CVUuT POSUDEK VEDOUCIHO
ZAVERECNE PRACE

e

)

CESKE VYSOKE
UCENI TECHNICKE
V PRAZE

I. IDENTIFIKACNI UDAJE

Nazev préce: Meta-heuristics for routing problems
Jméno autora: Jan Mikula

Typ price: bakalafska

Fakulta/ustav: Fakulta elektrotechnickd (FEL)
Katedra/tstav: Katedra Fidici techniky

Vedouci prace: RNDr. Miroslav Kulich, Ph.D.
Pracovisté vedouciho prace:  CIIRC, EVUT v Praze

Il. HODNOCENI JEDNOTLIVYCH KRITERI{

Zadani naroénéjsi

Hodnoceni ndrocnosti zaddni zdvéreéné prdce.

Narocnost prace spotivala zejména v nutnosti nastudovat problémy a metody jejich fedeni, s kterymi se studenti

v bakalar'ske etapé studia nesetkavaji. Navrieni vlastni metody, ktera by konkurovala soucasnym metodam je rovés

netrividlni.

Splinéni zadani splnéno
Posudte, zda pfedloZend zdvéreénd prdce spliuje zaddni. V komentdfi pfipadné uvedte body zaddni, které nebyly zcela

vy

spinény, nebo zda je prdce oproti zaddni rozsiFena. Nebylo-li zadéni zcela spinéno, pokuste se posoudit zdvaznost, dopady a
pfipadné i pficiny jednotlivjch nedostatkd.

Student zadani splnil beze zbytku a v mnoha ohledech odvedl mnohem vice prace nei bylo ofekdvano. Student se seznamil
s problémy TDP a GSP a s metahouristikami pro fedeni smé&rovacich problémd. Poté navrhl a implementoval viastni Fedeni
téchto problém a vlastnosti tohoto fedeni experimentalné ovéfil na instancich z knihovny TSPLIB. Nad rémec prace poté
realizoval framework pro hledani pfedmé&tu mobillnim robotem ve znimém prostfedi zaloZeny na studentové feieni GSP,

co? by samo o sobé statilo na bakalafskou praci.

Aktivita a samostatnost pfi zpracovani prace A - vyborné

Posudte, zda byl student béhem feseni aktivni, zda dodréoval dohodnuté terminy, jestli své feSeni priibéziné konzultoval a zda
byl na konzultace dostatecné pfipraven. Posudte schopnost studenta samostatné tviré( prdce.

Student pracoval priib&zné b&hem celého obdobi vyhrazeného pro Fegeni bakaldiské prace. Byl aktivni, sam identifikoval
vzniklé problémy a navrhoval jejich fedeni. Na schiizky, které jsme méli pravidelné 1x tydné, pfiSel vidy dobfe pfipraven a

s patrnym pokrokem. Ocefiuji rovnéZ studentovu snahu doplfiovat si znalosti nad rémec préce na BP éethou odborné
literatury. Student pfi ndvrhu a implementaci vlastni metody a realizaci experiment( stravil velké mnozstvi Zasu, které
vysoce piekrocilo dotaci na bakalafskou praci. PFesto praci dokonéil s pfedstihem bez zbyteéného stresu z odevzdani

v poslednih dnech.

Odborna droveii A - vyborné

Posudte droveri odbornosti zdvéreéné prdce, vyuiti znalosti ziskan ych studiem a z odborné literatury, vyuziti podkladd a dat
ziskanych z praxe.

Odborna Uroverfi prace je velmi vysokd. Jejim hlavnim vysledkem je metaheuristika pro TDP a GSP, kterd porézi state-of-the-
art metody jak v kvalité nalezeného FeSenl, tak v niz3ich vypoéetnich narocich. Vysledek je tak dobFe publikovatelny na
mezinarodnim féru. ReSeny problém je dobFe zafazeny do kontextu, o éem? svédéi mno#stvi citované literatury.
Experimenty a jejich vyhodnoceni jsou provedeny petlivé a presvédéiva.

Formaélni a jazykovd Groven, rozsah prace A - vwyborné

Posudte spravnost pouZivéni formdlnich zépisi obsaZenych v prdci. Posudte typografickou a jazykovou strdnku.

