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Preface

This volume, Proceedings of The 15" International Symposium on Operations Research,
called SOR’19, contains papers presented at SOR’19 (http://sorl9.fov.uni-mb.si/) that was
organized by Slovenian Society INFORMATIKA (SDI), Section for Operations Research
(SOR), University of Maribor, Faculty of Organizational Sciences, Kranj, Slovenia, and
University of Ljubljana, Faculty of Mechanical Engineering, Ljubljana, Slovenia, held in
Bled, Slovenia, from September 25 to September 27, 2019. The volume contains blindly
reviewed papers or abstracts of talks presented at the symposium.

The opening address at SOR’19 was given by Prof. Dr. Lidija Zadnik Stirn, President of the
Slovenian Section of Operations Research, Mr. Niko Schlamberger, President of the
Slovenian Society Informatika, Prof. Dr. Iztok Podbregar, Dean of the Faculty of
Organizational Sciences, University of Maribor, Prof. Dr. Mitjan Kalin, Dean of the Faculty
of Mechanical Engineering, University of Ljubljana, Prof. Dr. Immanuel Bomze, President
of The Association of European Operational Research Societies (EURO), ), Prof. Dr. Zrinka
Lukaé, President of Croatian Operational Research Society (CRORS), and
presidents/representatives of some others Operations Research Societies from abroad.

SOR’19 is the scientific event in the area of operations research, another one in the
traditional series of the biannual international OR conferences, organized in Slovenia by
SDI-SOR. It is a continuity of fourteen previous symposia. The main objective of SOR’19 is
to advance knowledge, interest and education in OR in Slovenia, in Europe and worldwide
in order to build the intellectual and social capital that are essential in maintaining the
identity of OR, especially at a time when interdisciplinary collaboration is proclaimed as
significantly important in resolving problems facing the current challenging times. Further,
by joining IFORS and EURQO, the SDI-SOR agreed to work together with diverse disciplines,
i.e. to balance the depth of theoretical knowledge in OR and the understanding of theory,
methods and problems in other areas within and beyond OR. We believe that SOR’19
creates the advantage of these objectives, contributes to the quality and reputation of OR by
presenting and exchanging new developments, opinions, experiences in the OR theory and
practice.

SOR’19 was highlighted by five distinguished keynote speakers. The first part of the
Proceedings SOR’19 comprises invited abstracts and papers, presented by five outstanding
scientists: Acad. Prof. Dr. Ivan Bratko, Faculty of Computer and Information Science,
University of Ljubljana, Ljubljana, Slovenia, Prof. Dr. Mirjana Cizmesija, University of
Zagreb, Faculty of Economics and Business, Zagreb, Croatia, Assoc. Prof. Dr. Tibor Illés,
Budapest University of Technology and Economics, Institute of Mathematics, Budapest,
Hungary, Prof. Dr. Joanna Jozefowska, Poznan University of Technology, Poznan, Poland
(the EURO plenary), and Prof. Dr. Matej Praprotnik, Laboratory for Molecular Modeling,
National Institute of Chemistry, Ljubljana, Slovenia.

Proceedings includes 106 papers or abstracts written by 203 authors. Most of the authors of
the contributed papers came from Slovenia (79), then from Croatia (43), Czech Republic
(13), Hungary (12), Slovak Republic (12), Poland (9), Austria (7), Spain (5), France (4),
Netherlands (3), Portugal (3), Italy (2), Norway (2), Romania (2), Thailand (2), Germany
(1), Indonesia (1), Ireland (1), Serbia (1), and United Kingdom (1). The papers published in
the Proceedings are divided into Plenary Lectures (5 abstracts), seven special sessions:
Application of Operation Research in Agriculture and Agribusiness Management (5 papers),
Formal and Behavioral Issues in MCDM (6 papers and 1 abstract), Graph Theory and


http://www.drustvo-informatika.si/sekcije/sor/
http://fis.unm.si/en
http://fis.unm.si/en

Algorithms (11 papers and 1 abstract), High-Performance Computing and Big Data (4
papers), Optimization in Human Environments (7 papers), System Modelling & Soft
Operational Research (5 papers), Towards Industry 4.0 (5 papers), and eight sessions:
Econometric Models and Statistics (10 papers), Environment and Social Issues (5 papers
and 1 abstract), Finance and Investments (11 papers), Location and Transport, Graphs and
their Applications (4 papers), Mathematical Programming and Optimization (7 papers and 2
abstracts), Multi-Criteria Decision-Making (6 papers), Human Resources (4 papers), and
Production and Management (6 papers).

