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PE®EPAT

Bupimenns mpo06iemM MapmpyTusarii TpaHCIIOPTHUX 3ac001B 32 JOTIOMOTOO
Google OR-Tools — SIxuenko Onekcanp, kBaridikaiiiiiHa podoTa Marictpa, XapKis,
HamionaneHuii  aepoxocMmiuHuil  yHiBepcuTeT «XAl», KUIBKICTh  CTOPIHOK,
BpPaxoOBYIOUH Homarku 84, KUTbKICTh TaOmuIe 19, KUIBKICTh PHCYHKIB 21, KUIBKICTh
mxepen sreparypu 20.

KJIFOYOBI CJIOBA: mapmpytuzaiis TpaHCIIOPTHUX 3ac00iB, JOTICTHKA,
OTITUMI3allis, MAPIIPYTH, IMITAI[IITHE MOJICITIOBAHHS .

HIJIb: po3pobka, MomemoBaHHS Ta TOCITIKEHHS METOAIB ONTUMI3aIlil
MapHIpyTiB TPAHCTIOPTHUX 3ac00IB 13 BUKOpHcTaHHsAM 0i0mioTekn Google OR-Tools
Ta iMITaniiHoro cepenosuiia AnylLogic.

OB’EKT AOCIJIIXEHHA: nporiec miaHyBaHHS Ta ONTUMI3allil MapIIpyTiB
TPAHCIIOPTHUX 3aCO0IB y JIOTICTUYHUX CUCTEMAX.

IMPEAMET JOCJIKEHHSA: meToau Ta amropuTMHU ONITUMI3ALlil MapIIPyTIB
TpaHCTIOPTHUX 3ac001B, peanizoBaHi y Google OR-Tools, a Takox iXHEe MO/IETIOBAHHS
¥ OI[IHIOBaHHA B cepenosuill AnyLogic.

3AIAUL:

1. IlpoBecTH aHami3 Cy4yaCHUX MIAXOAIB A0 BUPILIEHHS 3a/1a4 MaplIpyTU3allil
TPaHCTIOPTHUX 3aCO0IB Ta TXHIX PI3HOBH/IIB.

2. Po3misiHyTH aIropUTMIYH1 OCHOBU ONITUMI3AILii MapIIpyTIB, 30KpeMa METOAU
MOIIYKY 3 0OMEXEHHSIMH, €BPUCTUYHI Ta METAEBPUCTUYHI AJITOPUTMH.

3. O6rpyHTyBaTH BUOIp MareMaTnyHO1 MOCTAHOBKH 3a/1a41 MapIIpyTH3AIIii.

4, PeanizyBatn wmonenb ontumiaiii wmapmpytiB y Google OR-Tools Ta
NPOTECTYBATH 1i Ha THUIIOBUX JIOTICTHYHUX CIICHAPIIX.

5. Po3poOuty imiTamniiiHy MoOIeib TPAHCIOPTHOI CUCTEMHU B CEPEIOBHILI
AnyLogic, 1o BiATBOPIOE MPOIIEC BUKOHAHHS ONTUMI30BAaHUX MapIIPYTIB.

6. [IpoBecTu cepiro €KCIEPUMEHTIB ISl OILIHKK €(EeKTUBHOCTI pO3pOOJIECHOT
MOJIENI 3@ PIBHUX YMOB HABAHTAKECHHS, KUIbKOCTI KJIIEHTIB Ta TPAHCHIOPTHHUX 3aCO0IB.

METOAU JOCJIIIPKEHHSA: meronu onTumizallii MapIipyTiB TPAaHCIIOPTHUX
3ac001B, METOAH IMITAIIITHOTO MOJICIIOBAHHS.

