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Introduction and conference overview 

 

Maro Vlachopoulou 

Fotis Kitsios 

 

The 6th International Symposium and 28th National Conference on Operational Research 
(HELORS 2017) held in Thessaloniki, Greece, in June 2017. In this introductory paper the editors 
provide an overview of the conference, summarize the most important presentations, and offer 
some reflections on the conference outcomes. The key objective of the HELORS 2017 was to 
disseminate recent scientific advances in the field of Operational Research (OR) and Management 
Science in Greece and to promote international co-operation among researchers and practitioners 
ǿƻǊƪƛƴƎ ƛƴ ǘƘŜ ŦƛŜƭŘΦ ¢ƘŜ ǎǇŜŎƛŦƛŎ ŀƛƳ ƻŦ ǘƘƛǎ ȅŜŀǊΩǎ /ƻƴŦŜǊŜƴŎŜ ǿŀǎ ǘƻ ƘƛƎƘƭƛƎƘǘ ǘƘŜ ǊƻƭŜ ŀƴŘ 
importance of OR in the digital era and the underlying ICT challenges ("OR in the Digital Era ς ICT 
Challenges"). The main topics of the conference were: Multicriteria Decision Making; 
Metaheuristics; Data Envelopment Analysis; Logistics Optimization; OR in Finance & Economics; 
Strategy & Analytics; Supply Chain Optimization; Digital Economy & Digital Enterprise; Forecasting 
& Maintenance Optimization; Agricultural Management; OR & ICT; Statistics & Data Mining; 
Business Process Management; OR in Construction; Environmental Management; and OR in 
Health. 
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The 6th International Symposium and 28th National Conference on Operational Research took 
place on Thessaloniki, Greece, on 8-10 June 2017. It attracted about 197 delegates from 10 
countries. The conference was organized by the Department of Applied Informatics of the 
University of Macedonia and the Hellenic Operational Research Society (HELORS). 

Keynote speakers were Professor Panos M. Pardalos from the University of Florida, Professor 
Georgios Doukidis from Athens University of Economics and Business and Professor John N. 
Tsitsiklis from the Massachusetts Institute of Technology.  

Lƴ Ƙƛǎ ǇǊŜǎŜƴǘŀǘƛƻƴΣ ΨvǳŀƴǘƛŦƛŎŀǘƛƻƴ ƻŦ bŜǘǿƻǊƪ 5ƛǎǎƛƳƛƭŀǊƛǘƛŜǎ ŀƴŘ ƛǘǎ tǊŀŎǘƛŎŀƭ LƳǇƭƛŎŀǘƛƻƴǎΩΣ 
Professor Panos Pardalos concentrated on the qualification of network dissimilarities and 
discussed the implications of network dissimilarities.  

Lƴ Ƙƛǎ ǇǊŜǎŜƴǘŀǘƛƻƴΣ Ψ5ŀǘŀ-driven Innovations in the Retail Supply-Chains: From Digital to Business 
¢ǊŀƴǎŦƻǊƳŀǘƛƻƴΩΣ tǊƻŦŜǎǎƻǊ DŜƻǊƎƛƻǎ 5ƻǳƪƛŘƛǎ focused on Business Analytics and Shopper 
Centricity in Retail. He highlighted alternatives of ŎǳǎǘƻƳŜǊǎΩ ǎŀǘƛǎŦŀŎǘƛƻƴ ƛƴŎǊŜŀǎŜΣ and  the 
improvement of major KPIs in stores. He presented the business transformation in order to 
increase basket size and customer satisfaction using Business Analytics. Furthermore, Professor 
Doukidis discussed the eight waypoints for data-driven supply chain collaboration. 

Lƴ Ƙƛǎ ǇǊŜǎŜƴǘŀǘƛƻƴΣ Ψ5ȅƴŀƳƛŎ tǊƻƎǊŀƳƳƛƴƎΥ ŀƴ ŜŎƭŜŎǘƛŎ ƻǾŜǊǾƛŜǿΩ, Professor John Tsitsiklis 
described the Dynamic Programming problem, the computational lens, limits and problemsand  
heavy-duty methods.  Professor Tsitsiklis highlighted that dynamic programming is a mature field, 
but researchers have not seen the end of it. Also, it involves ideas from OR, Applied Mathematics, 
Control Theory and Artificial Intelligence. He concluded by arguing that even when theory is not 
relevant in a literal/exact sense, it is still the source of guiding principles.  

 



 
 

 

 

Session 1: Multicriteria Decision Making 

Spyridakos et al presented an adaptation of the UTA methods which on the one hand can solve 
the above mentioned issues but on the other require additional preferential information by the 
Decision Makers (DMs), concerning the strength of preferences of the DMs.  Also, a visual 
technique was presented which allows to acquire with an easy and comprehensive way the 
required preference information using the pre-ranked alternative actions of the reference set. 
The proposed approach leads to the estimation of preference models with higher robustness and 
on the same time functioned in cases with limited alternative actions. 

Vavatsikos and Anastasiadou initiated  a framework that examines both criteria and the 
constraints implementation into the wind farms site suitability problem. Both criteria and 
constraints form an objectivesΩ tree through their classification into three main criteria categories 
which namely are: environmental, socio-economical and design considerations. At the first step 
absolute suitability analysis aims to identify candidate siting locations that satisfy all the examined 
constraints by performing Boolean operators. Then, relative suitability analysis was implemented 
in order to rank efficient locations using suitability measures in GIS environment. The proposed 
analysis was presented in a real case study in Eastern Macedonia and Thrace region, while 
multicriteria evaluation was implemented using TOPSIS and VIKOR decision models.   

Vryzidis and Spyridakos argued that the evaluation of project success is characterized by 
complexity, diversity and ambiguity concentrating the strong interest of academics and business 
managers over the last decades. The proposed PROMITHEAS approach (PROject Multicriteria 
Interactive Tool for Holistic Effectiveness ASsessment) for the project success evaluation 
concluded to the estimation of a value system based on the selection criteria combining the 
disaggregation - aggregation multicriteria decision aid UTA methods and the Multi-Objective 
Linear Programming Techniques. Through this approach the following main objectives were 
achieved: 1) the evaluation of the projects' success according to the strategic goals of an 
organisation, 2) the use of a consistent family of criteria in the analysis taking into account the 
relative importance of the criteria and 3) the consideration of different stakeholders in all stages 
ǎǘŀǊǘƛƴƎ ŦǊƻƳ ǘƘŜ ǎŜƭŜŎǘƛƻƴ ǇǊƻŎŜǎǎ ƻŦ ǘƘŜ ǇǊƻƧŜŎǘǎΩ ǇƻǊǘŦƻƭƛƻ ǘƻ ǘƘŜ final evaluation of project 
success. The value system estimated by this approach can lead to the analysis of the success or 
failure of the projects by deducting differences from the initial strategic planning. The 
PROMITHEAS approach is illustrated through a real world case study concerning the evaluation of 
Post Graduate Educational Programmes of a higher Educational Greek Business School. 

Kitsios and Sitaridis aimed to use methods of operational research, to provide decision makers 
with a straightforward way of ranking a set of entrepreneurial ecosystems, depending on a 
common set of criteria. For over 15 years the Global Entrepreneurship Monitor (GEM) releases an 
annual report on Entrepreneurship, including data from more than 100 countries. The data were 
collected by national experts and cover two basic elements, namely the entrepreneurial behavior 
and attitudes among the population and the entrepreneurial ecosystem. Moreover, explanatory 
national reports were written for each country by a panel of experts, but comparative studies are 
more rare. Authors applied multi-criteria decision methods in order to assess the entrepreneurial 
ecosystem of selected countries. They used data from the National Expert Survey (NES), indicating 
multiple facets of the economic and social environment, as input criteria and they examined each 
country as a different alternative. The multi attribute decision method used was based on Perron-
Frobenius theorem on primitive matrix properties. The method produces a primitive comparison 
matrix based on pair comparisons of alternative cases on each criterion. Only the win-tie results 
of each comparison were taken in account and not the magnitude of the difference. Finally a 



 
 

 

ranking vector was extracted based on the spectral radius and the corresponding eigenvector. The 
main benefit of the method is that it does not require experts' assigned weights for the criteria 
used and it has reduced computational burden. Finally, the ranking results were compared to 
those of some popular MADM methods. 

Session 2: Decision Making Applications 

aƛƭŜƴƪƻǾƛŏ Ŝǘ ŀƭ ǇǊŜǎŜƴǘŜŘ ǘƘŜ ǊŜǎǳƭǘǎ ƻŦ ŀ ŎŀǎŜ ǎǘǳŘȅ ōŀǎŜŘ ƻƴ ŀ ŎƻƻǇŜǊŀǘƛǾŜ ǎƛƴƎƭŜ ǿŀƎƻƴƭƻŀŘ 
transport planning between rail freight operators in different and interconnected service 
networks. Cooperative planning approach wass based on Distributed Model Predictive Control 
(DMPC) for managing the freight wagon flows by a number of rail freight operators in their 
subnetworks in order to minimize the total freight wagon management cost. Augmented 
Lagrangian formulation of the planning problem wass decomposed into sub problems 
cooperatively solved by rail freight transport operators. 

Dimitriou et al identified the key factors affecting decision making and management towards 
effective use and allocation of resources in the hotel industry, focused on medium size resort 
hotels that are the majority in Mediterranean region. By adopting a System of System concept a 
multi-agent decision framework for the hotel industry was presented development, highlighting 
the key decision objectives, variables and stakeholders. Based on functional analysis approach, 
the taxonomy for an effective capability driven DSS system relevant for medium-size resorts was 
discussed and the data driven functions were presented. The results of a gap-analysis for the 
hotel-resorts in Alexandroupolis region in Northern Greece were discussed, providing key 
messages to planners, decision makers and managers towards tourism sector resilience and 
productivity. 

