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PLENARY LECTURES 
 

Overcoming the Barriers: Getting Operational 
Research Used in Healthcare 

Sally Brailsford 
School of Management, University of Southampton, Southampton, 

s.c.brailsford@soton.ac.uk 

Abstract: This talk addresses a key, controversial issue in the 

health OR literature, namely the apparent failure of OR modelling 

to become embedded and widely implemented as practical 

management toolswithin healthcare organizations. There is a 

massive academic literature in this field, but the vast majority of 

published papers are either purely theoretical or report individual 

one-off success stories. The evidence suggests that simulation has 

failed to become part of the regular “management toolkit” in the 

healthcare sector, in contrast with its success in manufacturing and 

service industries, and the military and defence sectors. The reasons 

for this remain unclear. The research presented here is a case study 

to evaluate the adoption (or otherwise) of one particular simulation 

modelling tool, Scenario Generator, which was developed by the 

SIMUL8 Corporation in a collaborative partnership with the UK’s 

National Health Service Institute for Innovation and Improvement.  

In this talk we present a brief summary of barriers and facilitators to 

the successful use of the Scenario Generator software itself, but the 

main aim is to focus more broadly on factors influencing the 

successful adoption of OR models in general within healthcare 

organisations. The insights gained in this case study are relevant to 

improving the uptake of OR modelling in general within public 

sector organisations anywhere in the world. 
 

Solving Data Analysis Problems with (Global) 
Optimization Tools 

Emilio Carrizosa 
Statistic and Operative Research Department, University of Sevilla, 

Sevilla, ecarrizosa@us.es 

Abstract: Many Statistical Data Analysis tasks lead in one way or 

another to Global Optimization problems, which may include 

continuous and integer variables, and may have a very large number 

of variables, making exact Global Optimization impossible. 

Different problems recently addressed by our research group will be 

analyzed. These include problems in Supervised and Unsupervised 

Classification, and Principal Component Analysis as well. The 

problems will be described, formulated, and results obtained when 

solving them will be discussed. 
 

Multi-Objective Variable Neighborhood Search 

Abraham Duarte 
Dpto. Ciencias de la Computación, Universidad Rey Juan Carlos, 

Madrid, abraham.duarte@urjc.es 

Abstract: Solutions to real-life optimization problems usually have 

to be evaluated considering multiple conflicting objectives. These 

problems have been mainly solved with evolutionary algorithms. In 

this talk we will explore the adaptation of the Variable 

Neighborhood Search metaheuristic (VNS) to solve multi-objective 

combinatorial optimization problems. In particular, we describe 

how to design the shake procedure, improvement method and 

acceptance criterion within the variable neighborhood search 

schema, when two or more objectives are considered. Using the 

previous ideas we propose an adaptation of RVNS, VND and 

GVNS for solving multi-objective optimization problems. We 

validate these proposals by considering a challenging bi-objective 

problem, which includes two well-known NP-hard problems (i.e., 

the anti-bandwidth maximization and the cutwidth minimization 

problems). We report empirical tests over 20 instances and we show 

that the proposed heuristics outperform reference methods in the 

multi-objective community (NSGA-II and SPEA2). 
 

Oligopolistic Location and Capacity Allocation 
with Competing Costumers 

Athanasia Karakitsiou1, Athanasios Migdalas2 
1 Department of Business Administration, Technological Educational 

Institute of Serres, Serres, karakitsiou@teiser.gr 
2 Department of Mathematical and Physical Sciences, Faculty of 

Engineering, Aristotle University of Thessaloniki, Thessalonica, 

samig@gen.auth.gr 

Abstract: We consider modeling competitive location and capacity 

allocation situations in which customers incur the transportation 

costs and, moreover, they may compete for the offered level of 

services. The cases of fixed, elastic and stochastic demands are 

considered. We present bilevel and multilevel programming models 

which are interpreted and analyzed in game theoretic terms. The 

issues of optimality conditions and computational complexity are 

also discussed. Tailored population based metaheuristic algorithms 

are developed and preliminary computational results are given. 

Keywords: Oligopoly, facility location, capacity allocation, bilevel 

programming, multilevel programming, Nash equilibrium, team 

games, Stackelberg strategy, optimality conditions, population-

based metaheuristics. 
 

Are All Failures in Delivering Projects ‘On Time 
Within Budget’ Really Inevitable? 

Zohar Laslo 
Shamoon College of Engineering, Israel, zohar@sce.ac.il 

Abstract: The improvement in the organization of project control is 

a major challenge facing project organizations today. Control 

systems consist of inspection routine, present views and 

implementation of coordination when deviation from the planned 

trajectory is discovered. The disability of control systems to reduce 

failures in delivering projects ‘on time within budget’ derives 

mainly from the defective practice of choosing simple solutions for 

complex problems which are invariably wrong. Inspection timetable 

on the basis of time or cost intervals disables the display of realistic 

present views since in contrary to production and process systems 

where the output can be continuously measured, the outputs during 

the course of the project's advancement are mostly immeasurable. 

By utilizing the deterministic ‘critical path model’ for assessing the 

project completion time the project manager is grossly misled into 

thinking that the chance of ‘on time within budget’ delivery is very 

good when in reality it is very poor. Moreover, coordination aimed 

at the reestablishment of the project targets is inferior when 

uncertainties are not taken into consideration. Control routines with 

rational timetabling of the inspection points, present views based on 

Monte Carlo simulations and coordination that takes into 

consideration the impact of the execution mode on time and cost 

uncertainties that derive from different sources may enable the 

attainment of project deliveries ‘on time’ and as much as possible 

‘within budget’ when prevalent control routines cannot. 

Keywords: Project management, uncertainty, project control, 

corrective actions, execution modes, time-cost tradeoffs, Monte 

Carlo simulation. 
 

Supercomputing for Bigdata: Dataflow vs. 
Controlflow (The Programming Paradigm and 
the Ongoing Research) 

Veljko Milutinović 
School of Electrical Engineering, University of Belgrade, vm@etf.rs 

Abstract: DataFlow computers, compared to ControlFlow computers, 

offer speedups of 20 to 200, and power reductions of about 20. 

However, the programming paradigm is different. This talk explains 

the paradigm, using Maxeler as an example (Maxeler is 20% owned by 

JPMorgan), and sheds light on the ongoing research in the field. 
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Some Successful Applications of Variable 
Neighborhood Search 

José Andrés Moreno-Pérez 
Catedrático de Ciencias de la Computación e I.A., Universidad de la 

Laguna, Tenerife, jamoreno@ull.es 

Abstract: Variable Neighborhood Search (VNS) is a simple and 

effective metaheuristic for solving combinatorial and global 

optimization problems. It is based upon systematic changes of 

neighbourhoods both in a descent phase, to find a local minimum, 

and in perturbation phase, to escape from their valleys. VNS have 

been successfully applied to many problems with real applications. 

We survey some of the most relevant successful applications of 

VNS appeared in the literature. 

 

A Simulation Based Risk Analysis Study of the 
Maritime Traffic in the Istanbul Strait 

İlhan Or 
Industrial Engineering Department, Boğaziçi University, Istanbul, 

or@boun.edu.tr 

Abstract: Development and results of a simulation based risk 

analysis study for the Istanbul Strait will be presented. In this study, 

first, a simulation model for the transit traffic in the Strait (which 

considers traffic regulations, vessel profiles, pilotage/tugboat 

services, meteorological and geographical conditions) is developed. 

Regarding risk assessment, two sets of factors are sought for during 

the execution of each transit: the probability and potential 

consequences of an accident, at various points along the Strait 

during that transit. Then, as a simulation run proceeds, the risks 

generated by each transit vessel, at different regions of the Strait, 

are assessed by multiplying and aggregating these two sets of 

factors.  
 

Since, vessel and environmental conditions associated with each 

transit are generated in the simulation, the conditional probability of 

an accident, under a given setting of various accident causing 

factors is sought for. However, historic accident data is insufficient 

for a proper statistical consideration of all possible settings of these 

factors; so, in parallel to many other risk assessment studies, 

subjective expert opinion is relied upon in estimating these 

conditional accident probabilities. Expert opinion on accident 

probabilities is extracted through questionnaires focusing on 

pairwise, uni-dimensional comparisons of factor settings (while 

keeping the remaining factors at pre-determined fixed levels). 

Assessment of the consequences of a given accident (its effects on 

human life, traffic efficiency, property and environment) are also 

accomplished through a similar approach. By integrating these 

assessments into the simulation model, the risks generated by each 

vessel, as it moves along the Strait, are calculated in regard to the 

natural and man-made conditions surrounding it (such as, vessel 

characteristics, pilot/tugboat deployment, proximity of other 

vessels, current & visibility conditions, location in the Strait etc.).  

A series of scenarios (regarding vessel arrival rates/scheduling 

policies, pilot captain deployment, local traffic density, current & 

visibility conditions, etc.) are experimented with, leading to some 

interesting observations and policy indications. Results obtained 

will be presented and discussed. 

Keywords: Risk analysis, simulation, logistics. 

 

Worst-case Analysis under Severe Uncertainty 

Moshe Sniedovich 
Department of Mathematics and Statistics, University of Melbourne, 

Melbourne, moshe@ms.unimelb.edu.au 

Abstract: A close examination of the state of the art in areas such 

as decision under severe uncertainty and robust optimization reveals 

that, for all the advances over the past fifty years, the seemingly 

simplistic, some might say naive, „worst-case“ approach to 

uncertainty continues to dominate the scene. In this presentation I 

examine this stalwart of non-probabilistic modeling of uncertainty 

and I explain some of the subtle (mostly modeling) issues 

associated with its use and misuse in such areas as climate change, 

economics, ecology, homeland security, finance, risk analysis, and 

so on. I also take the liberty of speculating on why, despite its 

obvious (and not so obvious) weaknesses, it will probably remain 

the preeminent approach to severe uncertainty in the area of robust 

decision-making, thus continuing to challenge the modeling (and 

rhetorical) skills of scholars, analysts, and decision-makers. 

Keywords: Rrobust optimization, constraints satisfaction, 

responsible decision-making, severe uncertainty, non-probabilistic 

uncertainty, worst-case analysis, local robustness, global 

robustness, Black Swans, unknown unknowns. 
 

Sustainable decisions using a 
multicriteria approach  

Bertrand Mareschal  
Université Libre de Bruxelles (Belgium)  
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CONTRIBUTERS 
 

 

���� B1  
BANKING & FINANCIAL DECISION MAKING 

Licensing Mechanisms under Returns to Scale 

Athanasia Karakitsiou1, Athanasia Mavrommati2 
1 Technological Education Institute of Serres, Department of Business 

Administration, karakitsiou@teiser.gr 
2 University of Ioannina, Department of Economics, amavrom@cc.uoi.gr 

Abstract: Patents provide inventors with diffusion control of their 

inventions during a period of time. Thus, a patent acts as incentive for 

innovation. The licensing policies are categorized in up frond fee, per 

unit royalty and ad valorem royalty.In this paper we study the 

licensing of a cost reducing innovation by an internal patentee. The 

analysis considers a Cournot duopoly characterized by non-constant 

returns to scale. The patentee chooses strategically whether to charge 

a per-unit or an ad-valorem royalty to the other firm in the industry. 

Our results indicate that an internal innovator may generate different 

incentives for his licensing contract depending on the cost reduction 

imposed by the use of the new technology. 

Keywords: Patent, licensing royalty, Ad-valorem, Cournot 

duopoly, game theory. 
 

Integrating FAHP and FCOPRAS for Evaluating 
Financial Performance 

Abdolhamid Safaei Ghadikolaei, Saber Khalili Esbouei 
Faculty of Economic and Administrative Sciences, Mazandaran 

university, Iran, Babolsar, ab.safaei@umz.ac.ir; khalili.saber@ymail.com 

Abstract: Financial performance evaluation is very important in a 

highly competitive environment for companies, so an accurate and 

appropriate performance evaluation is critical. Financial performance 

indicators must be carefully identified in the evaluation process 

because they reflect the competitiveness of a company. Generally, 

accounting measures are used for performance evaluation. However, 

these measures are not sufficient for performance evaluation solely in 

the modern industry time. So, value based measures have recently 

been introduced to express the company value. In this study, a hybrid 

approach is proposed for financial performance evaluation of 

automotive parts manufacturer companies traded on Tehran stock 

exchange (TSE). For this purpose, a hierarchical financial 

performance evaluation model is structured based on the accounting 

measures and value based measures. In this approach fuzzy analytic 

hierarchy process (FAHP) was applied to determine the weight of the 

criteria and then the companies are ranked by using fuzzy complex 

proportional assessment (FCOPRAS) that presented basis on crisp 

COPRAS by this study. 

Keywords: Financial performance, fuzzy analytic hierarchy 

process (FAHP), fuzzy complex proportional assessment 

(FCOPRAS). 
 

Ranking of Banks Using Logical Aggregation 

Jovana Kostić, Marjana Bakajac, Pavle Milošević, Ana Poledica 
Faculty of Organizational Sciences, Belgrade, jovana010@gmail.com 

Abstract: Banks have an effective role in the economical, social and 

political development of every country. Thus, it is of essential 

importance to evaluate bank performance. The ranking of banks 

according to their performance is important for creditors, investors and 

stakeholders since it determines bank’s capabilities to compete in the 

sector. The aim of this paper is to rank the largest banks in Serbia using 

logical aggregation (LA) based on interpolative Boolean algebra 

(IBA). LA has the ability to aggregate mutually dependant factors 

properly as well as to model logical connection among them. To 

evaluate overall performance in more objective and transparent 

manner, instead of a single criterion, both financial and non-financial 

factors are taken into consideration. Our multi-criteria model enrich the 

insight into the bank performance and provides better ranking and 

post-ranking analysis.  

Keywords: Bank performance, ranking, interpolative Boolean 

algebra, logical aggregation. 
 

Structure and Performances of the Sectors in 
Serbian Economic Development 

Sandra Jednak, Dragana Makajic Nikolic, Dragana Kragulj, 
Mirko Vujosevic 
Faculty of Organizational Sciences, University of Belgrade, 

sjednak@fon.bg.ac.rs  

Abstract: Economic growth and development can be based on 

different sectors. Depending on the available resources, each 

country tries to invest in the sectors that will push forward its 

economic activity. The paper analyses Serbian economy, i.e. its 

structure and performance of industry sectors. Optimization model 

has been used to show the sectors (activities) to invest in for 

achieving better economic performances. The results show that the 

sectors important for achieving economic progress are information 

and communication, professional, scientific and technical activities, 

financial and insurance activities, and transportation and storage.   

Keywords: Economic development, industry sectors, Serbia, 

optimization.  

���� B2 
COMBINATORIAL OPTIMIZATION & 
INTEGER PROGRAMMING 

To Schedule a Two Stage Flowshop Problem 
with n Jobs and m Machines 

Behjat Ebrahimzadeh1, Mohammadreza Aminnaseri2 
1 Standard Academic center, b.e.azghadi@gmail.com 
2 Modares University, amin_nas@modares.ac.ir 

Abstract: In this paper we propose a two-stage flowshop scheduling 

problem with two independent machines in the first stage to process 

two different products but each product must go through (m-2) 

common machines for the remaining processes . The problem arises 

in manufacturing environment such as power transmission tower 

indusutry in which profiles with different sizes first go through 

different types of machines and then through a series of common 

machines for other processes . The objective of this problem is to 

minimise makespan . The special case of the problem, i.e., two-stage 

flowshop with one common machine, is known to be NP-HARD. 

Hence it is unlikely to find an optimum solution for the problem. 

Therefore two heuristics were proposed for solving the problem. The 

first is a heuristic which solves small size problem rather quickly, and 

the other is an algorithm developed by using Tabu Search 

methodology. The performance of the proposed algorithms were 

compared with the algorithm known as NEH. The computational 

experiments showed that the algorithm by using Tabu Search. 

Keywords: Scheduling, multistage flowshop, tabu search. 
 

One Application of the Sedimentation Algorithm 
for Solving Max-Sat Problem 

Stevan Kordić 
Maritime Faculty, University of Montenegro, Kotor, 

stevan.kordic@gmail.com 

Abstract: Work presents one application of the Sedimentation 

Algorithm – general algorithm for solving combinatorial 

optimisation problems, proposed by author – for solving Maximum 

Satisfiability problem (MAX-SAT). It proves ability of the 
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Sedimentation Algorithm to be applied in the field of Boolean 

satisfiablity problems, especially for the MAX-2SAT and MAX-

3SAT cases. Computational results of the work contains 

comparison between the Sedimentation Algorithm and the best 

specific solvers for the MAX-2SAT and MAX-3SAT problems. 

Keywords: Sedimentation Algorithm, Boolean satisfiability, MAX-

SAT, MAX-2SAT, MAX-3SAT, solver, combinatorial optimisation. 
 

A Hybrid Evolutionary Algorithm for Solving the 
Two-Stage Capacitated Facility Location 
Problem 

Stefan Mišković, Zorica Stanimirović 
Faculty of Mathematics, Studentski trg 16, Belgrade, Serbia, 

stefan@matf.bg.ac.rs; zoricast@matf.bg.ac.rs 

Abstract: The goal of the Two-Stage Capacitated Facility Location 

Problem (TSCFLP) is to choose locations for opening depots and 

plants, each with associated installation cost and capacity limit, and 

to design distribution plan to a given set of customers, such that 

total distribution and installation costs are minimized. We propose a 

hybrid metaheuristic method (HEA), which represents a 

combination of an evolutionary algorithm and two local-search 

heuristics for solving the TSCFLP. The proposed algorithm uses the 

CPLEX 12.1 solver incorporated in the HEA frame for efficient 

calculation of the fitness function. The described HEA approach is 

tested on modified data set from the literature and on a newly 

generated set of the TSCFLP instances with up to 2000 users, 200 

potential locations for establishing depots and 50 potential sites for 

opening plants. The results of computational experiments show that 

the proposed HEA method quickly reaches all known optimal 

solutions, and also provides solutions on large-scale instances that 

could not be solved to optimality. Regarding the quality of HEA’s 

solutions and short running times, we may conclude that the 

proposed HEA represents a promising metaheuristic method for 

solving the TSCFLP and other similar facility location problems. 

Keywords: Two-level facility location, evolutionary algorithm, 

local search, combinatorial optimization. 
 

Using T-Joins to Approximate Solutions for Min 
Graphic K-Path TSP 

Aristotelis Giannakos1,2, Mhand Hifi1, Rezika Kheffache3, 
Rachid Ouafi4 
1 EPROAD, ROAD, Université de Picardie Jules Verne, France, 

mhand.hifi@u-picardie.fr 
2 LAMSADE, CNRS UMR 7024, PSL Research University Paris 

Dauphine, Paris Cedex 16, France, aristotelis.giannakos@dauphine.fr 
3 University Mouloud Mammeri de Tizi-Ouzou, B.P.17 RP, 15000 Tizi 

Ouzou, Algeria, kheffache@hotmail.com 
4 Operational Research Department, University of Science and 

Technology Houari Boumediene, Algeria, ouafi@usthb.dz 

Abstract: We consider a generalized Path Traveling Salesman 

Problem where the distances are defined by a 2-edge-connected 

graph metric and a constant number of salesmen have to cover all 

the destinations by traveling along paths of minimum total length. 

We show that for this problem there is a polynomial algorithm with 

asymptotic approximation ratio of 3/2. 

Keywords: Combinatorial optimization, polynomial 

approximation, T-joins, graphic TSP, depots. 
 

The Freedom Degree Optimization 
Hypercylindric Function 

Dusko Letić, Ivana Berković, Biljana Radulović, Dragica 
Radosav 
University of Novi Sad, Technical Faculty M. Pupin, Zrenjanin, Serbia, 

dletic@open.telekom.rs; berkovic@ tfzr.uns.ac.rs; 

bradulov@tfzr.uns.ac.rs; radosav@tfzr.uns.ac.rs 

Abstract: We present the results of theoretical research of the 

generalized Hypercylindrical function HY) by generalizing two 

known functions related to the sphere hypersurface and 

hypervolume and the recurrent relation between them. By 

introducing two-dimensional degrees of freedom k and n (and the 

third, radius r), we develop the derivative functions for all three 

arguments, and the possibilities of their use. The symbolical 

evolution, numerical experiment and graphical presentation of 

functions are realized using the Mathcad Professional and 

Mathematica softwares. 

Keywords: Optimization, geometric hypercylindric function, 

special functions. 
 

Symmetry Properties of Resolving Sets in 
Hypercubes 

Mirjana Čangalović, Nebojša Nikolić, Igor Grujičić 
Faculty of Organizational Sciences, Belgrade, canga@fon.bg.ac.rs, 

sigma@fon.bg.ac.rs, grujicici@fon.bg.ac.rs 

Abstract: In this paper we consider some special characteristics of 

distances between vertices in the n-dimensional hypercube graph 

n
Q  and, as a consequence, the corresponding symmetry properties 

of its resolving sets. It is illustrated how these properties can be 

implemented within a simple greedy heuristic in order to find 

efficiently an upper bound of the so called metric dimension 

( )
n

Qβ  of n
Q , i.e. the minimal cardinality of a resolving set in n

Q . 

This heuristic was applied to generate upper bounds of ( )
n

Qβ  for n 

up to 22, which are for 18n ≥  better than the existing ones. 

Keywords: Graph theory, metric dimension, hypercubes. 