OTPUMAHI PE3VJIBTATU: po3pobiieHo iMITalllifHy MOAEIb y CEpeAOBUII
AnylLogic, mo [103BOJII€ TMPOBOJMUTU BUPIIIEHHS PI3HUX 3aBlaHb ONTUMI3AIli
MapIipyTiB Ta BByali3yBaTH IIPOIEC PYXy TPAHCIOPTHUX 3aco0iB, TEPEBIPATH
CTIMKICTh ONTUMAJILHUX PIICHB /10 3MIH y TUHAMIYHUX YMOBax. Po3po0nenuil miaxin
MOXe OyTH BHUKOPHUCTAHUHN Y JIOTICTHYHHUX KOMIIAHIAX IS TUIaHYBaHHS MapIIpyTiB
JIOCTaBKH, YIPaBIIHHSI aBTOTIAPKOM Ta MIATPUMKH TPHUUHATTA pilieHb y cdepi
TPAHCIIOPTHOI aHAJIITUKH.
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ABSTRACT

Solving vehicle routing problems using Google OR-Tools — Oleksandr
Yakhnenko, Master Thesis, Kharkiv, National Aerospace University “KhAI”, amount
of pages 84, amount of tables 19, amount of figures 21, amount of literature’s
sources 20.

KEYWORDS: vehicle routing problem, logistics, optimization, routes,
simulation modeling.

PURPOSE OF RESEARCH: development, modeling, and research of vehicle
route optimization methods using the Google OR-Tools library and the AnyLogic
simulation environment.

OBJECT OF RESEARCH: the process of planning and optimizing vehicle
routes in logistics systems.

SUBJECT OF RESEARCH: methods and algorithms for wvehicle route
optimization implemented in Google OR-Tools, as well as their modeling and
evaluation in the AnyLogic environment.

TASKS:

1. Analyze modern approaches to solving vehicle routing problems and their
variations.

2. Consider the algorithmic foundations of route optimization, particularly
constraint programming methods, heuristic, and metaheuristic algorithms.

3. Justify the choice of the mathematical formulation of the routing problem.

4. Implement a route optimization model in Google OR-Tools and test it on
typical logistics scenarios.

5. Develop a simulation model of the transport system in the AnyLogic
environment that reproduces the process of executing optimized routes.

6. Conduct a series of experiments to assess the effectiveness of the developed
model under various conditions of load, number of clients, and vehicles.

METHODS OF RESEARCH: vehicle route optimization methods, simulation
modeling methods.

RESULTS: a simulation model in the AnyLogic environment has been
developed, allowing for the solution of various route optimization tasks, visualization
of the vehicle movement process, and verification of the stability of optimal solutions
against changes in dynamic conditions. The developed approach can be used in
logistics companies for delivery route planning, fleet management, and decision
support in the field of transport analytics.
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BCTVYII

AKTYyaJIbHICTh TEMH A0CJiIKeHHSI.

Y cydacHMX yMOBaxX BOEHHOTO CTaHy JIOTICTHYHI CHCTEMU YKpaiHU
nepeOyBaroTh Ml OE3MpPENeICHTHIM HaBaHTaXCHHSIM. PylHHYBaHHS TpaHCHOPTHOI
HppacTpyKTypH, OJIOKYBaHHS OKPEMHX HAaMpsIMKIB, HEOOXIAHICTH ONEPAaTHBHOTO
NEPEMIIICHHSI BaHTaXIB Ta 3a0€3MEYeHHS KPUTUYHUX TOTped HaceneHHS 1
BIICRKOBUX CTBOPIOIOTh CKJIAQAHI BUKJIMKH JUIA IUIAaHYBaHHS MapIIpyTIB Ta
yIOPaBIiHHSA TPAHCIIOPTHUMH MOTOKaMU. Bin e(peKTUBHOCTI JIOTICTUYHUX PIICHb Y
3HaYHIA MIpl 3aJeKUTh CTIMKICTh EKOHOMIKH, O€3MEepepBHICTh IMOCTay aHHS
TYMaHITQpHUX Ta MPOMUCJOBUX BAaHTAXIB, a TaKOXK (DYHKIIOHYBaHHS OOOPOHHOTO
CEeKTopa.