Manolis et al investigated via realistic traffic-flow simulations and discussed L4GCAO (Local for 
Global Cognitive Adaptive Optimization), a novel model-free optimization approach aiming at 
maximizing global performance of a given control system by calibrating its control parameters 
through decentralized self-learning elements that periodically share a single piece of information, 
which is the overall system performance. L4GCAO performance was also compared against CAO 
(Cognitive Adaptive Optimization), its centralized counterpart developed and successfully applied 
in the past, and the results indicated its ability to achieve a performance close to the performance 
achieved by the centralized CAO approach, albeit with significantly less computational effort. 

Michopoulou and Giannikos discussed that the process of finding appropriate locations (sites) 
implies a long term investment, since it typically includes land property costs and high 
ŎƻƴǎǘǊǳŎǘƛƻƴ ŜȄǇŜƴǎŜǎΣ ǿƘƛƭŜ ƛǘ ŀƭǎƻ ŦǳƴŎǘƛƻƴǎ ŀǎ ŀƴ ƛƴŘƛŎŀǘƻǊ ƻŦ ǘƘŜ ŎǳǎǘƻƳŜǊǎΩ ǇǊŜŦŜǊŜƴŎŜǎ ŦƻǊ 
the particular sites that are chosen. Thus, locating facilities could have a huge impact on the 
effectiveness, competitiveness and vitality of any firm or organization. Typically, covering models 
do not take into account the quality of the services provided as a feature of the facility or the 
interaction between facilities and demand. Authors examine several reformulations of the basic 
models that may incorporate the quality of services provided by each facility and the ability to 
meet demand after multi-site co-operation. These formulations were tested on a series of 
instances from the 40 problems in OR Library (Beasley 1990). In particular, the computational 
times and the quality of the solutions were examined in a variety of problems with different 
number of customers and different topological features. 

Session 3: Logistics Optimization 

Konstantakopoulos et al presented a methodology for classifying the literature of the Vehicle 
Routing Problem (VRP) for urban freight transportation and a review of the latest bibliography. 



 
 

 

The fact that the variants of the VRP have grown and similarly have their practices and 
applications, made the VRP popular in the academic literature. Hence, the number of articles 
published, is constantly increasing and it is difficult to monitor developments. In this paper, after 
considering existing research papers, a review from Scopus scientific database was presented. The 
ǘŀȄƻƴƻƳȅ ƻŦ ǘƘŜ ƭŀǎǘ ŘŜŎŀŘŜΩǎ ƭƛǘŜǊŀǘǳǊŜ ƻŦ ǘƘŜ ±wt ŦƻǊ ǳǊōŀƴ ŦǊŜƛƎƘǘ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ǿŀǎ ƎƛǾŜƴ ŀƴŘ 
critical insights were discussed. After the categorization of the articles, the trends of the VRP for 
urban freight transportation were featured and analyzed. This knowledge and analysis will be 
used in a research project in order to support through an algorithms approach, the functionality 
of a vehicle routing and scheduling information system, and lead to an operational solution. 

Session 4: OR in Finance & Economics 

Pavlou and Doumpos argued that the selection of investment portfolios is a major topic in 
financial decision making with many portfolio optimization models available in the literature. 
These models extend the traditional mean-variance framework using a variety of other risk-return 
measures. Existing comparative studies of such models have adopted a rather restrictive 
approach focusing solely on the minimum risk portfolio without considering the whole set of 
efficient portfolios, which are also relevant for investors. Authors tried to move a step forward, 
focusing on the performance of the whole efficient set, rather of a single portfolio. To this end, 
they examined the out-of-sample robustness of efficient portfolios derived by popular 
optimization models, namely the traditional mean-variance model, mean-absolute deviation, 
conditional value at risk, and a multi-objective model. Tests were conducted using data for S&P 
500 stocks, over the period 2005-2016. The results were analyzed through novel performance 
indicators representing the deviations between historical (estimated) efficient frontiers, actual 
out-of-sample efficient frontiers, and realized out-of-sample portfolio results. 

Avgeris et al investigated and measured the reciprocity between human (economic) relations. In 
particular, that is if people are possessed by feelings of reciprocity or opportunism. In other 
words, authors attempt to provide answers regarding the battle between the two kinds of 
economic people in experimental economics, Homo Economicus versus Homo Reciprocans. The 
two well-known games of Game Theory, Ultimatum Game and Dictator Game were used and 
applied for this reason. Authors presented the findings of a combined research conducted with 
undergraduate students at the University of Patras, in the Departments of Business 
Administration of Food & Agricultural Enterprises and of Environment & Natural Resources 
Management, based in Agrinio. 

Tsianaka et al  indicated that he real estate business environment since 2008 has changed 
dramatically. Changes have been located in the evaluation price of real estates, the reduction of 
demand on real estate market, over taxation, the lack of bank finance etc. Real estate properties 
are part of the economic capital and first authors explored how they tariff properties when the 
holder is a natural person (individual) and second how they tariff properties when the holder is a 
legal entity. 

Session 5: Strategy & Analytics 

Misirlis et al reported on the following research issues regarding several social media types, social 
media analytics and social media tools in precise definitions and categories, based on literature 
review and Internet search. How to render actionable the large datasets from social media? How 
to classify all the relevant techniques? How to capitalize all the existing information? Authors 
analyzed social media on marketing and its research options. Furthermore, they performed a full 
report of social media landscape, presenting four main classification suggestions for social media. 



 
 

 

Kyriakopoulou  and Kitsios focused on their experiences in examining the impact of social media 
ƻƴ ŎƻƴǎǳƳŜǊǎΩ ōŜƘŀǾƛƻǊΦ ¢ƘŜȅ ŎƻƴŎƭǳŘŜŘ ǘƘŀǘ ƻƴƭƛƴŜ ǎƻŎƛŀƭ ƴŜǘǿƻǊƪƛƴƎ Ƙŀǎ ōŜŎƻƳŜ ƻƴŜ of the 
most popular online activities that more and more people preferably spend their free time on. 
The high rate of data transmission combined with the hectic everyday lifestyle that the actual 
society imposes, have raised the necessity of time-saving solutions. As a result, consumers search 
for direct and quick alternatives for their purchases, in order to cover their needs. Also, the most 
important role of social media is that it has changed the way of how consumers and marketers 
communicate. Social media is a great communication tool that people use to connect to others or 
communicate with organizations. Social networking platforms as a part of everyday life are virtual 
places where people as users, share their opinion, warnings, experiences and information. The 
ŎƻƴǎǳƳŜǊǎΩ ǎƻŎƛŀƭ ŀƴŘ ŎƻƳƳŜǊŎƛŀƭ ŜȄǇŜǊƛŜƴŎŜ ƻƴ ǘƘŜ ƛƴǘŜǊƴŜǘ Ƙŀǎ ōŜŜƴ ŜƴǊƛŎƘŜŘ ǘƘǊƻǳƎƘ ǘƘŜ Řŀƛƭȅ 
use of social media. On the other hand, companies benefit from this state and try to provide their 
ǇǊƻŘǳŎǘǎ ǘƘǊƻǳƎƘ ŀ άŦǊƛŜƴŘƭȅέ ŜƴǾƛǊƻƴƳŜƴǘ ǎǳŎƘ ŀǎ ǎocial networks, less direct to the consumers, 
ŀƛƳƛƴƎ ǘƻ ƳŀȄƛƳƛȊŜ ǘƘŜ ŎǳǎǘƻƳŜǊǎΩ ŜȄǇŜǊƛŜƴŎŜΦ 

According to Kamariotou and Kitsios, Strategic Information Systems Planning (SISP) supports 
business goals and business strategy, through the use of Information Systems (IS). Findings from 
previous surveys indicate that many managers make too much effort to SISP process while others 
too little. When managers invest too much effort, the process could be confusing, delayed or its 
implementation could be prevented. When managers avoid investing too much time to the 
process, the implemented plans could be inefficient so the objectives could not be achieved. 
Consequently, the assessment of the process is significant because managers can reduce these 
unsatisfactory results. Findings conclude that managers concentrate more on Strategy Conception 
and Strategy Implementation and they do not invest time on Strategic Awareness and Situation 
Analysis. As a result the implemented plans are not effective, successful and they do not meet the 
objectives. Many factors which influence SISP process could be taken into consideration in order 
to explain these results. Almost 80% of businesses have been highly influenced by the financial 
crisis. So, more attention is needed to be payed to Small-Medium Enterprises (SMEs) and how 
they use IS and strategic planning in order to deal with the crisis. Despite the fact that family 
ōǳǎƛƴŜǎǎŜǎ ŦƻŎǳǎ ƻƴ ōǳǎƛƴŜǎǎΩǎ ƭƻƴƎ-term sustainability, they do not develop strategic planning. 
The results of a survey in Greek SMEs indicate that executives should pay attention to 
implementing Situational Analysis with greater meticulousness, so they can apply Strategy 
Conception and Strategy Implementation Planning with greater agility rather than now. 

