 8i000padcamu 3HAUOEHi Mapupymu pyxy y epapiunomy eueisoi.

Tlonepednvo dawmi npo posmauty8anHs nyHKmMIG pyxy, ¥ eueisaoi ix Ha38 ma 8I0N0GIOHUX 3HAYEHb 2e02PADIUHUX KOOp-
OuHam wupomu ma 00820Mu, 8600AMbCA Y npozpamy 3 *.csv ¢gaiiny.

IIpoepama npu QyHKYIOHY8AHHI BUKOPUCIOBYE 2CHEMUYHULL ANCOPUMM HA OCHOBL Memooi8, sIKI OJis KONCHO20 8api-
anma 3a0adi KOMieoscepa peanizo8ysai Kpocogep, Mymayilo XpoMOCOM, MEXAHI3MU elimu3Ma ma mypHIpHO20 6i000-
Py 0COOUH, OYIHKY NPUOAMHOCMI NOonyIsyil (Memoou peanizayii Kpocosepa i Mymayii Xxpomocom OJis Pi3HUX 6aAPIAHMIE
3a0aui 6iOpizHAnUCS). [N oyinKu 6I0CMAHI MIdC MICMAMU MA O0BICUHU MAPUWPYMY 000AMOK BUKOPUCTOBYE (Popmyiy
2a6epPCUHYCIB.

Knrouosi cnosa: 3adaua xomigosasicepa, eeHemudHull ai2opumm, onmuMatbHull mapupym, epagiunuil inmepgetic
Kopucmysaua.
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COMPUTER PROGRAM FOR SOLVING VARIOUS VERSIONS OF THE TRAVELING SALESMAN
PROBLEM USING A GENETIC ALGORITHM

Currently, transport logistics is developing intensively. Optimal routes for vehicles for a certain set of communication
points: transit, initial and final points, can be found by solving various versions of the traveling salesman problem.

The traveling salesman problem is a classical optimization problem. In the case of its closed version, the traveling
salesman, moving from the initial point (IP), visits all transit points once and returns to the IP. In the case of an open
version, the traveling salesman moves from the IP, visits all transit points once and arrives at the final point.

The routes for the closed and open versions of the problem can be determined using computer programs that use a
genetic algorithm (GA) for solving.

When using GA to solve the traveling salesman problem, with a large number of transit points, a possible situation is
choosing the optimal route from several obtained with different parameters of the genetic algorithm. In this case, prompt
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interactive interaction with the program is necessary to change the GA parameters. As is known, computer programs with
a graphical user interface have interactivity.

In this work, a cross-platform computer program for solving various versions of the traveling salesman problem using
a genetic algorithm was developed in the Java programming language. It has a graphical user interface and allows you
to determine the optimal route for both closed and open versions of the traveling salesman problem. At the same time,
the graphical interface makes it possible to change the GA parameters in the process of working with the application and
display the found routes in graphical form.

Previously, data on the location of the traffic points, in the form of their names and corresponding values of geographic
coordinates of latitude and longitude, are entered into the program from a *.csv file.

The program uses a genetic algorithm based on methods that implemented crossover, chromosome mutation, elitism and
tournament selection mechanisms, and population fitness assessment for each version of the traveling salesman problem
(the methods for implementing crossover and chromosome mutation of the population differed for different versions of the
problem). The application uses the haversine formula to estimate the distance between cities and the length of the route.

Key words: traveling salesman problem, genetic algorithm, optimal route, graphical user interface.

IMocranoBka npoodsiemu

YV Ha1 yac iHTEHCHUBHO PO3BHBAETHCS TPAHCIIOPTHA JioTicTHKa [1]. ¥V 11boMy 3B’ 513Ky aKTyalIbHOIO 33/1a9€I0 € PO3poOKa
Kpocruiar(hOpPMHUX KOMIT FOTEPHUX IPOrpam, siki aBTOMATH3yIOTh MPOLEC 3HAXOHKEHHS ONTUMAaJbHUX TPAHCIIOPTHUX
MapuIpyTiB pyXy Ta MaroTh rpadiunuii intepdeiic kopucrysaua (Graphical User Interface — GUI).

OnTuManbHI MapmIpyTH PyXy TPAaHCHOPTHUX 3ac0o0iB, JJIS MEBHOrO HAOOpPy MYHKTIB KOMYHIKamii: TpaH3UTHHX,
BHXI/THOTO 1 KIHIIEBOTO MYHKTY, MOXXyTh OyTH 3Hai/IeH] Py PillIeHH]I Pi3HUX BapiaHTIB 3a7a4i KOMIBOsDKEpa. Y BHIIAAKY
3aMKHYTOTo BapianTta (3B), koMiBOsDKep, pyXaroduch i3 BuxigHoro myHkTy (BII), omHOKpaTHO BiABiAy€ BCi TpaH3HUTHI
MMyHKTH Ta BepTaeTbes B BIL. ¥V Bumaaky HezamkuyToro Bapianta (HB), komiBosikep pyxaetscs 3 BII, omHOkpaTHO Bij-
BiJly€ BCi TPAH3UTHI MyHKTH i IpUOyBa€ B KIHIICBUN ITYHKT.