Text prace je psan velmi p&knou anglittinou bez vyraznéjich chyb. Prace je dobre Citelnd s mnoZstvim obrazk{ a ilustraci,
které dobfe dopliiuji text a poméhaji jeho porozuméni. Prace je psand v LaTexu s pouZitim Sablony T. Hejdy a je tak
typograficky na velmi vysoké drovni. Vzhledem k tomu, e student psal text prib&Zné a s dostateZnym predstihem, mél
jsem mozZnost jej nékolikrdt korigovat a text tak odpovidd mym pFedstavam.
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Vybér zdroji, korektnost citaci A -vyborné

Vyjddrete se k aktivité studenta pfi ziskdvdni a vyusivdni studijnich materigld k Feseni 2dvérecné prdce. Charakterizujte vybér
pramend. Posudte, zda student vyuZil vSechny relevantni zdroje. Ovéite, zda jsou viechny pfevzaté prvky Fédné odlisen y od
vlastnich vysledkd a uvah, zda nedoslo k poruseni citacni etiky a zda jsou bibliografické citace tipiné a v souladu s citaénimi
zvyklostmi a normami. _ o _

V praci je citovano 35 publikaci, z valné v&t3iny Zasopiseckych a konferenénich glankd, co? je na bakalafskou préci vice nei
dostate¢ny poCet. Viechny citace povaZuiji za relevantni a aktudlni a jsou uvedeny tak, jak odpovida védeckym standardiim.

Dalsi komentére a hodnoceni
Vyjddrete se k urovni dosaZenych hlavnich vysledkii zévérecné prdce, napf. k drovni teoretickyich vysledkd, nebo k drovni a
funkcnosti technického nebo programového vytvoreného Feseni, publikalnim vystupim, experimentdini zruénosti apod.

IIl. CELKOVE HODNOCEN( A NAVRH KLASIFIKACE
Shrrite aspekty zdvérecné prdce, které nejvice ovlivnily Vase celkové hodnoceni.

Student prokdzal schopnost samostatné nastudovat a fedit zadany problém. Ocefiuji zejména studentovu
samostatnost, schopnost studovat odbornou literaturu a hledat nova Fedeni. Kvalita a mnoistvi odvedené préce je
na bakaldfskou préci vysoce nadstandardni a proto doporutuji komisi zvazit navreni prace na cenu dékana.

PredloZenou zdvérecnou praci hodnotim klasifikaznim stupném A - vyborné.

Datum: 1.6.2018 Podpis:
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I. IDENTIFICATION DATA

Thesis name: Meta-heuristics for routing problems

Author’s name: Jan Mikula

Type of thesis : bachelor

Faculty/Institute: Faculty of Electrical Engineering (FEE)

Department: Department of Control Engineering

Thesis reviewer: Dr. Juan José Miranda Bront

Reviewer’s department: School of Business, Universidad Torcuato Di Tella / CONICET (Argentina)

Il. EVALUATION OF INDIVIDUAL CRITERIA

Assigpment challenging

Evaluation of thesis difficulty of assignment. . o -

The objectives of the thesis aim at improving recent methods already published in the operations research literature and to
evaluate its application within autonomous mobile robotics. This represents a major challenge regarding a bachelor thesis,
given that advances particular knowledge in both areas (optimization and robotics) are required to carry out the project and,
furthermore, the aim is to obtain improved results compared to the literature. Therefore, in my opinion the thesis
represents an excellent assignment.

Satisfaction of assignment fulfilled

Assess that handed thesis meets assignment. Present points of assignment that fell short or were extended. Try to assess
importance, impact or cause of each shortcoming.

The assignment proposed is, in my opinion, fulfilled. A previous metaheuristic approach for the Graph Search Problem (GSP)
is improved for the context of application considered in the thesis, improving the both the quality of the solutions found and
the computing times. On the other hand, an experimental environment for the Serach Problem in a Known Environment is
considered, building upon the previous results. Thus, the thesis covers the development of a tailored metaheuristic for the
GSP and its corresponding evaluation within the context of application proposed.

Method of conception correct

Assess that student has chosen correct approach or solution methods.