Georgakalou et al described the measures in order to investigate and measure the degree of a 
ǇŜǊǎƻƴΩǎ ǎǘǊŀǘŜƎƛŎ ǘƘƛƴƪƛƴƎΣ Ƴŀƛƴƭȅ ŦƻŎǳǎƛƴƎ ƻƴ ƭŜŀŘŜǊǎΦ ¢ƘŜǎŜ ƳŜŀǎǳǊŜǎ ŎƻƴŎŜǊƴΥ όŀύ ǘƘŜ ƳŜŀǎǳǊŜ 
of risk taking (which is actually a score) and (b) the measure of (visionary). Authors found that 
leaders establish and share the values, develop and communicate the vision, determine the 
mission and formulate and implement the strategy. Apart from being determined, the leader 
should be able to present his vision and to stir up his audience and envisage them. Additionally, 
he should be determined to undertake risks. Previous researches have examined the link between 
their personal characteristics and planning system, the human capabilities of leaders and the 
effect of organizational characteristics. The Leadership Excellence Model which has been studied 
by many researchers contains these elements but they cannot be measured directly. 

Session 6: Supply Chain Optimization 

Makris et al proposed a fairness-informed modelling extension to the existing single-airport slot 
ǎŎƘŜŘǳƭƛƴƎ ƳƻŘŜƭǎ ōȅ ƛƴǘǊƻŘǳŎƛƴƎ ŀƴŘ ƳƻŘŜƭƭƛƴƎ ǘƘŜ ƴƻǘƛƻƴ ƻŦ άƳŀǊƎƛƴŀƭ ǎŎƘŜŘǳƭŜ ŘƛǎǇƭŀŎŜƳŜƴǘέΣ 
which can be defined as the incremental schedule displacement caused by each slot request. The 
proposed model aimed to ensure that eŀŎƘ ŀƛǊƭƛƴŜ ŀōǎƻǊōǎ ƛǘǎ άŦŀƛǊ ǎƘŀǊŜέ ƻŦ ǘƘŜ ǘƻǘŀƭ ƳŀǊƎƛƴŀƭ 
schedule displacement exerted onto the system. In doing so, authors enriched previous, single-



 
 

 

objective modelling formulations aiming to minimize total schedule displacement with a fairness 
constraint ensuring a fair allotment of marginal schedule displacement. 

Drakaki et al focused on the logistical aspects of a community based social partnership in Greece, 
and the contribution of this partnership to community resilience. In such a context, logistical 
activities were performed by the membership base of various non-governmental organisations in 
ŀ ƳŀƴƴŜǊ ƻŦ άŎƻƭƭŜŎǘƛǾŜ ŀŎǘƛƻƴέ ǊŀǘƘŜǊ ǘƘŀƴ ǘƘŜ ŎƻƳƳŜǊŎƛŀƭ ǎŜŎǘƻǊΦ !ǳǘƘƻǊǎ ŦƻŎǳǎŜŘ ƻƴ ǎŜƭŦ-
organisation, and a resultant community based social partnership (CBSP) in Greece, with 
members from the private, public and civic sectors, in the midst of a financial crisis. In the context 
of logistics, a conceptual model had been developed linking the partnership with self-
organisation, social capital building, and community resilience. 

Yakavenka et al proposed a decision-making framework that assigns aspects of business ethics to 
the sustainable management of the supply chain of perishable products, and involve the provision 
of fresh, price and environmentally friendly products to the consumers. In order to address this 
issue, authors developed and employed multi-criteria (cost, time and emissions minimization) 
mixed integer linear programming (MILP) model, and applied it in a realistic case study for 
deriving managerial insights. 

Tziantopoulos and Madas evaluated the impact of Additive Manufacturing (AM) adoption on drug 
tablet production and the supply chain reconfiguration opportunities under different AM 
production cost scenarios. For this purpose, authors proposed a MILP model formulation which 
aims to minimize a total cost function consisted of AM facility investment costs, production costs 
for primary and secondary manufacturing, as well as transportation costs, subject to network 
connectivity, production capacity, demand fulfillment, and flow conservation constraints. The 
proposed model was demonstrated at a small problem instance involving a 4-echelon 
pharmaceutical supply chain network for theophylline Active Pharmaceutical Ingredient (API) 
tablets. 

Session 7: Digital Economy 

Roussou and Stiakakis presented the results of the first online academic survey about the actual 
use of digital currency by companies and freelancers globally, with an emphasis in the European 
Union, where Greece belongs. Considering digital currency as a pioneering technological 
innovation, a combination of Diffusion of Innovations (DOI) Theory (mainly Innovation Decision 
Process Model - IDPM) and Technology Acceptance Model (TAM) had been applied. The goal of 
the survey was to investigate the actual use of digital currency, as a means of transaction by 
companies and how it is affected by the constructs of Perceived Ease of Use, Perceived 
Usefulness, and Perceived Security directly and other constructs indirectly, according to the 
research model. Based on the responses provided by 254 companies and freelancers the results 
exhibited that the penetration of digital currency usage is in increasing progress. 

Nanos et al reflected on the relationship between cloud computing and e-government, to 
highlight the importance of cloud computing adoption in public administration and to offer 
insights on the way that cloud computing can contribute to the successful deployment of e-
government services. Through the study of relevant theoretical models and frameworks, enabling 
and inhibiting factors for cloud computing adoption in the public sector were identified, classified 
and analyzed. Furthermore, initiatives that have taken place so far in Greece in the area of cloud 
computing and e-government were presented. 

Andreopoulou et al studied the Internet market of mushrooms and truffles in Greece. Their 
research focus on registration and assessment of SMEs located in Greece and operating in field of 



 
 

 

mushrooms and truffles, with emphasis on the classification of their business websites in groups 
according to their marketing and digital characteristics and functions. The findings show that 
mushrooms and truffles are found in normal diets since antiquity and also as a delicacy, because 
of their texture and highly desirable taste and aroma. During the last ten years, the need of the 
production of cheap nutritious food, led to the fast development of the mushroom and truffle 
cultivation sector. The Internet provides a stable communication infrastructure to citizens and 
businesses and has augmented business opportunities. 

Session 8: Forecasting & Maintenance Optimization 

Kouziokas et al focused on the application of Artificial Intelligence for developing neural network 
forecasting models in order to predict the final energy consumption which covers the energy 
consumption in industry, transport, households, public administration, commerce and other 
sectors. The energy consumption forecasting can be very valuable in adopting management 
practices regarding the energy management and also in designing and planning national energy 
strategies. Several topologies were examined in order to develop the optimal artificial neural 
network forecasting model. The results showed that the proposed methodology can provide 
energy consumption predictions with a very good accuracy, which can be very valuable in public 
and environmental management, since they can be used in order to help the authorities at 
adopting proactive measures in energy planning and management. 

Kouziokas investigated the use of Artificial Neural Networks for building forecasting models in 
order to predict unemployment. A Feedforward Neural Network structure was used since it is 
considered as the most suitable in times series predictions. In order to develop the best artificial 
neural network forecasting model, several network topologies were examined regarding the 
number of the neurons and also the transfer functions in the hidden layers. Several economic 
factors were taken into consideration in order to construct the neural network based prediction 
models. The results had shown a very precise forecasting accuracy regarding the unemployment. 

Session 9: Agricultural Management 

Tarnanidis et al used the methodology of PROMETHEE II multicriteria decision-making approach 
for the comparison of agricultural productivity and ranking the seven prefectures of Central 
Macedonia in Greece, based on productivity indicators of agricultural resources, like the gross 
return produced in each region. Data was collected for the period of 2013 to 2014. The results 
revealed that the prefecture of Pella surpasses on productivity the remaining six, while in the 
second and third place the prefectures of Imathia and Pieria follow. 

Dragoslis et al considered the development of a DSS for the support of decision making for spatial 
ǘƛƭƭŀƎŜ ŀƭƭƻŎŀǘƛƻƴΦ ¢ƘŜ ŘŜǾŜƭƻǇŜŘ 5{{ ƛƴǘŜƎǊŀǘŜŘ ǘƘŜ ǿŜƛƎƘǘǎΩ ŜǎǘƛƳŀǘƛƻƴ ƳŜǘƘƻŘƻƭƻƎȅ ƻŦ ǊŜǾƛǎŜŘ 
Simos with the VIKOR and AHP multicriteria analysis methods and can be used to solve complex 
decision problems that have alternative solutions and are evaluated by using conflicting 
qualitative and quantitative criteria. Using the AHP and the Revised Simos modules, stakeholders 
Ŏŀƴ ŎŀƭŎǳƭŀǘŜ ǘƘŜ ǊŜƭŜǾŀƴǘ ǿŜƛƎƘǘǎ ŦƻǊ ǘƘŜ ŜǾŀƭǳŀǘƛƻƴ ŎǊƛǘŜǊƛŀ ƴŜŜŘŜŘ ŦƻǊ ±LYhwΩǎ ŀǇǇƭƛŎŀǘƛƻƴ ƻƴ 
data. The outcome was a ranking of the alternatives and a suggestion of the best compromise 
solution. The DSS was applied experimentally on a set of seven crops.  

Mantzaropoulou et al discussed the management options that may have a Nexus approach on the 
management of water, soil and waste, in order to enhance the sustainable intensification of 
agriculture, and contribute to the socio-economic development. Authors also examined various 
economic assessment methods which were used in the management process and decision making 



 
 

 

in the framework of sustainable development. Finally, the most appropriate operational research 
models and applications were proposed that promote the decision making in Nexus systems. 

