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EQexTuBHICTP  JOTICTUYHMX  TPOLECIB €  OAHMM 13  KIIOYOBUX  YHMHHHUKIB
KOHKYPEHTOCIIPOMOXKHOCT] MMIANMPUEMCTB Y Cy4JacHId €KOHOMIIl. 3pocTaHHS O0OCSTIB MICHKOI
JOCTAaBKH, MiJABHUIIEHHS BUMOT JI0 IIBUAKOCTI Ta MPOrHO30BAHOCTI CEPBICY, OOMEKEHICTh pPecypciB
aBTOMApPKy, HEPIBHOMIPHICTh TPAHCIIOPTHUX MOTOKIB 1 HASIBHICTh YAaCOBUX BIKOH OOCIIyTOBYBaHHS
(bopMyIOTh CKJIaHI YMOBH IJIaHYBaHHS I€pPEeBE3€Hb. 32 IMX 0OCTaBUH SIKICTh MAapIIPYTHUX PILIEHb
0e31mocepeIHbO BIUTMBAE HAa COOIBAPTICTh JOCTABKHM Ta PIBEHB 33JI0BOJICHOCTI KIIIEHTIB.

Y nmnepmomy po3aini mpoanamizoBaHo last-mile goctaBky, akrtyanbHicTe CVRPTW,
norictuuHi nporiecu TOB «ABTopazorti», BU3HAUYEHO BXIHI JaHi, BAMOTH Ta MOCTAHOBKY 3ajadi
OIITUMI3allii.

VY npyromy posznini BukoHaHo orysix metoniB I gs CVRPTW Ta obrpyHTOBaHO BHOIp
ALNS; BU3Hau€HO NPUHIMIY aIaITUBHOTO KEPYBaHHA OIepaTopaMu i poOoTy 3 00MEKEHHIMHU.

VYV Tperbomy po3naini HaBeaeHo MmartematudyHy Mmozaenb CVRPTW 1 peanizamito ALNS;
pO3pO0OIEHO METOAUKY EKCIIEPUMEHTIB Ta MPOBENEHO aONSAIidHUI aHami3, 30KpeMa OI[IHEHO
momnepeHii BiAOip KaHIWUIATIB AK 3aci0 TMPHUCKOPEHHsS OOYHCIICHb 3a 30€peKEeHHS MPUHHATHOI
SIKOCT1 pO3B’sI3KiB.

VY yerBepTOMy pO3AlI peanizoBaHO 1HQOPMAIHY cucTeMy ONTHUMI3alii MapLIpyTIiB i3
PO3paxXyHKOM MEpEKEBUX BIJICTaHEH pyXy Ha OCHOBI JOPOXKHBOTO rpada, IHTETpali€ro JaHHX,
Bi3yalti3alfi€ro Ta JeMOHCTpaliero podotu cuctemu st TOB « ABTopamorti».

VY m’sToMy po3aiii po3IIISIHYTO OXOPOHY Mpalli Ta 6e3neKy npy HaJI3BUYaHUX CUTYAIisX.

Merta poOoTu: onTUMi3allisl MiCbKOI JOCTaBKH Ta OOIPYHTYBaHHS €(EKTUBHOTO MIIXOTY IO
po3B’s3annss CVRPTW 3 ypaxyBaHHSM JOPOKHBOT MEpexki MicTa.

O06’ekT AOCHIIKEHHS: MPOIECH TUIaHyBaHHS 1 ONTUMI3allli MapuIpyTiB y MICBKIH JIOTICTHII
JOCTABKH.

[Ipeamer nmocnimkenns: wmetonu LI gt CVRPTW i3 BpaxyBaHHSIM MeEpEKEBUX
XapaKTePUCTUK JOPOKHBOI IHPPACTPYKTYpH Mij 4ac ONTUMIZALL].

Metoan  JOCHIDKEHHS: MaTeMaTHYHE MOJICTIOBaHHS; KOMOIHATOpHAa ONTHMI3allis;
eBPUCTHYHI/METaeBPUCTUYHI ~ METOAM; aHaimi3 TpadiB; eKCIepUMEHTaJbHE  MOPIBHSIHHS,
MIPOEKTYBaHHS 1HPOPMAIIITHUX CUCTEM.