The Proceedings of the previous fourteen International Symposia on Operations Research
organized by the Slovenian Section of Operations Research, that are listed at
https://www.drustvo-informatika.si/sekcije/sor/sor-publikacijepublications/, are indexed in
the following secondary and tertiary publications: Current Mathematical Publications,
Mathematical Review, Zentralblatt fuer Mathematik/Mathematics Abstracts, MATH on STN
International and CompactMath, INSPEC. The Proceedings SOR’19 are expected to be
covered by the same bibliographic databases.

The success of the scientific events at SOR’19 and the present proceedings should be seen as
a result of joint effort. On behalf of the organizers we would like to express our sincere
thanks to all who have supported us in preparing the event. We would not have succeeded in
attracting so many distinguished speakers from all over the world without the engagement
and the advice of active members of the Slovenian Section of Operations Research. Many
thanks to them. Further, we would like to express our deepest gratitude to prominent keynote
speakers, to the members of the Program and Organizing Committees, to the referees who
raised the quality of the SOR’19 by their useful suggestions, section’s chairs, and to all the
numerous people - far too many to be listed here individually - who helped in carrying out
The 15" International Symposium on Operations Research SOR’19 and in putting together
these Proceedings. Last but not least, we appreciate the authors’ efforts in preparing and
presenting the papers, which made The 15" Symposium on Operations Research SOR’19
successful.

We would like to express a special gratitude to The Partnership for Advanced Computing in
Europe (PRACE) for a financial support and to The Association of European Operational
Research Societies (EURO) for financing the EURO plenary speaker.

Bled, September 25, 2019

Lidija Zadnik Stirn
Mirjana Kljaji¢ Borstnar
Janez Zerovnik

Samo Drobne

Janez Povh
(Editors)
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A TABU SEARCH METHOD FOR OPTIMIZING HETEROGENEOUS
STRUCTURAL FRAMES

Balazs David
InnoRenew CoE
Livade 6, 6310 Izola, Slovenia
E-mail: balazs.david@innorenew.eu
University of Primorska, Faculty of Mathematics, Natural Sciences and Information Technologies
Glagoljaska ulica 8, 6000 Koper, Slovenia
E-mail: balazs.david@famnit.upr.si

Abstract: Structural design is responsible for the design and development of structural plans. It consists
of multiple steps that have to be performed sequentially. As the output of a step acts as an input for the
next one, using optimization tools to aid the design process can help in achieving a better overall quality
or a particular design. In this paper, we present a heuristic method that can provide useful suggestions
in a short time for the structural design of a building based on preliminary plans. We also introduce a
mathematical model that can be used as quality control of the results.

Keywords: structural frames, structural design, tabu search, mathematical model
1 INTRODUCTION

The design and construction of a building is a cost intensive process regarding both operational
and capital costs and environmental impacts. The structural design process consists of several
stages that have to be performed sequentially: planning, design and detailing. Even separately,
these are all complex problems, thus efficient optimization tools can help civil engineers with
their decision-making process in order to create cost efficient and sustainable building designs.
The planning phase is responsible for the development of the initial layout of the structure,
positioning and orienting all the required element types within the frame itself. The result of
this step is a preliminary design of the building, which contains the positions of all elements,
but usually does not specify their important characteristics. The field dealing with this phase is
called layout/topology optimization. One of the first introductions of the problem was by Dorne
et al. [7] in 1964, and soon more exact approaches followed for different types of structural
topologies (see Bendsee and Kikuchi [3] and Kirsch [9] as some examples). Several different
aspects of the problem have been considered over the years. Different types of solution
methods have been proposed, like metaheuristics (such as the ant colony optimization of Camp
[4]), genetic algorithm (e.g. Deb [6]), or an optimization framework that considers instabilities
(Changizi and Jalalpour [5]). For a thorough review of this field, see Rozvany [12].

The outcome of the planning phase is a preliminary design, that is still missing many
important structural properties of its elements (e.g exact shape/size, material used). The design
phase uses this plan as an input, and creates a structural plan that can be passed on the detailing
phase for the preparation of the construction schedule. Because of this, the goal of the design
phase is to prepare a plan that optimizes all arising costs (be it capital, operational or
environmental). Similar solution approaches exist for this phase as for planning, and the two
are often considered together. Again, different genetic algorithms were proposed (for an
example, see Baumann and Kost [2] or Fedelinski and Gorski [8]), and metaheuristics are also
used (the simulated annealing approach of Lamberti and Pappalettere [10]). For detailed
reviews of both the design phase and the combination of planning and design, refer to Lamberti
and Pappalettere [11] or Azad and Hasangebi [1].