Session 10: OR & ICT 

 Geranis et al presented the results of an exploratory survey on the factors which affect Internet 
ǳǎŜǊǎΩ ƛƴǘŜƴǘƛƻƴ ǘƻ ǳǎŜ ŀ ǇǊƛŎŜ ŎƻƳǇŀǊƛǎƻƴ ǎƛǘŜΦ wŜǎǳƭǘǎ ǎƘƻǿŜŘ ǘƘŀǘ ǘƘŜ ǇŜǊŎŜƛǾŜŘ ǿŜōǎƛǘŜ ƛƳŀƎŜΣ 
as well as the users' overall satisfaction with the site, had a positive impact on their intention to 
use a price comparison site. 

Karagiorgou et al explored issues relating to the level of ɹʆ knowledge of Financial Accounting 
students in Greece. Authors investigated the kind of IT knowledge and skills that accountants 
need and the entry-level IT skills and knowledge that educators should provide. 

Balasas et al illustrated a comparative analysis of the characteristics and the metrics of dynamic 
routing protocols. Authors also compared the performance of different Interior Gateway routing 
protocols, like EIGRP, OSPF and RIP, in real-time applications Big Data, Video conferencing and 
VoIP, based on end to end packet delay, network convergence duration, packet delay variation 
and Jitter of VoIP by using Riverbed Modeller simulator. Authors aimed to show how dynamic 
routing protocols perform in real time applications while some failures happen on different 
network links. 

Session 11: Statistics & Data Mining 

Ismyrlis and Moschidis discovered the most important factors that influence happiness (H) and life 
satisfaction (LS) and whether H and LS had the same impact on other variables. The final results 
emerged from this study, seemed to prove that LS and H had the similar attitude with most 
variables of the study. Moreover, it was deduced that income was not the most important 
determinant of SWB, as many other variables had demonstrated almost the same attitude. 

Nikolopoulou et al proposed a method which was based on some constraint statistical analysis, 
like the mean solution of each constraint, in order to identify a significant number of redundant 
constraints, in comparison with other methods in non-negative LP problems. The proposed 
algorithm suggested that the constraint that had the maximum lower bound of the confidence 
interval among the lower bounds of the other constraints had the higher probability not to be 
redundant. The classification rule had a significant overall percentage of correct prediction and an 
almost accurate percentage of correct prediction of redundant constraints. 

Session 13: Business Process Management 

Papadopoulos et al identified and explored business process management issues in the 
construction industry, using business process modeling methods and tools which integrate the 
risk management perspective. Authors discussed the benefits gained for the case company while 
demonstrating examples of the created business process models. Business process models 
integrate all of the systems, data, and resources within the construction company, they can form 
a protective wall against the risks to which the company is exposed. They also had a direct impact 
on the attractiveness and the quality of the provided services inside a really competitive market. 

Session 14: OR in Construction 

Tegos and Aretoulis discussed that the development of a reliable Decision Support System with 
respect to the selection of the type of Concrete highway bridges is an important research 



 
 

 

objective, for which only fragmentary efforts have been made worldwide so far. Through the 
application of this method, the respective optimal selection of the bridge type was achieved, 
among a number of potentially suitable alternatives. 

Tarnanidis et al presented the results of the calculating algorithm of entropy budgets that 
attempts to examine the significance of unanticipated cost and time of construction projects. 
They identified that the main problem was a major gap in the understanding of how entropy can 
be used more effectively in the construction industry, in order to foresee non deterministic 
situations that influence the budgeting process. 

Seira and Katsavounis reported on the effectiveness of several distribution patterns, learning 
ŎǳǊǾŜ ǎƘŀǇŜǎΣ {ƪŜǿƴŜǎǎ ŀƴŘ ƪǳǊǘƻǎƛǎ ƛƴ ƻǊŘŜǊ ǘƻ ƳƻƴƛǘƻǊ ŀ ǇǊƻƧŜŎǘΩǎ Ǉƭŀƴ ōŀǎŜƭƛƴŜ ǎŎƘŜŘǳƭŜ ŀƴŘ 
the ongoing progress. The results from two large scale case studies using Primavera P6 
Professional v15.2 for planning and scheduling while Monte Carlo method were used from 
tǊƛƳŀǾŜǊŀ wƛǎƪ !ƴŀƭȅǎƛǎ ŦƻǊ ǎŎƘŜŘǳƭŜΩǎ Ǌƛǎƪ ŀƴŘ άǿƘŀǘ-ƛŦέ ǎŎŜƴŀǊƛƻǎ ǎƛƳǳƭŀǘƛƻƴΦ 

According to Vavatsikos et al the continuously developments with respect to modern GIS software 
packages and the contribution of programming languages leads to the creation of scientific 
automatization tools that can deal with a huge amount of information fast, efficiently and 
accurately. In that context Land-Use Suitability mapping and analysis can are expanded to the 
consideration of decision criteria to evaluate spatially related decision problems. On the other 
hand PROMETHEE methods enrich the analysis with their ability to a/ simultaneously deal with 
qualitative and quantitative criteria and b/ manage uncertain and fuzzy information provided by 
the decision makers. Authors developed modules which can be considered fast while in the same 
time they capable to manage big amount of data and information. 

Session 15: Environmental Management 

Kazana et al explored and evaluated the multi-criteria decision process for SFM assessment. 
Authors presented the results of a survey conducted in in the forests of Eastern Macedonia & 
¢ƘǊŀŎŜ wŜƎƛƻƴΦ ¢ƘŜ άōǳǎƛƴŜǎǎ ŀǎ ǳǎǳŀƭέ hC{tL ǾŀƭǳŜ ǎhowed that continuation of the present 
ƳŀƴŀƎŜƳŜƴǘ ǇƻƭƛŎȅ ƻŦ ǘƘŜ wŜƎƛƻƴΩǎ ŦƻǊŜǎǘ ŀǊŜŀǎ ǿƛƭƭ ŘƛƳƛƴƛǎƘ ǘƘŜ wŜƎƛƻƴΩǎ ŦƻǊŜǎǘ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ 
performance in the following 10 years.  The SFM policy option concerning the improvement of the 
wŜƎƛƻƴΩǎ ǿƻƻŘ ǎǘƻŎƪ ŦƻǊ ǘechnical wood, firewood and pulpwood production will contribute the 
Ƴƻǎǘ ǘƻ ǘƘŜ wŜƎƛƻƴΩǎ ŦƻǊŜǎǘ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ŀƴŘ ǘƘŜǊŜŦƻǊŜ ƛǘ ǎƘƻǳƭŘ ŎƻƴǎǘƛǘǳǘŜ ŀ ŦƛǊǎǘ ǇǊƛƻǊƛǘȅ 
ƳŀƴŀƎŜƳŜƴǘ ƻōƧŜŎǘƛǾŜ ŦƻǊ ǘƘŜ wŜƎƛƻƴΩǎ ŦƻǊŜǎǘǎ ǎƘƻǳƭŘ ǘƘŜ ŦƻǊŜǎǘ ŀǳǘƘƻǊƛǘƛŜǎ ŘŜŎƛŘŜ ǘƻ ƛƳǇǊƻǾŜ 
ǘƘŜ wŜƎƛƻƴΩǎ ŦƻǊŜǎǘ ǎǳǎǘŀƛƴŀōƛƭƛǘȅΦ   

Georgiou and Karpouzos developed an optimization model to determine the optimal allocation of 
irrigation water to multiple crops in irrigated agriculture under deficit irrigation. The model  used 
as a decision support tool for irrigation scheduling while it indicated cases where a deficit 
irrigation can lead to notable water savings with limited decrease of economic profit. 

Session 16: OR in Health 

Stefanakakis et al investigated the characteristics of an appointment system of a Greek hospital in 
¢ƘŜǎǎŀƭƻƴƛƪƛ ōŀǎŜŘ ƻƴ YŀƴƻΩǎ ǎŀǘƛǎŦŀŎǘƛƻƴ ƳƻŘŜƭΣ ŀƴŘ ǇǊƻǾƛŘŜ Řŀǘŀ ŦƻǊ ŦǳǘǳǊŜ ƛƳǇǊƻǾŜƳŜƴǘ ƻŦ ǘƘŜ 
ǎȅǎǘŜƳ ōŀǎŜŘ ƻƴ ǘƘŜ ǳǎŜǊǎΩ ƴŜŜŘǎΦ !ǳǘƘƻǊǎ ŜȄŀƳƛƴŜŘ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŎǊƛǘŜǊƛŀΤ ǿŜōǎƛǘŜ ǉǳŀƭƛǘȅΣ 
perceived ease of use, perceived usefulness and service quality. The providers of the service 
should improve the performance of some of the characteristics so as user satisfaction is increased 
more. 



 
 

 

Syngelakis and Kitsios evaluated the occupational stress of non-hospital Greek NHS dentists, 
during the current economic crisis and public sector reform, by using Effort ς Reward Imbalance 
(ERI) questionnaire, a contemporary research instrument strongly linked to labour market 
conditions. A relative imbalance between efforts given and rewards received was found in non-
hospital (primary care) Greek NHS dentists at the time of research. Therefore, authors argue that 
well designed interventions should be implemented to address occupational stress, which is 
expected to increase during the ongoing crisis. Additionally, targeted policies by the Greek 
government aiming to improve the Public Dental care System in the Greek NHS would also be 
necessary. 

Reflections 

At 6th International Symposium & 28th National Conference on Operational Research, recent 
scientific advances in the field of Operational Research (OR) and Management Science in Greece 
were discussed. The aim was to promote international co-operation among researchers and 
practitioners working in the field. The impact of Information and Communication Technologies 
(ICT) in the field of OR, was the key issue that dominated the presentations. 

