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Oponentsky posudek disertacéni prace

PredloZzena disertaéni prace s nazvem ,Modern Methods of Development and Modification of
Evolutionary Computational Techniques®, autora Ing. Michala Pluhacka, je souhrnnym
pfedstavenim origindlniho vyzkumu vénovaného pouziti modernich metod generovani
stochasticity pomoci metod zaloZzenych na formalnich konceptech deterministického chaosu
v ramci Siroké rodiny bio-inspirovanych (evoluénich) algoritm0. Vzhiedem ke znaénému rozsahu
jak tfidy evoluénich algoritmd, tak moznosti vyuZiti deterministického chaosu autor na zacatku
vyzkumu logicky vymezuje zamérfeni disertaéni prace na konkrétni algoritmus z oblasti rojové
inteligence, optimalizaci rojem ¢&astic (PSO), a vyuziti deterministického chaosu omezuje
vyhradné na aktualizaci rychlosti ¢astice. Pfedmétna problematika je v disertaéni praci, ktera se
sklada z teoretické a experimentalni ¢asti, komplexné popsana.

Prace je logicky strukturovana do dvanacti kapitol, které Ize neformainé rozdélit na uvod a
teoretickou ¢ast, navrh novych algoritmd, experimentalni ovéfeni navrZzenych postupu, diskuzi a
zhodnoceni vysledkd. Experimentalni ovéfeni je provedeno formou vypo&etnich experiment nad
v oboru uznavanou sadou testovacich funkci (CEC Benchmark 2013) a praktickym problémem
optimalizace PID kontroléru. Také experimenty jsou logicky strukturované a logicky na sebe
navazuji. Po¢ateéni experimenty jsou pouzity pro identifikaci potencialné efektivnich algoritma
(chaotickych map) a nasleduje extenzivni prizkum vhodnych parametrli. Autor také
experimentalné ovéfuje wvyuziti vice rdznych (komplementarnich) generatorl stochasticity
zalozenych na deterministickém chaosu v jediném PSO aigoritmu.

Ve druhé &asti experimentalniho oddilu prace je pak naértnuta generalizace navrzenych
modifikaci, zaloZzenych na deterministickém chaosu, pro algoritmus diferencialni evoluce (DE) a
autor navrhuje daldi modifikaci PSO pojmenovanou Gathering Algoritmus. Experimentaini
ovéfeni opét demonstruje, Ze navrzené koncepty jsou v konkrétnich situacich pfinosné a zlep$uji
vysledky optimalizace. Experimenty, stejné jako jejich vysledky, jsou podrobné popsany a
analyza vysledk( nevykazuje vétSich problému. Jak doklada publikaéni portfolio autora, vétsina
navrzenych konceptll jiz byla pfedstavena mezinarodni védecké komunité a Uspésné
prezentovana na konferencich a v recenzovanych &asopisech.

PredloZzena prace pfedstavuje uceleny soubor z vyzkumné &innosti autora a jednoznacné
pfinasi nové poznatky oboru evoluénich vypo&th. Pres tyto nesporné klady Ize vSak autorovi
nékteré nesdvary (Casto typografického charakteru) vytknout. Pfedné& v praci postradame
pseudokdéd PSO a DE, dvou hiavnich algoritm(l studovanych v ramci vyzkumu. PrestoZe jsou
popsany slovné a dlleZité rovnice jsou uvedeny, strategicky umistény souhrn obou algoritmi,
podobné jako je tomu pro Gathering Algoritmus, by bezpochyby zjednodusil orientaci v textu.
Chybou ryze typografického charakteru, ktera ale znesnadriuje (minimalné prvni) éteni disertace
je pak také posun v Cislovani odkazl (rovnice, tabulky, obrazky) o 1. Autor napf. odkazuje
k rovnici (7.3), jeji skute¢né Cislo je ale (6.3). Nékteré ¢asto pouzivané €i klicové zkratky nejsou
uvedeny v seznamu zkratek (napf. GPSO, GATHER). Také jmenna konvence nézvoslovi
experiment(, pfedstavena na strané 43, by si zaslouzZila kompletni uvedeni v seznamu zkratek.
Drobnych typografickych nedostatkd obdobného charakteru Ize v textu nalézt vice.