In this paper, we propose a Tabu search heuristic that can provide quick suggestions for a
structure design based on preliminary plans, specifying the material and cross section of the
elements in the structure to achieve a low-cost solution. As the method provides solutions in a
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short time, the results of this algorithm can be used by civil engineers to help with their
decision-making processes during the structural design process. A mathematical model is also
developed for the same problem so that we can monitor the quality of the heuristic.

First, we introduce the problem itself, and formalize it as a mathematical model. We then
present the Tabu search heuristic for its solution, and present preliminary test results on small
input instances.

2 PROBLEM DEFINITION

A structural frame can be regarded as the skeleton of a modern building. It consists of separate
levels, and each of these can typically contain three different element types: slabs, columns and
beams.

Slabs are the plate elements of the structure, which are usually used as the base, roof or
ceiling. Beams are horizontal elements that support the slabs, while columns are vertical
elements that support the beams and other columns above them. A simplified representation of
a structural frame can be seen in Figure 1.

Slab ——

\ <«— Beam

Column \

Figure 1: An abstract example of a structural frame

Different materials can be assigned to different elements. However, every element of this frame
is affected by certain structural forces, and their cross-section has to be chosen accordingly
when the desired material for the element is selected. Another important requirement is that
certain elements have to be identical, meaning that they both have to share the same material
and have the same cross-section. Such elements will be referred to as ‘belonging to the same
group’.

Given all required information about the elements of the structure, and a preliminary
conceptual design, we would like to use them to create a design plan that minimizes all arising
costs.

In the next section, first we will formally define the above problem, and introduce a
mathematical model based on the presented constraints.
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2.2 Mathematical model

Let E be the set of elements in our frame and let set G denote the different groups that these
elements can belong to. For each e € E, let g(e) € G be the group of that element. Let M be
the set of the available building materials.

The mathematical model of the problem can be formalized the following way:

M|
minimizezz Cej Xej
e€E j=1
s.t.
M|
erjzl,VeEE (1)
j=1
Xim — Xjm = O,Vi € E,j € g(i),1 <m < |M| (2)
Yim = Max{SjmXjm | j € g(),1 <m < |M|},Vi € E (3)
Xim €{0,1},Vi€EE, 1 <m < |M| (4)
y; >0,VieE (5)

The binary variable x., represents the decision of using material m for element e. Variable y.
gives the cross-section of element e in the final plan. Constraint (1) specifies that any given
element will have exactly one material. Constraint (2) ensures that elements belonging to the
same group will have the same material. Constraint (3) selects the proper cross-section of every
element, making sure that elements belonging to the same group should have the same cross-
section. Constraints (4) and (5) are the binary and nonnegativity constraints for the two
variables respectively. The objective of the model is to minimize the arising costs of the
elements in the structure. The cost largely depends on the type of material chosen for the
element (the value of x.n), an also its cross section. The cross section is included in the
objective through the cost coefficients, as they are a factor of the cross section: cem = 0tmye. This
cost coefficient includes both the capital and operational costs of the building, as well as its
environmental impact.

The above model itself is non-linear because of constraint (3) and the objective. However,
since they include the binary variables xe., they both can be linearized easily with the
introduction of extra variables.

2.3 A Tabu search heuristic

We developed a Tabu search algorithm for the solution of the problem. This heuristic was
chosen for the solution of the problem, as it is able to produce multiple good quality solutions
with a short running time. Having multiple solutions can help with the decision-making
processes of engineers, as they are provided multiple options to evaluate and use to carry out
modifications to the preliminary design.

The pseudo code of the method can be seen in Algorithm 1. The heuristic uses a preliminary
design as its initial solution. A single neighborhood transformation is considered: assigning a
new material to a group of elements, while the others are left unchanged. The cross section of
these elements is also adjusted in accordance with the new material. The material change that
results in a structure with the lowest cost is chosen as the best neighbor. The algorithm stores
two different solutions. A local solution (s) is used to track the progress of the search, and it
changes to the neighbor with the best cost in every iteration, while a best solution (o) is also
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saved. The (g,m) pair is added to the Tabu list, where g is the group of elements that was
changed in this step, and m is the old material that these elements had.