Papers satisfy many research areas, such as strategy, supply chain, logistics, digital economy, data 
mining and health. Authors examined the combination of ICT and OR methodologies in these 
areas. Researchers might either experiment with new methodologies regarding OR or apply the 
existing in order to provide conclusions concerning their implications in ICT era. Authors 
presented new frameworks, case studies applications using a variety of OR methodologies and  
methodologies for Information Systems development. 
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{ǇȅǊƛŘŀƪƻǎΣ !ΦΣ ¢ǎƻǘǎƻƭŀǎΣ bΦΣ ŀƴŘ ±ǊȅȊƛŘƛǎΣ LΦ ΨwƻōǳǎǘƴŜǎǎ LƳǇǊƻǾŜƳŜƴǘ ƛƴ ¦¢! ƳŜǘƘƻŘǎ ǘƘǊƻǳƎƘ ǘƘŜ 
elicitation & exploitation of strength of pǊŜŦŜǊŜƴŎŜ ƛƴŦƻǊƳŀǘƛƻƴΩΦ 

±ŀǾŀǘǎƛƪƻǎΣ !ΦtΦΣ ŀƴŘ !ƴŀǎǘŀǎƛŀŘƻǳΣ 9Φ±Φ Ψ²ƛƴŘ CŀǊƳǎ {ǳƛǘŀōƛƭƛǘȅ !ƴŀƭȅǎƛǎ ¦ǎƛƴƎ ¢ht{L{ ŀƴŘ ±LYhw 
!ǇǇǊƻŀŎƘŜǎΥ ! /ŀǎŜ {ǘǳŘȅ ƛƴ ¢ƘǊŀŎŜ wŜƎƛƻƴΩΦ 

±ǊȅȊƛŘƛǎΣ LΦΣ ŀƴŘ {ǇȅǊƛŘŀƪƻǎΣ !Φ Ψ¦ǘƛƭƛǎƛƴƎ aǳƭƭǘƛŎǊƛǘŜǊƛŀ 5ŜŎƛǎƛƻƴ !ƛŘ ŦƻǊ ǘƘŜ ƳŜŀǎǳǊŜƳŜƴǘ of Project Success. 
¢ƘŜ twhaL¢I9!{ ƳŜǘƘƻŘƻƭƻƎƛŎŀƭ ŦǊŀƳŜΩΦ 

YƛǘǎƛƻǎΣ CΦΣ ŀƴŘ {ƛǘŀǊƛŘƛǎΣ LΦ Ψ!ƴ ŀǇǇƭƛŎŀǘƛƻƴ ƻŦ ƴƻƴ ǿŜƛƎƘǘ a/5a ŦƻǊ ǘƘŜ ŜǾŀƭǳŀǘƛƻƴ ƻŦ D9a ŜƴǘǊŜǇǊŜƴŜǳǊƛŀƭ 
ŜŎƻǎȅǎǘŜƳǎΩΦ 

aƛƭŜƴƪƻǾƛŏΣ aΦΣ ±ŀƭΣ {ΦΣ ŀƴŘ .ƻƧƻǾƛŏΣ bΦ Ψ5ƛǎǘǊƛōǳǘŜŘ ƳƻŘŜƭ ǇǊŜŘƛŎǘƛǾŜ ǎƛƴƎƭŜ ǿŀƎƻƴƭƻŀŘ ŎƻƴǘǊƻƭΩΦ 

5ƛƳƛǘǊƛƻǳΣ 5ΦΣ {ŀǊǘȊŜǘŀƪƛΣ aΦCΦΣ ŀƴŘ tŀǇŀŘƻǇƻǳƭƻǳΣ ±ΦbΦ Ψ¢ŀȄƻƴƻƳȅ ŦƻǊ ŜŦŦŜŎǘƛǾŜ ŘŜŎƛǎƛƻƴ ƳŀƪƛƴƎ ƛƴ ƳŜŘƛǳƳ 
ǎƛȊŜ ǘƻǳǊƛǎǘ ǊŜǎƻǊǘǎΩΦ 

aŀƴƻƭƛǎΣ 5ΦΣ aƛŎƘŀƛƭƛŘƛǎΣ LΦΣ 5ƛŀƪŀƪƛΣ /ΦΣ tŀǇŀƳƛŎƘŀƛƭΣ LΦΣ YƻǎƳŀǘƻǇƻǳƭƻǎΣ 9ΦΣ ŀƴŘ tŀǇŀƎŜƻǊƎƛƻǳΣ aΦ Ψ{ƛƳǳlation 
ǎǘǳŘȅ ƻŦ ŀƴ ŀŘŀǇǘƛǾŜ ŘŜŎŜƴǘǊŀƭƛȊŜŘ ŀǇǇǊƻŀŎƘ ŦƻǊ ǘƘŜ ƻǇǘƛƳƛȊŀǘƛƻƴ ƻŦ ǘǊŀŦŦƛŎ ŎƻƴǘǊƻƭ ǎȅǎǘŜƳǎΩΦ 

aƛŎƘƻǇƻǳƭƻǳΣ aΦΣ ŀƴŘ DƛŀƴƴƛƪƻǎΣ LΦ Ψ5ŜƳŀƴŘ /ƻǾŜǊƛƴƎ tǊƻōƭŜƳǎ ǿƛǘƘ CŀŎƛƭƛǘƛŜǎΩ LƴǘŜǊŀŎǘƛƻƴΩΦ 

Konstantakopoulos, G.D., Gayialis, S.P., and Tatsiopoulos, I.P. Ψ±ŜƘƛŎƭŜ wƻǳǘƛƴƎ tǊƻōƭŜƳ ŦƻǊ ¦Ǌōŀƴ CǊŜƛƎƘǘ 
¢ǊŀƴǎǇƻǊǘŀǘƛƻƴΥ ! wŜǾƛŜǿΩΦ 

tŀǾƭƻǳΣ !ΦΣ ŀƴŘ 5ƻǳƳǇƻǎΣ aΦ Ψ¢ƘŜ wƻōǳǎǘƴŜǎǎ ƻŦ tƻǊǘŦƻƭƛƻ hǇǘƛƳƛȊŀǘƛƻƴ aƻŘŜƭǎΥ !ƴ 9ƳǇƛǊƛŎŀƭ /ƻƳǇŀǊŀǘƛǾŜ 
!ƴŀƭȅǎƛǎΩΦ 

!ǾƎŜǊƛǎΣ !ΦΣ YƻƴǘƻƎŜƻǊƎƻǎΣ !ΦΣ 5ŀƭŀƳƛǘǊŀΣ aΦΣ ŀƴŘ {ŜǊƎŀƪƛΣ tΦ ΨwŜŎƛǇǊƻŎity in Trade: An Empirical Investigation 
¦ǎƛƴƎ 9ȄǇŜǊƛƳŜƴǘŀƭ 9ŎƻƴƻƳƛŎǎ aŜǘƘƻŘǎ ¦ƴŘŜǊ wŜŀƭ /ƛǊŎǳƳǎǘŀƴŎŜǎΩΦ 



 
 

 

¢ǎƛŀƴŀƪŀΣ 9ΦΣ {ǘŀǾǊƻǇƻǳƭƻǎΣ !ΦΣŀƴŘ {ŜǊŜǘƛŘƻǳΣ 5Φ ΨLƴŎƻƳŜ ǘŀȄŀǘƛƻƴ ŦǊƻƳ wŜŀƭ 9ǎǘŀǘŜ ǇǊƻǇŜǊǘȅ όǇƘȅǎƛŎŀƭ ŀƴŘ 
ƭŜƎŀƭ ǇŜǊǎƻƴǎύΩΦ 

Misirlis, N., Nanos, I., and ±ƭŀŎƘƻǇƻǳƭƻǳΣ aΦ Ψ! wƻŀŘƳŀǇ ǘƻ {ƻŎƛŀƭ aŜŘƛŀ !ƴŀƭȅǘƛŎǎΩΦ 

YȅǊƛŀƪƻǇƻǳƭƻǳΣ 9ΦΣ ŀƴŘ YƛǘǎƛƻǎΣ CΦ Ψ¢ƘŜ ƛƴŦƭǳŜƴŎŜ ƻŦ ǎƻŎƛŀƭ ƳŜŘƛŀ ƻƴ ŎƻƴǎǳƳŜǊǎΩ ōŜƘŀǾƛƻǊΩΦ 

YŀƳŀǊƛƻǘƻǳΣ aΦΣ ŀƴŘ YƛǘǎƛƻǎΣ CΦ Ψ!ƴ 9ƳǇƛǊƛŎŀƭ 9Ǿŀƭǳŀǘƛƻƴ ƻŦ {ǘǊŀǘŜƎƛŎ LƴŦƻǊƳŀǘƛƻƴ {ȅǎǘŜƳǎ tƭŀƴƴƛƴƎ tƘŀǎŜǎ ƛƴ 
{a9ǎΥ 5ŜǘŜǊƳƛƴŀƴǘǎ ƻŦ 9ŦŦŜŎǘƛǾŜƴŜǎǎΩΦ 

DŜƻǊƎŀƪŀƭƻǳΣ aΦ9ΦΣ YƛǘǎƛƻǎΣ CΦ/ΦΣ ŀƴŘ YŀƳŀǊƛƻǘƻǳΣ aΦ ΨaŜŀǎǳǊƛƴƎ [ŜŀŘŜǊǎΩ {ǘǊŀǘŜƎƛŎ ¢ƘƛƴƪƛƴƎΩΦ 

aŀƪǊƛǎΣ !Φ¢ΦΣ aŀŘŀǎΣ aΦ!ΦΣ ŀƴŘ !ƴŘǊƻǳǘǎƻǇƻǳƭƻǎΣ YΦbΦΣ Ψ! ŦŀƛǊƴŜǎǎ-informed modelling extension to the 
single-airport slot sŎƘŜŘǳƭƛƴƎ ǇǊƻōƭŜƳΩΦ 