Mapupytu pyxy st 3B Ta HB 3agaqi MoxyTh OyTH BU3HAUEHI 3a JOIMIOMOTOI0 KOMIT IOTEPHUX MPOTrpaM, 10 BUKO-
PHCTOBYIOTH IIPH pillIeHH] TeHeTHYHUH anroput™. [Ipn oMy akTyaapHOIO IPOOIEMOIO € PO3pOOKa KOMIT FOTEPHHUX IIPO-
rpam, AKi aBTOMAaTHU3YIOTh MPOIEC 3HAXOMKEHHS ONTUMAIFHIX MapIIPYTiB KOMYyHIKalii Ha OCHOBI PilIEHHS 3a1a4i KOMi-
BOSDKEpA 3a IOTIOMOTOI0 TeHETHYHOTO anroputMy Ta MaroTh GUIL

AHaJIi3 OCTaHHIX A0cATHeHD i myO Tikamii

Jlo TenepinrHpOro Yacy po3podiieHa BeNrKa KITbKICTh KOMIT IOTepPHUX IPOTpaM, AKi BUPINIYIOTh 3a/1a49y KOMiBOsKepa
3a JIOTIOMOTOI0 TeHETHYHOTO aJITOPUTMY, HAIIPHUKIIAJ JOIATKH CTBOpeHi y pobotax [2—-5]. [Iporpamu y [2-3] HE Mar0Th
rpadiuHoro iHTepdeiicy Ta 3HaXOAATh PILLICHHS JIHIIE JJIsl 3aMKHYTOTO BapiaHTy 3a/1a4di KoMiBosbkepa. Y TOH 4ac, TIbKA
HE3aMKHYTHH BapiaHT 3a7a4i BUPIIIyIOTh AONATKH CTBOpeHi y [4, 5], ane mumie nmporpama podotu [5] mae GUI.

DopMyTIOBaAaHHS METH 10CTi/I7KEHHSI

Y poGorti OyIto rocraBiieHe 3aBiaHHs po3po0ku kpociuiardpopmHoro Java-gonarka 3 GUI 3 MOXKITMBICTIO 3HAXOKEHHS
ONITUMAJIFHOTO MapHIPYTy PYXy IPH PilICHH], K 3aMKHYTOTO, TaK i HE3aMKHYTOTO BapiaHTa 3a/1a4i KOMiBOsDKepa 3a J0Mo-
MOTOI0 FeHETUYHOTO aJITOPUTMY.

BuxkiiajieHHsI 0CHOBHOTO MaTepiaJly J0CiKeHHsI

Jlis pimeHHs MOCTaBIeHOTO 3aBHaHHA OyB crBopeHuil Java-momatok ST Travelling i3 rpadiuamm inTepdeiicom
KOPHCTYyBa4a.

[Tpu po3pobui nporpamu BUKopHCcTOBYBasiacs Oidmioreka jfreechart-1.0.19.jar, sika no3Bosisuia BioOpakaTu Mapiii-
PYTH pyXy 3HaiiieHi mpu poOoTi nomarka y rpadivHomy Bunmidi. [Ipomec koMminAwii Ta 3amycky mporpamu 37iHCHIO-
BaBCs 3a JIOMOMOTOIO, SIK apXiBHUX HaOOpiB KiaciB i ytumit Java (Hampukian, jdk-6ul6), Tak i cygacHuX (HampuKIas,
jdk-8.0.452.9-hotspot).

[Iporpama mpu (hyHKIIOHYBaHHI BHKOPHCTOBYBaJla TEHETUYHHWN aJTOPUTM HAa OCHOBI METOMIB, SIKi IS KOXKHOTO
BapiaHTa 3a/1a4i KOMIBOsDKEpa peai3oByBaId KPOCOBEP, MYTAIlil0 XPOMOCOM, MEXaHI3MH eIiTH3Ma Ta TypHIPHOTO Bij-
60py 0coOMH, OIIHKY MPUAATHOCTI MOMYJIALIT (METOAN peasi3aliii KpocoBepa i MyTallii XpOMOCOM I Pi3HUX BapiaHTIB
3amadi BiapizHsmucs). [Tpu po3paxyHKy TOBKHHU MapIIpyTiB, BiJICTaHI MiX MiCTaMH BU3HAYQJIUCS HA OCHOBI 3HAYEHB iX
ITUPOTH Ta JOBTOTH 3a JOMOMOTOI0 (hOPMYJIH TaBEPCUHYCIB [6].