 

���� B3 
CONSTRUCTION PROJECT MANAGEMENT 

A Conceptual Grey Analysis Method for 
Construction Projects Scheduling 

Maria Mikela Chatzimichailidou1, Stefanos Katsavounis2, 
Dusko Lukac3 
1 Democritus University of Thrace, Polytechnic School, Department of 

Civil Engineering, Vassilissis Sofias 12, Xanthi, Greece, 

mikechat@civil.duth.gr 
2 Democritus University of Thrace, Polytechnic School, Department of 

Production and Management Engineering, Vassilissis, Sofias 12, 

Xanthi, Greece, skatsav@pme.duth.gr 
3 Rheinische Fachhochschule Köln gGmbH, University of Applied 

Sciences, Vogelsanger Strasse 295, Colonge, Germany, lukac@rfh-

koeln.de 

Abstract: Concerning engineers, project management is a crucial 

field of research and development. Projects of high uncertainty and 

scale are characterized by risk, primarily related to their completion 

time. Thus, safe duration estimations, throughout the planning of 

project management schedules is a key objective for project 

managers. However, traditional linear approaches fail to include 

and sufficiently serve the dynamic nature of activities’ duration. On 

this ground, attention should be paid on designing and 

implementing methodologies that approximate the duration of the 

activities during the phase of planning and scheduling too. Grey 

analysis mathematical modeling seems to gain ground, since it 

gradually becomes a well-adapted and up-to-date technique for 

numerous scientific sectors. This paper examines the contribution 

of the logic behind the aforementioned analysis, aiming to predict 

possible future divergences of task durations in construction 

projects. Based on time observations of critical instances, a 

conceptual method is developed, for making duration estimations 

and communicating deviations from the original schedule, in a way 

that approximations will fit reality better. The whole procedure 

endeavors to investigate the decrease of uncertainty, regarding 

project completion time and reduce, up to a scale, a possibe 

inaccurate estimation of a project manager. The utmost effort is 

about exploiting gained experience and eliminating the "hedgehog 

syndrome". This is attainable by designing a reliable, easily updated 
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and readable information system. An enlightening example is to be 

found in the last section. 

Keywords: Grey analysis, information system, project 

management, technical constructions, uncertainty. 
 

One Approach in Business Plan Scenario 
Development in Case Study – Railway Transport 
of Montenegro 

Nikola Stojadinović1, Branislav Bošković2, Nebojša Bojović1, 
Dragana Macura1 

1 Faculty of Transport and Traffic Engineering, Belgrade, 

n.stojadonovic@sf.bg.ac.rs 
2 Directorate for Railways, Belgrade, branislav.boskovic@raildir.gov.rs 

Abstract: After the first steps in railway system reforming process, 

a railway operator starts operating and making its’ own plans on an 

independent basis, with regards on the business achievements. 

Middle and long-term business planning in railway companies 

makes very complicated process which contains a number of 

interest groups, levels of decision making, with a certain amount of 

risk. One of the most important topics of a business plan is to 

choose a proper development scenario. The paper deals with the 

practical problem – solving development scenario selection for 

railway passenger transport operator, using Fuzzy Analytic 

Hierarchy Process approach. 

Keywords: Business plan, Railway operator, Fuzzy-AHP approach. 
 

���� B4 
DATA ENVELOPMENT ANALYSIS & 
PERFORMANCE MEASUREMENT 

Application of the Cooper-Framework for 
Evaluation of the Efficiency of Bank Branches 

Blagorodna Todosioska, Violeta Cvetkoska  
Faculty of Economics - Skopje, violeta_cvetkoska@hotmail.com 

Abstract: In this paper is presented the possibility of applying the 

COOPER-framework to evaluate the relative efficiency of the bank 

branches of one bank. The six phases of the framework, which are 

interrelated, are being followed in the empirical study, and their 

sub-phases are adjusted. The application of the framework is 

described in the paper, and also the benefits arising from its use are 

being indicated. 

Keywords: COOPER-framework, DEA window analysis, banking, 

efficiency. 
 

Cross-Efficiency Evaluation under the Principle 
of Rank Priority of DMUs  

Majid Zohrehbandian  
Department of Mathematics, Karaj Branch, Islamic Azad University, 

Karaj, Iran. zohrebandian@yahoo.com 

Abstract: Cross-efficiency evaluation has been suggested as an 

alternative method of efficiency evaluation and ranking in data 

envelopment analysis (DEA) based on peer evaluation logic. A factor 

that possibly reduces the usefulness of the cross-efficiency evaluation 

is that cross-efficiency scores may not be unique due to the presence 

of alternative optima. As a result, it is recommended that secondary 

goals should be introduced in cross-efficiency evaluation. This paper 

seeks to improve the secondary goal proposed by Wu et al. [Expert 

Systems with Applications, 36, 4826-4829, 2009] by introducing two 

models that could be used as secondary goals to choose suitable 

weights in cross efficiency evaluation. Proposed methods consider  

the performance ranking of DMUs by optimizing the rank of each 

DMU under evaluation. An advantage of the proposed methods is that 

the obtained weights can reflect the relative strengths of the DMU 

which is under consideration. Numerical examples are provided to 

illustrate the approaches. 

Keywords: Data envelopment analysis (DEA), cross efficiency, 

secondary goal, ranking.  
 

Determining the Relative Efficiencies of 
Manufacturing Companies in Istanbul Stock 
Exchange by Using Data Envelopment Analysis 

Ayse Demirhan, Mert Bal 
Yıldız Technical University, aysedemirhan74@gmail.com, 

mert.bal@gmail.com 

Abstract: Manufacturing industry has an important impact on the 

economic growth of Turkey. The developments in this sector 

directly affect economy. Manufacturing industry comprises various 

sub sectors which demand different inputs form other sectors. 

Because of these reasons, the trends in manufacturing industry can 

be leading indicators for the future of economy. In this paper, 

relative financial efficiencies of 155 companies that are quoted to 

Istanbul Stock Exchange in 2011 have been evaluated by using data 

envelopment analysis. Data envelopment analysis is a lineer 

programming based method which is frequently used in both public 

and private sectors in order to evaluate the relative financial 

efficiencies of companies. Also the financial situations (basic 

efficiency) and the ranking of all companies (super efficiency) are 

determined in this research. In data envelopment analysis, fixed 

yield assumption according to the scale has been considered. EMS 

1.3 (Efficiency Measurement System 1.3) package programme is 

used for data analysis. Totally 6 inputs and 4 outputs variables are 

used by considering 2011 data for data envelopment analysis. 

Keywords: Data envelopment analysis, efficiency measurement, 

manufacturing industry. 
 

Corporate Performance Evaluation by a Combined 
Approach of Balanced Scorecard (BSC) and Fuzzy 
Multi-Criteria Decision Making (FMCDM) 

Nazanin Ashrafian Mahabadi1, Abdolhamid Safaei 
Ghadikolaei2, Mohammad Valipour Khatir3 
1 Shomal university, n_ashrafian_m@yahoo.com 
2 Mazadaran university, ab.safaei@umz.ac.ir 
3 Modares university, m.valipour@modares.ac.ir 

Abstract: Assessment and performance improvement is considered 

by many corporate and organization managers. By increasing the 

strategic management and quality management programs in 

organizations, the need for a comprehensive plan for performance 

management methodology is more evident than ever. One of the 

most widely used models in the context is balanced scorecard 

model that balances all aspects of the organization concerned. In 

this study, taking into account the strengths of the BSC model, the 

combination of BSC and fuzzy multi-criteria decision making 

techniques was used for performance evaluation. This study aimed 

to evaluate performance of DAMDOSHAN corporate, after initial 

review of the four BSC model and designing the questionnaire and 

collecting data, importance degree of the main dimension of BSC 

model was calculated by FANP and corporate performance was 

prioritization and compared by FTOPSIS. The findings show that 

the main "customer" with importance degree (0.303) was the most 

importance of the main criterion and "financial" (0.276), "internal 

processes" (0.215) and "learning and growth" (0.204), respectively 

were other dimensions of performance evaluation in dairy 

companies. The best performance dimensions in DAMDOSHAN, 

respectively were "customer" and "financial" and the worst were 

"Internal Processes" and "Learning and Growth". Compared to 

three other companies in the area in terms of overall performance, 

DAMDOSHAN has second priority after KALEH. 

Keywords: Performance evaluation, balance scorecard, fuzzy multi 

criteria decision making. 
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Measuring and Analysis of the Key Performance 
Indicators in an Industrial Enterprise Applying 
Information System 

Željko Đurić1, Rado Maksimović2  
1 Bauxite Corporation Milici, Milići, Bosnia and Herzegovina, 

zeljko@ad-boksit.com 
2 University of Novi Sad, Faculty of Technical Sciences Novi Sad, Novi 

Sad, Serbia, rado@uns.ac.rs 

Abstract: The paper presents the results of measuring and 

analyzing of the key performance indicators (KPI’s) in a complex 

industrial company, applying the model of the specially developed 

client application for managing of the performance in the industrial 

company. The aim of this study was to demonstrate that the general 

approach and principles of organization and management of an 

industrial enterprise - based on the integration of its functions are 

universally valid and that it is possible to establish a standardized 

system of criteria - parameters (performances) of the process, which 

in required and sufficient measure reflect the effectiveness of the 

overall success of the industrial enterprise. Research results, also, 

indicate that applying of the particular model for the measurement 

of KPI’s in the industrial company, supported by company’s 

information system, completely legitimating stated needs, that 

company informacion system, beside its basic role related to 

automation of the business process, to be extended on the elements 

that can provide process of analysis. 

Keywords: Process quality industrial company, key performance 

indicators (KPI’s), control, IT. 
 

Efficiency Measurement of NBA Players using 
Data Envelopment Analysis 

Sandro Radovanović, Milan Radojičić, Gordana Savić  
Faculty of Organizational Sciences, Belgrade, 

sandro.radovanovic@hotmail.com 

Abstract: One of the most complex calculations in every business 

is efficiency assessment. As sports are one of the biggest industries, 

efficiency analysis is crucial for decision making. In order to 

evaluate NBA player efficiency, which is based on multiple inputs 

and outputs data envelopment analysis is used. In this paper 26 

NBA player were evaluated. This analysis provides efficiency and 

rank of each player, not only obtained by DEA, but with NBA 

efficiency evaluation methods. Furthermore, NBA efficiency 

evaluation methods are compared with DEA. 

Keywords: Data envelopment analysis, efficiency analysis, 

basketball players. 
 

Process Management and Six Sigma 
Methodology the Platform for Increasing the 
Efficiency of Processes 

Ivana Ćirić1, Nenad Mirkov1, Miodrag Peranović2  
1 Student doktorskih studija, Univerzitet u Novom Sadu, Ekonomski 

fakultet Subotica, Srbija, civana87@hotmail.com, 

nenad.mirkov@gmail.com 
2 Univerzitet u Istočnom Sarajevu, Ekonomski fakultet Brčko, BiH, 

miodrag.peranovic.efb@gmail.com 

Abstract: Business Process Management hasn’t methods for removing 

steps in processes which are identified in analysis as inefficient or 

ineffective. Tools and techniques from Six Sigma are borrowed for 

those tasks. Six Sigma methodology is focused on defining, measuring, 

analyzing, improving, and controlling business processes. Process 

Management tools, and the problem solving methodology of Six 

Sigma, have come together to increase the efficiency, effectiveness, 

and ongoing control of a process to levels of performance. This paper 

will attempt to provide answers and defining tasks: 

� How Six Sigma-based process improvement initiatives can be used 

on processes across the enterprise, not just manufacturing processes. 

� How Six Sigma and BPM combined offer one of the most 

powerful process improvement solutions possible. 

� Defining steps delineated below to integrate BPM and Six Sigma. 

� Defining the tasks for managers in Serbia in the future.  

Keywords: Business process management, six sigma, process 

improvement. 
 

Assessing Efficiency of the Tax Administration 
by DEA and Regression Analysis  

Gordana Savić1, Aleksandar Dragojlović2, Mirko Vujošević1, 
Milojko Arsić3, Milan Martić1  
1 Faculty of Organizational Sciences, Belgrade, goca@fon.bg.ac.rs, 

mirkov@fon.bg.ac.rs, milan@fon.bg.ac.rs 
2 Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ) 

GmbH, Belgrade, aleksdragojlovic@gmail.com  
3 Faculty of Economics, Belgrade, arsicm@ekof.bg.ac.rs  

Abstract: In this paper, we analyse the performance of the tax 

administration using data envelopment analysis (DEA) and 

regression analysis in thirteen European countries. In the first 

phase, DEA input-oriented model with the three input and two 

output parameters has been used for the efficiency evaluation. The 

influence of selected independent variables on grey economy, 

which represents an approximation of tax evasion and efficiency of 

tax administration, was conducted by regression analysis in the 

second phase. The main goal is to investigate influence of the 

relative efficiency and number of employees in tax administration 

as well as country employment rate on grey economy level.  

Keywords: Tax administration, data envelopment analysis, 

regression analysis. 
 

An AMPL Optimization Software Library for Data 
Envelopment Analysis 

George Argyrioy, Angelo Sifaleras 

University of Macedonia, School of Information Sciences, Department 

of Applied Informatics, 156 Egnatia Str., 54006 Thessaloniki, Greece, 

{tm0829, sifalera}@uom.gr 

Abstract: This work presents a new optimization software library, 

which includes a number of Data Envelopment Analysis (DEA) 

models. All the DEA models have been implemented in the AMPL 

algebraic modeling language for mathematical programming and 

solved using either Gurobi Optimizer v5.5 or MINOS v5.51 (for 

those models having general nonlinear objectives). In order to 

verify the correctness of the results, real world datasets have been 

examined and solved using the well-known commercial DEA 

Solver Pro v8.0c by SAITECH, Inc. We also present a literature 

review of both commercial and non-commercial DEA software 

packages and discuss about the benefits and drawbacks of our 

proposed DEA model library. 

Keywords: Optimization software, AMPL, data envelopment analysis. 
 

Incorporating User Preferences in DEA with 
Ordinal Regression 

Dimitris Sotiros, Dimitris K. Despotis, Gregory 
Koronakos,Yiannis G. Smirlis 

Department of Informatics, University of Piraeus, Greece, 

dsotiros@unipi.gr, despotis@unipi.gr, gkoron@unipi.gr, 

smirlis@unipi.gr 

Abstract: Value-based DEA is a recent development that resorts to 

value assessment protocols from multiple criteria decision analysis 

(MCDA) to transform the original input/output data to a value scale, 

thus driving the efficiency assessments in line with individual 

preferences. In this paper, we present a piece-wise linear programming 

approach to value-based DEA by employing a data transformation-

variable alteration technique and assurance region constraints. We 

propose a hybrid approach to incorporate the decision maker’s value 

functions in the context of DEA through ordinal regression. 

Keywords: Data Envelopment Analysis (DEA), value-based DEA, 

ordinal regression. 
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The Use of DEA for Determining the Adequacy 
of Operation of Business Decision-Making Units 
in Health Care 

Srečko Devjak, Jože Benčina, Lan Umek 

University of Ljubljana, Faculty of Administration, Ljubljana, Slovenia 

Abstract: The authors of the article deal with the quantitative 

analysis of results of the development of health care services. The 

aim of the article is to determine the key conditions for measuring 

the results of health system functioning and evaluation of its 

adequacy. The research question focuses on the method of 

measuring the operational efficiency of Slovenian hospitals. The 

introduction defines efficiency within the concept of adequacy and 

its dimensions of efficiency, accessibility and quality. The empirical 

part of the article presents the use of the DEA method for 

determining the adequacy of operation of hospitals on the basis of 

data on Slovenian hospitals. It is apparent that the model for the 

evaluation of adequacy of operation of hospitals is suitable within 

limitations. The interpretation of results is hampered by 

inadequately structured data and non-transparent prices of hospital 

services. Therefore, the results of the research indicate the direction 

in which the database should be developed to ensure greater 

comparability in a rather heterogeneous population of hospitals. 

Furthermore, the authors point out that new indicators, reflecting 

the condition of the dimensions of adequacy, should be included in 

the model for the purposes of the evaluation of adequacy. On the 

basis of the results of the research, the question of implementing 

suitable methods of planning and controlling the adequacy of the 

functioning of health care into practice arises. 

Keywords: DEA method, linear programming, health care, 

efficiency, adequacy 
 

���� B5 
DATA MINING ANALYTICS FOR BUSINESS 
INTELLIGENCE 

The R Language in Business Inteligence 

Sonja Pravilovic1, Annalisa Appice2 
1 Montenegro Business School, "Mediterranean" University, Podgorica, 

Montenegro, sonja.pravilovic@uniba.it 
2 Dipartimento di Informatica, Università degli Studi di Bari Aldo 

Moro, Bari, Italy, annalisa.appice@uniba.it 

Abstract: Business intelligence is currently very topical in the world 

and represents a continuation of the information decision support 

system with which it is closely related. The beginning of 

development is closely linked to automation of business process in 

the company. Different transaction systems have proved to be very 

high quality generators of large amounts of data that made the 

’explosion’ of data. So, the creation of a huge database needed to be 

simple or easier to access. A growing awareness of the usefulness of 

information has contributed to the development of the new discipline 

called Business Intelligence (BI). The development of technology, 

computers and the Internet has significantly contributed to easier 

organization of data, which would also become more useful if turned 

into information and knowledge. Knowledge can refer to the users of 

products and/or services, or the market in which the company 

operates. From the perspective of the enterprise, the business 

intelligence system places the primary emphasis on the users of 

products and services. Data mining combines concepts, tools and 

algorithms of machine learning and statistics to analyze very large 

data sets, so as to gain insight, understanding and effective 

knowledge, and it is applied for this purpose in many organizations. 

In the recent years, the market of data mining tools has become more 

and more flooded, with more than fifty commercial tools. R is 

statistical software, and an object-oriented high-level programming 

language used for data analysis, which includes a large number of 

statistical procedures such as t-test, chi-square test, standard linear 

models, instrumental variables estimation, local regression 

polynomials, etc. The R language has built-in functions for the 

nearest neighbor method allowing the automatic classification, the 

asociation rules showing the connection probability between two or 

more events, decision tree models, numerous methods of single and 

multiple regression, and many others, which makes it a very high-

quality tool in data mining techniques. 

Keywords: R language, business intelligence. 
 

Applicability of Linguistic Summaries 

Miroslav Hudec  
Faculty of Economic Informatics, University of Economics Bratislava 

Abstract: Linguistic summaries are able to reveal relational 

knowledge about the data providing a human consistent 

summarization of large databases by fuzzy SQL-like query 

language. The validity of a linguistic summary depends on 

membership functions of summarizers and quantifiers. The paper 

examines their creation and usage in different part of data 

management: estimation of missing values, support decision 

making and data dissemination. Linguistic summaries provide 

information to users keeping data which are either confidential or 

not free of charge hidden. Also linguistic summaries do not burden 

decision makers with large tables of numbers but offer them 

relational knowledge extracted from a databases. 

Keywords: Linguistic quantifiers, linguistic summarizer, data 

mining, database. 
 

Evaluating Autoencoder Neural-Networks as a 
Dimension Reduction Tool for Topic Prediction 

Miloš Jovanović 
Faculty of Organizational Sciences, University of Belgrade, 

milos.jovanovic@fon.bg.ac.rs 

Abstract: Topic prediction is an important task in the area of text-

mining, aiming to discover a way to predict complex topics within 

textual documents. Since the models of documents are usually 

expressed in a very high-dimensional space, dimensions being 

possible words, it is important to first reduce the dimensionality of 

this space. Existing algorithm mostly rely on a standard method for 

dimensionality reduction, namely the Principle component analysis. 

This study explores the use of autoencoder neural networks as an 

alternative for this task, and presents some experimental evidence 

of the performance, also compared to the PCA.  

Keywords: Autoencoder, Neural-networks, Dimensionality 

reduction, Topic prediction, Machine learning. 
 

A Novel Approach to Hierarchical Clustering 
Based on Logical Measure of Dissimilarity 

Aleksandar Rakićević1, Ivan Nešić1, Dragan Radojević2 
1 Faculty of Organizational Sciences, Belgrade,  

{aleksandar.rakicevic, ivan.nesic}@fon.bg.ac.rs 
2 Mihailo Pupin Institute, Belgrade, dragan.radojevic@pupin.rs 

Abstract: This paper proposes an approach to hierarchical 

clustering based on a logical measure of dissimilarity. The proposed 

approach is a one step further toward including logic theory in the 

process of clustering. The proposed logical measure is 

interpolative-type generalization of the exclusive disjunction 

relation. In order to use it as a measure of dissimilarity we prove 

reflexivity, symmetry and triangle inequality. Further we 

incorporate it in a standard form clustering algorithm. The proposed 

approach is tested on the exemplary study of cluster-analysis of the 

European countries by their macroeconomic performances. The 

results are compared with the same clustering algorithm based on 

Euclidean distance function as a measure of dissimilarity. 

Comparative analysis of the results shows great differences 

indicating that “more closer” does not necessarily mean “more 

similar”.  

Keywords: cluster analysis, hierarchical clustering, proximity 

relation, dissimilarity relation, interpolative relation, interpolative 

Boolean algebra. 
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���� B6 
DECISION SUPPORT SYSTEMS 

ETO ERP Software Evaluation using Multi 
Criteria MACBETH Model 

Sinan Apak 
Maltepe University, Faculty of Engineering and Natural Sciences, 

sinanapak@maltepe.edu.tr 

Abstract: This study deals with how to evaluate appropriate 

Engineering-to-Order Enterprise Resource Planning (ETO ERP) 

software of the common drawbacks associated with ETO 

manufacturing approach. ETO ERP supports the requirement of 

companies that manufacture products based on unique engineering 

designs. ETO products require special processes for estimates, 

purchasing materials, engineering changes, cost allocation and etc. to 

manage process. Many domestic ETO companies are not strong 

enough and many have closed their business under big order loss 

because of lack management skills. Thus, ETO ERP software 

evaluation requires critic assessment and is one of the multi criteria 

decision making problems in strategic manufacturing. To solve this 

problem, this study utilized the Measuring Attractiveness by a 

Categorical Based Evaluation Technique (MACBETH) model to 

quantify the attractiveness and repulsiveness of possible alternative 

ERPs. This model defines quantitative performance expression and 

aggregation from qualitative pairwise comparisons of situations 

issued from the decision-maker. The model illustrated the best 

alternative ETO ERP software, considering five main criteria which 

were manufacturing management, inventory management, purchasing 

management, quality management, and product technology. 