The algorithm iterates until a terminating condition is reached (e,g. a fixed number of steps
without any improvement to the best solution, or set iteration limit), and the solution stored in
o is returned as the final result.

s = preliminary solution
0=s
TL=0
while no terminating condition reached
manage TL
for all groups g
for all materials m
if (g, m) € TL
continue
p = change all elements in g to material m
if cost(p) < cost(s)
candidate = p
cl = (g, old material of g)
s = candidate

TL=TLuUCcl
if cost(s) < cost(o)
o=s=s
return s

Algorithm 1: A Tabu search heuristic

In the case of our problem, the heuristic terminated if the value of the best solution o has not
improved after a given number of iterations. As the size of the neighbourhood is defined by the
number of groups and materials, we chose this iteration number to be the function (more
specifically, the product) of the number of groups and materials.

3 PRELIMINARY RESULTS

We tested the Tabu search heuristic on three different instance sets. Table 1 presents the
important characteristics (number of beams, columns and slabs) of these.

Table 1: Properties of the test instances

running time (s)

beams columns slabs
scl sc2 sc3
Instance 1 89 58 27 23 21 2
Instance 2 72 48 21 6 6 1
Instance 3 72 48 21 8 7 2

Instance 2 and 3 might contain the exact same number of elements, but the layout of these
structures is different.

Structures of these sizes would more or less correspond to smaller multi-storey family
houses, which might qualify as real-world input, but larger buildings would be more
challenging to optimize.
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Table 1 also contains the solution times of the mathematical model using Gurobi. These
values are presented in three columns (scl, sc2 and sc3) for every instance, each column
representing a different test scenarios:

- Scenario I: elements of the same type belong to the same group.

- Scenario 2: elements of the same type on the same floor belong to the same group.

- Scenario 3: each element is a single group of its own, and is optimized separately.
While this scenario is not realistic, it shows the performance of the algorithm in an
extremely large search space.

A preliminary list of cross-sectional data was compiled for each element-material pair based
on the different forces affecting the given element. Using this list, the required cross section of
an element can easily be decided for any material type. This list was used by both the heuristic
and the mathematical model.

We performed 20 test runs for each scenario. Ten of these were using the above list cross-
sectional data, while random cross-section values were generated for the other ten. The results
of the above scenarios can be seen in Table 2.

Table 2: Average results of the instances

Scenario 1 Scenario 2 Scenario 3
running time gap running time gap running time gap
(s) (%) (s) (%) (s) (%)
Instance 1 0.95 0.00 8.98 0.01 159.54 0.44
Instance 2 1.27 0.00 6.84 0.04 315.60 0.83
Instance 3 1.25 0.00 7.86 0.00 122.90 0.60

Two columns belong to each scenario in the table: the first gives the running time in seconds,
while the other presents the gap from the cost of the optimal solution given by the mathematical
model. As it can be seen from the results, the algorithm performed well for the first two
scenarios with regards to both running time and costs. However, solving the instances of
scenario 3 takes a long time, and result in poor quality solutions. It is interesting to note, that
because Scenario 3 considered every element as its own group, their cross-sections have been
fixed by constraint (3) of the mathematical model. This resulted in the short solution time of
the model, while the Tabu search heuristic performed exceptionally poor due to the
significantly increased search space.

4 CONCLUSIONS AND FUTURE WORK

In this paper, we presented an optimization problem concerning heterogeneous structural
frames. Using a preliminary design as an input, we developed a heuristic that is able to provide
good quality solutions with a short running time. This is important, as such a method can help
with decision-making process of civil engineers when designing structural plans, as they can
consider the outcomes of several scenarios by running such a fast algorithm multiple times.
To measure the quality of this heuristic, we also developed a mathematical model for the
problem, that can provide the optimal solutions for the given instances.

While the performance of the heuristic algorithm was satisfactory for smaller instances, it
performed poorly for larger instance sets. The neighborhood selection of the algorithm should
be modified both to speed up solution process and to find better quality solutions. Another
aspect of the problem that should be considered is the multi-objective nature of its cost
function. While presently we consider all costs as a linear combination of the different factors,
environmental impacts and capital costs should actually be optimized as separate objectives
affecting each other.
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Street and