The GSP is correctly approached by developing a Variable Neighborhood Search (VNS) approach, a well known metaheuristic
framework which has shown to provide an excellent performance on a wide variety of optimization problems. The tailored
metaheuristic is built correctly, analyzing the impact of each of its component in terms of quality, algorithmic complexity and
its potential impact when incorporated within the framework. Finally, the approach is correctly evaluated on benchmark
instances from the related literature to assess for its effectivenes. Regarding the context of application, a wide variety of
techniques widely used within the robotic community are applied, emphasizing on their application in the particular context
and discussing different alternatives that capture the particular characteristics of the problem. Overall, in my opinion from a
methodological perspective the approach is correct.

Technical level A - excellent

Assess level of thesis specialty, use of knowledge gained by study and by expert literature, use of sources and data gained by
experience. o o N L

The thesis builds upon a wide variety of advanced computational techniques, in particular, some of the very advanced in the
context of optimization, operations research and computer science. The developments consider recent and solid methods
and related scientific literature, as well as diverse comptutaional tools which are combined to tackle the two problems
proposed (the optimization problem and its corresponding application).
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Formal and language level, scope of thesis A - excell ent

Assess correctness of usage of formal notation. Assess typographical and language arrangement of thesis.
The thesis is correctly written, with a correct formal notation level combined with the nNecessary explanations to give the
necessary intuitions when required.

Selection of sources, citation correctness A exc e“ ent

Present your opinion to student’s activity when obtaining and using study materials for thesis creation. Characterize selection
of sources. Assess that student used all relevant sources. Verify that all used elements are correctly distinguished from own
results and thoughts. Assess that citation ethics has not been breached and that all bibliographic citations are complete and
in accordance with citation convention and standards. R

The literature regarding the optimization methods is correctly cited, including updated references to rweéltéd problems and
techniques. The student correctly identifies the contributions in each cases, and clearly establishes how they are
incorporated and/or extended within the thesis. To the best of my knowledge, all relevant citations related to the problems
covered are covered by the bibliography considered.

Additional commentary and evaluation

Present your opinion to achieved primary goals of thesis, e.g. level of theoretical results, level and functionality of technical or
software conception, publication performance, experimental dexterity etc. B

Overall, | believe the both the student and his advisor conducted a nice work, setting clear 6bjei:tivé.s"z'a'ri.d géhie'\}ir\‘g them
satisfctorily through solid methodology. The problem under study is very interesting both from a practical perspective as well
as regarding the theoretical and algorithmic challenges it includes. The developments proposed within the thesis, including
advanced optimization techniques, require a detailed knowledge about the methods, which are later evaluated in an
experimental setting. Overall, | believe the results in this thesis could result in one more publications and leave open several
research lines to be extended in the future.

lIl. OVERALL EVALUATION, QUESTIONS FOR DEFENSE, CLASSIFICATION SUGGESTION

Summarize thesis aspects that swayed your final evaluation. Please present apt questions which student should
answer during defense.

The thesis covers a very interesting, difficult and challenging problem by combining advance optimization
methods applied to mobile robotics. The objectives of the project are very clear and the solution approach
combines state of the art ideas with particular characteristics of the problem. Furthemore, the thesis represents a
good contribution by improving previous results in the scientific literature.

I have a some simple questions which can be addressed during the defense:

1. Canyou give an explanation (or at least an intuition) why bVNS-v2 improves the results obtained by the
previous GRASP-based approaches? What do you think is the most important characteristic that would
justify the difference in the computing times for these set of instances?

2. How did you defined the configurations for both bVNS versions, mainly regarding the configurations for
the neighborhoods structures (M and N) and the number of iterations?

3. The LK-operator is shown to obtain good quality solutions, but it is more demanding in terms of
computing times than other neighborhoods. Have you considered including it within the VNS approach in
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some fashion? If not, do you think it may be help to improve the results obtained so far (eventually by
modifying it conveniently).

Overall, | would like to congratulate both Jan Mikula as well as his advisor for the job done. Nice work!
| evaluate handed thesis with classification grade A - excellent.

Date: 01/06/2018 Signature: Dr. Juan José Miranda-Bront.
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