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Metaheuristics for Sustainable Supply Chains

Abstract:

Optimizing models of sustainable supply chains is a high-dimensional multi-objective
optimization problem. The primary focus of this optimization is minimizing different
kinds of costs. Costs can generally be grouped into economic, environmental, and social
costs. Metaheuristics can be used for tackling this kind of task efficiently.

In this thesis, a realistic model of a supply chain is implemented. Different metaheuristics
are implemented or adapted for optimizing the above-mentioned model. The results
are then compared. It was found that genetic algorithms performed the best out of the
three compared stand-alone metaheuristics which also included simulated annealing
and particle swarm optimization. The results obtained by the genetic algorithms were
feasible solutions to the problem. Other stand-alone metaheuristics did not provide
solutions of sufficient quality. Two hybrid methods were also used. The first one
is a combination of the genetic algorithm and the particle swarm optimization. The
second one is a combination of the genetic algorithm and simulated annealing. The
simulated annealing hybrid did not improve on the initial solution provided by the genetic
algorithm in the simulated annealing phase. It was found that the particle swarm hybrid
improved the result of the genetic algorithm in the particle swarm phase. Based on the
experiments in this thesis the implementation of the hybrid genetic algorithm combined
with particle swarm optimization outperformed the implementation of the stand-alone
genetic algorithm.
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Metaheuristilised meetodid jatkusuutlike tarneahelate optimeerimiseks

Liihikokkuvote:

Jatkusuutlike tarneahelate mudelite optimeerimine on korgdimensiooniline mitme-eesmirgiline
optimeerimisiilesanne. Tarneahela optimeerimise pohieesmirgiks on vihendada erinevaid
kulusid. Jatkusuutlike tarneahelate kulud voib jaotada majanduslikeks, keskkonnaalasteks

ja sotsiaalseteks kuludeks. Taoliste iilesannete lahendamiseks saab kasutada metaheuris-

tilisi meetodeid.



Toos kirjeldatakse ja kasutatakse ehtsal tarneahelal pohinevat mudelit. Seejirel kohanda-
takse erinevad metaheuristilised meetodid mudeli optimeerimiseks ning tuuakse vilja
optimeerimise tulemused. To0 kdigus selgus, et geneetilised algoritmid saavad eraldiseis-
vatest meetoditest tarneahela optimeerimisega kdige paremini hakkama. Teisteks eraldi-
seisvateks metaheuristilisteks meetoditeks olid simuleeritud I60mutamine ja osakeste
parve optimeerimine. Geneetilise algoritmi teostus andis eraldiseisva meetodina ainuke-
sena sobivaid lahendusi. Teised eraldiseisvad meetodid ei andnud piisava kvaliteediga
tulemusi. Eraldiseisvaid metaheuristilisi meetodeid kombineeriti ka hiibriitdmeetoditeks.
Esimeseks hiibriidmeetodiks oli geneetilise algoritmi ja osakeste parve optimeerimise
kooslus. Teiseks hiibriidmeetodiks oli geneetilise algoritmi ja simuleeritud 160mutamise
kooslus. Simuleeritud 160mutamisega hiibriidmeetod ei suutnud iiletada geneetilise algo-
ritmi faasis saavutatud tulemust. Leiti, et osakeste parve optimeerimise meetod suutis
parandada hiibriidi esimeses faasis geneetilise algoritmi poolt saadud tulemust. Katsete
kdigus selgus, et geneetilise algoritmi ja osakeste parve optimeerimise hiibriidmeetod
saavutas keskmiselt paremaid tulemusi, kui eraldiseisev geneetiline algoritm.

Votmesonad:
Metaheuristika, geneetilised algoritmid, evolutsioonilised meetodid, osakeste parve opti-
meerimine, simuleeritud I6dmutamine, optimeerimine

CERCS: P170 Computer science, numerical analysis, systems, control



I. License

Non-exclusive license to reproduce thesis and make thesis public

I, Hendrik Parik,

1. herewith grant the University of Tartu a free permit (non-exclusive license) to

reproduce, for the purpose of preservation, including for adding to the DSpace
digital archives until the expiry of the term of copyright,

Metaheuristics for sustainable supply chains,

supervised by Dr. Stefania Tomasiello.

2. I grant the University of Tartu a permit to make the work specified in p. 1 available
to the public via the web environment of the University of Tartu, including via the
DSpace digital archives, under the Creative Commons license CC BY NC ND 3.0,
which allows, by giving appropriate credit to the author, to reproduce, distribute
the work and communicate it to the public, and prohibits the creation of derivative
works and any commercial use of the work, from August 30, 2024 until the expiry
of the term of copyright.

3. T am aware of the fact that the author retains the rights specified in p. 1 and 2.

4. I certify that granting the non-exclusive license does not infringe other persons’
intellectual property rights or rights arising from the personal data protection
legislation.

09.05.2022



	I. License