First name Surname Institution Post code | Town Country E-mail
Number
University of Ljubljana, Faculty ales.marjetic@
79. Ales Marjeti¢ of Civil and Geodetic Jamova cesta 2 1000 Ljubljana Slovenia f L'mi-I'Jsi
Engineering 99 -
80. Slavko Matanovi¢ High school of modern business Terazije 5 11000 Beograd Serbia slavko.matanovic@
Belgrade mbs.edu.rs
. o University of Zagreb, Faculty of | Trg J.F. . . .
81. Josip Matejas Economics and Business Kennedyja 6 10000 Zagreb Croatia jmatejas@efzg.hr
82. Metka Mesojedec Dolgz nje Mokro 8310 Sentjernej Slovenia metk'a.mesqedec@
Polje 22 gmail.com
83. | Jerzy Michnik University of Economics in ul. 1 Maja 50 40-287 Katowice Poland jerzy.michnik@
Katowice ue.katowice.pl
SC Novo mesto, IT and Music
84. Lorena Mihela& Department & Internatlorjal 8000 Novo mesto Slovenia Iorena.n_mhelac@
Postgraduate School Jozef sc-nm.si
Stefan
University of Zilina, Faculty of . . -
85. Stanislav Mikolaj€ik Management Science and Univerzitna 1 010 26 Zilina Slovak. StamSIaV'M'kOIaJC'k@
. Republic stud.uniza.sk
Informatics
Milanovic Faculty of Economics and Tra J.F
86. Ljubica Business, University of Zagreb, 9" 10000 Zagreb Croatia ljimilanovic@efzg.hr
Glavan ; Kennedyja 6
Department of Informatics
87. Marija Milavec Kapun University of Ljubljana, Faculty Zdravstvena pot 1000 Ljubljana Slovenia marljg.ml_lavec@
of Health Sciences 5 zf.uni-lj.si
88. | Danijel Miinarié University of Zagreb, Faculty | Trg J.F. 10000 Zagreb Croatia dmlinaric@efzg.hr

Economics and Business

Kennedyja 6




Street and

First name Surname Institution Post code | Town Country E-mail
Number
. . Moreno- Universidad Politécnica de Campus Muralla Cartagena . .
89. José Andrés Nicolas Cartagena del Mar 30202 (Murcia) Spain josea.moreno@upct.es
90. Matic Muc TPV d.o.o. ggnduska cesta 8000 Novo mesto Slovenia m.muc@tpv.si
91. Tina Novak University .Of LJubIJgna, Faculty ASkerCeva cesta 1000 Ljubljana Slovenia tina.novak@fs.uni-lj.si
of mechanical engineering 6
NMBU, Faculty of . .
92. Anders Qvale | Nyrud Environmental Sciences and Universitetstunet 1432 As Norway anders.qvale.nyrud@
3 nmbu.no
Natural Resource Management,
Czech University of Life
. , Sciences Prague, Fac. of L Praha 6 — Czech .
93. Petra Pavlickova Economics and Management, Kamycka 129 165 21 Suchdol Republic pavlickovap@pef.czu.cz
Dept. of Systems Engineering
Paviovaic University of Ljubljana, Faculty polona.paviovcic-
94. Polona - of Civil and Geodetic Jamova cesta 2 1000 Ljubljana Slovenia : S
PreSeren Engi - preseren@fgg.uni-lj.si
ngineering
95. Karmen Pazek UnlyerS|ty of Ma.rlbor,'FacuIty of Pivola 10 2311 Hoce Slovenia karmen.pazek@um.si
agriculture and life science
- - University of Zagreb, Faculty Trg J.F. . -
96. Mirjana Peji¢c-Bach Economics and Business Kennedyja 6 10000 Zagreb Croatia mpejic@efzg.hr
FS, University of Ljubljana; o . .
97. Aljosa Peperko Institute of Mathematics, Askerceva 6, 1000 Ljubljana Slovenia aljosg.peperko@
- . Jadranska 19 fs.uni-lj.si
Physics and Mechanics
98. Tunjo Peri¢ University of Zagreb, Faculty Trg J.F. 10000 Zagreb Croatia tperic@efzg.hr

Economics and Business

Kennedyja 6




Street and

First name Surname Institution Post code | Town Country E-mail
Number
. . University of Ljubljana, Faculty ASkerceva cesta A . . . .

99. Miha Pipan of Mechanical Engineering 6 1000 Ljubljana Slovenia miha.pipan@fs.uni-lj.si
University of Split, Faculty of

100. | Snjezana Pivac Economics, Business and Cvite Fiskovica 5 | 21000 Split Croatia spivac@efst.hr
Tourism, Department of
Quantitative Methods
Institute of Mathematics, Faculty Slovak diana.plackova@

101. | Diana Plackova of Science, P.J. Safarik Jesenna 5 040 01 Kosice . -plact
Uni o Republic student.upjs.sk

niversity:

University of Ljubljana, Faculty ASker€eva cesta
of mechanical engineering; 6; i

102. | Janez Povh 1000 Ljubliana Slovenia Janez povh@
Institute of mathematics, physics | Jadranska ulica s.uni-lj.si
and mechanics Ljubljana 19
Laboratory for Molecular