Nejvétsi metodologickou vytku je pak nutno sméfovat viéi Uzce zaméfenému predstaveni
relevantnino vyzkumu a aktudlnich metod pro vyuziti deterministického chaosu v
oblasti evoluénich vypoctl. PrestoZe se autor explicitné zaméfil na konkrétni algoritmus (PSO), a



jasné to deklaruje, uvedeni $ir§i reserse, které byla jisté provedena, by bezpochyby objasnilo
nékteré ne Gplné jasné volby v ramci navrhu algoritml (pro¢ byl vyuZit deterministicky chaos
vyhradné pro aktualizaci rychlosti ¢astice? pro¢ byly zvoleny konkrétni zkoumané metody
transformace chaotické sekvence do intervalu [0,1]? pro¢ byly vybrany zrovna zvolené chaoticke
mapy?). Porovnani vysledk(l navrzenych metod s jinymi postupy, vyuzivajicimi deterministicky
chaos v PSO, jako napf. v [5, 3, 4], by také bezpochyby zvysilo droven prezentace popsaného
vyzkumu. VyuzZitim deterministického chaosu pro generovani pseudonahodnych &isel, se pak
zabyvaji napf. autofi v [1, 6, 2]. Ani jedna z uvedenych (nebo jinych) relevantnich publikaci neni
v textu disertaéni prace zminéna.

Navzdory uvedenym poznamkam vSak diky aktualnosti feSené problematiky, originalité a
napaditosti pouZzitych postupl, pfesvédcivym vysledkim prezentovanych experimentd, a jiz
prokazateiné akceptaci navrzenych postupll odbornou vefejnosti (viz. recenzované publikace
autora a jeho ocenéni z mezinarodnich odbornych konferenci) Ize konstatovat, ze disertatni
prace spliiuje pozadavky kladené v oboru a autor prokazal tvaréi schopnosti v predmétné oblasti.
Na zakladé téchto fakt(l jednoznaéné doporucuiji prediozenou praci k obhajobé.

doc. Ing. Pavel Krémer, Ph.D.
Ostrava, 14. 12. 2015
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Téma prace a splnéni cile

Prace se zamé&fuje na riizné zplisoby zvySovani vykonu evoluénich vypoéetnich technik (ECT
- Evolutionary Computational Techniques) pro spojitou optimalizaci sjednou vystupni
veli¢inou vyuZitim riznych modernich metod, jako jsou napfiklad chaotické sekvence &i
modifikace vnitfnich principt algoritma.

Z hlediska aktualnosti lze konstatovat, Ze prace se zabyva aktudlnim tématem ve zvolené
oblasti a odrazi potfebu novych netradiénich metod. Disertaéni prace své hlavni cile splnila a
odpovidd oboru disertace, zvolené metody zpracovani jsou zvoleny vhodné a rozsah
koresponduje s mnoZstvim vykonané prace, ktera se odrazila v publika¢ni ¢innosti autora.

Piinos v oblasti poznani

TE&ziSwm prace je pfedstavit nové ptistupy pro optimalizaci evoluénich vypocetnich technik,
zejména algoritmu PSO, s cilem zvysit jejich vykon. PSO (Particle Swarm Optimization) je
jeden z mnoha optimaliza¢nich algoritm®, ktery b&hem své existence proSel mnoha
promé&nami. Kromé vyhod ma samozfejmé i své nedostatky. Zakladni principy PSO strategii
jsou proto vhodné pro modifikaci.

Navrzené postupy a metodiky jsou podloZzeny rozsdhlou publikaéni ¢innosti disertanta. Ing.
Michal Pluhacek je autorem ¢i spoluautorem 90 publikaci, 79 praci je indexovano v databazi
SCOPUS a 37 praci je indexovano ve WoS. Publikaéni ¢innost disertanta je vyrovnana a
vztahuje se k obdobi 2012 - 2015. Tato publikaéni ¢innost je nadstandardni, av8ak vSechny
publikace jsou dilem kolektivu autort. Disertant by proto mél specifikovat sviij piispévek ve
spole¢nych publikacich.

Prinos ve spolecenské praxi
Vykonost vSech navrZenych vylepSeni ECT byla suspéchem testovana na typicky

vyuzivanych testovacich funkci. Je zfejmé, Ze navrZena vylepSeni vychazi ze zkuSenosti
autora s realizaci podobnych problému v praxi.