HoBu3na poOoTu: 0OrpyHTOBaHO W €KCIIEpUMEHTAIbHO MepeBipeHo 3actocyBaHHs ALNS
s CVRPTW y mnocraHoBI, HaOMMKEHIH A0 peajbHUX YMOB, 13 BUKOPHUCTAaHHSIM JOPOXKHBOL
Mepexi sk rpaga Ta OIIHKOI0 BHECKY KOMIIOHEHTIB aITOPUTMY B KOMIIPOMIC «SIKICTh/4acy.

[TpakTHuHa IIHHICTH: MIAX1A 1 peajizoBaHa CHCTEMa MOXYThb OyTH BHUKOPHCTaHI $K
JITOPUTMIYHA OCHOBA ISl MIATPUMKH JIOTICTUYHHUX PIIIEHb 31 3HIDKEHHSIM BUTpPAT MapIIpyTH3alii
Ta MJABUILEHHSAM PIBHS JOTPUMaHHS 4YaCOBUX BIKOH.

JIOTICTUKA, LAST-MILE JOCTABKA, VRP, CVRPTW, YACOBI BIKHA,
METAEBPUCTHKA, IHTEJIEKTYAJIbBHA OHTHUMI3BALLA, ALNS, JOPOXHS MEPEXA,
ABJIAIIMHUN AHAJ3, IHOOPMAILIIMHA CUCTEMA, OIITUMI3ZALIA MAPIIPYTIB



ABSTRACT

The full name of «Research into artificial intelligence methods for optimizing logistics

processes»
Master’s thesis in the specialty: 126 «Information Systems and Technologies»

Student, group IST-24-1m, DSEA, O.0O. Vasyliev — Kramatorsk, 2025.
The work contains 118 pages: 21 figures, 11 tables.

The efficiency of logistics processes is one of the key determinants of enterprise
competitiveness in the modern economy. The growth of urban last-mile delivery volumes,
increasing requirements for service speed and predictability, limited vehicle fleet resources, uneven
traffic flows, and the presence of service time windows create complex transportation planning
conditions. Under these circumstances, the quality of routing decisions directly affects delivery cost
and customer satisfaction.

The first section analyzes last-mile delivery, substantiates the relevance of the CVRPTW,
examines the logistics processes of LLC «Avtoradoshchi», and defines input data, requirements,
and the optimization problem statement.

The second section reviews Al methods for CVRPTW and justifies the selection of ALNS;
principles of adaptive operator control and constraint handling are determined.

The third section presents the mathematical model of CVRPTW and the implementation of
ALNS; an experimental methodology is developed and an ablation study is conducted, including
evaluation of candidate preselection as a means of accelerating computations while maintaining
acceptable solution quality.

The fourth section describes the implementation of an information system for route optimization
with the calculation of network travel distances based on a road graph, data integration,
visualization, and a demonstration of the system’s operation for LLC «Avtoradoshchi.»

The fifth section addresses occupational safety and emergency security issues.

Objective: investigation of artificial intelligence methods for optimizing urban delivery and
substantiation of an effective approach to solving CVRPTW considering the city road network.

Object of research: planning and route optimization processes in urban delivery logistics.

Subject of research: Al methods for CVRPTW and incorporation of network characteristics
of road infrastructure during optimization.

Research methods: mathematical modeling; combinatorial optimization;
heuristic/metaheuristic methods; graph analysis; experimental comparison; information system
design.

Scientific novelty: the application of ALNS for CVRPTW in a formulation close to real-
world conditions is justified and experimentally validated, using the road network as a graph and
assessing the contribution of algorithm components to the «quality/time» trade-off.

Practical value: the proposed approach and the implemented system can be used as an
algorithmic basis for supporting logistics decisions by reducing routing costs and improving
compliance with time windows.

LOGISTICS, LAST-MILE DELIVERY, VRP, CVRPTW, TIME WINDOWS,
METAHEURISTIC, INTELLIGENT OPTIMIZATION, ALNS, ROAD NETWORK, ABLATION
ANALYSIS, INFORMATION SYSTEM, ROUTE OPTIMIZATION.