5ǊŀƪŀƪƛΣ aΦΣ YƻǾłŎǎΣ DΦΣ ŀƴŘ ¢ȊƛƻƴŀǎΣ tΦ Ψ¢ƘŜ ƭƻƎƛǎǘƛŎǎ ǊƻƭŜ ƛƴ ŎƻƳƳǳƴƛǘȅ ǊŜǎƛƭƛŜƴŎŜΥ ŀ ŎŀǎŜ ŜȄŀƳǇƭŜ ƻŦ ŀ 
ŎƻƳƳǳƴƛǘȅ ōŀǎŜŘ ǎƻŎƛŀƭ ǇŀǊǘƴŜǊǎƘƛǇ ƛƴ DǊŜŜŎŜΩΦ 

¸ŀƪŀǾŜƴƪŀΣ ±ΦΣ aŀƭƭƛŘƛǎΣ LΦΣ ±ƭŀŎƘƻǎΣ 5ΦΣ ŀƴŘ LŀƪƻǾƻǳΣ 9Φ Ψ! 5ŜŎƛǎƛƻƴ-Making Framework for Sustainable 
{ǳǇǇƭȅ /Ƙŀƛƴ aŀƴŀƎŜƳŜƴǘ ƻŦ tŜǊƛǎƘŀōƭŜ DƻƻŘǎΩΦ 

¢ȊƛŀƴǘƻǇƻǳƭƻǎΣ YΦΣ ŀƴŘ aŀŘŀǎΣ aΦ!Φ Ψ¢ƘŜ LƳǇŀŎǘ ƻŦ !ŘŘƛǘƛǾŜ aŀƴǳŦŀŎǘǳǊƛƴƎ ƻƴ tƘŀǊƳŀŎŜǳǘƛŎŀƭ {ǳǇǇƭȅ /Ƙŀƛƴ 
bŜǘǿƻǊƪ /ƻƴŦƛƎǳǊŀǘƛƻƴΩΦ 
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Abstract 

UTA methods concludes to the assessment of  additive value preference models based on Decision Makers (DMs) global 
preferences expressed by rank ordering of a limited set of the alternative actions evaluated into a consistent family of 
criteria. An adaptation of UTA methods is presented in this research work which utilizes additional information 
concerning the global  preferences of the DM. The strengths of preferences  among   the successive alternatives  of the 
reference set, sorted  by their ranking,  are derived. The DM is asked to provide ranges of values [zmin, zmax],   through 
visual techniques, expressing the degree he/she prefers an alternative action from the next one in the ranking. By this 
way n-1 ranges of  indices concerning the strength of preferences among the successive alternatives of the n alternative 
actions of the reference set are embedded into the UTA methods. Adaptations of the linear program of UTA method leads 
to the estimation  of a more robust additive value model  corresponding to more rich representation of DM's preferences. 
The proposed   adaptation of UTA methods can be used a  priori during the initial expression of DM's global preferences 
or a posteriori in the frame of post optimality and robustness analysis, constituting a new feedback of UTA methods. The 
above approach is presented  and evaluated  through an illustration  case study.  

KEYWORDS 

Multicriteria Decision Aid, Robustness Analysis, Disaggregation Aggregation Approach 

1. INTRODUCTION 

Multicriteria Disaggregation - Aggregation (D-A) approaches (Jacket-Lagreze and Siskos 1982, Siskos and 
Yannacopoulos, 1985, Siskos 1t al, 1999)  leads to the assessment of additive value models described in the 
following formulae:  

 

 

where g = (g1, g2, ..., gn) is the evaluation vector of an alternative action on the n criteria, gi* and gi* are the 
least and most preferable levels of the criterion gi respectively and ui(gi), pi are the value function and the 
relative weight of the i-th criterion. The assessment of this additive value modes is achieved based on: a) the 
evaluation of the alternative actions into a consistent family of criteria,  b) the DM global preferences 
expressed by rank-ordering of a limited set of alternative  actions (reference set), c) Linear Programming 
techniques where the parameters of the additive value model are estimated so as to reproduce, as close as 
possible, the initial global preferences of the DMs and d) utilisation of interactive  structured or unstructured 
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dialogues with the DM where a set of feedbacks can be used triggered by the analysis of the estimated  value 
preference model.  
The utilisation of UTA methods in real world case studies  inspired many researchers the last 30  years as well 
for the development of extensions and adaptations from the first presentation of the method UTA (Jacket-
Lagreze and Siskos 1982). Two significant issues which preoccupied the researchers are the need for 
Robustness as far the estimated preference model is concern and the selection of the reference set of the 
alternative actions. The estimation of the additive value models based on the DM's global preferences 
expressed through the pre-ranking of the alternatives actions of the limited reference set leads, in many 
cases, to the estimation of infinitive sets of preference models (Low Robustness). The robustness of the 
estimated value prefernce model can me measured with the Avarage Stability Index (ASI) (Grigoroudis and 
Siskos, 2010) varying from in the range [0,1] where 1 corrsponds to total robustness. Another issue 
concerning the consistency and the robustness of the estimated additive value preference model is oriented 
to the selection of the reference set, which ought to be representative of the total set of the alternative 
actions and familiar to the DM so as to be able to  express reliable global preferences. In order to handle the 
above mentioned issues leads to the selection of polulated reference sets and are created perversion to use 
the D-A approach in cases with limited alternative actions.  
This research work presents an adaptation of the UTA methods which on the one hand can solve the above 
mentioned issues but on the other requires additional preferential information by the DMs concerning the 
strength of preferences of the DMs.  Also, a  visual technique is presented which allows to acquire with an 
easy and comprehensive way the required preference information using the  pre-ranked alternative actions 
of the reference set. The proposed approach can leads to the estimation of preference models with higher 
robustness and on the same time  to be functioned in cases with limited alternative actions. 
The paper includes the introduction and three more sections. In the second section the utilization of 
information concerning  strength of preferences is presented  and the above mentioned  visual approach is 
described. Following an illustration example is used in order to provide the main features of the proposed 
approach.  Finally conclusions and the potential  exploitation of the proposed approach is presented in the 
last section.  

2. VISUAL TECHNIQUES FOR ACQUIRING STRENGTH OF PREFERENCES 

One of the crucial features of the UTA methods is the capability to lead to the estimation of an additive value 
model (preference model) based on a pre-ranking of the alternative actions of a limited reference set, instead 
of other MCDA methods which require rich preferential information by the DMs increasing the complexity. 
This pre-ranking can be easily and efficiently acquired by the DM's capturing the priorities of the DMs as far 
as their global preferences is concerned. The number of alternatives used into the reference set as well  as 
the representation of the decision space constitute a crucial points for the  effectiveness of the  D-A  
approach. Thus, the reference set ought to include enough alternative actions but not too many so as the DM 
to be able to express his/her preferences covering the different aspects of the total set of alternative actions. 
Quality of preference  information concerning how much more the DM prefers an alternative action ai from 
another action aj  ranked in a way that aj follows the ai  cannot easily expressed by the DM. It is more 
complicated to ask the DM to compare the alternative actions of the reference identifying the level or the 
degree he/she believes that an alternative is better from another. Strength of Preferences (SoP) concerning a 
pair of alternative actions can be acquires directly or indirectly. A qualitative scale can be used in the form of 
indifference, low preference, preference, strong preference and very strong preference. In this case it is 
difficult to translate this qualitative preference information to a quantitative scale. Also, a qualitative 
preference information doesn't mean the same  for every DM due to the subjectivities. The utilization of the  
pair wise comparison approach used in AHP (Saaty, 1980 ) with the 9 levels of prioritization and the 
assessment of the vector of priorities using the eigenvector technique comes with strong assumptions and 
inconsistencies (Costa and Vasnick, 2007) and cannot be used effectively  in cases which require a precise and 
consistent preference information related to the DM's SoP. Preference information  can be also acquired 
through the MultiAttribute Utility Theory techniques (Keeney and Raifa, 1976)  but the demanding of the 
interactive approaches   increases the complexity of the dialogues between the DM and the Decision Analyst.  
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The main issue of the proposed approach is to identify the index Z where U(ai) = Z x U(aj) expressing how 
much the DM prefers ai from aj ranked in k and k+1 positions correspondently. There are two main issues 
concerning this pair wise comparison of two alternatives: a) The DM cannot give you an exact value. It is 
more easy for them to give you a value range.  b) The DM can more easily interact through a visualization 
process,  expressing how much he believes that an alternative action is better than the other.  The above two 
issues lead to the incorporation of the following in our effort to utilize SoP  in the implementation of D-A 
approaches: 
a) The DM is asked to give a value range as far as the Z index is concerned (ZminҖ ½r Җ ½max) which is 
translated to the following two conditions    Ua ς ZminUb җ л and    Ua ς ZmaxUb Җ л. So, it is asked to give a   
magnitude of his/her SoP for every pair of successive alternative actions of the reference set sorted by the 
pre-ranking.  
b) The utilization of visual techniques providing  and easy and comprehensive way for the DM to express 
his/her SoP for every successive pair of alternative actions of the sorted by the ranking reference set. 
Actually, using scrollbars the DM can visualize through  bar diagrames and finally  identify  the magnitude of 
the difference in total values that he/she believes there is between the two alternative actions(Fiigure 1) 
 

Figure 1 Visual technique for identifying the range of strength of preferences for a pair of successive alternative actions of 
the sorted reference set 

 
 
 

The ranges of the Zi indices can enrich the conditions of the linear program  while  every condition concerning 
only priorities of preferences coming by the ranking is now replaces by two ones comming from the 
minimium and maximum values of the range values of the Z index. The modification of the linear programm 
for the assessment of the additive value model is described  by the following formulas. 