Keywords: ERP, ETO, MACBETH, MCDM. 
 

Web DSS for Bio-Energy Projects Evaluation: 
The Poland Case 

Stelios Rozakis1, Andrzej Zaliwski2, Rafal Pudelko2, Dimitris 
Kremmydas1 
1 Department of Agricultural Economics and Rural Development, 

Agricultural University of Athens, rozakis@aua.gr, kremmydas@aua.gr 
2 Department of Agrometeorology and Applied Informatics, Institute of 

Soil Science and Plant Cultivation (IUNG), 

andrzej.zaliwski@iung.pulawy.pl, rpudelko@iung.pulawy.pl 

Abstract: In order to comply with the goals set in the EU Directive 

2009/28/EC Poland will have to reach the 15% electric energy share 

from renewable energy sources (RES) in 2020. Around 90% of this 

share is going to come from solid biomass co-fired with coal and 

lignite in the main-network power stations. It has been calculated 

that the 15% biomass share in RES-E will require a total cultivation 

area of perennial energy crops of about 1 million ha [Zaliwski et. 

al., unpublished results] while the current area of perennial 

plantations equals about 10,000 ha. Bio-energy issues constitute 

spatially dependent problems by definition due to the state-of-the-

art technology and the bulky nature of biomass. Moreover, biomass 

profitability is linked to the structure and perspectives of the arable 

cropping systems since these are able to supply considerable 

quantities in the short and medium term required to fulfil the 

ambitious targets aimed at by policy makers. Therefore, appropriate 

tools are necessary to enable a comprehensive analysis and support 

decisions of policy makers, industry, researchers and farmers.  

A Web Spatial DSS has been developed in order to facilitate the 

planning of the introduction of straw biomass for energy in the case 

of Poland. The DSS has the conventional, model-driven 

architecture, comprising four components (subsystems): a language 

layer, a presentation layer, a database and a problem-processing 

engine. The language and presentation layers are integrated into one 

interface capable of handling both spatial and non-spatial data. In 

this paper, the structure of the web spatial DSS is initially presented 

followed by an extended presentation of the underlying decision 

support model. Finally preliminary results from the Poland case 

study are presented. 

Keywords: Web based Spatial DSS, Energy crops, Poland. 
 

Spatial Multi-Criteria Decision Analysis for 
Industrial Site Selection: The State of the Art 

Aleksandar Rikalović, Đorđe Ćosić, Srđan Popov, Đorđe 
Lazarević 
Faculty of Technical Sciences, Novi Sad, a.rikalovic@gmail.com, 

djordje.cosic@gmail.com, popovsrdjan@yahoo.com, 

heydzo@gmail.com 

Abstract: Site selection is one of the basic vital decisions in the 

start-up process, expansion or relocation of businesses of all kinds. 

Starting from the meeting criteria defined in the business strategy, 

location selection process begins as recognition of existing or 

projected need to meet new or growing market. Recognition of the 

need to initiate a series of activities directed for looking geographical 

area and specific location. Conquer new territories for business starts 

collecting geopolitical data, where location is a part of it. The 

selection of an industrial site involves a complex array of critical 

factors involving economic, social, technical, environmental, 

political issues, etc. It is obvious that many factors must be involved 

in the decision-making process, which makes the problem 

challenging choice in the selection of appropriate tools to enable 

concentration data, information and knowledge. New trends in 

information technologies put Geo-information technology in the 

center of events in industrial locations science. Like any technology 

that is trendy Geographic Information Systems have exaggerated the 

benefits and latent defects, but in choosing the industrial location 

allowing multi-criteria decision making based on space and time, in 

this time of technology are indispensable. Geographic Information 

Systems are used in conjunction with other systems and methods 

such as expert systems (ES), systems for decision making (DSS) and 

the method for multi-criteria decision making (MCDM). This paper 

presents the state of the art in Spatial multi-criteria decision analysis 

for industrial site selection. 

Keywords: Industrial site selection, Geographic Information 

Systems (GIS), Multi-criteria decision making (MCDM), Decision 

Support Systems (DSS). 
 

An Example of Secure Android Application in 
SOA-Based Mobile Government System 

Milan Marković1, Goran Đorđević2 
1 Banca Intesa ad Beograd, Belgrade, milan.z.markovic@bancaintesa.rs 
2 Institute for Manufacturing Banknotes and Coins NBS, Belgrade, 

goran.djordjevic@nbs.rs 

Abstract: In this paper, we consider an overview of a possible 

secure model for m-government system. The proposed model is 

based on secure mobile application and SOA-Based central 

platform. The model additionally consists of external entities, such 

as: PKI, XKMS, Authentication Server, UDDI and Time Stamping 

server. The proposed model could be used in different local and/or 

cross-border m-government scenarios. As a possible example of 

described secure mobile application we considered a secure 

Android based Web services application for which some 

experimental results are given. 

Keywords: Android based mobile phone application, m-

government, Web Service, SOAP protocol, XML-Security, WS-

Security, XKMS protocol, SAML, timestamp. 
 

Towards a Web Based Decision Support System 
for Choosing Higher Education Studies 

Vassilis Kostoglou1, Michael Vassilakopoulos2, Nikolaos 
Ploskas3 
1
 Department of Informatics, Alexander Techological Educational 

Institute of Thessaloniki, Thessaloniki, Greece, vkostogl@it.teithe.gr 
2
 Department of Computer Science and Biomedical Informatics, 

University of Thessaly, Lamia, Greece, mvasilako@ucg.gr 
3 Department of Applied Informatics, University of Macedonia, 

Thessaloniki, Greece, ploskas@uom.gr 

Abstract: The vocational orientation of youngsters that are about to 

enter, study at, or have recently graduated from higher education (HE) 
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institutions, as well as linking between HE and labour market are two 

research areas that have not been investigated extensively in Balkan 

countries. Among the tools used in vocational orientation are the job 

(or occupational) profiles that provide standardized and digitized 

descriptions of different professions. This article focuses on the 

analysis and design of a web based decision support system (a digital 

guide) aiming to assist its users in getting thoroughly informed about 

and eventually in choosing HE studies in Greece, in relation to their 

vocational prospects. Apart from reviewing related previous research 

work and relevant web based systems, main elements of the system’s 

analysis and design, extensions that could lead to even more powerful 

systems and conclusions about the advantages, limitations and 

practical application of the digital guide are presented. 

Keywords: Computer assisted studies guide, vocational orientation, 

higher education, specialty of studies, decision support system, 

System analysis and design. 
 

A Decision Support System for Parallel Machine 
Scheduling Using Simulated Annealing  

İncİ Sarıçİçek1, Gökçe Özden2, Mehmet Emre Kuzu1  
1 Eskişehir Osmangazi University, Department of Industrial 

Engineering, Eskişehir, Turkey, incid@ogu.edu.tr, 

memrekuzu@gmail.com  
2 Eskişehir Osmangazi University, Eskişehir Vocational School 

Machinery Programme, Turkey, gozden@ogu.edu.tr 

Abstract: Parallel machine scheduling is a particular type 

scheduling problem that occurs where there is more than one 

machine performing the same task in the same environment. 

Scheduling in parallel machine environment is important from both 

the practical and theoretical points of view. In this study, a Decision 

Support System (DSS) is designed for parallel machine scheduling 

problem with sequence dependent setup times and due dates. The 

scheduling model of the decision support system uses simulated 

annealing meta-heuristics. In the solution process, each schedule is 

established for several different objectives such as the minimization 

of makespan, total tardiness, maximum tardiness, number of tardy 

jobs. Thus the proposed DSS gives alternative schedules to decision 

makers and makes possible to choose appropriate one by 

demonstrating tradeoffs between alternative solutions for shop-floor. 

Keywords: Decision support system, parallel machine scheduling, 

sequence dependent setup times, simulated annealing. 

���� B7 
E-COMMERCE IN OPERATIONS 
MANAGEMENT 

Introducing M-Health Education Applications in 
the Health System of Serbia  

Marina Jovanović Milenković1, Dejan Milenković2, Slobodan 
Ristić1  
1 Faculty of Organizational Sciences, Belgrade, Serbia, 

marinaj@fon.bg.ac.rs, risticslobodan@fon.bg.ac.rs 
2 Serbian Armed Forces, The General Staff of Serbian Armed Forces, 

Belgrade, Serbia, dejan.milenkovic@vs.rs  

Abstract: Mobile health (m-Health) is a rapidly growing field 

providing the potential to enhance numerous issues such as: patient 

education, prevention of diseases, enhancement of diagnostically 

procedures, improvement of proposed medical treatments, lower 

health care costs and increases access to health care services. m-

Health Education is the name given to an emerging new set of 

applications of mobile devices to the training, testing, support and 

supervision of health care workers, as well as to the provision of 

health information to individuals. The paper describes research into 

the application using m-HealthEd in Serbia. The study included 200 

patients on anticoagulant therapy and lasted for one year. Patients 

entered the measured values of INR in blood in m-HealthEd 

application. m-HealthEd application help healthcare workers to 

conduct diagnoses and decide on appropriate treatments, or medical 

assistance for individuals. The applications have an educational 

aspect and the main aim is directly improving the delivery of 

healthcare services. The survey results indicate that 59% of patients 

used m-HealthEd application throughout the research. The 

percentage is very high, especially considering the aspect of the 

patients’ age (median is 61 years of age). 

Keywords: Healthcare, m-Health, m-Health Education. 

���� B8 
GAME THEORY 

A Survey of Game-Theoretic Approaches in P2P 
Networks 

Angelo Sifaleras, Georgia Koloniari 
University of Macedonia, Department of Technology Management, 

sifalera@uom.gr, gkoloniari@uom.edu.gr 

Abstract: Game theory constitutes a mathematical method for 

rational decision making in competitive and conflicting situations 

under specified rules, and thus is closely associated with decision 

theory. The applicability and usefulness of game theory have 

already been proved in the research area of network optimization. 

Applications of strategic games arise in the design of 

communication networks, wireless sensor networks, P2P networks 

and others. P2P networks consist of autonomous nodes that not only 

collaborate for sharing and consuming resources but also act 

independently and governed by selfish motives. Thus, game 

theoretic solutions lend themselves well for problems arising in P2P 

networks. The proposed work surveys the recent developments on 

game-theoretic approaches in P2P networks. We provide a 

classification of approaches dealing with problems in various areas 

of P2P systems, such as peer incentives, trust, formation of overlay 

networks, routing and others. 

Keywords: Network Optimization, Game Theory, P2P networks. 
 

Nash Equilibrium for Stochastic Differential 
Games with Incomplete State Information   

Dragovan Perišić, Tijana Levajković, Svetlana Čičević 
Faculty of Transport and Traffic Engineering, University of Belgrade, 

d.perisic@sf.bg.ac.rs 

Abstract: In this article, we consider N-person stochastic 

differential non-zero sum games with incomplete state information 

of a diffusion process. It is assumed that every player in the game 

has the accurate information only for some components of a state 

vector. The problem is solved, first in the form of feedback on the 

known components of the state, available to the appropriate player 

and then in the form of feedback on the known components of the 

state and the state probability density. The Fokker-Planck-

Kolmogorov equation transforms the initial problem into 

deterministic non-zero sum games with distributed parameters. The 

Krotov extension principle is used to state sufficient conditions for 

the Nash equilibrium solution.   

Keywords: Stochastic differential games non zero sum, feedback 

control, incomplete information on state vector, partially observed 

control, Nash equilibrium control, Fokker-Planck-Kolmogorov 

equation. 

���� B9 
HEURISTICS, METAHEURISTICS & NATURE 
INSPIRED OPTIMIZATION ALGORITHMS  

Diagnosis of Cardiovascular Diseases Using 
Neural Networks 

Mehmet Can  
International University of Sarajevo, abu.deyam@gmail.com 

Abstract: A parallel committee machines technique for neural 

network systems with back propagation together with a majority 

voting scheme is presented in this paper. Previous research with 
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regards to predict the presence of cardiovascular diseases has 

shown accuracy rates up to 72.9% but it comes with a cost of 

reduced prediction accuracy of the minority class. The designed 

neural network system in this article presents a significant increase 

of robustness and it is shown that by majority voting of the parallel 

networks, recognition rates reach to > 90 in the V.A. Medical 

Center, Long Beach and Cleveland Clinic Foundation data set. 

Keywords: Machine learning, parallel neural networks, boosting by 

filtering, cardiovascular diseases. 
 

An Artificial Bee Colony algorithm for Multicast 
Routing Problems 

Yannis Marinakis1, Athanasios Migdalas2 
1 Technical University of Crete, Department of Production Engineering 

and Management, Decision Support Systems Laboratory, 

marinakis@ergasya.tuc.gr 
2 Aristotle University of Thessalonike, Department of Mathematical and 

Physical Sciences, Faculty of Engineering, Division of Computational 

Methods and Computer Programming, samig@gen.auth.gr 

Abstract: Recently, a number of swarm intelligence algorithms 

based on the behaviour of the bees has been presented. These 

algorithms are divided, mainly, in two categories according to their 

behaviour in the nature, the foraging behaviour and the mating 

behaviour. The most important approach that is inspired by the 

foraging behaviour of the bees is the Artificial Bee Colony (ABC) 

Algorithm. Artificial Bee Colony (ABC) optimization algorithm is a 

population-based swarm intelligence algorithm that was originally 

proposed by Karaboga and Basturk and it simulates the foraging 

behaviour that a swarm of bees perform. In this algorithm, there are 

three groups of bees, the employed bees (bees that determine the 

food source (possible solutions) from a prespecified set of food 

sources and share this information (waggle dance) with the other 

bees in the hive), the onlookers bees (bees that based on the 

information that they take from the employed bees they search for a 

better food source in the neighborhood of the memorized food 

sources) and the scout bees (employed bees that their food source 

has been abandoned and they search for a new food source 

randomly). In this paper, a hybridized algorithm for the solution of 

the multicast routing problem is presented. Routing has always been 

of immense importance in communication networks due to its 

impact on the network performance and the significance of scalable 

and adaptive routing has sky-rocked during the last decade as a 

consequence of the ever increasing demand for Internet and mobile 

communications. A routing algorithm selects one or more paths over 

which devices communicate with each other. The selection of these 

paths is based on the status of the network and optimization criteria 

aiming at maximizing network performance by pursuing e.g. 

optimization of resource utilization, or/and minimization of 

congestion (packet delay), or/and minimization of packet loss, etc. 

Due to these facts, routing problems are combinatorial optimization 

problems which difier with respect to type, i.e., a routing may be of 

unicast, multicast or anycast type depending on the number of 

communicating devices, with respect to the network topology which 

may be of fixed infrastructure or of ad-hoc wireless infrastructure. 

The results of the algorithm are compared with the results of a 

number of versions of Particle Swarm Optimization algorithm. 

Keywords: Artificial Bee Colony, Particle Swarm Optimization, 

Variable Neighborhood Search, Multi-cast Routing Problem. 
 

VNS for Correcting Infeasible GPD Estimation 
Methods 

Jelena Jocković 
Faculty of Pharmacy, University of Belgrade, haustor@pharmacy.bg.ac.rs 

Abstract: Generalized Pareto distribution (GPD), as a stochastic 

model for excesses over high thresholds, has numerous applications 

in hydrology, ecology, finance, and other fields. Successful 

application in any of these fields requires efficient method for 

estimating parameters of the distribution. The best known and the 

simplest GPD estimation methods are method of moments and 

method of probability-weighted moments, which are often used as 

first steps in more complicated estimation procedures. However, 

both methods in large number of cases produce infeasible, therefore 

inapplicable, parameter estimates. The goal of this paper is to give 

practical recommendations on how to fix the infeasibility of these 

methods and obtain estimates with desired properties (minimum 

bias/error or maximum likelihood) at the same time. This is done by 

introducing more general estimates, depending on additional 

parameters, and using a variant of Variable Neighborhood Search to 

minimize the corresponding objective functions. 

Keywords: Generalized Pareto distribution, method of moments, 

method of probability-weighted moments, variable neighborhood 

search, global optimization. 
 

Comparison of Different Variable Neighborhood 
Search Strategies for Solving the Bipartite 
Unconstrained 0-1 Quadratic Programming 
Problem  

Jesús Sánchez-Oro, Abraham Duarte 
Dept. Ciencias de la Computación, Universidad Rey Juan Carlos, Spain, 

jesus.sanchezoro@urjc.es, abraham.duarte@urjc.es 

Abstract: This work presents new heuristic algorithms based on the 

Variable Neighborhood Search methodology for solving the 

Bipartite unconstrained 0-1 Quadratic programming Problem 

(BQP). Given a bipartite graph G = (I;J), the problem consists of 

selecting a subgraph G0 = (I0;J0) which maximizes the cost of the 

nodes in the sets I0 and J0 plus the costs of the edges between them. 

BQP has applications in approximating matrices by a rank-one 

binary matrix and calculating cut-norm of matrices. It can also be 

used to solve other well-known optimization problems like 

Maximum Weight Biclique, Bipartite Maximum Weight Cut, 

Maximum Weight Induced Subgraph, etc. We propose an 

experimental comparison illustrating that our proposal is 

competitive with the state-of-the-art algorithms. 

Keywords: Variable Neighborhood Search, Bipartite unconstrained 

0-1 Quadratic programming Problem, Metaheuristics. 
 

A General Neighborhood Search for Traveling 
Salesman Problem with Draft Limits 

Raca Todosijevic1, Anis Mjirda1, Said Hanafi1 
LAMIH, UVHC, racatodosijevic@gmail.com, anis.mjirda@univ-

valenciennes.fr, said.hanafi@univ-valenciennes.fr 

Abstract: Traveling Salesman Problem with Draft Limits (TSPDL) 

is a new variant of the well-known Traveling Salesman Problem 

(TSP), proposed recently in the context of maritime transportation. 

TSPDL consists of visiting and delivering goods for a set of ports 

using a ship located initially at a depot. Since each port has a 

delivery demand known in advance the ship starts tour with a load 

equal to the total demand, visits each port exactly once and comes 

back to the depot performing the lowest cost tour. However, to each 

port is assigned a draft limit, which represent the maximal allowed 

load on the ship upon entering some port. We propose two General 

Variable Neighborhood Search for solving Traveling Salesman 

Problem with Draft Limits. The proposed methods are tested on a 

set of benchmark instances from the literature and computational 

results shows that they are very efficient in solving this problem. 

Keywords: Traveling salesman problem, draft limits, variable 

neighborhood search, maritime transportation. 
 

Continuous DE-VNS for Solving Very Large 
Optimization Problems 

Darko Kovačević, Pavle Milošević, Bratislav Petrović  
Faculty of Organizational Sciences, Belgrade, darko.kovacevic@nbs.rs, 

pavle.milosevic@fon.bg.ac.rs, bratislav.petrovic@fon.bg.ac.rs 

Abstract: DE-VNS is a self-adaptive heuristic that combines two 

well known metaheuristic approaches: Differential Evolution (DE) 
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and Variable Neighbourhood Search (VNS). This algorithm utilizes 

the concept of VNS to estimate the crossover parameter of DE. DE-

VNS prove to be very good for low and large scale multimodal 

problems, and decent for unimodal problems. Bearing in mind that 

curse of dimensionality is one of the fundamental flaws of many 

heuristics, in this paper we aim to prove robustness DE-VNS 

heuristic. In order to demonstrate that, we use common test 

functions with up to 10,000 variables. We also compare DE-VNS 

with other heuristics from the perspective of the computational 

efforts and success rate. Since there is not much heuristics that deals 

with extremely large problems, especially with more than 5,000 

variables, our paper may be considered as the benchmark for future 

comparisons. 

Keywords: Global optimization, very large scale problems, 

variable neighbourhood search, differential evolution. 
 

Solving the Clique Partitioning Problem as a 
Maximally Diverse Grouping Problem 

Jack Brimberg1, Pierre Hansen2, Nenad Mladenovic3, Dragan 
Urosevic3 
1 Royal Military College, Canada 
2 HEC Montreal, Canada 
3 Mathematical Institute SANU, Belgrade, Serbia 

Abstract: The clique partitioning problem (CPP) can be described 

as follows. Given a complete graph ( , )G V E= , we wish to find a 

partition of the node set into nonempty, disjoint subsets V1,..., Vk , 

such that the sum of edge weights over the k induced subgraphs 

G1,..., Gk , is maximized. Let dij
 
denote the weight (or distance) of 

edge (i, j), for all pairs (i, j). The number of subgraphs k is 

determined by the optimization. For the problem to be nontrivial 

some of these edge weights must have negative values. Otherwise, 

an optimal solution is given by the original graph G and k = 1.  

A mathematical formulation of the problem is given by (Oosten et 

al., Networks (2001)): 

( , )

max  

s.t

1,  for all distinct , ,

{0,1},  for all ( , )

ij ij

i j E

ij ir jr

ij

w x

x x x i j r

x i j E

∈

+ − ≤

∈ ∈

∑

  (CPP) 

 

If 1ijx = , then edge (i, j) is in the clique partition; otherwise it is 

not. The constraint set ensures that all edges in the complete 

subgraph , 1,... ,tG t k= are included in the solution. 

We now investigate the relation between the CPP and the 

maximally diverse grouping problem (MDGP). Let 1,igy = if node i 

belongs to group g, and 0 otherwise. Suppose the cardinality of V is 

n; .V n= We reformulate CPP as the following equivalent 

quadratic binary integer program: 
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This formulation is equivalent to the general MDGP where the 

groups can be any size, including empty! An advantage to MDGP1 

is the reduced number of constraints, from O(n
3
) to n. Another 

advantage is that any method used for MDGP may be applied 

(perhaps after some small modifications) to solve CPP. 