103. | Matej Praprotnik Modeling, National Institute of Hajdrihova 19 1001 Ljubljana Slovenia praprot@cmm.ki.si
Chemistry

104. | Boris PrevolSek Unl\(ersny of Maribor, Faculty of | Cesta prvih 8250 Brezice Slovenia boris.prevolsek@um.si
tourism borcev 36

105. | Jernej Prisenk Umyersﬂy of Mapbor,_FacuIty of Pivola 10 2311 Hoce Slovenia jernej.prisenk@um.si
agriculture and life science

106. | Jernej Protner University pf LJubIJz_ana, Faculty ASkerceva cesta 1000 Ljubljana Slovenia jernej.protner@fs.uni-lj.si
of Mechanical Engineering 6
University of Zagreb, Faculty of Tra J.F

107. | Krunoslav Pulji¢ Economics & Business, Ke:glnnédya 6 10000 Zagreb Croatia kpuljic@efzg.hr

Department of Mathematics




First name

Surname

Institution

Street and
Number

Post code

Town

Country

E-mail

108.

Miroslav

Rada

University of Economics,
Prague, Department of Financal
Accounting and Auditing

Nam. W.
Churchilla 4

13067

Prague

Czech
Republic

miroslav.rada@vse.cz

109.

Uro$

Rajkovi¢

University of Maribor, Faculty of
Organizational Sciences

Kidri¢eva cesta
55a

4000

Kranj

Slovenia

uros.rajkovic@
fov.uni-mb.si

110.

Viadislav

Rajkovi¢

University of Maribor, Faculty of
Organizational Sciences

Kidri¢eva cesta
55a

4000

Kranj

Slovenia

vladislav.rajkovic@
fov.uni-mb.si

111.

Nada

Ratkovi¢

University of Split, Faculty of
Economics, Business and
Tourism

Cvite Fiskovi¢a 5

21000

Split

Croatia

nada.ratkovic@efst.hr

112.

Robert

Repnik

Faculty of Natural Sciences and
Mathematics, Physics
Department, University of
Maribor

Association for Technical
Culture of Slovenia

Koroska 160

ZaloSka c. 65

2000

1000

Maribor

Ljubljana

Slovenia

robert.repnik@um.si

113.

Bertrand

Rigaud

CNRS/CC-IN2P3

France

bertrand.rigaud@
cc.in2p3.fr

114.

Petra Renata

Rigo

Budapest University of
Technology and Economics,
Department of Differential
Equations

Babes-Bolyai University, Faculty
of Mathematics and Computer
Science

Budapest

Cluj-Napoca

Hungary

Romania

115.

Lidija

Rihar

University of Ljubljana, Faculty
of Mechanical Engineering

ASkerceva 6

1000

Ljubljana

Slovenia

lidija.rihar@fs.uni-Ij.si




Street and

First name Surname Institution Post code | Town Country E-mail
Number

Business School, Viana do
Castelo Polytechnic Institute,

116. | Helena Sofia | Rodrigues and Center fot Research a'nd Portugal soflarpdrlgues@
Development in Mathematics esce.ipvc.pt
and Applications (CIDMA),
University of Aveiro,

117. | Marco Rorro CINECA Italy m.rorro@cineca.it

118. | Ewa Roszkowska University of Biatystok, Faculty ul. Warszawska 15-062 Bialystok Poland e.roszkowska@
of Economy and Management 63 uwb.edu.pl

119. | Crtomir Rozman Unlyer3|ty of Ma.rlbor,'FacuIty of Pivola 10 2311 Hoce Slovenia crt.rozman@um.si
agriculture and life science

120. | Maja RoZman Umvers@y of Marlbor, Faculty of Razlagova 14 2000 Maribor Slovenia maja.rozman1@um.si
Economics and Business

. Rupnik University of Ljubljana, Faculty - . - . . . R

121. | Darja Poklukar of Mechanical Engineering ASker€eva ulica 6 | 1000 Ljubljana Slovenia darja.rupnik@fs.uni.lj.si
University of Maribor, Faculty of | KidriCeva cesta . . .

122. | Gregor Rus Organizational Sciences 553 4000 Kranj Slovenia gregor.rus4@um.si
Czech University of Life
Sciences Prague, Fac. of _ Praha 6 — Czech

123. | Jan Rydval Economics and Management, Kamycka 129 165 21 Suchdol Republic rydval@pef.czu.cz
Dept. of Systems Engineering
Department of Mathematics, Tra Liudevita

124. | Kristian Sabo J. J. Strossmayer University of G:?‘aJG 31000 Osijek Croatia ksabo@mathos.hr
Osijek I

125. | Blaz Sasek University of Maribor, Faculty of | \ixey 4 554 4000 Kranj Slovenia blaz.sasek@

Organizational Sciences

student.um.si




First name

Surname

Institution

Street and
Number

Post code

Town

Country

E-mail

126.