Formalni dprava

Doktorska disertaéni prace ma 107 stran, ke kterym je pfidan piehled publikacni ¢innosti a
Zivotopis autora a je napsana v anglickém jazyce. Na troven zpracovani lze pohliZet ze dvou
sméri a to ze sméru grafického a formalniho. V obou ohledech nelze praci nic vaznéjsiho



vytknout. Z grafického hlediska je prace na velmi dobré urovni. Po formalni strance je prace
velmi dobrd a spliiuje vSechny pozadavky kladené na védeckou praci. Obsahuje jak &ast
teoretickou, tak Cast aplika¢ni.

V Gvodni teoretické ¢asti autor popisuje problematiku tykajici se optimalizace a evolucni
optimalizace. Déle jsou predstaveny moderni trendy v navrhu modifikaci evoluénich
vypocetnich technik spolu soblastmi pouZiti. V experimentalni &asti jsou prezentovany
vysledky dlouhodobého vyzkumu.

Dotazy a pripominky

1. V jaké mife je mozné implementovat popsané modifikace PSO algoritmu i do jinych
evolu¢nich vypocetnich technik, napf. Optimalizace hejnem svétlusek (Firefly Swarm
Optimization), Optimalizace mravenéi kolonii (Ant Colony Optimization), Optimalizace
véelim rojem (Bees Algorithm) aj.

2. Zucastnil jste se se svymi algoritmy nékteré ze soutéZ konanych v ramci
mezinarodnich konferenci CEC, GECCO apod.?

3. Publika¢ni ¢innost doktoranda je nadstandardni. Mohl byste uvést, kterych publikaci si
osobné nejvice cenite.

4. Jakym zptsobem byste navrhnul pokracovani této prace?

Zavér

Konstatuji, Ze pfedloZzena dizertaéni prace spliluje vSechny pozadavky standardné kladené na
disertacni prace vysokoskolskym zdkonem. Na zakladé vySe uvedenych vyjadieni

doporucuji

predloZenou disertacni praci k fadné obhajobé a po jejim Gsp&s$ném prib&hu a zodpovézeni
polozenych otazek rovnéz doporucuji, aby byla panu Ing. Michalu Pluhackovi udélena
védecka hodnost

»D oktor“ (“Philosophicaec Doctor” - Ph.D. )

v oboru InZenyrska informatika.

f /
V Ostrave, 7. 12. 2015 doc. RNDr. PaedDr. Eva Volna, PhD.
Katedra informatiky a pocitact
Piirodovédecka fakulta
Ostravska univerzita v Ostrave
30. dubna 22
701 03 Ostrava
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STATEMENT OF THE REVIEW
Doctoral Thesis of Ing. Michal Pluhacek
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As a reviewer appointed by the Tomas Bata University, Faculty of Applied
Informatics, I have reviewed the Doctoral Thesis “Modern methods of
development and modification of evolutionary computational
techniques” by Ing. Michal Pluhacek. As my opinion I am representing
the following statement:

The topic of thesis is relevant for the research area that it is representing.
Soft computing and computational intelligence are definitely among the
most important areas of the contemporary research in the field of infor-
mation technology. The thesis at hand is focused on evolutionary compu-
ting, in particular on the Particle Swarm Optimization algorithm (PSO)
and its further developments. I am seeing this focus relevant since this ar-
ea is still open for further research, and otherwise both academic and
practical applications are potential benefit improvements on effectiveness,
efficiency and robustness of PSO algorithm.

The thesis of include 124 pages in total and it is divided into 12 Sections.
The thesis is based on the up-to-date knowledge in the field and especially
in the sections 7-12 the representation is very much based on the candi-
date’s own recent research results that have been also reported in appro-
priate publication forums nationally and internationally. The thesis is logi-
cally organized, and the representation is clear. It is sufficiently easy to
read, and manage to communicate its main points to the reader with single
pass of reading.

The main focus of the reported research is on developing, demonstrating
and evaluating novel versions of PSO algorithm in which various chaotic
systems are used for generating the pseudo-random number sequences,
that are required for the internal operations of the algorithm. In particu-
lar, traditionally in population based evolutionary global optimization al-
gorithms the state transitions of the algorithms are based on stochastic
rules. For that reason, during the optimization process, a high number of
pseudo-random numbers are used. Typically these pseudo-random num-
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bers are generated by drawing them from a suitable probability distribu-
tion function, e.g. uniform or Gaussian probability distribution function.
In the thesis at hand the traditional pseudo-random number sequence is
substituted by a sequence that is generated by (deterministic) chaotic sys-
tems. This is a very interesting idea, since the distribution of the number
sequence generated by a chaotic system may vary a lot from the traditional
probability distribution function based pseudo-random number sequenc-
es. Consequently the thesis justifiably put under question, on how this is
affecting on the optimization performance of the PSO algorithm itself?