 

Multi-Step Hybrid Approach to Variable 
Neighborhood Search for Global Continuous 
Optimization  

Ivan Nešić, Bratislav Petrović  
Faculty of Organizational Sciences, Belgrade, ivan.nesic@ewcom.ch, 

bratislav.petrovic@fon.bg.ac.rs  

Abstract: This paper proposes a multi-step hybrid approach to 

variable neighborhood search (VNS) for global continuous 

optimization. The proposed method combines several global and 

local search methods with the VNS algorithm in order to create 

powerful multi-step hybrid. There are numerous papers showing 

that hybrid optimization methods produce better results than single 

methods. The aim of this paper is to find out if the multi-step hybrid 

approach is better than widely used hybrid methods, or more 

precisely, to show that there is a better approach than simply 

combining a local search method with the global one. Various 

optimization methods are combined within different multi-layered 

structures, mixing global and local, exact and heuristic search 

methods. Obtained combinations are tested against standard global 

optimization problems. The proposed multi-step hybrid approach 

shows better overall results than standard VNS and other commonly 

used hybrid methods. Small dimension problems, which are easily 

solvable by common local and global optimization methods alone, 

may induce overhead when applying the proposed approach. 

Similarly, solution finding for convex problems, which are easily 

solvable by gradient methods, would be hindered as well. Luckily, 

in the practical sense of execution time and resource usage, for 

small problems this overhead is insignificant. Further research will 

be oriented toward finding a preferred order of optimization 

algorithms in the proposed multi-step hybrid approach. Researchers 

from the fields of variable neighborhood search and hybridization 

would be mostly concerned with these results, but also anyone in 

practical need for solving large optimization problems.  

Keywords: Continuous global optimization, variable neighborhood 

search, multi-step optimization, hybrid optimization. 

 

Grouping Patients after Surgery by Minimum 
Sum of Squares Clustering Method 

M. Eskić1, M. Paunović2 
1 Dunav Insurance, Belgrade and UNION Civil Engineering University 
2 Clinical center, Belgrade, miloradpaunovic@yahoo.com, 

Abstract: In this paper we first collect data after surgery of 825 

patients in hospital in Serbia, taking into account 36 their attributes. 

Among 825 patients, 32 of them had the occurrence of dehiscence 

laparotomy. We analyze the risk of taking surgery based on 

clustering patient in groups, taking into account the presence of 

infection, diabetic and neoplastic disease. The minimum sum-of-

squares model is used and tested by k-means and VNS-means 

algorithms. Some interesting conclusions are derived. 

Keywords: Minimum sum-of-squares clustering, Surgery, 

Dehiscence laparotomy, k-means, VNS 

 

Combining Mixed Integer Linear Optimization 
and VNS Approaches for Solving the Aircraft 
Collision Avoidance Problem by Performing 
Horizontal Maneuvers 

F. Javier Martín-Campo1, Antonio Alonso-Ayuso2, Laureano 
F. Escudero2, Nenad Mladenović3 
1 Universidad Complutense de Madrid, Dpto. de Estadística e 

Investigación Operativa II, Spain, javier.martin.campo@ccee.ucm.es 
2 Universidad Rey Juan Carlos, Dpto. de Estadística e Investigación 

Operativa, Spain, antonio.alonso@urjc.es, laureano.escudero@urjc.es 
3 Brunel University, School of Mathematics, United Kingdom, 

nenad.mladenovic@brunel.ac.uk 

Abstract: A combination of Mixed Integer Linear Optimization 

and metaheuristic Variable Neighborhood Search approach is 
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presented in this work to deal with the aircraft conflict detection 

and resolution problem. Given a set of aircraft in a given air sector, 

the aim of the problem consists of providing a new configuration 

for each aircraft such that every conflict situation is avoided. A 

conflict situation is such an event in which two or more aircraft 

violate the safety distances that they have to keep during their 

flights. A mixed integer nonlinear optimization model is presented 

as well as the methodology to solve the problem by dividing the 

mathematical model in two by considering velocity changes on the 

one hand and turn changes on the other hand. Due to the problem 

features, a quick answer is required but given the difficulty of the 

mathematical model in the case of turn changes, a Variable 

Neighborhood Search approach has been applied to solve the 

problem in a very small computing time. 

Keywords: Air traffic management, conflict detection and 

resolution, variable neighborhood search, mixed integer nonlinear 

optimization. 
 

An Adaptive ES with a Ranking Based 
Constraint Handling Strategy 

Ali Osman Kusakci, Mehmet Can 
International University of Sarajevo, Faculty of Engineering and 

Natural Sciences, Sarajevo, akusakci@ius.edu.ba; mcan@ius.edu.ba 

Abstract: To solve a constrained optimization problem, equality 

constraints can be used to eliminate a problem variable. If this is not 

feasible, the relations imposed implicitly by the constraints can still 

be exploited. Most conventional constraint handling methods in 

Evolutionary Algorithms (EAs) do not consider the correlations 

between problem variables imposed by the constraints. This paper 

relies on the idea that a proper search operator, which captures 

mentioned implicit correlations, can improve performance of 

evolutionary constrained optimization algorithms. With this in 

mind, an Evolution Strategy (ES) along with a simplified 

Covariance Matrix Adaptation (CMA) based mutation operator and 

a ranking based constrainthandling method. The proposed algorithm 

is tested on 13 benchmark problems. The outperformance of the 

algorithm is significant when compared with conventional ES-

based methods. 

Keywords: Constrained Optimization, Evolution Strategies, 

Covariance Matrix Adaptation. 
 

Bee Colony Optimization Algorithm for the 
Minimum Cost Berth Allocation Problem 

Nataša Kovač  

Maritime Faculty, University of Montenegro, Kotor, Montenegro, 

knatasa@ac.me 

Abstract: A new algorithm based on Bee Colony Optimization 

(BCO) applied as a meta-heuristic technique in order to solve 

Minimum Cost Berth Allocation Problem with fixed handling times 

of vessels is presented. The goal is to minimize the total costs of 

waiting and handling, as well as earliness or tardiness of 

completion, for all ships. In the computational experiments, the 

results of BCO are compared with the Mixed Integer Programming 

(MIP) heuristics as well as with the CPLEX commercial solver. 

Keywords: Meta-heuristics, scheduling, handling cost. 
 

Parameter Calibration in the Bee Colony 
Optimization Algorithm 

Petar Maksimovic, Tatjana Davidovic 
Mathematical Institute of the Serbian Academy of Sciences and Arts, 

[petarmax,tanjad]@mi.sanu.ac.rs 

Abstract: We present a case study in which we examine in detail 

the behavior of the Bee Colony Optimization (BCO) metaheuristic 

when applied to the p-center problem. On a number of benchmark 

problems, we perform a fine-tuning of several parameters of the 

BCO algorithm, yielding insights into the behavior of the algorithm, 

its robustness and efficiency, and reach six new best-known 

solutions. 

Keywords: Meta-heuristics, nature-inspired algorithms, 

combinatorial optimization, location analysis, p-center problem. 
 

The Effects of Using a Self-Learning Shake 
Procedure in the Variable Neighborhood Search 

Aleksandar Djenić, Zorica Stanimirović, Miroslav Marić 
Faculty of Mathematics, Studentski trg 16, Belgrade, Serbia, 

djenic@matf.bg.ac.rs; zoricast@matf.bg.ac.rs; maricm@matf.bg.ac.rs 

Abstract: In this paper, we propose a Self-Learning Shake 

procedure (SLS) that is incorporated in the basic Variable 

Neighborhood Search method (VNS). The SLS procedure leads the 

VNS to a neighborhood of the current best solution, by using the 

experience from previous iterations when solving a considered 

problem instance. The VNS method with the proposed SLS 

procedure was tested and compared with the standard VNS for 

solving the well-known Multiple-Level Uncapacitated Facility 

Location Problem (MLUFLP). The obtained results show that the 

implemented SLP procedure provides significant reduction of CPU 

time, when compared to the standard shaking procedure in the VNS 

method. 

Keywords: Variable neighborhood search, self-learning shake, 

metaheuristics, multi-level uncapacitated facility location problem. 
 

Computing Graph Separators with Variable 
Neighborhood Search 

David Fernández-López, Jesús Sánchez-Oro, Abraham Duarte 
Dept. Ciencias de la Computación, Universidad Rey Juan Carlos, 

Madrid, Spain,  

{david.fernandez, jesus.sanchezoro, abraham.duarte} @urjc.es 

Abstract: Given an undirected and connected graph G = (V,E) and 

a bounded positive integer b, the Vertex Separator (VS) problem 

consists of finding the set of vertices C, whose removal divides G 

into two separated components A,B, where max{|A|,|B|}≤b. This 

NP-hard optimization problem appears in a wide range of 

applications. For instance, in telecommunication networks, a 

separator determines the capacity and brittleness of the network. In 

the field of graph algorithms, the computation of balanced small-

sized separators is very useful, especially for divide-and-conquer 

algorithms. In bioinformatics and computational biology, separators 

are required in grid graphs providing a simplified representation of 

proteins. This paper presents a new heuristic algorithm based on the 

Variable Neighborhood Search (VNS) methodology for computing 

vertex separators. We compare our procedure with the state-of the-

art methods (two branch-and-bound procedures recently published). 

Computational results show that our procedure obtains the optimum 

solution in all of the small and medium instances, and obtains high-

quality results in large instances. Although the branch-and-bound 

methods assess the optimality of the solution found, they need large 

computing time. On the other hand, our procedure obtains almost 

all optima in a small fraction of that time (without assessing the 

optimality of the solution found). 

Keywords: Combinatorial optimization, metaheuristics, VNS, 

graph separators. 
 

A New Integer Linear Formulation for a Memory 
Allocation Problem 

Marija Ivanović1, Djordje Dugošija1, Aleksandar Savić1, 
Dragan Urošević2 
1 Faculty of Mathematics, Studentski trg 16, Belgrade, Serbia, 

marijai@math.rs, dugosija@math.rs, aleks3rd@math.rs 
2 Mathematical Institute, Belgrade, Serbia, 

draganu@turing.mi.sanu.ac.rs 

Abstract: This paper introduces a new integer linear formulation 

(ILP formulation) for addressing memory allocation problem. The 
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first formulation was given in [6]. Formulated model was solved 

and compared with formerly existed model by using IMB ILOG 

CPLEX optimizer. Numerical experiments have been tested on real 

instances and instances expanded for our specific problem for both 

models. We show that our model preform faster then model 

proposed in [6] on major number of instances. 

Keywords: Electronic design, ILP, memory allocation, VNS. 
 

A Cooperative Neighborhood Variable 
Neighborhood Search for the Vehicle Routing 
Problem with Times Windows under Availability 
Constraints 

Amine Dhahri1, Kamel Zidi2, Khaled Ghedira3 
1 National School of Computer Science (ENSI), Tunis, Tunisia - 2010 

Manouba, aminedhahri@gmail.com 
2 University of Gafsa, Faculty of Sciences of Gafsa, Zarroug, Gafsa 

2112, Tunisia, kamel.zidi@fsgf.rnu.tn 
3 SOIE-Management Higher Institute, 41, Cite Bouchoucha Le Bardo 

2000, Tunisie, khaled.ghedira@isg.mu.tn 

Abstract: Disruption Management is an emerging field, where 

operational research techniques are used to deal with delays in many 

environments. Yu Gang defines the concept of Disruption 

Management as «in the beginning of an economic cycle an optimal or 

quasi optimal plan is obtained by the use of some optimization 

models. When an original planning is executed, disruptions, which 

are caused by several internal or external factors, may occur from 

time to time. As a result, the original planning cannot remain optimal 

or even Feasible. For this reason, we need to prepare a new revised 

plan reflecting the constraints and objectives of the evolved 

environment while minimizing the negative impact of disruption». In 

this work we present a rescheduling model based on Variable 

Neighborhood Search methaheuristic for the vehicles routing problem 

with time windows when one or more vehicles require preventive 

maintenance activities after the supply of a set of customers. 

Keywords: vehicle routing problem, variable neighborhood search, 

disruption management, VRPTW. 
 

Delivery Shop Scheduling Problem 

Zorica Dražić, Marko Mladenović 
University of Belgrade, Faculty of Mathematics, Studentski Trg 16, 

Belgrade, Serbia, zdrazic@matf.bg.ac.rs 

Abstract: In this article we propose a new type of scheduling 

problem - the delivery shop scheduling problem (DSS). It is derived 

from the two-stage assembly problem, a well-known NP complete 

problem. The goal is to minimize the total time spent to finish the 

first stage assembly process in order to deliver the product with 

minimal delay. To solve this task, we used a Variable 

Neighborhood Search (VNS) based heuristic both on generated data 

sets and data sets available in literature. 

Keywords: Scheduling, delivery shop, heuristics, variable 

neighborhood search. 
 

Problem of Exploration of Online Social 
Networks with Interaction between Resource 
Nodes 

Stefan Mišković 
Faculty of Mathematics, Belgrade, Serbia, stefan@matf.bg.ac.rs 

Abstract: In this study, an efficient exploration of an online social 

network is considered. Given the set of users that possibly have 

common property or share the same interest, the goal is to minimize 

the amount of time searching for defined characteristics, while both 

connection parameters between user and control nodes and 

interaction between control devices is taken under consideration. A 

mathematical model is developed and solved by an iterated 

simulated annealing method (ISA), which uses a short-term 

memory of undesirable moves from previous iterations while 

exploring the search space. When the memory storage becomes full, 

an iterated local search to jump to a randomly chosen solution in a 

distant area of the search space is applied. Two data sets with up to 

2 500 users in a considered social network are generated. For small-

size data sets with up to 100 nodes optimal solutions in a very short 

CPU time are obtained. Small average values of the average gap 

and standard deviation on medium-size and large-scale data set 

show stability of the ISA, while the small average computational 

time shows algorithm’s efficiency. 

Keywords: Online social network, simulated annealing, iterated 

local search, short-term memory. 
 

A Metaheuristic Approach to the Dominating 
Tree Problem 

Zorica Dražić1, Mirjana Čangalović2, Vera Kovačević-Vujčić2 
1 University of Belgrade, Faculty of Mathematics, Studentski Trg 16, 

Belgrade, Serbia, zdrazic@matf.bg.ac.rs 
2 University of Belgrade, Faculty of Organizational Sciences, Jove Ili´ca 

154, Belgrade, Serbia, canga@fon.bg.ac.rs 

Abstract: This paper considers a recently introduced NP-hard 

problem on graphs so called the dominating tree problem (DTP). In 

order to solve this problem a variable neighborhood search (VNS) 

based heuristic is developed. Feasible solutions are obtained using 

the set of vertex permutations which enables implementation of a 

standard neighborhoods structure and an appropriate local search 

procedure. Experimental results include two classes of randomly 

generated test instances. Optimality of VNS solutions on smaller 

size instances has been verified by CPLEX. 

Keywords: Dominating tree problem, graphs, variable 

neighborhood search, optimization. 
 

Particle Filter – Improving Resampling Using a 
Metaheuristic 

Marko S. Djogatović1, Milorad J. Stanojević1, Nenad 
Mladenović 2  
1 Faculty of Transport and Traffic Engineering, Belgrade, 

m.djogatovic@sf.bg.ac.rs, milorad@sf.bg.ac.rs 
2 Mathematical Institute, SANU, Belgrade, nenad@mi.sanu.ac.rs 

Abstract: In the paper, we present a modification of the particle filter 

that uses a reduced Gaussian variable neighborhood search algorithm 

in resampling phase. The variable neighborhood search is 

implemented in resampling step in order to mitigate degeneracy 

phenomenon. It is done by iteratively moving particles from its 

current positions to the parts of the state space where the posterior 

distribution is higher. Simulation results are presented to demonstrate 

performance of newly developed algorithm over other standard filters. 

Keywords: Optimization methods, particle filters, recursive 

estimation, variable neighborhood search. 
 

A Metaheuristic Approach to Solving a 
Multiproduct EOQ-Based Inventory Problem with 
Storage Space Constraints 

Slobodan Antić, Lena Đorđević, Mirjana Čangalović, 
Kostantin Kostić 
Faculty of Organizational Sciences, Belgrade, 

antic.slobodan@fon.bg.ac.rs, djordjevic.lena@fon.bg.ac.rs, 

cangalovic.mirjana@fon.bg.ac.rs, kosta@fon.bg.ac.rs 

Abstract: In this paper a static time-continuous multiproduct EOQ-

based inventory problem with storage space constraints is modelled 

as a combinatorial optimization problem on the corresponding 

dynamic discrete time system control process. For solving this 

model a metaheuristic technique based on variable neighbourhood 

search principle is developed, and its efficiency is preliminary 

investigated within several numerical experiments.  

Keywords: Multiproduct EOQ inventory problem, discrete time 

system control, variable neighbourhood search. 
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���� B10 
LINEAR & NONLINEAR PROGRAMMING 

Scalar Correction Method for Solving Large 
Scale Unconstrained Minimization Problems 

Marko Miladinović, Predrag Stanimirović, Slađana Miljković  
Faculty of Sciences and Mathematics, markomiladinovic@gmail.com, 

pecko@pmf.ni.ac.rs, slagana256@yahoo.com 

Abstract: We introduce a gradient descent algorithm for solving 

large scale unconstrained nonlinear optimization problems. The 

computation of the initial trial steplength is based on the usage of 

both the quasi-Newton property and the Hessian inverse 

approximation by an appropriate scalar matrix. The nonmonotone 

line search technique for the steplength calculation is applied later. 

The computational and storage complexity of the new method is 

equal to the computational and storage complexity of the Barzilai 

and Borwein method. On the other hand, the reported numerical 

results indicate improvements in favor of the new method with 

respect to the well known global Barzilai and Borwein method. 

Keywords: Nonlinear programming, nonmonotone line search, BB 

method, quasi-Newton methods, gradient descent methods. 
 

Binary Logistic Regression in Case Study 
Researches 

Darka Podmenik1, Maja Sever2 
1 Institute IRSA, darka.podmenik@guest.arnes.si 
2 Statistical office of republic of Slovenia, maja.sever1@gmail.si 

Abstract: Main aim of this paper is to present and justify the use of 

(binary) logistic regression in researches which are based on case study 

methodological approach. Paper is based on the assumption that the so-

called quantitative and qualitative methods can be interwoven. In case 

studies, commonly considered as a qualitative research approach, the 

quantitative data processing has increased during the last decade (Kent, 

2010; Bryne, 2010), while the regression data processing techniques 

became much more respected in so called qualitative researching (de 

Meur and Gottcheiner, 2009). In the first part of the paper the data 

processing with (binary) logistic regression and case study researching 

are described. Description exposes junctions and crossing points of the 

both approaches. Second part is concentrated on the application of both 

methods. As an example the methodology and results of the Slovene 

evaluation research on investments in skills&competencies needed for 

youth employment are presented. 

Keywords: multivariant and binary regression, quantitative and 

qualitative data processing, case study, evaluative research. 
 

Computational Comparison of Pivoting Rules for 
the Revised Simplex Algorithm  

Nikolaos Ploskas, Nikolaos Samaras  
Department of Applied Informatics, University of Macedonia, 

Thessaloniki, Greece, ploskas@uom.gr; samaras@uom.gr 

Abstract: The simplex algorithm is the most widely-used method 

for solving linear programming problems. Pricing is the operation 

of the selection of an improving non-basic variable in order to enter 

the basis in each iteration of the algorithm. Pricing is one of the 

most time-consuming steps in simplex type algorithms and it is 

essential to reduce the time taken to perform this step. In this paper, 

we perform a computational comparison in which the pricing 

operation is computed with eight different pivoting rules: (i) 

Bland’s rule, (ii) Dantzig’s rule, (iii) Greatest Increment Method, 

(iv) Least Recently Considered Method, (v) Partial Pricing Rule, 

(vi) Queue Rule, (vii) Stack Rule, and (viii) Steepest Edge Rule; 

and incorporate them with the revised simplex algorithm. All 

pivoting rules have been implemented in MATLAB and the test set 

used in the computational study is the Netlib (Optimal, Kennington, 

and Infeasible) set of linear problems.  

Keywords: Linear programming, revised simplex method, pricing, 

pivoting rules, MATLAB. 
 

Hybridized Methodology of Nonlinear Goal 
Programming Problem Solving  

Lazo Roljić  
Panevropski univerzitet „Apeiron“ Banja Luka, lazo.r@apeiron-uni.eu  

Abstract: This work concerns the development of novel type of a 

feasible direction algorithm for nonlinear goal programming 

optimization. The new algorithm is based upon enhancements of the 

search direction determination and the line search steps.The 

optimization of an econometric modeled economic policy can be 

typically defined as non-linear goal-programming problem. The 

non-linearity of the optimization problem here is placed in 

constraint of gross domestic product set up as subject and presented 

here by Cobb–Douglas function. To such models, a new 

methodology, named HNGP (Hybridized Non-Linear Goal 

Programming), was developed.  

Keywords: Non-linear goal programming, Cobb-Douglas’s 

function, Euler’s homogeneous function theorem, feasible direction 

method. 

���� B11 
LOCATIONAL ANALYSIS 

Simple Plant Location Model in Agriculture 
Aviation in Serbia  

Bisera Andrić Gušavac1, Dragana Stojanović1, Sonja 
Jakovljević2 
1 Faculty of Organizational Sciences, Belgrade, bisera@fon.bg.ac.rs, 

stojanovicd@fon.bg.ac.rs 
2 Agricultural School, Belgrade 

Abstract: Agriculture is a significant strategic factor in Republic of 

Serbia and implementation of best or at least appropriate 

technologies in agricultural production could create possibility to 

get higher returns of good quality products. This way of production 

would create a lower product price and Serbia could reduce food 

import and, at the same time increase food export. One of the most 

productive way for nutrition and protection of agricultural crops on 

large fields is usage of agriculture aviation. Use of aircrafts in the 

technology of growing these crops would give better results in 

terms of yield and quality and also it will be necessary to use 

aircrafts due to underground water. The subject of this paper is 

application of simple plant location model in one company in 

Serbia to determine number of agricultural airfields which will be 

used for farming of the land and allocation of fields to specific 

airfields.  

Keywords: Simple plant location model, agriculture aviation, 

allocation. 