OnTuMizanis MapuIpyTiB J0CTaBKM HaOyBae 0COOIMBOI Baru B CUTYaLlil, KOJIH
pecypcu OOMEXKEHI, a ONEpPaTUBHICTb BUKOHAHHS IE€PEBE3€Hb CTAa€ KPUTUYHUM
dakTopoMm. Y 1MX yMOBax TpaAMIliiHI MAXOAW 1O IUIaHyBaHHS MapIIpYTIB
BUSIBJITIOTBCSI  HEJIOCTaTHRO C(PEKTHBHUMH, OCKUIbKM BOHH HE BpPaxOBYIOTh
JTUHAMIIHICTh CEpeI0BHUIIA, HEPIBHOMIPHICTh MOMHUTY, 3MIHUA Y JOCTYIHOCTI IOPIr Ta
HEOOXITHICT, MIHIMI3YBaTH 3aiiBl MpoOIrd TpaHCHOPTHUX 3aco0B. Tomy
3aCTOCYBaHHS Cy4aCHHX ONTHUMBAIIMHUX aJITOPUTMIB € CTPATETTIHO BAKIMBUM JIJIS
MIBUILIEHHS €PEKTUBHOCTI JIOTICTUYHUX MPOIIECIB.

3ana4yl Mapmpyrtuzailii TpaHcrnoptHux 3aco6iB (VRP) Ta ix po3mmpeHHs —
VRPTW, CVRP, MDVRP — naBHO BimoMi y HayKOBIi JiTeparypi, aje came ix
3aCTOCYBaHHS y TOE€JHAHHI 3 METOAAMH IMITAIIITHOTO MOJICIIIOBAHHSI CTBOPIOE HOBI
MOYKJIMBOCTI JIJIS1 aHATI3Y Ta MPUHHATTS PIIICHh B YMOBaX BUCOKOT HEBU3HAYECHOCTI.
ImiTartiitHe cepeaoBHIINE JO3BOJISE HE JIUIIE OTPUMATH ONITHMAaJIbHI MapIIpyTH, aie i
OIIIHUTH TXHIO MPAIE3aTHICTh Y peabHUX reoTrpadiaHMX, YaCOBUX Ta PU3UKOBUX
YMOBaxX, a TakKOXX MOJEIIOBAaTH TMOBEAIHKY TPAHCIIOPTHUX CHUCTEM Y BHIIAIKY
HernepeaoadYyBaHUX 3MiH.

Po3pobka iHTErpoBaHOTO MIAXOMY, IO IMOEIHYE ONTHUMI3AIIiHI MOJET Ha
ocHoBl Google OR-Tools 1B reompocTopoBoro cumymsiiero B AnylLogic, €
aKTyaJJbHOIO HAyKOBOIO Ta TIPAaKTHYHOK 3amadero. Takwil Miaxix 103BOJIIE
dopmyBati e(eKTHBHI MapUIPyTH 3 ypaxyBaHHSIM OOMEKEHb TPaHCIOPTHHUX
pecypciB, 4acOBUX BIKOH, MICTKOCTI Ta ©araToiernoBOi CTPYKTYpH JIOTICTHYHOT
MepexKi, a TAaKOXK JTIOCTIIKYBATH 1X BIUIMB Ha CTIMKICTh Ta €(PEKTUBHICTh JOTICTUYHUX
oTieparlii i 4ac BOEHHOTO CTaHYy.

OTxe, aKkTyalbHICTH POOOTH BHU3HAYAETHCA OO0’ €KTHUBHOI TOTPEOOI Y
BIPOBA/PKCHHI CYYaCHUX ONTUMBBAINIMHUX METOAIB JUIA IMATPUMKH TMPHAHSATTS
pimeHb y cdepl JIOTICTUKA B YMOBaX BOEHHUX PHU3HWKIB, HECTAOUIBHOCTI Ta
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00MEXKEHOCTI pPecypcCiB, MO POOUTh TEMY JOCITIIKEHHS COIIATLHO 3HAYYIIOI Ta
NPAKTUYHO BaXKJIMBOIO.

Meta pocJaigxeHHs: — po3poOKa, MOJEIIOBAHHS Ta JIOCIHIIKEHHS METOJIIB
ONTUMB3allli MapUIPyTIB TPAHCIOPTHUX 3acCO0IB 13 BHUKOPUCTAHHSIM OI10TIOTEKH
Google OR-Tools Ta imitariiiHoro cepemonuiia AnylLogic.