Jaap

Schroder

Wageningen University and
Reasearch, Plant Science
Group

Wageningen

Netherlands

jaap.schroder@wur.nl

127.

Rogier

Schulte

Wageningen University and
Reasearch, Department of Plant
Sciences

Wageningen

Netherlands

rogier.schulte@wur.nl

128.

Angela

Silva

Business School, Viana do
Castelo Polytechnic Institute
and Centro de Investigacao em
Organizagdes,Mercados e
Gestéo Industrial (COMEGI),
Lusiada University

Portugal

angela.a@esce.ipvce.pt

129.

Wutiphol

Sintunavarat

Department of Mathematics and
Statistics, Faculty of Science
and Technology Thammasat
University Rangsit Center

12120

Pathumthani

Thailand

wutiphol@
mathstat.sci.tu.ac.th

130.

Andreja

Smole

Cosylab, Control System
Laboratory

1000

Ljubljana

Slovenia

andreja.smole@
cosylab.com

131.

Sglvi Therese

Stremmen Wie

NMBU, Faculty of
Environmental Sciences and
Natural Resource Management

Universitetstunet
3

1432

As

Norway

solvi.wie@nmbu.no

132.

Zoltan

Sile

University of Pannonia, Faculty
of Information Technology,
Department of Computer
Science and Systems
Technology

Egyetem str. 10

8200

Veszprém

Hungary

sule@dcs.uni-pannon.hu

133.

Eszter

Szénasi

Budapest University of
Technology and Economics,
Department of Differential
Equations

Hungary




Street and

First name Surname Institution Post code | Town Country E-mail
Number
3 University of Zagreb, TraJ F
134. | Bosko Sego Department of Mathematics and 9" 10000 Zagreb Croatia bsego@net.efzg.hr
o Kennedyja 6
Department of Statistics
University of Split, Faculty of
135. | Marijana Semanovié Ecoqomlcs, Business and Cvite Fiskovica 5 | 21000 Split Croatia marlj_ana.semanowc@
Tourism, Postgraduate gmail.com
Specialist Study
136. | Andrej Skraba Unlver.3|ty. of Marlt_)or, Faculty of Kidriceva 55a 4000 Kranj Slovenia andrej.skraba@um.si
Organizational Sciences
3 University of Zagreb, Tra J. F
137. | Tihana Skrinjari¢ Department of Mathematics and 9. " 10000 Zagreb Croatia tskrinjar@net.efzg.hr
o Kennedyja 6
Department of Statistics
138. | Ana Skrlec J&T Banka d.d. Aleja kralja 42000 Varazdin Croatia ana.skrlec@jtbanka.hr
Zvonimira 1
University of Zagreb, Faculty
% Economics and Business, Trg J.F. .
139. | Petra Skrobot Department of Trade and Kennedya 6 10000 Zagreb Croatia pskrobot1@efzg.hr
International Business
Czech University of Life
s & Sciences Prague, Fac. of . Praha 6 — Czech
140. | Tomas Subrt Economics and Management, Kamycka 129 165 21 Suchdol Republic subrt@pef.czu.cz
Dept. of Systems Engineering
University of Maribor, Faculty of « .
141. | Spela Tertinek Natural Sciences and Koroska cesta 2000 Maribor Slovenia spela.tertlnek.@
: 160 student.um.si
Mathematics
142. | Jaka Toman University of Maribor, Faculty of | Kidriceva cesta 4000 Kranj Slovenia jaka.toman@gmail.com