 

���� B12 
LOGISTICS & SUPPLY CHAIN 
MANAGEMENT 

Sales Forecasting Practices in Albanian 
Companies 

A.P. Kakouris1, Matilda Lopari2 
1 University of the Aegean, Department of Business Administration, 8, 

Michalon street, Chios 82100, Greece, a.kakouris@chios.aegean.gr 
2 University of New York, Tirana Rr. Medar Shtylla, Tirana, Albania, 

loparimatilda@gmail.com 

Abstract: Although, forecasting is a widely researched area and a 

common practice in business life, this is the first attempt to report 

and discuss the sales forecasting practices in Albanian companies. 

The purposes of this research were to investigate the sales 

forecasting practices under different working conditions and to 

identify the most prevalent forecasting areas where improvements 

are required for enhancing the overall forecasting performance. The 

research showed that Albanian companies heavily rely on 

subjective methods, developed based on an independent approach, 
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without cross-functional integration, and mainly for short-term time 

horizons. Forecasting software and hardware are not used in sales 

forecasting and no training is provided towards improving 

practitioners forecasting skills. 

Keywords: Sales forecasting, subjective methods, Albanian 

companies. 
 

Just In Time Implementation in Greece: Some 
Empirical Evidence 

Andreas Kakouris 
University of the Aegean, Department of Business Administration, 

a.kakouris@chios.aegean.gr 

Abstract: Purpose: This study aims to find out whether the system 

Just in Time (JIT) is used by businesses operating in Greece. It is 

designed to distinguish the benefits of implementing JIT and 

identify the problems that companies usually encounter during use.  

Design/methodology/approach: The data analyzed in this paper 

were collected by a structured questionnaire which was sent to 

several industries electronically.  

Findings: The findings showed that most of the companies 

surveyed have either only some of the conditions for the successful 

implementation of a JIT system or there is a significant trend 

towards this direction. The responded companies overview this 

system as a way to reduce inventory and improve quality.  

Originality / value: This study contributes to a very limited 

number of empirical studies on JIT implementation that exist in 

general and in Greece specifically. 

Keywords: Just-In-Time, survey, Greece. 
 

The Evaluation of Quality Objectives in Food 
Production Processes 

Danijela Tadić, Marija Zahar-Đorđević, Miladin Stefanović, 
Hrvoje Puškarić 
Faculty of Engineering, Kragujevac, galovic@kg.ac.rs, cqm@kg.ac.rs 

Abstract: There is no defined methodological approach which 

would evaluate and rank the quality objectives of processes in food 

supply chain (FSC) in uncertain environments which is one of the 

basic problems in improving and managing the processes. The 

quality objectives of primary production process are defined by 

knowledge and experience of management team. The fuzzy rating 

of the relative importance of each pair of the identified quality 

objectives and uncertain quality objective values are described by 

linguistic expressions which are modelled by triangular fuzzy 

numbers. The weight vector of criteria is calculated by the extent 

analysis method on fuzzy Analytic Hierarchical Process (AHP). 

The rank of quality objectives is calculated at the time period. The 

rank of quality objectives corresponds to the rank of triangular 

fuzzy numbers which describe weighted values of quality 

objectives. The proposed model is illustrated by an example. 

Keywords: Quality objectives, food supply chain, fuzzy sets, fuzzy 

AHP. 
 

An Approach for Determining Corporate 
Strategy Based Supplier Selection Criteria 

Gul Gokay Emel, Gulcan Petricli  
University of Uludag, Faculty of Economics and Administrative 

Sciences, Turkey, ggokay@uludag.edu.tr, gpetricli@uludag.edu.tr 

Abstract: This paper presents a model that determines the most 

crucial criteria, which have a strong relationship with corporate 

strategies for supplier selection. It proposes the use of the Delphi 

technique integrated with fuzzy cognitive maps. 

Keywords: Supplier Selection, Delphi Technique, Fuzzy Cognitive 

Mapping 
 

EOQ Approaches for Stochastic Inventory 
Systems  

K. Skouri 1, I. Konstantaras2, A. G . Lagodimos3, I. Ganas4 

1 Department of Mathematics, University of Ioannina, 45110, Ioannina, 

Greece, kskouri@uoi.gr 
2 Department of Business Administration, Business Excellence 

Laboratory University of Macedonia, 156 Egnatia Street, 54006 

Thessaloniki, Greece, ikonst@uom.gr 
3 University of Piraeus, Department of Business Administration, GR-

185 34 Piraeus, Greece, alagod@unipi.gr 
4 Department of Accounting, Technological Educational Institute of 

Epirus, Psathaki, P.O. Box 169, 481 00, Preveza, Greece, 

ganas@teiep.gr 

Abstract: In this paper the most commonly used inventory control 

policies i.e. the order quantity/reorder point, (r, Q), the periodic 

review replenishment interval order up-to, (R, T), the periodic 

review replenishment batch ordering (r, nQ, T), and the (s, S, T) are 

revisited. Through a unified presentation of their average cost, this 

paper reviews the comparisons (in cost terms) between the above 

mentioned policies and EOQ type approximations. 

Keywords: EOQ, heuristics, continuous review, periodic review, 

stochastic demand. 
 

A First Study of Particle Swarm Optimization on 
the Dynamic Lot Sizing Problem with Product 
Returns 

Eirini Moustaki1, Konstantinos E. Parsopoulos1, Ioannis 
Konstantaras2, Konstantina Skouri3, Ioannis Ganas4 
1 Department of Computer Science & Engineering, University of 

Ioannina, GR-45110 Ioannina, Greece, {emoustak, kostasp}@cs.uoi.gr 
2 Department of Business Administration, University of Macedonia, 156 

Egnatia Str., GR-54006 Thessaloniki, Greece, ikonst@uom.gr 
3 Department of Mathematics, University of Ioannina, GR-45110 

Ioannina, Greece, kskouri@uoi.gr 
4 Department of Accounting, Technological Educational Institute of 

Epirus, Psathaki, PO Box 169, GR-48100 Preveza, Greece, 

ganas@teiep.gr 

Abstract: We study the behavior of a popular metaheuristic 

optimization algorithm, namely Particle Swarm Optimization 

(PSO), on the single-item dynamic lot sizing problem with returns 

and remanufacturing. The most suitable variants of the algorithm 

are identified and applied after the necessary modifications. The 

performance of the algorithm is assessed on an extensive test suite 

employed in previous studies. Its performance is compared with 

that of the adapted Silver-Meal algorithm as well as with its 

recently enhanced versions. The results suggest that PSO is very 

competitive and can be considered as a promising alternative for 

solving the considered problems. 

Keywords: Lot sizing, inventory, remanufacturing, particle swarm 

optimization 
 

An Approach to Production Planning for Supply 
Chain Performance Improvements 

Dragana Makajić-Nikolić, Danica Lečić-Cvetković, Nikola 
Atanasov, Slađan Babarogić 
Faculty of Organizational Sciences, Belgrade, Serbia 

Abstract: This paper presents some of the results obtained by 

studying Petri nets’ capability for modelling and analysis of 

production planning system in correlation with supply chain key 

performance indicators. A simulation model using a timed, 

hierarchical Coloured Petri Net (CPN) and software package CPN 

Tools was developed. The goal was to apply this simulation model, 

for determination of production triggering decision in relation with 

stock cover level and customer service level requirements, based on 

forecasted demand, production capacities and defined lot sizes. 

Keywords: Production planning, customer service level, stock 

cover, Petri nets. 
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Using Rough Set Theory for Supply Chain 
Management Process in Business 

Mert Bal1, Ayse Demırhan2  
1 Yildiz Technical University, Mathematical Engineering Department, 

Turkey, mert.bal@gmail.com 
2 Yildiz Technical University, Business Administration Department, 

Turkey, aysedemirhan74@gmail.com 

Abstract: In today’s competitive and global environment, supply 

chain management and its applications have become very important 

for all organizations. Organizations can improve their competitive 

force by selecting proper business partners for their supply chain 

process. Supply chain comprises a worldwide network of suppliers, 

factories, warehouses, distribution centers and retailers through 

which raw materials are acquired, transformed and delivered to the 

end user. Various methods have been applied to supply chain 

management in order to reduce costs and delivery period and also 

gain competitive advantage. Methods such as neural networks, 

analytic hierarchy, fuzzy programming and rough set theory have 

been applied to supply chain management. Rough set theory was 

developed by Pawlak in the beginning of 1980s. It is a new 

mathematical tool to deal with intelligent data analysis and data 

mining. Rough set can reduce decision complexity and improve the 

efficiency of decision. By that way applying rough set can be seen 

as feasible and scientific for supply chain management. In this 

paper, the factors affecting the choice of suppliers are considered 

and then rough set theory has been applied to these data in order to 

determine the suitable supplier for an organization.  

Keywords: Rough set theory, supply chain, rule extraction. 
 

Reverse Inventory Routing Problem in 
Recyclables Collection 

Dražen Popović, Branislava Ratković, Milorad Vidović, Nenad 
Bjelić 
University of Belgrade, Faculty of Transport and Traffic Engineering, 

Belgrade, Serbia, d.popovic@sf.bg.ac.rs, b.ratkovic@sf.bg.ac.rs, 

m.vidovic@sf.bg.ac.rs, n.bjelic@sf.bg.ac.rs 

Abstract: A key element of reverse logistics system is the 

collection or acquisition of used product discarded by last owners or 

consumers. This paper observes the problem of waste materials 

collection processes, which in essence comprises pick-up 

recyclables from collection points and transferring them to a 

recycling facility. Having in mind experience from forward supply 

chain management, and potentials of joint coordination of 

transportation and inventory decisions, this research propose 

modeling approach that simultaneously considers collection 

vehicles routing and recyclables inventories optimization in reverse 

logistic system. The problem studied in this paper can be described 

as multi period reverse inventory routing problem of collecting one 

type of recyclables with time windows and with objective to 

provide continuous supply of the recycling facility under minimal 

transport costs. To solve the problem we propose mixed integer 

linear programming model. 

Keywords: Inventory Routing Problem, Recyclables collection, 

Mathematical programming. 
 

Measuring Energy Efficiency of the Transport 
System In Serbia 

Milan Andrejić, Milorad Kilibarda, Nebojša Bojović 
Faculty Transport and Traffic Engineering, University of Belgrade 

m.andrejic@sf.bg.ac.rs; m.kilibarda@sf.bg.ac.rs; 

nb.bojovic@sf.bg.ac.rs   

Abstract: Transport sector is one of the major energy consumers. 

Energy consumption in Serbia is growing every year. In situation of 

increasing global energy demands and rising energy costs, 

conserving energy becomes very important issue. Energy efficiency 

is one of the best and the most frequently used indicators of energy 

use. The main objective of this paper is estimating energy 

efficiency of transport modes in Serbia from 2001 to 2010. The data 

envelopment analysis method is employed in this paper because it 

does not require the assumption of functional relationship between 

input and output variables, and also integrates different variables 

expressed in different units in a single measure of efficiency. 

Several hypotheses are tested in this paper. The Rail transport is 

more energy efficient than the road transport. Key factors that affect 

energy efficiency are also identified. 

Keywords: Energy efficiency, Serbian transport system, data 

envelopment analysis. 
 

Planning Logistics Network for Recyclables 
Collection 

Branislava Ratković1, Dražen Popović1, Gordana 
Radivojević2, Nenad Bjelić1 

1 University of Belgrade, Faculty of Transport and Traffic Engineering, 

b.ratkovic@sf.bg.ac.rs, d.popovic@sf.bg.ac.rs, n.bjelic@sf.bg.ac.rs 
2 Mihailo Pupin Institute, Belgrade, gordana.radivojevic@pupin.rs 

Abstract: Rapid urbanization, increasing industrialization, rising 

incomes and a more sophisticated form of consumerism are leading 

to an increase in the amount and toxicity of waste all over the 

world. Whether it is reused, recycled, incinerated or put into landfill 

sites, the management of household and industrial waste comes at a 

financial and environmental cost. This paper presents modeling 

approach that can be used for designing one part of recycling 

logistics network through defining optimal locations of collection 

points, as well possible optimal scheduling of vehicles for 

collection of recyclables. 

Keywords: Recycling, collection, location theory, scheduling. 
 

Usability Measurement Framework for Mobile 
Touch Screen Devices in Transportation and 
Logistics 

Svetlana Čičević, Slobodan Mitrović, Dragovan Perišić  
Faculty of Transport and Traffic Engineering, Belgrade, 

s.cicevic@sf.bg.ac.rs, s.mitrovic@sf.bg.ac.rs, d.perisic@ sf.bg.ac.rs 

Abstract: New modes of production are concomitant with new 

modes of distribution, which brings forward the realm of logistics. 

As enhanced productivity is the primary benefit of mobile 

technologies, alongside with the goal to help maximize 

productivity, improve safety, increase vehicle utilization and reduce 

cost, the necessity arises to evaluate their usability and acceptance. 

To evaluate users’ subjective impressions about the system and 

their degrees of satisfaction the well-known questionnaire System 

Usability Scale (SUS) was employed in the study. Based on the 

SUS scores the results indicate that tablet is usable in field 

conditions. The results of the analysis can be adopted as a guideline 

for mobile application design user interface fine-tuning in the future 

versions. 

Keywords: System usability scale, tablet computer, logistics. 
 

Modeling a Two-Stage Supply Chain, With (S, s) 
Replenishment Policy and Exponential Lead 
Times: The VMI Approach  

Vidalis Michail1, Geranios Michail2  
1 Assistant Professor, Business Administration Department, University 

of Aegean, mvid@ba.aegean.gr 210 9326049, 6977 291824  
2 Phd Candidate, Business Administration Department, University of 

Aegean 

Abstract: In this study, the system under consideration consists of 

two stages, a wholesaler and a retailer. The wholesaler follows a 

continuous review (s, S) policy and as a Vendor Manager of the 

whole supply chain network, he manages the Retailer’s inventory 

level. We model this supply chain network as a continuous Markov 

process with discrete states. After the exploration of the transition 

matrices, we develop a computational algorithm in order to generate 

the performance measures for different values of the system’s 
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characteristics. The major task is to compare the current VMI 

results, with the results we gained when we modeled the same 

supply chain network, where both wholesaler and retailer were 

following the (s, S) continues review policy.  

Keywords: Supply chain management, VMI, performance 

measures, Markov analysis. 

���� B13 
MARKETING & OPERATIONS 
MANAGEMENT 

Evaluating Tourist Offer Attributes Using 
Conjoint Analysis  

Milena Vukić, Marija Kuzmanović, Milica Kostić Stanković  
Faculty of Organizational Sciences, Belgrade, 

milena.vukic12@gmail.com 

Abstract: In the highly competitive business environment, the 

success of travel agencies deeply depends on their achieved levels 

of customer satisfaction. Accordingly, it is important to understand 

better the main drivers affecting the choice and later evaluation of a 

tourism destination by consumers. This paper introduces conjoint 

analysis as an appropriate tool for evaluating the preferences and 

expectations of customers. A survey was conducted and the results 

based on a sample of 514 respondents, members of the youth 

population are presented. Moreover, it has shown that the 

information obtained through Conjoint analysis can be used to 

develop both marketing and communication strategies. 

Keywords: Preferences, tourism, conjoint analysis, marketing 

strategy. 
 

Improving Performance Measures through 
Measuring Customer Satisfaction with Product’s 
Attributes 

Laura Južnik Rotar1, Mitja Kozar2 
1 Higher School of Business and Management, Novo mesto, Slovenia, 

laura_juznik@yahoo.com  
2 Gorenje, d.d., Velenje, Slovenia, mitja.kozar@gorenje.com  

Abstract: Marketing research grew out of the needs and demands 

of the marketing system. Marketing system represents a conceptual 

model in which marketing mix and situational factors are seen as 

independent variables (input) and cause behavioral responses and 

performance measures (such as sales, market share, profit, return on 

investment, cash flow). Managers make decisions aiming to 

influence the performance measure in a predictable manner based 

on their information about marketing system. One of the non-

monetary performance measure is customer satisfaction. In this 

paper we present the Kano model of customer satisfaction which 

classifies product attributes based on how they are perceived by 

customers and their effect on customer satisfaction.The Kano model 

can be of help when developing or improving a product or 

determining a market strategies.  

Keywords: Marketing research, performance measure, Kano 

model, customer satisfaction.  
 

Determining Consumer Preferences towards 
Environmental Packaging 

Milena Popović, Marina Uček, Marija Kuzmanović, Nataša 
Petrović 
Faculty of Organizational Sciences, University of Belgrade, 

milena.popovic@fon.bg.ac.rs 

Abstract: Determining hidden consumer preferences is the key to 

success and a powerful weapon against the competition of every 

company, because it allows them to meet consumers’ individual 

needs. Depending on consumers’ requirements, each company will 

make an effort to meet their needs. This paper aims to provide a 

study of consumers’ environmental purchasing decisions, as well as 

an analysis of the importance of environmental packaging in the 

presence of other relevant attributes of a product. This paper 

provides an overview of applications of statistical technique, 

Conjoint analysis, in valuation of consumer preferences. Conjoint 

analysis determines the importance of each attribute based on 

consumers’ preferences, by examining their tendencies towards 

certain attributes of a product. An empirical study is conducted. The 

preferences of respondents for particular characteristics of yoghurt 

are determined by Conjoint analysis. Companies can potentially 

reduce the cost of production and placement and increase sales of 

products on the market by discovering consumer preferences. 

Keywords: Conjoint analysis, consumer preferences, purchasing 

decisions, environmental packaging, eco-label. 
 

Assessment of Customer Satisfaction on the 
Macedonian Mobile Phone Market 

Nikolina Palamidovska, Nada Sekulovska, Snezana Ristevska 
– Jovanovska  
Ss. Cyril and Methodius University in Skopje, Faculty of Economics – 

Skopje, Republic of Macedonia, nikolina@eccf. ukim.edu.mk 

Abstract: The objective of this paper is to test a customer 

satisfaction index model on the Macedonian mobile phone market 

and to obtain information about the level of customer satisfaction 

on this market. The model used in this research is based on the 

previously developed European Customer Satisfaction Index model. 

The data were analyzed with the Partial Least Squares technique for 

Structural Equation Model estimation. According to the results, 

perceived value and perceived quality have the greatest impact on 

customer satisfaction. Loyalty is the ultimate variable in the model 

and is highly determined by customer satisfaction and less by 

company’s image. The results indicate that Macedonian mobile 

phone users perceive certain unfairness regarding the price/quality 

ratio, i.e. they are not satisfied by the value the mobile phone 

industry provides them.  

Keywords: Customer satisfaction, customer loyalty, mobile phones 

���� B14 
MATHEMATICAL MODELING & DECISION 
MAKING 

On Computer Simulation of a System Using an 
Associated Model 

Gheorghe Barbu 

University of Pitesti, gheorghe.barbu@upit.ro 

Abstract: To study a system often is associated with a 

mathematical model. The mathematical model is used to describe 

associated with the behavior of the system during a fixed period. In 

its evolution the system is influenced by random factors that are 

generated by computer. The simulation using the mathematical 

model associated with the system, you can make various 

experiments with computer, providing very useful information on 

the evolution and behavior of the system under consideration. 

 

Analytical vs. Heuristics Approaches for 
Robustness Analysis in UTA Methods 

Nikos Christodoulakis1, Nikos Tsotsolas1, Eleftherios Siskos2 
1 University of Piraeus, nikosunipi@gmail.com, ntsotsol@unipi.gr 
2 National Technical University of Athens, lsiskos@epu.ntua.gr 

Abstract: The aim of this paper is to evaluate and compare an 

analytical approach with heuristics algorithms for robustness 

analysis in the UTA family methods. One of the basic steps in UTA 

type methods is the calculation of robustness measures through a 

post-optimality analysis process. During the post-optimality 

analysis different heuristics approaches are implemented for the 

estimation of the polyhedron of multiple/near optimal solutions of 

the LP models of UTA methods. These heuristics approaches are 
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supposed to work properly in comparison to most computationally 

expensive but more accurate analytic approaches, but this 

hypothesis has not been tested. In this paper all the edges of the 

polyhedron are explored by means of the Manas-Nedoma 

Hamiltonian search algorithm (labyrinth algorithm) and the results 

are compared with those produced by using heuristics algorithms. 

Keywords: Robustness analysis, linear programming, multicriteria 

analysis. 
 

Forecasting Electricity Demand Generation 
Applying a Grey Analysis Model 

Moyses Moyseos, Stefanos Katsavounis, Maria Mikela 
Chatzimichailidou 

Democritus University of Thrace, Polytechnic School, Department of 

Production and Management Engineering, 12 Vas. Sofias Str, Xanthi, 

Greece, moysmoys@pme.duth.gr, skatsav@pme.duth.gr, 

mikechat@civil.duth.gr 

Abstract: Energy policies are of significant importance in our 

rapidly changing world, being the dominant factor in world 

economy and growth. The hard competitive environment examines 

not only new energy resources but also methodologies to effectively 

manipulate energy generation and consumption. Researchers use 

models and tools, concerning the manipulation of information, to 

define the right approach to the major subject of electricity 

generation. In this paper, we use, at first, power generation of the 

Republic of Cyprus and Grey Analysis GM(1,1) to predict future 

generation demand. Then we use the demand forecasting of Cyprus 

Electricity Authority in order to validate our model, to correlate the 

sensitivity of given data and to compare the efficiency and accuracy 

of the proposed methodology. 

Keywords: Demand forecasting, GM(1,1), grey analysis, power 

generation. 
 