Ha novarky po6oTH i3 iporpamoto, 3a jornomororo MeHio «File», Ha3Bu MicT (ITyHKTIB MapiIpyTy) Ta ix reorpadiuHi
KOOpJIMHATH, 3aBaHTaKyBaynucs 3 *.csv ¢aitny 1 3anoBHioBasn tadmuio «Citiesy. [Ipu npomy reorpadiune posraiiy-
BaHHJ MYHKTIB PyXy, Y 3MEHIIEHOMY MaciuTadi, BijioOpaxaocs y BikHI IporpaMu y rpadiqHoOMY BHIVISI.

IToTimM ycTaHOBIIOBANIUCS MapamMeTpu HEoOXigHI 1 poOOTH moAaTka. 3HAUEHHs, pPO3TAIIOBYBAaHI B MOJSX BBOAY
«Population», «pCrossover», «pMutationy, «Elite», «Competitors», «Ngeny, iHilianizyBand po3mip MomyJsiiii, iMOBIp-
HOCTI CXpEIIyBaHHS Ta MyTallil HESTITHUX XPOMOCOM Yy MOKOJIIHHI, YUCIIO €TITHUX O0COOMH, KUTBKICTH XPOMOCOM Y TYp-
Hipi BiZOOPY, YUCIIO TMTOKOJIIHE XpoMocoM, BianosigHo. [Ipamopmi «TSP» 1 «OTSPy» no3Bosnsim BUOpaTH 3aMKHYTHIA 200
HE3aMKHYTHH BapiaHT pilICHHA 3a7a4i KOMiBOsDKepa, BiIOBITHO.
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3armyck mporpamu 3IiHCHIOBaBCA IIPY HATUCKaHHI Ha KHOTKY «Runy. [Ipu oMy nomaTok po3paxoByBaB Ta BigoOpa-
KaB y rpadigHOMY BUDIIAI MapmipyT pyxy. KpiM Toro, po3mimmas fioro ToBKuHY y momi BBoxy «Distance, kmy.

ST_Travelling

Fle Tuning Help

Latitude, degree

0 5 0 5 10 15 20
Longitude, degree

Population pCrossover phMutation Eite  Competitors
w0 [ oss [ oot [ 5 [ 10

Cities
n City Latit. Long
1 [London| 51°30' {-ﬂﬂ“ﬂg'
2 |Algeria| 36°47" | 03°04'
3 |Athens | 38°00' | 23°43'
4 | Berlin | 52°31' | 13°23"
| 5| Bern | 46°57' | 07°27
f
7
8
9

Lishon | 38°43' -00°10"
Madrid | 40°24' |-03°41"
Oslo | 59°55'| 10°45
| 0 | Paris |48°50°'|02°20°
|10 |Prague | 50°05' | 14°25'
|11 | Rabat | 34°02'|-06°50"
12| Riga | 56°57'| 24°06'
[13 | Roma | 41°54' | 12°30"
|14 | Sophia | 42°42' | 23°20°
[15| Tunis | 36°48' | 10°11'
|16 | Vienna | 48°13' | 16°22'
17 | Cairo | 30°03' | 31°14'

5 30

Ngen  Distance, km 15 [JoTtse

1000 | 13120 | Runj[ Clear

Puc. 1. BikHo nporpaMu 3 MapumpyToM pyxy

ST_Travelling

Fle Tuning Help

Latitude, degree

0 5 0 5 10 15 20
Longitude, degree

Population pCrossover phMutation Eite  Competitors
w0 [ oss [ oot [ 5 [ 10

Cities
n City Latit. Long
1 [London! 51°30' {-ﬂﬂ“ﬂg'
2 |Algeria| 36°47" | 03°04'
3 | Athens | 38°00' | 23°43"
4 | Berlin | 52°31'| 1323
| 5| Bern | 46°57' | 07°27'
fi
7
8
9

Lishon | 38°43' -00°10"
Madrid | 40°24' |-03°41"
Oslo | 59°55'| 10°45
| 0 | Paris |48°50°'|02°20°
|10 |Prague | 50°05' | 14°25'
|11 | Rabat | 34°02'|-06°50"
12| Riga | 56°57'| 24°06'
[13 | Roma | 41°54' | 12°30"
|14 | Sophia | 42°42' | 23°20°
[15| Tunis | 36°48' | 10°11'
|16 | Vienna | 48°13' | 16°22'
17 | Cairo | 30°03' | 31°14'

5 30

Ngen Distance, km []TSP  [¥]OTSP

wo0 | 11335 [ Ron [ Clear

Puc. 2. Bikno nporpamu 3 ontumajbHuM MapmpyToM Jlonnon-Kaip
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Jnst BUnaneHHst 3HaliIeHOTro MapIIpyTy BUKOpUCTOBYBajacs kHonka «Cleary. KopuctyBad nmporpamu 3a J0HOMOTOO
MeHto «Tuningy, Tpu He0OXiTHOCTI, MIT HACTPOITH 00TacTh BimoOpakeHHS Tpadika. [Hpopmarris mpo nogaTok i ocodmm-
BOCTI 1oro poboTn Oyina JOCTyITHA TP BUKOpPHCTaHHI MeHIo «Helpy.