Alternatives ai are re-arranged so as aiPai+1 or ai I ai+1.(see Jacquet-Lagreze and Siskos, 1982 or Siskos, 1980).  

   

                                k  
[min]F,  F Ґ ʅ(ˋ+(aiύ Ҍ ˋ

-(ai))  

                              
i=1  

s.t. 
 If  am P am+1  

   n                                                                                            n   
 ʅpiui[gi(am)]+ ̀ +(am) - ̀ -(am) ς Zminm[ʅpiui[gi(am+1)]+ ̀ +(am+1) - ̀

-(am+1ύϐ җ л r  
 i=1                                                                                        i=1  

  n                                                                                               n   
 ʅpiui[gi(am)]+ ̀

+
(am) - ̀

-
(am) - Zrmaxm [ʅpiui[gi(am+1)]+ ̀

+
(am+1) - ̀

-
(am+1)] Җ 0  

i=1                                                                                            i=1  
If am I am+1  

 n                                                                      n  
ʅpiui[gi(am)] + ̀ +(am) - ̀ -(am) - [ʅpiui[gi(am+1)] + ̀ +(am+1) - ̀

-(am+1)]=0  
i=1                                                                 i=1  
for m=1 , 2, ..., k-1 
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 n 
 ʅpi = 1, pi  җ лΣ  CƻǊ ƛҐмΣ нΣΦΦΦΣ ƴΣ  
 
i=1

 
ˋ+(ajύ җ лΣ   ˋ-(ajύ җ лΣ    for  j = 1,2, ..., k  
 

Also, the same modifications are embedded in the post optimality analysis where 2n Linear programs are 
solved and the weights of every criterion pi is maximized and minimized with one more condition concerning 
the summation of the over-under-estimation errors. 

3. ILLUSTRATION EXAMPLE 

For the illustration of the method a real world  example will be used concerning a  previous published  
research work  for the job evaluation (Spyridakos et al, 1999). In this case the  UTA II method and the system 
MIIDAS (Siskos et al, 1999) was used. In the original case study a reference set of 13 alternatives was used 
from the total set of 26 alternatives actions evaluated into 6 criteria and concludes to the estimation of an 
additive value preference models with quite high ASi Index equal to 0,85. For the illustration of the proposed 
approach 6 alternatives of the reference were selected  of the original reference and the same ranking was 
used. Also, the same marginal values with the original case were used.  Table 1 includes the alternatives 
action of the limited reference, the ranking and the evaluation of the alternatives on the family  of the 
criteria. 
 

Table 2 Reference Set 

Alternative Actions RANKING cr1 cr2 cr3 cr4 cr5 cr6 

p-3 1 15 1 5 5 3 4 

p-7 2 17 2 5 3 5 5 

p-22 3 16 2 3 5 4 4 

p-10 4 16 3 4 3 3 5 

p-18 5 14 1 3 4 4 4 

p-19 6 13 3 2 2 2 2 

The pair wise comparison of the 5 pairs of the  successive alternatives of the reference provides the following 
ranges for the Z indices  which are presented in Table 2.  

Table 2 Value ranges of the Z indices expressing the SoP 

Pairs of Successive Alt. Actions Zmin  Zmax  

p-3 , p-7 1,15 1,2 

p-7 , p22 1,25 1,3 

p-22 , p-10 1,3 1,4 

p-10, p-18 1,1 1,25 

p-18, p-19 2,1 2,9 

The adaptation  of the UTA II linear Programme was  used for the estimation of the additive value model and 
the post optimality analysis. The minimum, maximum and the barycenter of the weights of the criteria 
estimated by the post optimality analysis  are presented in table 3.   Also in table 4 the same results 
concerning the weights of the criteria are presented using only the ranking of the six alternatives of the 
reference set.   

Table 3 Minimum - Maximum - Barycenter of the estimated weights utilising the SoP into L.P. 
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  cr1 cr2 cr3 cr4 cr5 cr6 

BaryCneter 0,075993 0,074528 0,406023 0,294351 0,139063 0,010043 

Min 0,000000 0,000000 0,350237 0,268765 0,103751 0,000000 

Max 0,169559 0,207470 0,465382 0,313665 0,173528 0,038799 

 

Table 4 Minimum - Maximum - Barycenter of the estimated weights using only the Ranking. 

 
cr1 cr2 cr3 cr4 cr5 cr6 

Barycenter 0,128534 0,128336 0,315520 0,238845 0,094883 0,093882 
Min 0,000000 0,000000 0,028807 0,137466 0,000000 0,000000 
Max 0,664687 0,602563 0,719275 0,480992 0,309132 0,729244 
 

The examination of the above estimated preference models shows the utilsation of the proposed approach. 
First the ASI index for the preference model estimated using Sop is 0,8909 wjhile for preference model 
estimated using only ranking is 0,47. Also, this robustness is higher from the orginal case where 13 
alternatives were used in the reference set utilising only ranking. Also, using visual techniques and ranges of 
values for the identification of the Z indices expressing the SoP were quite easy to be acquired by the DM 
providing flexibility withoout the need to use well populted reference set.  

4. CONCLUSIONS 

The proposed methodological approach for the acquisition of  DM's SoPs and utilisation n UTA methods has 
advantages and disadvantages. The main advantages is that this approach can be used  in cases with 
limitation to the numbers of alternative actions in the reference set and the capability to lead to additive 
value models with higher robustness. The disadvantages are related to the complexity raised in cases with a 
large numbers of alternatives into the reference. The use of the indices Z make difficult and tiring to interact 
with the DM and arguments can be emerged concerning the quality and the precision of the preferential 
information acquired. 
 
The prosposed method can be used: a) for the direct assessment of the additive value models in cases with 
limitations to the number of alternatives used into the reference set and b) in cases where the estimated 
additive value models presents low robustness. In the latter case this approach can be used  as a new 
feedback for the increasement of the robustness. Using the SoP in some of the pairs  of allternatives can 
enrich the Linear Programme and so to lead to preference models of higher robustness.  
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Abstract 

Single wagonload transport is one of the essential components of rail freight transportation system. However, on many 
European railways single wagonload transport faces with profitability and quality issues and has difficulties to keep pace 
with changing market requirements. This paper considers cooperative single wagonload transport planning between rail 
freight operators in different and interconnected service networks. Cooperative planning approach is based on 
Distributed Model Predictive Control (DMPC) for managing the freight wagon flows by a number of rail freight operators 
in their subnetworks in order to minimize the total freight wagon management cost. Augmented Lagrangian formulation 
of the planning problem is decomposed into sub problems cooperatively solved by rail freight transport operators. A case 
study illustrates the potential of the proposed cooperative planning approach. 

KEYWORDS 

Single wagonload transport, railway, distributed model predictive control 

1. INTRODUCTION 

Single wagonload (SWL) transport represents very complex railway market segment where a number of 
different factors confluence making the SWL service more or less competitive. Besides some less controllable 
factors like the decrease of transport volumes on relevant markets or imperfect regulative policy, poor 
utilization of freight wagons represents one of the most important controllable factors which leads to low 
service quality - low reliability and flexibility, high lead time and cost of the service and consequently to low 
customer satisfaction. Developing and full utilization of IT supported rail freight wagon management 
approaches may change this situation and significantly improve the current status of SWL service.  
A number of approaches for freight wagon management has been proposed in previous period. Dejax and 
Crainic (1987), Cordeau et al. (1998) and Milenkovic et al. (2015) made an extensive assessment of 
optimization techniques for rail freight wagon management problem. In this paper the rail freight wagon 
allocation problem is solved by applying the distributed model predictive control. The overall optimization 
problem is divided into subproblems which consider the freight wagon allocation decisions on their own 
territory. Each decision making unit or controller solves its own local problem using the model covering only 
its part of railway network. Local problems are solved using the model predictive control (MPC). These 
regional decision making units or controllers are mutually connected by interconnecting links - railway lines 
on which the empty and loaded freight wagon flows between regions are interchanged. That means that the 
local problems are not isolated but depend on the solution of the MPC problem of the surrounding 
controllers.  For the purpose of cooperative distributed model predictive control solving the Augmented 
Lagrangian relaxation method is applied. Each of the problems considers homogeneous freight wagon fleet. 
The demand is considered to be deterministic. The paper is organized as follows. The second chapter contains 
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detailed problem description, model formulation and solution mechanism. Numerical experiments in third 
chapter contain validation of proposed approach. The fourth chapter is devoted to concluding remarks.  

2. DISTRIBUTED MODEL PREDICTIVE CONTROL APPROACH FOR SINGLE 
WAGONLOAD TRANSPORT PLANNING  

Freight wagon system represents a large scale system composed from a number of interacting subsystems. 
More specifically, railway network is divided on regions and each region can be further divided into districts. 
Freight wagon flows are managed by local agents (controllers) responsible for efficient freight wagon 
management. Despite the development of operations research and high speed computers it can be difficult 
to control these subsystems with a centralized control structure. Besides computational complexity, there are 
also issues related to reliability of data exchanged and communication limitations. On the other side, in 
completely decentralized control there is a problem of control and lack of interaction leading to suboptimal 
freight wagon control actions. Solution in this case may represent a cooperative distributed control where 
local agents (controllers) optimize flows on their subnetworks having some knowledge on the freight wagon 
flows from other subsystems. This solution is also aligned with cooperative strategies for improving the SWL 
market segment on EU railway market.  