Estimation of Useful Energy for Solar Collectors 
Based on General Solar Irradiation Trends and 
Real Project Data 

Kristijan Vujicin1, Zeljko Stojanov2 
1
 University of Belgrade, Faculty of Mechanical Engineering. Kraljice 

Marije 16, Belgrade, Serbia, kristijan.vujicin@gmail.com 
2
 University of Novi Sad, Technical faculty "Mihajlo Pupin". Ðure 

Ðakovi´ca bb, Zrenjanin, Serbia, zeljko.stojanov@tfzr.rs 

Abstract: The aim of this paper is to establish mathematical models 

that will calculate the potential of solar radiation. The correlations 

of different solar energy parameters have been calculated. The 

empirical data used for the global solar radiation were extracted 

from the database of Joint Research Centre, Institute for Energy and 

Transport for the period 2001-2012. The typical meteorological 

year (TMY) has been formed on the basis of the data. The 

correlations were established between the following empirical data: 

insolation on a horizontal surface (Hh), insolation on a vertical 

surface (Hv), insolation on an optimum surface (Hopt) and useful 

energy (Qm). The useful energy was measured on the solar system 

designed by a small energetic company. The measurement was 

conducted in 2012. Results indicate that there is a strong correlation 

between measured insolation and useful energy, which allows 

precise estimatations of useful energy for further projects.  

Keywords: Mathematical model, global solar radiation, measured 

useful energy, correlation, estimation of useful energy. 
 

What Gives Uniqueness to Input-Output 
Modeling? 

Viorel Gaftea  
Center for Macroeconomic Modelling, Institute for Economic 

Forecasting, Romania; gaftea@gmail.com 

Abstract: The Input-Output modeling approach is based on the 

Romanian I-O Tables and the Wassily Leontief methodology 

(Nobel laureate in Economics, 1973). The conceptual and analytical 

cadre of the I-O approach for a national macro model uses the 

behavioural analysis and support estimations equations for technical 

coefficients, macro indicators and other variables. The model 

databases use the 1989-2009 statistic data provided by the National 

Statistics Institute aggregated into seven sectors, in the interest of 

the current development of the Romanian economy. The paper 

deals with the needed operation to design and use, the synergies 

between econometric and accounting relationships, the integration 

of other I-O sub-models needed to address the economy as a whole 

model. The model describes the structure and the potential of the 

national economy, allow for achieving a solution that offers the best 

picture of the economy, enables strong and varied research 

modeling and forecasting capabilities and confirm the antiques 

advantages of the models based on I-O analysis. 

Keywords: input-output, modeling, coefficients, forecast, national 

economy. 
 

Joint Replenishment Policy for Two 
Substitutable Products with Demand Dependent 
of Their Inventory Levels 

I. P. Krommyda1, K. Skouri2, I. Konstantaras3 
1 Department of Business Administration of Food and Agricultural 

Products, University of Western Greece, ikrommyd@cc.uoi.gr 
2 Department of Mathematics, University of Ioannina, Greece, 

kskouri@uoi.gr 
3 Department of Business Administration, Business Excellence 

Laboratory, University of Macedonia, Greece, ikonst@uom.gr 

Abstract: The optimal joint replenishment policy for a two product 

inventory system is studied. The products are substitutable, so in 

case of a stock–out for one of the products a known fraction of its 

demand can be satisfied by using the stock of the other product. In 

addition, the demand of each product is dependent of the inventory 

level of both of the products at a certain time. Numerical examples 

and a sensitivity analysis are also provided.  

Keywords: Inventory, substitution, stock dependent demand, 

optimization. 
 

Multi-Criteria Routing Algorithm Based on 
Interpolative Boolean Algebra  

Marina Jeremić, Jovana Kovačević, Aleksandar Rakićević, 
Ivana Dragović  
Faculty of Organizational Sciences, Belgrade, mjeremic89@gmail.com  

Abstract: In order to improve the quality of service of distributed 

applications, we propose a multi-criteria algorithm based on 

interpolative Boolean algebra for routing in an overlay network. We 

use a mesh topology because it is easy to implement and also makes 

addressing of the cores quite simple during routing. In this paper, 

we consider two criteria: buffer usage, which is represented using 

the thermal field theory and the distance between peers, expressed 

as Euclidean distance. The proposed routing algorithm determines 

the optimal path using interpolative Boolean algebra, the decision at 

each node is made based on the ranking of available options 

considering multiple constraints. The simulation showed that the 

proposed approach provides better results than standard shortest 

path routing algorithm.  

Keywords: Interpolative Boolean algebra, multi-criteria, routing, 

peer-to-peer. 
 

Logic-Based Similarity Measures for Consensus 

Pavle Milošević1, Ana Poledica1, Ivana Dragović1, Bratislav 
Petrović1, Dragan Radojević2 
1 Faculty of Organizational Sciences, pavle.milosevic@fon.bg.ac.rs  
2 Mihailo Pupin Institute, Belgrade, dragan.radojevic@pupin.rs  

Abstract: The measurement of similarity or dissimilarity between 

different objects is an important issue in data analysis, information 

retrieval, decision making, clustering, data mining etc. In this paper, 

similarity is perceived as a logical equivalence or bi-implication 
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between two objects. We introduce several logic-based similarity 

measures for computing consensus in group decision making. In 

order to measure a level of agreement among experts, we applied 

several similarity functions: min bi-implication, prod bi-implication 

and equivalence based on Interpolative Boolean Algebra (IBA). 

The aim of this paper is to make the comparison of the three logic-

based similarity measures. Special attention is devoted to how these 

measures are appropriate to explain the notion of consensus within 

group decision making (GDM) problems. IBA equivalence proved 

to be the most suitable tool for estimating consensus as shown in 

the numerical example. 

Keywords: Similarity measures, logical relations, fuzzy bi-

implication, IBA equivalence, consensus. 
 

Truth Functionality Is Consequence of Structural 
Functionality and Valid Only in Classical Two-
Valued Case   

Dragan G. Radojević 
Institute Mihajlo Pupin, Belgrade, dragan.radojevic@pupin.rs  

Abstract: The value of the complex Boolean function can be 

calculated directly on the basis of its components value. It is a 

principle known as the truth functionality. Properties of the Boolean 

algebra have indifferent values. The truth functional principle is 

taken as a valid principle in general case in the conventional 

generalization: multi-valued and/or real-valued realizations (fuzzy 

logic in the broad sense). This paper presents that truth functionality 

is not valued indifferent property of the Boolean algebra and it is 

valid only in two-valued realization, and thus it cannot be the basic 

of the value generalization. The value generalization (real-valued 

realizations) enables incomparably more descriptiveness than the 

two-valued classical Boolean algebra, so that the finite Boolean 

algebra is enough for any real application. Each finite Boolean 

algebra is atomic. Every Boolean function (the element of the 

analyzed finite Boolean algebra) can be presented uniquely as 

disjunction of the relevant atoms – disjunctive canonical form. 

Which atoms are and which are not included in the analyzed 

Boolean function is defined by its structure: 0-1 vector which 

dimension matches the number of atoms (in the case of n 

independent variables, the number of atoms is 2
n
). Atom 

corresponds uniquely to each vector structure position and value 0 

means that the adequate atom is not included in the analyzed 

function, and 1 means that it is included. The principle of the 

structural functionality is: the structure of the complex Boolean 

function is defined directly on the basis of its components structure. 

The truth functionality is a value image of the structural 

functionality only in the case of two-valued realization. Each 

insisting on the truth functionality, such as in the case of 

conventional multi-valued logic and fuzzy logic in general sense,  is 

unjustified from the point of the Boolean consistency. 

Keywords: Boolean algebra, atomic Boolean functions, disjunctive 

canonical form, Boolean function structure, structural functionality, 

truth functionality, generalized value realization of the Boolean 

functions 
 

Decision Making with Consonant Belief 
Functions: Discrepancy Resulting with the 
Probability Transformation Method Used  

Esma Nur Cinicioglu  
Istanbul University, School of Business, Quantitative Methods Division, 

Istanbul, esmanurc@istanbul.edu.tr  

Abstract: DempsterShafer belief function theory can address a wider 

class of uncertainty than the standard probability theory does and this 

fact appeals the researchers in operations research society for 

potential application areas. For representation of statistical evidence, 

the class of consonant belief functions is used which is not closed 

under Dempster's rule of combination but is closed under Walley's 

rule of combination. In this research, it’s shown that although the 

outcomes obtained using Dempster’s and Walley’s rule do result in 

the same probability distribution when plausibility transformation is 

performed, they do result in different probability distributions when 

pignistic transformation is used which in turn may have a significant 

effect on decision making, on the choice of the decision alternative 

selected. The resulting discrepancy on the probability distributions is 

demonstrated via an example of missile type identification.  

Keywords: Belief Functions, consonant belief functions, 

plausibility transformation, pignistic transformation. 

���� B15 
MATHEMATICAL PROGRAMMING 

The Response of a Shear Beam as 1D Medium to 
Seismic Excitations Dependent on the Boundary 
Conditions  

Aleksandra Risteska, Vlado Gicev, Zoran Zlatev, Vasko 
Kokalanov  
University "Goce Delcev", Stip  

Abstract: We study response of a shear beam to seismic excitations 

at its base. The research is conducted using computer simulation of 

the wave propagation on a numerical model. The wave equation is 

solved using the method of finite differences (FD) where the spatial 

and temporal derivatives are approximated with finite differences. 

We used formulation of the wave equation via the particle 

velocities, strains, and stresses. Integrating particle velocities in 

time, we obtained displacements at spatial points. The main goal in 

this research is to study phenomena occurring due to three different 

types of boundary conditions, Dirichlet, Neumann, and moving 

boundary when simple half-sine pulse propagates through 1D 

medium modeled as a shear beam.  

Keywords: Wave propagation, particle velocity, stress, strain, 

boundary conditions, numerical simulation. 
 

Parametric Computation of a Membership 
Function for the Solution of a Fuzzy Linear 
Fractional Optimization Problem 

Bogdana Stanojević1, Milan Stanojević2 
1
 Mathematical Institute of the Serbian Academy of Sciences and Arts, 

Kneza Mihaila 36, Belgrade, Serbia, bgdnpop@mi.sanu.ac.rs 
2
 Faculty of Organizational Sciences, Jove Ilića 154, Belgrade, Serbia, 

milans@fon.bg.ac.rs 

Abstract: A linear fractional optimization problem with trapezoidal 

fuzzy numbers as coefficients in the objective function (FLFOP) is 

considered in this paper. Using the concept of fuzzy solution 

introduced by Dempe and Ruziyeva (2012) for the linear case, we 

propose a parametric method for computing the membership 

function of the solution of FLFOP. Our approach is based on the α-

cuts of the fuzzy coefficients, Pareto optimal solutions of a bi-

objective linear fractional optimization problem and parametric 

analysis of the solutions of linear fractional programs. Further, we 

derive sufficient conditions for a feasible solution to be a-maximal in 

FLFOPs with respect to the possibility and necessity fuzzy relations. 

Keywords: Fuzzy optimization, trapezoidal fuzzy numbers, Bi-

objective linear fractional programming, possibility fuzzy relation, 

necessity fuzzy relation. 
 

Optimality and Duality for a Class of Continuous 
Fractional Programming Problems 

Sorina Gramatovici1, Vasile Preda2 
1 Faculty of Economic Cybernetics, Statistics and Informatics, Academy 

of Economic Sciences, Bucharest, Romania, sgramatovici@csie.ase.ro 
2 Faculty of Mathematics and Informatics, Academiei 14, Bucharest, 

Romania, vasilepreda0@gmail.com 

Abstract: In this paper we consider a class of continuous fractional 

programming problems with locally Lipschitz data. Convexity 

assumptions for continuous fractional programming problems are 

relaxed to those of generalized r-invexity assumptions. Optimality 

conditions are established under generalized r-invexity assumptions. 
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Subsequently two parameter-free dual models are formulated and 

several duality theorems concerning weak, strong and strict converse 

duality are proved in the framework of generalized r-invexity. 

Keywords: Nonsmooth fractional programming, r-invexity, r-

quasiinvexity, Mond-Weir duality, Wolfe duality. 
 

Locating Undesirable Facilities with Variable 
Coverage Radius 

Branka Dimitrijević, Miloš Nikolić, Ivana Vukićević, Katarina 
Vukadinović 

Faculty of Transport and Traffic Engineering, Belgrade, 

brankad@sf.bg.ac.rs 

Abstract: Making decisions about spatial positions of undesirable 

facilities are crucial when it is necessary to minimize environmental 

risks. Such facilities should be located under conditions of minimal 

safety distance. For some dangerous goods, the minimal safety 

distance may be determined as a constant value which depends only 

on the dangerous goods’ characteristics. Usually, the minimal safety 

distance depends on quantity and characteristics of particular 

dangerous goods, as well as other relevant characteristics. This 

paper considers the specific problem of determining dangerous 

goods locations in case when the minimal safety distance depends 

on quantity of dangerous goods stored and when different kinds of 

dangerous goods (with different characteristics) have to be stored in 

warehouses. Thus, in this paper a Mixed Integer Linear 

programming model is proposed for this kind of problem. Finally, a 

randomly generated numerical example has been used to verify the 

model. The computational results have been presented. 

Keywords: Dangerous goods, safety distance, anti-covering, 

location. 
 

Application of Fuzzy Inference Models on the 
Example of Zinc Ore Flotation Concentration 

Igor Miljanović1, Slobodan Vujić2, Predrag Lazić1, Ivana 
Jovanović3, Milena Josipović Pejović1, Aleksandar Petrovski1 
1 University of Belgrade, Faculty of Mining and Geology, Belgrade, 

Serbia, imiljan@rgf.bg.ac.rs 
2 Mining Institute, Belgrade, Serbia, slobodan.vujic@ribeograd.ac.rs 
3 Mining and Metallurgy Institute, Bor, Serbia 

Abstract: Fuzzy inference systems are becoming one of the most 

important analytical and modelling tools in modern process control. 

In this paper, a comparison of two most important fuzzy inference 

systems was presented in their application on a regular industrial 

process of zinc minerals flotation concentration. The training and 

the test data originate from the Rudnik Rudnik in the Republic of 

Serbia. The results of the preliminary case study shows that both 

Mamdani and Takagi-Sugeno inference systems can provide 

adequate results when applied for fuzzy modelling of an industrial 

flotation concentration process. However, more tuning is needed for 

the purpose of practical application or potential development and 

industrial-scale utilization of a fuzzy controller. 

Keywords: Fuzzy inference model, zinc minerals flotation, Rudnik, 

Mamdani, Takagi-Sugeno. 
 

���� B16 
MILITARY OPERATIONAL RESEARCH 

Fuzzy Logic as a Support Process in Decision 
Making with Engagement Group for Making 
Additional Obstacle  

Aleksandar Milić, Darko Božanić, Dragan Pamučar  
University of Defence in Belgarde, Military Academy, 

milickm5@gmail.com, dbozanic@yahoo.com, dpamucar@gmail.com 

Abstract: In the paper is described the stage in the decision making 

process during selecting directions of actions Group for making 

additional obstacle. The decision making process is followed by 

higher or lower level of indefiniteness of criteria needed for making 

relevant decisions. Since the fuzzy logic is very suitable to express 

indefiniteness and uncertainty, in the paper is described the decision 

making process using fuzzy approach. 

Keywords: Decision making process, fuzzy logic, group for 

making additional obstacle. 
 

Capability Based Defence Development 
Planning - Optimal Option Selection for 
Capability Development  

Mitar Kovac, Dejan Stojkovic, Vlada Mitic 
Republic of Serbia Ministry of Defence, Belgrade, 

mitar.kovac@mod.gov.rs, dejan.stojkovic@gmail.com, 

vlada.mitic@mod.gov.rs 

Abstract: This article presents a model which is an attempt of 

objectification of the defence development options ranking. Model 

is compiled on the basis of Capability Based Planning process, 

which determinates required defence capability and options for 

capability development according to possible scenarios of security 

threats. Model considers essential parameters from scenarios, 

required capabilities and options cost, for capability development 

options ranking for purpose of optimal option selection. For 

determination of parameters and their values, useful tool is expert 

assessment. The presented model allows presentation of the 

development options rank and priorities to the decision makers in 

terms of decision support, so it influences the choice of the defence 

development options. On the other hand, subjective expert 

evaluation of used parameters could negatively influence 

objectification of this model. This model could be helpful tool for 

defence planners in way of development options ranking and 

determination of defence development priorities.  

Keywords: Defence, development planning, capability, capability 

based planning. 
 

Capabilities Modeling of NLOS-Missiles in 
Modular Unit of Guard Forces Battle Team 

Momčilo Milinović1, Mitar Kovač2, Dalibor Petrovic2, Olivera 
Jeremić1 
1 University of Belgrade, Faculty of Mechanical Enginerring, 

mmilinovic@mas.bg.ac.rs 
2 University of Defence, Military Academy Belgrade, 

mitar.kovac@mod.gov.rs 

Abstract: Considerations in this paper deals with designing and 

modelling, of optimal force packages for the guard forces tactical 

units, based on expected use of new NLOS weapon technologies, 

and theirs tactical requirements of tasks in missions of aimed 

defence roles. Company battle teams (CBT), are offered as flexible 

designed tactical receivers and integrators of modular formation 

elements equipped with NLOS weapon. Modular element with the 

special performances required for the guard forces, in composition 

of their combat unit, coming from the advantages of new NLOS- 

weapons which enables remote fire support capability by direct 

detecting, engaging and attacking of random and discovered targets, 

from different directions at the respectable tactical distances. In this 

paper fire power capabilities of modular units are tested in 

simulations by improved engaging tactics, accorded with NLOS 

performances. New deterministic combat model, composed of the 

ambush ripple tactics at the very beginning, (guerrilla warfare), and 

direct fire in the further layers attacks is employed. This represents 

effects of sudden attack on the grouped point targets disposed on 

the water and ground surfaces at the very beginning and continual 

prepared battle in the further attacks layers. Modelling provides 

dimensional verification of modular formation elements, regarding 

the number of forces, crews, and targets engagement possibilities 

and their linking communication requirements for integrative battle 

functions in CBT modular composition. 

Keywords: Tactics, modular battle company, guard forces, NLOS 

missiles, Lanchester deterministic equations, technology. 
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The Use of Matrix Contradictions in Solving 
Technical Problems 

Obrad Čabarkapa1, Dalibor Petrović1, Siniša Čabarkapa2  
1 Defence Policy Sector Strategic Planing Department, Belgrade, 

obrad.cabarkapa@mod.gov.rs, dalibor.petrovic@mod.gov.rs  
2 Military Academy, Belgrade, sinisacabarkapa@yahoo.com 

Abstract: In this time, modern technical device characterized: 

complexity, variety and limited service life. Each product have 

service life cycle from entering on market to it out of date. If you 

wont to have longer service life device, we need to make some 

inventive activities. Making this activities means that in specifying 

point of time, we have to make some activities on product in aim its 

improvement. For improvement product in this time is more and 

more uses scientific methods on based on scientific basis with 

modern techniques and tools. One of the contemporary methods 

which has been applied in improving the technical facilities is: 

Theory of solving inventive tasks - TRIZ. As the basic tools which 

are used in the application of this methodology with order to solve 

specific technical problems used is inventive principles and 

contradiction matrix. In this paper is an attempt to approach the 

process using inventive principles and the contradiction matrix in 

solving technical problems for the, which gives a specific example. 

Keywords: Technical contradiction, inventive principles, matrix of 

contradictions. 

���� B17 
MULTIPLE CRITERIA DECISION ANALYSIS 
& MULTI-OBJECTIVE OPTIMIZATION 

Weights, Consistency and Uncertainty in Group 
AHP 

Lidija Zadnik Stirn, Petra Grošelj 
University of Ljubljana, Biotechnical faculty, lidija.zadnik@bf.uni-lj.si, 

petra.groselj@bf.uni-lj.si 

Abstract: This paper tackles the analytic hierarchy process (AHP), 

a well-known approach for handling multi-criteria decision making 

problems. AHP enables combining empirical data and subjective 

judgments, and also intangible and immeasurable criteria. It is 

based on pairwise comparisons of criteria and alternatives which 

are hierarchically structured. When several decision makers are 

involved, group AHP (Saaty & Peniwati 2008) replaces AHP which 

deals with only one decision maker. In group AHP, the main 

problems are: how to aggregate the individual comparison matrices 

into a group comparison matrix, how to calculate weights from such 

a matrix, the question of consistency of the aggregated matrix, and 

the problem of aggregated interval comparison matrix, when 

considering the uncertainty of decision makers. Some new ideas for 

solving these problems are proposed: the proof about acceptable 

consistency of group matrix (Grošelj& Zadnik Stirn 2012), a group 

AHP method for calculating priority vector (Grošelj et al. 2011), 

and a method for aggregation of individual judgments into group 

interval judgment (Grošelj & Zadnik Stirn 2013). 

Keywords: Multiple criteria decision making, group AHP, weights, 

consistency, interval comparison matrix. 
 

MCDA Applied in Solving Specific Issue of 
Selection of Best Tolling System 

Draženko Glavić  
Faculty of Traffic and Transport Engineering, University of Belgrade, 

Belgrade, drazen@sf.bg.ac.rs 

Abstract: Paper presents a MCDA method applied in specific 

problem of selection of best tolling system. Specific issue of 

selection of best tolling system is done on real example on 

motorway network of Republic of Srpska and it is funded by EU-

WBIF. Analysis of characteristics of different tolling system 

applied in EU and summarization of characteristic in groups and 

subgroups is performed. Process of conducting the MCDA is done 

through creation of list of toll alternatives and list of criteria. List of 

criteria sorted in groups and in subgroups and weightings are 

finalized on several workshops that gathered all stakeholders 

concerning this issue. Finally scoring of each criterion for each toll 

alternative is performed, and MCDA method is applied. Results are 

subjected to a full sensitivity analysis taking in to account range of 

weighting of each criterion from 0 to 100% and it influence on 

rankings order and stability of first place. 

Keywords: Multiple criteria decision analysis, toll system, criteria, 

weighting, sensitivity analysis. 
 