The developed novel PSO versions that are applying different chaotic sys-
tem based pseudo-random number generators are tested and compared
mostly by applying well known IEEE CEC 2013 test function set and using
the corresponding standard test arrangements. In addition a supplemen-
tary set of classical global optimization benchmark functions are applied
for experimentation.

The experimentation have been both designed and carried out appropri-
ately technically, methodologically and also from the research goals point
of view. In particular, application of the popular CEC 2013 test problem
set and test arrangements enables comparing the results with broad range
of earlier results reported in the literature. Therefore, the generated exper-
imental data is on a rather solid basis, and provide sufficient basis for
analysis of the data.

The analysis of the experimental result data is also acceptable, but not of
the best possible level from the methodological point of view. Namely, no
statistical analyses (e.g. Wilcoxon’s test) were carried out to investigate,
whether or not the differences between the compared PSO versions are
statistically significant. This is not clear in all studied cases, and therefore
statistical analysis would be useful and obviously would have enabled
drawing somewhat more convincing conclusions. Especially in cases,
where the results are based on only 30 independent experiments, and
where also the differences of the results are small, the statistical signifi-
cance of the found differences is remaining more or less unclear. This un-
certainty is unnecessarily limiting the interpretation of the experimental
results and also the conclusions based on them.

With the above referred limitations, the conclusions drawn are justified by
the obtained experimental and theoretical results. The main contributions
of the thesis corresponds with the original research goals. The overall con-
tribution of the reported results is exceeding the level that is required for a
doctoral thesis. The main contributions of the thesis are the constructed
novel PSO versions and chaotic systems for generating the required pseu-
do-random numbers. Perhaps the most important individual contribution
is demonstrating that pseudo-random numbers generated by a chaotic
system may have an unexpectedly high impact on the performance of PSO
algorithm. Furthermore, it is shown likely that the similar approach can be
generalized to a wide range of other evolutionary optimization algorithms.
In particular this was demonstrated in Section 9 by applying similar ap-
proach to Differential Evolution algorithm. These are all substantial novel
contributions to the contemporary literature.

The publication list of Ing. Pluhacek’s no less than 9o publications, among
them there are multiple publications related with the topic of his thesis.
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Many of the publications are published in good international publication
forums, like IEEE conferences or fine scientific journals in the field. Mul-
tiple publications have been published in such peer reviewed forums
where less than 20% of submitted manuscripts are accepted (e.g. IEEE
Congress on Evolutionary Computation). This can be seen as a clear indi-
cation suggesting a good contribution value of the reported research.

A publications list containing 9o items is definitely a massive quantity for
a young researcher. However, when considering quality instead of quantity
by studying the impact of these publications, the actual contribution ap-
pears to be not so massive. In Google-Scholar database, which is often
considered the most complete and realistic in this particular area of sci-
ence, the candidate have received so far 367 citations (incl. self-citations).
Despite that an exceptionally high fraction of all these citations appears to
be self-citations or citations by his former co-authors, also true external ci-
tations are included in this number. That observation can be confirmed al-
so from ISI and SCOPUS databases. The external citations received from
the international research community are indicating that also the interna-
tional scientific community have recognized the contribution value of Ing.
Pluhacek’s research work.

Another beneficial remark is, that Ing. Pluhacek have clearly adopted an
international orientation in his research. That orientation have already
cumulated some international co-publications into candidate’s list of pub-
lications. International research co-operation is important as such, and ex-
isting co-publications indicate that co-operation have also been produc-
tive.

Without hesitation I am recommending that Ing. Pluhacek’s Doctoral The-
sis will be accepted. The recommendation is based on my own review out-
comes and is further supported by clear indications that the contributions
reported in Ing. Pluhacek’s Doctoral Thesis has been notified also by the
international scientific community in the field.

Final Statement:
Thereby, as my final statement I am proposing, that Ing. Michal

Pluhacek’s Doctoral Thesis “Modern methods of development and modi-
fication of evolutionary computational techniques” is to be accepted.

Vaasa, 15.12.2015,
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