JI1st OCATHEHHSI METH HEOOX1THO BUKOHATH HACTYITHI 3aBJaHHSI:

1. [IpoBecTrn aHam3 CydacHHUX MNAXOMAIB JO0 BHUPIIMICHHSA 3a1ad
MapIIpyTU3aIlii TPAaHCIIOPTHUX 3aC001B Ta IXHIX PI3HOBHUIIB.

2. Po3missHyTH arOpUTMIYHI OCHOBU ONTUMIZAIli MapuIpyTiB, 30KpeMa
METOIM TONIYKY 3 OOMEXEHHSMH, €BPUCTUYHI Ta METAaCBPUCTUYHI alTOPHUTMHU,
peanizoBani B Google OR-Tools.

3. OO6rpyHTyBaTH BUOIp MaTeMaTUYHO1 MOCTAHOBKH 3a71a4d1 MapIIpyTH3aLlii.

4, PeanizyBatm momens onrtuMmiamii mapmpyTiB y Google OR-Tools Ta
NPOTECTYBATH i HA TUIIOBUX JIOTICTUIHUX CIICHAPIAX.

S. Po3pobutn imiTamniiiny Mozieiab TPAHCIOPTHOI CUCTEMH B CEPEAOBHUIL
AnylLogic, 1o BIATBOPIOE MPOLEC BUKOHAHHS ONTHUMI30BAaHUX MAapUIPYTIB Yy
JUHAMIYHUX YMOBaX.

6. [IpoBecT cepit0  €KCHEPUMEHTIB I  OIHKH  €(PEeKTUBHOCTI
po3po0eHOT Moaenal 3a PIBHUX YMOB HABaHTAXCEHHS, KUIBKOCTI KIIEHTIB Ta
TPaHCTIOPTHUX 3aCO0IB.

OO6’ekT mocaigeHHsI — TPOIEC ITUIAHYBAaHHA Ta OMNTUMIB3AIli MapIIPyTiB
TPAHCTIOPTHUX 3aCO0IB y JIOTICTUYHUX CUCTEMAX.

IIpenmeT moc/iiIKeHHS — METOAU Ta AITOPUTMHU ONTHUMI3Allll MapIIPYTIB
TPaHCIOPTHUX 3ac001B, peanizoBani y Google OR-Tools, a Takox iXHE MOI€TIOBaHHS
1 o11iHIOBaHHS B cepenoBuil AnyLogic.

IIpakTHyHe 3HAYEHHSI OTPUMAHHMX pe3yJbTaTiB. Po3po0jecHO IMITAIHY
MoOJenb y cepenoBuinl AnylLogic, Mo M03BOJSIE TMPOBOAWTH BUPIMICHHS PIBHUX
3aBAaHb ONTUMI3allli MapUIPyTIB Ta BI3yali3yBaTH MPOLEC PYyXy TPAHCHOPTHHUX
3ac001B, MEPEBIPSITH CTIMKICTh ONTUMAIBLHUX PIMIEHb 0 3MIH Y TMHAMIYHUX YMOBaX.
Po3po6raenuii migxin Moke OyTM BUKOPHUCTAHUN y JIOTICTUYHUX KOMITAHIIX ISt
IUIaHYBaHHA MAapUIPYTIB JOCTaBKH, YIMPAaBIIHHA aBTOMAPKOM Ta MIATPUMKHU
MPUHHATTS PillIeHb y cdepl TPAaHCTIOPTHOT aHATITHKH.

CtpykTypa Ta o0car kBaJjidikaniinoi poooru maricTpa. Ksamdikariina
poboTa MaricTpa CKJIagaeThCs 31 BCTYIy, S5 pO3AUIB, BHUCHOBKIB, JOJATKIB Ta
nepeniky nocuianb. [loBHUI o0csr kBamidikaiiHoi po60TH Marictpa cTaHOBUTH 84
CTOpIHKU, B ToMy uucii: 21 pucyHok; 19 tabmunp; 1 gomatoxk Ha 9 cTopiHKax;
nepenik nocuiaanb 3 20 HalilMeHyBaHb Ha 2 CTOPIHKAX.