Organizational Sciences

55a




Street and

First name Surname Institution Post code | Town Country E-mail
Number
University of Economics, .
143. | Petra Tomanova Prague, Department of W. Churchill Sq. 130 67 Prague 3 Czech . petra.tomanova@vse.cz
E . 1938/4 Republic
conometrics
Jozef Stefan Institute,
144. | Aneta Trajanov Department of Knowledge Jamova cesta 39 | 1000 Ljubljana Slovenia aneta.trajanov@ijs.si
Technologies
Department of Operations tadeusz.trzaskalik@
145. | Tadeusz Trzaskalik Research, University of ul. 1 Maja 50 40-287 Katowice Poland "
L . ue.katowice.pl
Economics in Katowice
. Budapest University of Muegyetem rkpt. .
146. | Anita Varga Technology and Economics 3. 1111 Budapest Hungary vanita@math.bme.hu
; " Department of Finance, A s agnes.vaskovi@
147. | Agnes Vaskovi Corvinus University of Budapest F6évam tér 8. 1093 Budapest Hungary Uni-corvinus. hu
University of Maribor, Faculty of « .
148. | Alen Vegi Kalamar Natural Sciences and Koroska cesta 2000 Maribor Slovenia alen:vegl.kalamar1994@
. 160 gmail.com
Mathematics
Department of Business Oskar rudolf.vetschera@
149. | Rudolf Vetschera Decisions and Analytics, Morgenstern 1090 Viena Austria -
) . ; univie.ac.at
University of Vienna Platz 1
150. | Jozef Vingec University of Maribor, Faculty of | by 1 49 2311 Hoge Slovenia jozefvincec@
agriculture and life science student.um.si
Faculty of Economics, Business
151. | Josipa Visi¢ and Tourism/Department of Cvite Fiskovica 5 | 21 000 Split Croatia josipa.visic@efst.hr
Economics
152. | Petr Volf Institute of Information Theory Pod vodarenskou Prague 8 Czech volf@utia.cas.cz

and Automation, AS CR

vezi 4

Republic




Street and

First name Surname Institution Post code | Town Country E-mail
Number
- University of Zagreb, Faculty of | Trg J. F. . . .
153. | llko Vranki¢ Economics and Business Kennedyja 6 10000 Zagreb Croatia ivrankic@efzg.hr
154. | Andreas Vroutsis EPCC UK AVroutsis@
epcc.ed.ac.uk

University of Split, Faculty of

155. | Marija Vukovié Economics, Business and Cvite Fiskoviéa 5 | 21000 Split Croatia marija.vukovic@efst.hr
Tourism, Department of
Quantitative Methods

. Franciscan Institute for the Poljudsko . . .

156. | Boze Vuleta Culture of Peace, Setaliste 24 21000 Split Croatia fovuleta@gmail.com
Teagasc - Crops, Environment

157. | David Wall and Land Use Programme, Wexford Ireland david.wall@teagasc.ie
Johnstown Castle
VSB — Technical University of . Czech

158. | Anlan Wang Ostrava, Department of Finance Sokolska tf. 33 702 00 Ostrava Republic anlan.wang.st@vsb.cz
University of Economics in tomasz.wachowicz@

159. | Tomasz Wachowicz Katowice, Department of ul. 1 Maja 50 40-287 Katowice Poland uekat I
Operations Research P

160. | Angelika Wiegele Alpen-Adria-Universitat Klagenfurt Austria

161. | Lidija Zadnik Stirn University of Ljubljana, Jamnikarjeva 101 | 1000 Ljubljana Slovenia lidija.zadnik@bf.uni-lj.si
Biotechnical Faculty

162. | Srecko ZakrajSek IAM, College for Multimedia Lesko$kova 12 1000 Ljubljana Slovenia sreco.zakrajsek@iam.si
University of Zagreb, Faculty Tra J.F

163. | Jovana Zoroja Economics and Business, 9. 10000 Zagreb Croatia jzoroja@efzg.hr

Department of Informatics

Kennedyja 6




Street and

First name Surname Institution Post code | Town Country E-mail
Number
University of Maribor, Faculty of « .
164. | Tadej Zerak Natural Sciences and Koroska cesta 2000 Maribor Slovenia tadej.zerak@
: 160 student.um.si
Mathematics
Faculty of Mechanical Askerceva 6
. Engineering i i
165. | Janez Zerovnik 1000 Ljubljana Slovenia Jfanez'.z.er'ovnlk@
Institute of Mathematics, s.uni-lj.si
Physics and Mechanics Jadranska 19
166. | Maja Zibert University of Maribor, Faculty of | o 1 19 2311 Hote Slovenia maja.zibert@
agriculture and life science student.um.si
. 5 University of Zagreb, Faculty of | Trg .
167. | Berislav Zmuk Economics and Business J.F Kennedyja 6 10000 Zagreb Croatia bzmuk@efzg.hr
168. | Anja Znidarsic University of Maribor, Faculty of | \;i«qy4 554 4000 Kranj Slovenia anja.znidarsic@
Organizational Sciences fov.uni-mb.si
169. | Tena Zuzek University of Ljubljana, Faculty ASkeréeva 6 1000 Ljubljana Slovenia tena.zuzek@fs.uni-lj.si

of Mechanical Engineering
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