Ha puc. 1 3006paskeHmit MapmipyT aBiacmorydeHHs A1 MicT i3 Tabmuri «Citiesy, 3SHalIeHnH IPH PillleHH] 3aMKHYTOTO
BapiaHTa 3a/1a4i KOMiBOsDKEpa.

VY T0if yac, Ha puc. 2 300paXKeHN MapIIpyT, SHAWACHUH MPH PillIeHHI HE3aMKHYTOTO BapiaHTa 3a7a4di KOMiBOsDKEpa.

[Ipu mpoMy TTOYAaTKOBHUH 1 KiHIIEBHI MYHKT MapIIPyTy BiAIMOBiA€E MiCTaM 3 TEPIIOTO Ta OCTAHHBOTO PSAKA TaOIUII
«Citiesy. Ilpu 3MmiHI 3anmucCiB y OUX psIIKaxX, y BUMAAKY 3aBAaHTAKCHHS (aillliB 3 OHOBICHUMH JaHUMH, BiATOBITHO MiHS-
€TBCA, K IIOYaTKOBUH, TaK 1 KIHIEBHH ITyHKT MapLIPyTy.

Ha puc. 3 300pakennii onTuMaNbsHIN MapuIpyT pyxy Mixk [lapmkem ta Adinamu, 3Haiinenuit nogatkom ST Travelling
MIpH pilICHHI HE3aMKHYTOTO BapiaHTa 3a7avi KOMiBOsKepa.

ST_Travelling
File Tuning Help

Cities

City  Latit. Long
Paris |48°50'| 02°20°
Algeria| 36°47" | 03°04'
Berlin | 52°31' 13°23'
Bern | 46°57" 07°27
Cairo | 30°03'|31°14'
London 51°30' -00°08'
Lisbon | 38°43' -00°10'
Madrid | 40°24' -03°41"
Oslo | 59°55' | 10°45"
Prague| 50°05' | 14°25'
Rahat | 34°02' -06°50"
Riga |56°57"' | 24°06'
Roma |41°54' 12°30°
Sophia | 42°42' | 23°20!
Tuniz | 36°48' | 10°11"
| 16 | Vienna | 48°13' | 16°22"
17 |Athens | 38°00' 23°43"

Latitude, degree

0 S5 0o 5 10 15 20 25 30
Longitude, degree

Population pCrossover phMutation Eite  Competitors  Ngen Distance, km [] TSP [V]OTSP

wo [ oes [ oot | s [ w0 | oo | 12305 |_Run_J[ Clewr

Puc. 3. Bikno nporpammu 3 ontumMaiabHuM MapupyTtom Ilapuk-Adinu

BucnoBku

VY poborti 6yB po3pobiennit kpocmardopmunii Java-gonarox ST Travelling 3 GUI mns 3HaX0MKEHHS ONTHMAaIBHIX
MapIIpyTiB pyXy Ha OCHOBI PilIEHHS, K 3aMKHYTOTO, TaK i HE3aMKHYTOTO BapiaHTa 3a/Jadi KOMiBOsDKEpa 3 JOMIOMOTOIO
TEHETUYHOTO AJTOPUTMY.

Jis 3HaXOKEHHST MapIIpyTy, TIPH PIllICHHI HE3aMKHYTOTO BapiaHTa 3a/1adi KOMiBOsDKEpa, MMOYaTKOBUH Ta KiHIIEBUI
MMyHKT PyXy BU3HAYAINCS PO3TANTYBAaHHIM iH(POPMAIIi] Tpo HUX Y BUXiAHOMY (haiimi manux. [lepmwii 3ammc iHimiami3yBaB
MTOYAaTKOBHH IMTyHKT PyXy, OCTaHHIH — KiHIIEBHH.

[Ipu po3paxyHKy JAOBKHHH MapIIpyTy DOIATOK BUKOPHCTOBYBaB (OpMyiTy raBepcuHyciB. Hamami mepembadaeTscs
momudikyBatn Java-nomatok ST Travelling, 30xpema, NpHu 3HAXOMKEHHI MPOTSHKHOCTI MapHIpyTy BHKOPHUCTOBYBAaTH
ORI TOYHI 3HAYCHHS MIMPOTH Ta TOBTOTH ITyHKTIB PYXY.
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