Portfolio Optimization Based on using Goal 
Programming 

Majid Zohrehbandian  
Department of Mathematics, Karaj Branch, Islamic Azad University, 

Karaj, Iran. zohrebandian@yahoo.com 

Abstract: In recent years, portfolio optimization models that 

consider more criteria than the standard objectives of the 

Markowitz model have become popular. But, one criticism over the 

proposed approaches in this theory is that they fail to embody all 

the investor’s objectives, through the various stages of the decision 

process. In other words, to solve such multi-criteria models in the 

multi-attribute utility theory approach, a utility function should be 

constructed based on the decision maker’s preferences. Then, by 

solving an optimization problem we can find a solution that 

maximizes that utility function. But the key assumption in portfolio 

optimization is that this utility function is unknown.  

The aim of this paper is to present an approach for an investor to 

find a portfolio that maximizes his/her unknown utility function. To 

this end, by generating input/output weights as the investor’s 

underlying value structure about objective functions for estimation 

of unknown utility function we help the investor further converge 

toward a highly preferred solution of the multi-criteria model. The 

validity of the proposed approach is tested through an illustrative 

application in Iran Stock Exchange. 

Keywords: Portfolio optimization, utility function, goal 

programming.  
 

Evaluating Indicators of Organizational Agility 
by Fuzzy Multi Criteria Decision Making: (Iran 
Power Development Organization) 
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1 Elmo sanat Iran University, Iran, omran@iust.ac.ir 
2 Tarbiyat modares University, Iran, m.valipour@modares.ac.ir 
3 Mohseni Nazari, Iran, yasi_hsh@yahoo.com 

Abstract: The changing is characteristics of organizations and 

institutions in the field of competition. Beginning of the twenty-first 

century organizations have experienced changes to their surroundings. 

This change leads organizations to the new challenges, the lack of 

attention to their survival and success of the organization threatens the 

increasingly.  Organizations to respond to the challenges of the modern 

approach to business agility developed. Purpose of this research is 

evaluating key indicators of Iran Power Development Organization 

agility, therefore after initial analysis of four main variables include of 

"leveraging impact of people and information", "cooperate to enhance 

competitiveness", "enriching customer", "mastering change and 

uncertainty" and designing questionnaire, collecting data and using the 

fuzzy multi-criteria decision making technique, data were analyzed. 

The findings shows that "cooperate to enhance competitiveness" with 

the importance degree (0.301) is the most importance of the main 

criterion for selecting the more agile organizational unit. While in Iran 

Power Development Organization it has third priority; The main 

criteria "leveraging impact of people and information" with the  

importance degree (0.277), "mastering change and uncertainty" with 

the importance degree (0.238), "enriching customer" with the 

importance degree (0.184), were three next most important criterion in 

the selection of organizational units are more agile. 

Keywords: Organizational agility, fuzzy logic, fuzzy multi-criteria 

decision making. 
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Ranking the Selected Firms in the Steel Industry 
in North of Iran Considering the Sustaining 
Manufacturing using by FVIKOR Technique 

Abdolamid Safaei Ghadikolaei1, Majid Kooshkebaghi2 
1 Faculty Member in University of Mazandaran Campus, Babolsar, Iran, 

ab.safaei@umz.ac.ir 
2 Master student of in University of Mazandaran Campus, Babolsar, 

Iran, majid.kooshkebaghi@yahoo.com 

Abstract: Abstract: In recent years, companies are faced with 

increasing pressures to Thinking about Environmental and social 

impacts of its industrial operations. Attention to the Environmental 

effects has become to a Concept beyond of Economic benefits and 

Thinking about Industrial Processes. Minimizing of environmental 

Harmful effects of industrial operation is Fundamental goal in 

industrial modern organizations. Focusing and thinking in 

sustainable Manufacturing Models is considered as appropriate 

respond to achieving this goal. In this paper, after the investigates 

and thinks critically the existing Models on Literature, we use a 

comprehensive model for evaluation of sustainable manufacturing. 

Finally, using by FANP and FVIKOR techniques, we rank the 

Firms in the Steel Industry in north of Iran Considering the 

Sustainable Manufacturing. 

Keywords: Sustainable manufacturing, FVIKOR, FANP, steel 

industry, Iran. 
 

Students' Preferences towards English Medium 
Instruction: A Conjoint Analysis  

Marija Kuzmanović, Maja Vagić, Milena Popović 
Faculty of Organizational Sciences, Belgrade, mari@fon.bg.ac.rs 

Abstract: Continuous quality improvement and modernization of 

the educational process are some of the most important factors for 

the success of educational institutions. To determine students' 

preferences towards using English to teach content courses (English 

Medium Instruction – EMI), conjoint analysis is proposed in this 

paper. Conjoint analysis is a research technique for measuring 

customers' preferences, and a method for simulating how customers 

might react to changes in current products or to new products 

introduced into an existing market. Students’ preferences towards 

EMI will be determined using an illustrative example. More 

precisely, we will identify students’ preferences towards EMI, in 

order to perform market segmentation and to determine the optimal 

structure of their offer. Fulfillment of student needs will result in a 

more efficient teaching and in maximization of the students’ 

achievement. Happy and successful students present the best way to 

attract potential students and to provide a stable competitive 

position of college in today’s market. 

Keywords: Conjoint analysis, students’ preferences, English 

Medium Instruction, segmentation, simulation. 
 

Тhe Application of Quantitative Analysis in 
Financial Leasing Sector in Serbia  

Marija Stošić, Marija Stepić, Gordana Savić, Veljko Jeremić, 
Milica Bulajić  
Faculty of Organizational Sciences, Belgrade, 

marija.stosic@estiem.org, marija.stepic@gmail.com, 

goca@fon.bg.ac.rs, jeremicv@fon.bg.ac.rs, milica.bulajic@fon.bg.ac.rs 

Abstract: The paper presents the results of a relative efficiency 

evaluation, performed on the data collected from 17 lessors, which 

operate in Serbia. Collected data covers the reference period of 

three consecutive years – 2009, 2010 and 2011. The relative 

efficiency of each lessor is evaluated by Data Envelopment 

Analysis (DEA) and Distance Based Analysis (DBA). The 

companies are ranked based on the obtained index of efficiency that 

is calculated using these two methods. In addition, DEA provides 

information of inputs need to be reduced for some inefficient 

lessors to become efficient, while DBA provides an overview of the 

most influential inputs in determining the efficiency, and given that 

each company can establish the optimal control in order to increase 

efficiency. 

Keywords: Efficiency, Data envelopment analysis (DEA), Distance 

Based Analysis (DBA), leasing companies. 
 

Measuring Attractiveness of Secondary 
Education Programs: Evidence from Pisa Survey  

Ivan Anić1, Zoran Popović2, Mladen Stamenković3  
1 Matematički fakultet, Univerzitet u Beogradu, ianic@matf.bg.ac.rs  
2 Ekonomski fakultet, Univerzitet u Beogradu, zpop@ekof.bg.ac.rs  
3 Ekonomski fakultet, Univerzitet u Beogradu, mladen@ekof.bg.ac.rs  

Abstract: In this paper we measure the attractiveness of educational 

profiles in Serbia using two methodological approaches. We compose 

composite index of attractiveness and also we use multi-criteria 

outranking approach. We apply author’s modification of ELECTRE 

method – ELECTRE Multi-Level Outranking.  

Keywords: Outranking, ELECTRE, PISA. 
 

Solving the Web Service Selection Problem 
Using Multi-Objective Linear Fractional 
Programming 

Milan Stanojević1, Bogdana Stanojević2, Nina Turajlić1 
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2 Mathematical Institute of the Serbian Academy of Sciences and Arts, 

Kneza Mihaila 36, Belgrade, Serbia, bgdnpop@mi.sanu.ac.rs 

Abstract: The Service Oriented Approach (SOA) is based on the 

idea that distributed applications can be flexibly composed by 

integrating independently developed component services. When 

choosing actual services to be included in the composition their 

non-functional (Quality of Service – QOS) properties must also be 

taken into account due to the fact that a large number of available 

services offer similar functionality. On the other hand certain 

constraints regarding the required performances (i.e. the required 

QoS levels) may also be given. Therefore, web service selection 

presents a multi-objective multiple constraint problem and in this 

paper we model it as a discrete multi-objective linear fractional 

programming problem (MOLFPP). In order to solve this problem 

we adapt a previously published technique for generating strongly 

efficient solutions to a MOLFPP to the discrete case. We present a 

complete methodology for solving the web service selection 

problem and report the experimental results obtained by testing it 

on 50 instances generated by varying the input parameters. 

Keywords: Web service selection, SOA, QoS, multi objective 

programming, linear fractional programming. 
 

MADM and Time Series 
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2 Department of Mathematics and Computer Science, Technical 

University of Civil Engineering, Bucharest, Bd. Lacul Tei Nr. 124, 

Bucharest, Romania, Romanian Institute for Economic Forecasting, Str. 

13 Septembrie 13, Bucharest, Romania, dciuiu@yahoo.com 

Abstract: In this paper we will create and solve a MADM problem 

for transfer function time series models. We take into account that 

from a stochastic criterion of a MADM problem we have to build 

two cardinal criteria: the expectation, and the informational 

criterion (Shannon’s entropy or Onicescu’s informational energy). 

For the first one we consider the forecasted value, and for the 

second one we use the variance of errors, which is essential in 

computation of the value of second criterion. 

Keywords: Transfer function time series models, MADM, linear 

regression, GDP per capita, employment rate. 
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Sufficient Efficiency Criteria in Multiobjective 
Fractional Programming with Generalized 
( ,b,φ,ρ,θ)F -Univex n-set Functions 

Andreea Madalina Stancu, Ioan Stancu-Minasian 
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Applied Mathematics of the Romanian Academy, Bucharest, Romania; 

andreea_madalina_s@yahoo.com; stancu_minasian@yahoo.com 

Abstract: We consider some types of generalized convexity and 

discuss new global semiparametric sufficient efficiency conditions 

for a multiobjective fractional programming problem involving n-

set functions.  

Keywords: Multiobjective programming, n-set function, optimality 

condition, generalized convexity, fractional programming. 
 

Multi Criteria Analysis Models in Defining 
Collection Strategies in Banking System  

Jasenka Đikanović1, Mirko Vujošević2  
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Abstract: Nowadays, business conditions in banks are more 

complex and they require multi criteria approach to solving 

problems which allows compilation of a number of alternatives 

evaluated according to the predetermined criteria. The aim of this 

paper is to explain the importance of multi criteria decision making 

and, also to show possibilities of its use in resolving problems and 

making decisions in commercial banks. Information used in this 

study are based on data presented in academic journals and on 

usage of the softwares specialized for decision making support. 

This paper is intended for researchers and practitioners who deal 

with the principles of decision making and practitioners who make 

decisions in commercial banks. 

Keywords: Multi criteria analysis, commercial banks, AHP, 

ELECTRE.  
 

Multiatribute Approach to Restructuring of the 
Regional Exploitation of the Technical Rock  

Marjan Hudej1, Slobodan Vujić2  
1 RGP Velenje, Slovenia, marjan.hudej@rlv.si 
2 Mining Institute Belgrade, Serbia, slobodan.vujic@ribeograd.ac.rs 

Abstract: A multivariable approach in problem solving is displayed 

in the example of systems restructuring of the technical rock open 

pits in the region of Velenje, Republic of Slovenia. While ranking 

five open pits, with fourteen criteria conditions, the models 

PROMETHEE, ELECTRE, AHP and VIKOR models were used. 

Because the model ranks are differentiated, the final comparison of 

the open pits was done through weighting. The conclusion 

emphasizes that there is no general scientific accord as to which 

models or methods are more suitable as tools for the analysis of this 

type of problems and reaching of management decisions. 

Keywords: Multivariability, restructuring, regional planning, 

exploitation, technical rock. 

���� B18 
NETWORK OPTIMIZATION & 
TELECOMMUNICATIONS 

The Frequency Assignment Problem: Bee 
Colony Optimization 

Dragana Drenovac, Ranko Nedeljković 
Faculty of Transport and Traffic Engineering, University of Belgrade, 

drenovac@sf.bg.ac.rs, r.nedeljkovic@sf.bg.ac.rs 

Abstract: The Frequency Assignment Problem (FAP) is the 

problem of assigning a frequency to each transmitter of a wireless 

network so that the measure of the quality of received signals is 

maximized. The FAP is a classical combinatorial optimization 

problem. In this paper, the authors have considered fixed channel 

assignment scheme, where the forecasted demand is transformed to 

the requirement that a number of frequencies has to be assigned to 

each connection beforehand. The algorithm based on Bee Colony 

Optimization (BCO) for solving the problem is proposed. 

Computational results, obtained on a number of problem instances, 

testify the effectiveness of developed algorithm. 

Keywords: Frequency allocation, wireless communication, bee 

colony optimization. 
 

Wi-Fi Network Optimisation 

Aleksandar Gubić 
Higher Education Technical School of Professional Studies Novi Sad, 

aleksandar_gubic@yahoo.co.uk 

Abstract: Network optimisation is one of the most important 

aspects of effective management of information systems. Its 

purpose is to improve upon the existing network infrastructure 

using various methods. With the exponential growth of information 

technology comes the demand for greater network bandwidth and 

availability. This is especially evident when it comes to mobile 

devices that employ Wi-Fi networks. The most common issues with 

this type of network relate to reliability. Providing a case study of 

the current methods and practices, and presenting various 

recommendations for improvement, ensure a more efficient 

optimisation of Wi-Fi networks. 

Keywords: Wi-Fi, network optimisation, telecommunications. 
 

Applications of the Finite State Automata for 
Counting Subsets with Forbidden Differences 

Vladimir Baltić 
Faculty of Organizational Sciences, University of Belgrade, 

baltic@matf.bg.ac.rs 

Abstract: Denote by Nn 
 
 the set of first n positive integers, i.e 

Nn = {1,2,...,n}. We will use the finite state automata to count the 

number of subsets (combinations) ⊆B Nn which do not contain two 

elements whose difference is equal to some elements of the finite 

set F. We will describe corresponding automaton and illustrate it 

through the examples. 

Keywords: Combinations, finite state automata, exact enumeration, 

recurrences. 
 

Maximum Flow over Time Network Interdiction 

Shahram Morowati-Shalilvand, Javad Mehri-Tekmeh 
Faculty of Mathematical Sciences, University of Tabriz, Tabriz, Iran, 

ShMorowati@live.com; JMehri@Tabrizu.ac.ir 

Abstract: In this paper Maximum Flow Over Time Interdiction 

Problem(MFOTIP) is introduced and a mixedbinary linear 

programming solution method is proposed for this problem. Over time 

version of the renowned max-flow min-cut theorem plays a basic role 

in the proposed solution method. MFOTIP differs from deterministic 

network interdiction in the sense that MFOTIP takes into account the 

most important role of time in real world applications. 

Keywords: Maximum flow over time, interdiction, mixed-binary 

linear programming. 

���� B19 
OPTIMIZATION SOFTWARE 

Software Support for Optimization of Production 
Cycle Flow 

Zoran Nešić, Miroslav Radojičić, Jasmina Vesić Vasović 
University of Kragujevac, Faculty of Technical Sciences, Čačak, Serbia 

Abstract: This paper describes the software support for 

optimization of production flow of series in the production cycle. 
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Determining the duration of the production cycle is undoubtedly 

one of the most important elements of the production. Described 

application solution is designed for organization and analysis of 

production in this segment. For these reasons it can be expected that 

the described solution can be widely used in manufacturing 

organizations. This paper describes the most important elements of 

this analysis, and the application solution for its support. The 

software solution is characterized by a simple and practical 

applicability in a wide range of manufacturing organizations.  

Keywords: Production cycle, production series, computer support. 
 

SIM-PA: An Open Source-Based Simulation 
Language 

Marko S. Djogatović1, Milorad J. Stanojević1, Božidar 
Radenković2  
1 Faculty of Transport and Traffic Engineering, Belgrade, 

m.djogatovic@sf.bg.ac.rs, milorad@sf.bg.ac.rs 
2 Faculty of Organizational Sciences, Belgrade, boza@elab.rs 

Abstract: In the paper, a new simulation language for discrete 

event simulation based on open source libraries and tools is 

presented. SIM-PA language has C-like block syntax and its 

conceptual framework is a modification of the process interaction 

world view. Paper gives insight into the language syntax and 

provides a benchmark example used for comparative analysis 

between SIM-PA and several simulation languages.  

Keywords: Discrete-event simulation, process interaction, systems 

modeling, object-oriented programming. 

���� B20 
PARALLEL PROCESSING IN O.R. & GRID 
COMPUTING 

Parallel and Distributed Software Assessment in 
Multi-Attribute Decision Making Paradigm  

Cornel Resteanu1, Romica Trandafir2, Marin Andreica3  
1 National Institute for R&D in Informatics, Bucharest, Romania, 

resteanu@ici.ro 
2 Technical University of Civil Engineering, Bucharest, Romania, 

romica@utcb.ro 
3 Economic Studies Academy, Bucharest, Romania, mandreica@yahoo.com 

Abstract: Multi-Attribute Decision Making (MADM) theory is a 

way to obtain good assessment for the parallel and distributed 

software. It provides tools to compute a synthetic characterization, 

named High Performance Computing (HPC) merit, which may be 

used in operations like software comparisons / rankings / 

optimizations. The paper presents the general assessment model 

with its associated assessment problems and a terse and telling case 

study. The assessment model is described and solved by the Internet 

mathematical service named OPTCHOICE (MADM modeling and 

optimal choice problem solving). It provides a multitude of 

normalization and solving methods generating diverse assessments, 

but always a global assessment is delivered. 

Keywords: Software assessment, parallel and distributed 

computing, multiple attribute decision making, comparisons / 

rankings / optimizations through the agency of the high 

performance computing merits. 

���� B21 
PROJECT MANAGEMENT & SCHEDULING 

The Foraging Search Algorithm for Resource 
Constrained Project Scheduling 

Ayca Altay, Gulgun Kayakutlu 
Istanbul Technical University, altaya@itu.edu.tr, kayakutlu@itu.edu.tr 

Abstract: The Resource-Constrained Project Scheduling (RCPS) 

Problem has been dealt with numerous methods for approximately 

five decades. Since solving RCPS problems with exact methods is 

computationally expensive, metaheuristics are frequently used 

where an exploration-exploitation balance has been the main 

objective. This study introduces a novel metaheuristic method for 

solving RCPS problems. This new approach is compared with the 

Particle Swarm Optimization (PSO) algorithm using four instances. 

Moreover, the swap operator has been introduced for producing 

feasible schedules from particles and this new operator is used in 

both methods. Results indicate that the Foraging Search is a 

promising algorithm for solving RCPS problems. 

Keywords: Project scheduling, particle swarm optimization, 

foraging search. 

 

Common-Knowledge and Buyer-Supplier Chain 
Cooperation Management 

Takashi Matsuhisa 
Ibaraki National College of Technology, mathisa@ge.ibaraki-ct.ac.jp 

Abstract: Issues of moral hazard and adverse selection abound in 

each and every contract where one has a self interest and 

information that the other party does not possess. While this is a 

fertile research area, there is still need for more information on how 

you handle a party to a contract with more information than you. 

The moral hazard is very often the bottleneck in buyer-supplier 

cooperation, and the buyer and suppliers management is an 

epitome. This paper re-examines the issue in the buyers-suppliers 

cooperation with moral hazard by the framework of a principal-

agent model under uncertainty. It highlights epistemic conditions 

for a possible resolution of the moral hazard between the buyer and 

the suppliers. For removing out such moral hazard in the buyer-

supplier cooperation as above our recommendation is that the buyer 

and suppliers should commonly know their beliefs on the others' 

effort. 

Keywords: Belief, common-knowledge, effort level, moral hazard, 

principal-agent model under uncertainty. 

 

Are All Failures in Delivering Projects ‘On Time 
Within Budget’ Really Inevitable? 

Zohar Laslo, Gregory Gurevich 
Sce – Shamoon College of Engineering, Faculty of Industrial 

Engineering and Management, Beer Sheva, Israel, zohar@sce.ac.il 

Abstract: The improvement in the organization of project control is 

a major challenge facing project organizations today. Control 

systems consist of inspection routine, present views and 

implementation of coordination when deviation from the planned 

trajectory is discovered. The inability of control systems to reduce 

failures in delivering projects ‘on time within budget’ derives 

mainly from the defective practice of choosing simple solutions for 

complex problems which are invariably wrong. In contrast to 

production and process systems, where the output can be 

continuously measured, the outputs during the course of the 

project’s advancement are mostly immeasurable; therefore, 

inspection timetable based on time or cost intervals does not 

necessarily represent realistic present views. By utilizing the 

deterministic critical path model for assessing the project 

completion time the project manager is grossly misled into thinking 

that the chance of delivery ‘on time within budget’ is very good 

when in reality it is very poor. Moreover, coordination aimed at the 

reestablishment of the project targets is inferior when uncertainties 

are not taken into consideration. Control routines with rational 

timetabling of the inspection points, present views based on Monte 

Carlo simulations, as well as coordination considering the impact of 

the execution mode on time and cost uncertainties may enable the 

attainment of project deliveries ‘on time’ and as much as possible 

‘within budget’ when prevalent control routines cannot. 

Keywords: Project management, uncertainty, control, time–cost 

tradeoffs, Monte Carlo simulations. 
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Selection of the Best Consultant for SAP ERP 
Project using Combined AHP-IBA Approach  

Nataša Martinović1, Boris Delibašić2 
1 SAP West Balkans d.o.o., Belgrade, Serbia, 

natasa.martinovic@sap.com 
2 Faculty of Organizational Sciences, University of Belgrade, Serbia, 

boris.delibasic@fon.bg.ac.rs 

Abstract: This paper proposes a combined AHP-IBA model in 

selection of the best SAP consultant for an SAP ERP project. The 

goal of the SAP Project Manager is to choose the best consultant, 

who is able to implement standard SAP functionalities with quality 

and on time. To achieve this, Analytic Hierarchy Process (AHP) 

was used in this paper to determine the importance of criteria and 

with Interpolative Boolean algebra (IBA) logical interactions 

among criteria were modeled as well. The research suggests that the 

results are more accurate when an AHP method includes IBA. IBA 

is used to generate new attributes that establish interaction between 

the initial criteria.  

Keywords: Interpolative Boolean algebra (IBA), Analytic 

Hierarchy Process (AHP), SAP ERP Consultant selection, project 

management. 
 

���� B22 
RISK ANALYSIS & MANAGEMENT 

The Measuring of Stocks Illiquidity across 
Markets of the Balkan Peninsula 

Jelena Minović1, George Milunovich2 
1 Institute of Economic Sciences, Belgrade, Serbia, 

jelena.minovic@ien.bg.ac.rs 
2 Department of Economics, Macquarie University, Australia, 

george.milunovich@mq.edu.au 

Abstract: In this paper we measure the level of market illiquidity 

across national markets of the Balkan Peninsula including: Turkey, 

Greece, Bulgaria, Romania, Bosnia and Herzegovina (Sarajevo and 

Banja Luka), Croatia, Macedonia, Montenegro, Serbia, and 

Slovenia. We proxy illiquidity with the Zero Returns (ZR) measure. 

We found that the worst performer countries were Macedonia and 

Bulgaria according to risk-return relation. According to illiquidity 

measure we showed that Turkey had the most liquid market, while 

Serbia and Bosnia are the most illiquid. Additionally, our results 

suggest that the EU member countries are more liquid markets than 

the non-member countries.  

Keywords: Illiquidity, Balkan, zero returns. 
 

Conditional Extreme Value Theory Approach in 
Value-At-Risk Assessment 

Selena Totić, Aleksandar Đoković, Nemanja Milenković 
Faculty of Organizational Sciences, Belgrade, selena@fon.bg.ac.rs, 

djokovic@fon.bg.ac.rs, milenkovic@fon.bg.ac.rs 

Abstract: The recent financial crisis raised many questions 

concerning the adequacy of different risk measures and especially 

Value-at-Risk (VaR) methodologies. Although VaR belongs to 

extreme returns, current practice in VaR assessment relies heavily 

on modeling the whole distribution of returns.  As an alternative, 

this study focuses on modeling tail behavior of returns and thus 

VaR, using Extreme Value Theory (EVT) methodology. This paper 

examines the performance of conditional EVT with the daily 

returns of Standard&Poors 500 Index from the period January 

1998-April 2013 and BELEXline index from the period of 

September 2004-April 2013. This period is chosen since it covers 

major downturns in financial markets, thus being suitable for testing 

robustness of these models. Results proved that this model holds for 

all observed confidence levels   

Keywords: Value-at-Risk, extreme value theory, volatility, fat-

tails, heteroscedasticity. 
 

From Local Robustness to Irresponsible 
Decision-Making 

Moshe Sniedovich 
Department of Mathematics, The University of Melbourne, Melbourne, 

VIC 3010, Australia, moshe@ms.unimelb.edu.au 

Abstract: The differences between measures of LOCAL and 

GLOBAL robustness are, to all intents and purposes, clear as 

daylight. One would hardly expect, therefore, to find serious 

misconceptions of these measures in the literature on risk analysis 

and decision-making. And yet, as we show here, such 

misconceptions are at the center of a number of recent peer-

reviewed articles, proposing the use of RADIUS OF STABILITY 

models to tackle a severe, non-probabilistic uncertainty. We call 

attention to the fact that such a proposition can lead to irresponsible 

decision-making. We also comment on the implications of 

misleading rhetorics about robustness for sound decision-making. 

Keywords: Robustness, local, global, radius of stability, severe 

uncertainty 
 

Qualification of Open Pit Mines Based on 
External Risks Assessment 

Aleksandar Milutinović1, Igor Miljanović1, Biljana Panić2  
1 University of Belgrade, Faculty of Mining And Geology, Serbia 
2 University of Belgrade, Faculty of Organizational Sciences, Serbia 

Abstract: Minerals industry is exposed to various risks which, in 

case of resulting in an unwanted occurrence, have major or minor 

unwanted consequences for both safety and reliability of the 

exploitation system and the business operations of a mining 

company. When defining the methods and procedures for the 

evaluation and management of risks in minerals industry, risks are 

generally qualified as external and internal. With the aim to have a 

more quality approach in risk assessment, it is necessary to classify 

external and internal risks from various aspects. This paper presents 

the qualification of external risks and a classification of open pit 

mines from the point of view of external risks assessment. 

Keywords: Mining company, external risks, open pit mine. 
 

The Economics of Moving to the Cloud 

Ana Nikolić, Ognjen Pantelić, Ana Pajić 

Faculty of Organizational Sciences, Belgrade, ana.nnik@gmail.com, 

ana.pajic@fon.bg.ac.rs, pantelic.ognjen@fon.bg.ac.rs 

Abstract: Cloud Computing as a concept that has revolutionized 

the business world. Clients have the ability to dynamically adjust 

available computing resources and pay for those resources 

accordingly. This paper is focused on the economics aspect of 

Cloud Computing and the cost effectiveness of its use. We propose 

using different metrics to estimate potential benefits of investments 

in the Cloud. Sharing the infrastructure, applications and hardware 

in an unknown environment leads to a lack of confidence in data 

integrity as well as applications delivered. Risk is at the heart of the 

decision making process when it comes to Cloud architecture and 

service delivery model. This paper points out the necessity of 

assessing perceived risk and including that uncertainty on business 

outcomes in financial assessments 

Keywords: Cloud Computing, cloud model, IT investment, 

financial analysis, decision making metrics. 
 

Bases of Modern Systems Concepts of (All-
Embracing) Operations Management  

Jovo T. Tauzović  
Independent Researcher into the Systems Management Theory, Risan, 

Montenegro, tauz@t-com.me 

Abstract: Modern Systems Management Concepts (MSMC) which 

are established, verified, developed and confirmed in not only 

business (operations) systems, but also in other organizational 
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systems, are a good basis for further, more modern developments of 

practical-theoretical all-embracing management (research and 

management in a narrow sense) of all the systems of (global) 

economy. Based on (modern) Total Quality Management (TQM) 

through: (1) Modern Systems Management Theory (MSMT) and 

(2) Modern Systems Management Concepts (MSMC), for further 

development they use modern management methodology called the 

Tauzović's General Concept (TGC), or in application the Tauzović's 

General Continuum (TGC), using which it has been possible to 

develop a certain number of basic and expanded Systems Concept 

of Operations Management. In this paper, with its usage, systems 

analysis is given and systems synthesis of modern (operations) 

management concepts is also provided. Since the main concepts of 

management are: (i) competitiveness (the why), (ii) quality (the 

what) and efficiently flexibility (the how), it has been possible to 

conclude why modern organizations exist – to be prosperously 

competitive, which means that through their modern operations 

management, they provide real things (the what – quality /effective 

timeliness/) and in the right way (the how – profitably /efficiently 

flexibly/). Therefore, modern managament ensures modern 

prosperity and competitiveness of an organization. 

Keywords: Management, operations, concepts, Tauzović's General 

Concept (TGC). 
 

Seismic Risk Assessment Using Mathematical 
Correlation and Regression 

Camelia Slave 
Faculty of Land Reclamation and Environmental Engineering 

Bucharest, camelia_slave@yahoo.com 

Abstract: The actual design methods of structures under the 

influence of permanent, effective and climatic (wind, snow) loads, 

need an elastic behaviour of the structure and a static action of 

loads. The dynamic aspect of seismic action and inelastic behaviour 

of the structures affected by major earthquakes require specific 

design methods, governed by seismic design regulations. In 

Romania the field is covered by Seismic Design Code- part III –

provision for seismic evaluation of Existing buildings, indicative P 

100-3/2008. The article presents a calculation model of body A, 

building of Faculty of Land Reclamation and Environmental 

Engineering, Bucharest and also correlation and regression analysis 

of mathematical results to seismic evaluation of buildings, using 

MATHCAD PROFESSIONAL Software. 

Keywords: Correlation function, regression function, seismic risk, 

seismic force. 
 

Risk of Burnout Predictor Identification among 
Students at Faculty of Organizational Sciences 

Jelena Anđelković Labrović, Ana Nikodijević, Aleksandar 
Đoković  
Faculty of Organizational Sciences, Belgrade, jeca@fon.bg.ac.rs, 

nikodijevica@fon.bg.ac.rs, djokovic@fon.bg.ac.rs   

Abstract: This paper presents the extension of previously 

conducted research in the field of student burnout – the syndrome 

of emotional exhaustion, depersonalization or cynicism and reduced 

personal accomplishment. The objective was to investigate the risk 

of burnout among students and to analyze the relationship between 

field of study and year of study with three dimensions of burnout 

using the Maslach Burnout Inventory – Student Survey. The results 

show that there is a significant difference between management and 

IT students, but only on subscale of efficacy. When it comes to year 

of study, 62.5% of students who are at their final year of study are 

at risk of burnout and special attention should be given to second 

year students which are at high risk of burnout. 

Keywords: Risk of burnout, high risk of burnout, students, field of 

study, year of study, Maslach Burnout Inventory – Student Survey 

(MBI – SS). 
 

Optimization of Human Resources Devopment 
Process by Applying Markov’s Chain Dynamic 
Model 

Željko Gajić, Zoran Rajić 
Ministry of Defence, gaja@bitsyu.net, rajic_zoran@yahoo.com 

Abstract: Process of globalization and contemporary management 

are based on assumption of global access to resources, similar 

business conditions and free competition. These questions are equally 

important for private and public sector. If public sector doesn’t pay 

attention about costs, and allocated budget funds aren’t used in 

rational way, these can lead to disruption of economic stability or 

decrease quality of services for the citizens. By applying Markov’s 

chain method dynamic model is created and simulation of human 

resources development can be conducted. This enables more precise 

planning and more efficient implementation of training for public 

sector employees, which can result in considerable budget savings.   

Keywords: Simulation, optimization, human resources 

management, Markov chain. 

���� B23 
STATISTICS & STOCHASTICS 

On the Levy Processes and the Fractional 
Laplace Operator 

Tijana Levajković1, Jelena Stanojević2 
1 Faculty of Traffic and Transport Engineering, University of Belgrade, 

t.levajkovic@sf.bg.ac.rs 
2 Faculty of Economy, University of Belgrade, jelenas@ekof.bg.ac.rs 

Abstract: We consider the heat equation with initial and boundary 

conditions, in which the Laplace operator is replaced by the 

fractional Laplace operator. We discuss its solution in terms of a 

Levy process, which is represented in terms of the subordinated 

Brownian motion. 

Keywords: Brownian motion, heat equation, initial and boundary 

problem, levy process, subordinator, fractional Laplace operator. 
 

A New Perspective on Evaluating S&T in ICT 
Oriented Societies: Statistical Approach 

Veljko Jeremić, Marina Jovanović Milenković, Nikola Zornić, 
Aleksandar Marković 
Faculty of Organizational Sciences, University of Belgrade, 

jeremicv@fon.rs, marinaj@fon.bg.ac.rs, nikolazornic@live.com, 

markovic.aleksandar@fon.bg.ac.rs 

Abstract: The aim of this paper is to present new ideas in 

evaluating indicators of countries welfare. As a remedy to the issue, 

World Bank’s World Development Indicators 2012 define “The 

Information Society” and “Science and Technology” categories as 

important part of analysis. Accordingly, we will present composite 

indicator which synthesizes individual indicators from each 

category into one value. With this approach, we will be able to rank 

countries according to their ICT and S&T development level. 

Moreover, useful insights will be provided for the developing 

countries such as Serbia and path for enhancing their ranking will 

be elaborated. 

Keywords: World development indicators, the I-distance method, 

the information society, science and technology, statistical methods. 
 

Energy Spectra of Earthquake Strong Motion 
Records 

Sorin Demetriu, Romica Trandafir 
UTCB, Romania, demetriu@utcb.ro, romica@utcb.ro 

Abstract: Time-frequency representations are considered for the 

energetic characterization of the non-stationary earthquake motion 

records. These distributions map the one-dimensional time-domain 
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signals into bi-dimensional time-frequency domain functions. The 

evolutionary energy spectra describe the time-varying spectral 

content and the frequency dependence of effective duration of the 

earthquake motions. Different time-frequency distributions were 

considered in the analysis of non-stationary earthquake motion 

time-histories. The analyzed real seismic data includes translational 

components of motions on three orthogonal directions recorded in 

different site conditions during recent strong earthquakes. 

Keywords: Time-frequency, earthquake motion records, time-

varying spectra. 
 

Impact of Different Body Segments on Precision 
of Gait Based Human Identification 

Miloš Milovanović, Miroslav Minović, Dušan Starčević 
Faculty of Organizational Sciences, Belgrade University, 

milos.milovanovic@fon.bg.ac.rs, miroslav.minovic@fon.bg.ac.rs, 

dusan.starcevic@fon.bg.ac.rs 

Abstract: Human gait as a biometric modality is vulnerable to 

occlusion. In many cases some section of human body is occluded 

during recording, either by some other body part or some other 

object. The purpose of this research was to determine whether 

occluded body parts can be left out from the recognition process. 

For this purpose we conducted a series of experiments using 

structured lighting for acquisition and method that accumulates gait 

sequence in to still image in order to perform CBIR techniques for 

recognition. Results retrieved indicated that recognition can be 

successful even with using only upper or lower extremities with 

slight drop of performances. 

Keywords: Biometric, gait recognition, occlusion. 
 

Time-Frequency Analysis of Romanian 
Earthquakes Records 

Ion Mierlus - Mazilu, Luciana Majercsik 
Technical University of Civil Engineering, Bucharest, mmi@utcb.ro 

Abstract: In seismic engineering, the reliable earthquake 

characterization is fundamental in the analysis and synthesis of 

seismic ground motions.  An important feature of such signals, 

which are nonstationary, is the change of their frequency content 

over time. Time or frequency descriptions alone do not provide an 

exhaustive information about these signals. The time domain 

description lacks the frequency information about the signals and 

the variability of earthquakes spectrum over time cannot be 

obtained from the classical Fourier analysis. The present study 

focuses on the spectral analysis of the Vrancea earthquakes, large 

magnitude seismic signals, affecting the entire territory of Romania 

using joint time-frequency distribution (TFD). These TFD’s are 

based on signal decomposition, from Cohen’s class or signal 

dependent. The obtained energy distributions are validated against 

some important constraints and numerically compared. 

Keywords: Time-frequency analysis, energy distribution, signal 

dependent TFD’s. 
 

Lorenz Curve and Mysteries of Order Statistics 

Gheorghita Zbaganu 
Bucharest University, zbagang@fmi.unibuc.ro 

Abstract: Divide at random segment of length 1 into n small 

segments. If we do not sort them, all of them are negatively 

correlated. After sorting them in ascending order, a curious 

phenomenon occurs: the smallest one is positively correlated with 

about 63%  among the others, the greatest one only with a 

proportion p(n) which tends to 0 as n tens to infinity. The empirical 

Lorenz curve attached to this family of small segments has a limit 

in probability. We conjecture that the limit does exist even almost 

surely and some other things, too. Those are mysteries of order 

statistics. 

 

Empirical Likelihood Approximation to Neyman-
Pearson Tests for Paired Data 

Gregory Gurevich 
Department of Industrial Engineering and Management, Sce – Shamoon 

College of Engineering, Beer Sheva, Israel, gregoryg@sce.ac.il 

Abstract: In many case-control studies, it is common to utilize 

paired data when treatments are being evaluated. To operate with 

sets of paired observations, well-known classical procedures such 

as the Wilcoxon signed-rank test and the paired t-test are widely 

used in statistical practice. Recently proposed empirical likelihood 

(EL) concepts for creating distribution-free approximations of 

powerful parametric likelihood ratios cause to develop efficient 

alternatives to the classical tests for paired data. The EL 

methodology is commonly presented via nonparametric likelihoods 

of cumulative distribution functions, whereas most powerful 

parametric tests have structures that consist of density functions. In 

this paper, we present the density-based EL ratio test for the 

equality of the marginal distributions when sampling from a 

bivariate population. We show that in various shift alternative cases 

the presented test is superior to the classical procedures that may 

break completely or are frequently inferior to the density-based EL 

ratio test, when non-constant shifts in the two-sample problem are 

in effect or data distributions are skewed. 

Keywords: Density-based empirical likelihood, paired data, paired 

t-test, two-sample location problem, Wilcoxon test. 
 

Educational Development in Europe: Positions 
of Balkan Countries 

Marina Dobrota, Milan Martić  
University of Belgrade, Faculty of Organizational Sciences, Serbia, 

dobrota.marina@fon.bg.ac.rs 

Abstract: Education is one of major human development 

indicators, and thus it is quite important to impose a way to measure 

educational development. This paper defines an educational 

development measurement based on a recently acknowledged 

statistical method, I-distance method, which combines a whole set 

of input parameters into one indicator suitable for comparative 

measurement and evaluation. Particularly, this paper evaluates 

educational development solely based on non-financial indicators. 

Special attention in this article is focused on the position and 

perspectives of Balkan countries, among the European educational 

development rankings. The Balkans are currently differently, but 

predominantly low ranked. They are still far away from meeting the 

EU development goals, and they have to improve all educational 

indicators in order to move up the ranking scale. Nonetheless, there 

are many fields with an open perspective to progress. 

Keywords: Educational development, Europe, ranking countries, I 

distance, the Balkans. 
 

Econometric Modelling of Unemployment in 
Serbia 

Aleksandra Anić, Zorica Mladenović 
Faculty of Economics, University of Belgrade, Belgrade, 

aleksandraanic@ekof.bg.ac.rs, zorima@eunet.rs 

Abstract: The purpose of the paper is to econometrically exploit 

the characteristics of unemployment in Serbia upon the start of the 

2008 economic crisis. The methodological framework is based on 

the cointegrated vector autoregressive model that consists of the 

following macroeconomic variables: unemployment rate, prices, 

nominal wages and nominal exchange rate. These variables are 

unitroot processes and their relationship is examined within the 

multivariate cointegrated time series set-up. Following the 

deductive modelling approach we reached the specification that 

explains unemployment rate by real wages. The results show the 

negative consequences of the economic crisis to the labour market, 

with an extremely high increase in the unemployment rate. Strong 

negative impact of real wages on unemployment rate is additionally 
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confirmed by its dynamic effects throughout the impulse response 

function. 

Keywords: Cointegrated vector autoregressive model, impulse 

response function, real wages, unemployment rate. 
 

Time Series Models 
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Abstract: In this paper we will study the influence of qualitative 

variables on the unit root tests for stationarity. For the linear 

regressions involved the implied assumption is that they are not 

influenced by such qualitative variables. For this reason, after we 

have introduced such variables, we check first if we can remove some 

of them from the model. The considered qualitative variables are 

according the corresponding coefficient (the intercept, the coefficient 

of Xt–1 and the coefficient of t), and on the different groups built 

tacking into account the characteristics of the time moments. 

Keywords: Qualitative variables, Dickey-Fuller, ARIMA, GDP, 

homogeneity. 
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Abstract: Good working and managing of a company depends on 

good decisions made by managers and employees. Decision-making 

process is going to be effective if statistical methods are applied. 

Using the statistical methods , available  information  and data, 

specific models and control cards can be made , which are going to 

be evaluated and tested, and this will help in decision- making 

process. Precisely this prompted us to conduct research in some 

Macedonian companies in order to determinate how often statistical 

methods are applied in decision making process. The research was 

conducted in companies from different industries and managers of 

different age, gender and education level. The sample is random 

and it is not representative. In Macedonia 40 companies were 

investigated. 

Keywords: Statistical methods, application and use. 
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the Areas of Mathematics and Physics in South 
Eastern Europe  

Đuro Kutlača1, Lazar Živković1, Dijana Štrbac1, Dragan 
Babić2, Dušica Semenčenko1 

1 University of Belgrade, Institute Mihajlo Pupin, Belgrade, 

djuro.kutlaca@pupin.rs, lazar.zivkovic@pupin.rs, 

dijana.strbac@pupin.rs, dusica.semencenko@pupin.rs 
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Abstract: Paper presents the scientific publication productivity 

registered in Web of Science (WoS) databases in two fields of 

science: Mathematics and Physics, for authors from the countries of 

South East Europe (SEE).Using Revealed Publication Advantage 

(RPA) indicator calculated for SEE countries, policy makers could 

get insight to the scientific publication productivity in these two 

scientific fields in SEE countries compared to the world average. 

The scientific output in Mathematics and Physics from the SEE 

region represents majority of the overall scientific output in every 

particular country in this region. The scientific output in 

Mathematics and Physics from the SEE region is comparable with 

those of other research groups in the world. When analyzing Web 

of Science publications by field of research, Mathematics represents 

2.1% of the total worldwide scientific production while Physics 

accounts for 8.8%, giving a total of 10.9% for Physics and 

Mathematics combined – over 1,547,187 publications in the period 

2005-2010. In South East Europe, Mathematics is 3.5% of the total 

scientific production, while Physics is 9.6% - bringing the total for 

Physics and Mathematics to 13.1%. 

Keywords: Scientific publication productivity, Web of Science, 

Revealed Publication Advantage (RPA) indicator, South East 

Europe (SEE), mathematics, physics. 
 

Heavy Traffic Analysis of an M/G/1 Semi-Markov 
Queue  

Mitko Dimitrov   
University of National and World Economy, Sofia-Bulgaria, 
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Abstract: We present the analysis of a single-server semi-Markov 

queue under heavy-traffic assumptions. The inter-arrival times and 

the service times depend on a common Markov chain. The Laplace-

Stiltjece Transform of the steady-state virtual waiting time is 

derived and used to obtain its limit distribution under heavy-traffic 

assumptions. The limit distribution of the virtual waiting time is 

exponential distribution.           

Keywords: M/G/1 queue, Dependence between arrival and service 

times, Virtual waiting time, Heavy traffic limit distribution of 

virtual waiting time. 
 

 

 

 

 

 
 