2.1 Problem description 

Cooperative freight wagon planning can be established between a set of railway operators subN  in a railway 

transport network ( , )M N L , where 
=

=
1,..., sub

s
s N

N N  and 
=

=
1,..., sub

s
s N

L L  represent all stations and railway lines on 

considered rail network.  Every railway operator controls freight flows on its subnetwork which does not 

contain common nodes and links with any other subnetwork, =Ås kN N , =Ås kL L ," =, 1,..., subs k N  . 

Railway subnetworks mutually interact through interconnecting lines. Railway operator s  plans freight 
wagon flows on subnetwork s by solving the optimal freight wagon allocation problem over Pperiods of the 
planning horizon:  

-
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subject to system dynamics and planning constraints:  

+ = + +F = -( 1) ( ) ( ) ( ) ( ),   0,1,..., 1s s s s s s sX n F n X n G U n d n n P                                                                                        (2) 

¢( )s s sD X n K                                                                                                                                                                       (3) 

²( ), ( )s sX n U n O                                                                                                                                                                 (4) 

Objective functional and constraints are derived from linear discrete time rail freight wagon fleet sizing and 
allocation model developed by Milenkovic et al. (2015). Objective functional (1) minimizes quadratic costs of 
owning and distributing empty and loaded freight wagons on a considered subnetwork. First term represents 
the cost of freight wagon system for the last period Pand the second is the sum of costs over -1P periods of 
planning horizon. Constraint (2) represents dynamic model of the system. It incorporates following state and 
unmet demand relations: 
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+ = + + - +( 1) ( ) ( 1) ( 1)ijs ijs ijs ijsV n V n D n F n                                                                                                                      (2.2) 

Relations (2.1) are conservation of flow constraints for freight wagons at each station in each time period 
which include the effects of travel times for wagon movements through the q andaterms. Relations (2.2) 
ensure that all demand is accounted for. Station capacity constraints limit the number of freight wagons in 
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each station (3). For each period = -0,1,..., 1n P  control actions and system state are assumed to be 

nonnegative (4).  

2.2 Cooperative model predictive control for freight wagon flow planning 

Every railway operator employs model predictive control to determine which actions to take. Optimal actions 
for each subnetwork are determined over a prediction horizon of P  time steps according to objective 
functional subject to a model of the subsystem as well as behavior of the surrounding railway systems and 
additional constraints. Therefore, the cooperative freight wagon planning can be formulated as following 
cooperative model predictive control problem:  

=

+ä
1

min ( ( 1), ( ), ( ))
subN

s s s s
s

J X n U n d n                                                                                                                                      (5) 

for =1,..., subs N subject to 

+ + = + + + +F + = -( 1) ( ) ( ) ( ) ( ),   i 0,1,..., 1s s s s s s sX n i F n X n i G U n i d n i P                                                                     (6) 

¢( )s s sD X n K                                                                                                                                                                      (7) 

²( ), ( )s sX n U n O                                                                                                                                                                (8) 

=, ( ) ( ) ( )in s in sv n K s U n                                                                                                                                                          (9) 

=, ( ) ( ) ( )out s out sv n K s U n                                                                                                                                                    (10) 

= " Í, , , ,( ) ( ), nei
in k s out s k sv n v n k N                                                                                                                                        (11) 

Objective functional (5) integrates total costs of owning and distributing empty and loaded freight wagons 
over the entire cooperative freight wagon network. Equation (6) represents the dynamics of subnetwork s . 

Inequality (7) is a station capacity constraint within each subnetwork s . sD  and ( )sK n represent matrices 

that contain lengths of freight wagons and capacity of each station for whole prediction horizon P . Network 

state and control vectors over the prediction horizon are denoted as = +( ) [ ( ),..., ( )]Ts s sX n X n X n P and 

= + -( ) [ ( ),..., ( 1)]Ts s sU n U n U n P respectively. Non negativity of state and control actions is stated in constraints 

(8). Constraints (9) and (10) represent input and output loaded and empty freight wagon flows on 
interconnecting railway links in the model predictive control problem of operators . Input and output loaded 

and empty freight wagon flows on interconnecting lines for subnetwork of operator swith respect to 

operator Í nei
sk N in the prediction horizon Pare represented as = + -, , ,( ) [ ( ),..., ( 1)]Tin s in s in sV n V n V n P and 

= + -, , ,( ) [ ( ),..., ( 1)]Tout s out s out sV n V n V n P respectively. ( )inK s and ( )outK s represent zero-one matrices aimed to 

select input and output empty and loaded freight wagon flows on interconnecting links between neighboring 
subnetworks for the prediction horizon. Constraints (11) represent interconnecting constraints between 
freight wagon flows that enter or leave subnetwork s from or to its neighboring subnetwork k .  

2.3 Distributed model predictive freight wagon flow control   

Coupling constraints (11) are related to neighboring subnetworks and thus prevent independent problem 
solving by the operators. Therefore, the solution of MPC problem for one network depends on the solution of 
the MPC problem of surrounding MPC controllers. That means that MPC problems of the controllers have to 
be solved in a cooperative way by enabling communication between railway operators. Solution scheme for 
this problem is obtained by parallel augmented Lagrangian relaxation algorithm which represents a 
combination of augmented Lagrangian formulation and auxiliary problem principle (Li et al., 2016). In the first 
step interconnecting constraints are relaxed and added to the objective functionals of different controllers: 

   , , , ,int , , ,
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min ( ( 1), ( ), ( )) ( ( ), ( ), ( ))
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int ,er kJ is the cost associated with coordination between controllers s  and k : 
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Where , , ( )in k s nl and q represent Lagrangian multipliers related to interconnecting constraints and the penalty 

parameter. However, this formulation contains non-separable quadratic term involving the difference 

between input , , ( )in k sv n and output , , ( )out s kv n empty and loaded rail freight wagon flows between subnetworks. 

For this purpose parallel DMPC scheme based on auxiliary problem principle for decoupling quadratic terms 
in augmented Lagrangian is applied.  Auxiliary problem principle enables simultaneous solving a sequence of 
auxiliary problems by all operators. Operators solve problem (12) using the following additional objective 
functional term for interconnecting constraints: 

22

, , , ,, , , ,

, , , ,int , , ,

, ,, , , , , ,
2 2

( )( ) ( )
( )( ( ) )

2 2 ( )( ) ( )

in k s in s kin s k out k sT
in k s out s ker k in k s

out k sout s k in k s out k s

v v nv n v n
J n v n v

v v nv n v n

q u q
l

è øè ø -- -
é ùé ù= - + +
é ùé ù --ê ú ê ú

                               (14) 

nrepresents positive scalar.  
Distributed MPC algorithm can be summarized as follows: 

1. For time intervaln , every operator s  assess current state of the rail freight wagon subsystem 

( )sx n and estimates the expected disturbance ( )sd n  for 0,..., 1n P= -.  

2. Initialization phase includes setting the iteration counter  to 1 and initializing Lagrange multipliers, 

control actions and interconnecting variables.  
3. Iteration process includes simultaneous optimization of local MPC problem (12) subject to 

subnetwork dynamics and planning constraints (6)-(11). Adjacent controllers send 
1

, , ( )in k sv n
+

 and 
1

, , ( )out k sv n
+

receive 
1

, , ( )in s kv n
+

 and 
1

, , ( )out s kv n
+

. 

4. Operators update Lagrange multipliers using following expression: 

         l l d
+ +

+ = + -
1 11
, , , ,, , , , ( ( ) ( ))in k s out s kin k s in k s v n v n  

5. The distributed MPC iterations terminate when 1
, , , ,in k s in k sl l e+

¤
- ¢, whereeis a specified tolerance 

and 
¤
Ö denotes the infinity norm.  

6. The output: 1
, , , , , ,, ( ), ( ), , 1,..., , nei

in k s out k ss in k s sub su v n v n s N k Nl+ = Í . Controllers implement freight wagon 

actions until the beginning of the next planning period.  
7. The next time period is started.  

3. NUMERICAL EXAMPLE 

This section describes an application of proposed cooperative freight wagon planning model. On a considered 
railway network three operators cooperatively manage freight wagon allocation problem. Railway network 
consists of ten railway nodes that belong to three subnetworks in each of which a railway undertaking (RU) or 
railway operator (RO) manages railway freight transport services (Figure 1.).  
 

Figure 1 Railway network 
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Rail freight operations are performed by one freight wagon type. The planning horizon is composed from  

4P=  days where each day represents one decision period.  
Centralized planning involves a QP optimization problem given by objective functional (5) and linear dynamic 
constraints (6)-(8) which is solved using the interior-point-convex algorithm (MathWorks Inc., 2012). In the 
next phase we applied DMPC approach for cooperative freight wagon planning. Experiments are performed 
ǿƛǘƘ ŀ ƭŀǇǘƻǇ ŎƻƳǇǳǘŜǊ ǿƛǘƘ ŀƴ LƴǘŜƭϯ /ƻǊŜ ƛт-5600 CPU with 2.60 GHz and 8GB RAM.  
The total freight wagon planning cost obtained on centralized level is 7.03x106. Proposed distributed MPC 
approach obtains the same total delivery cost. Required fleet of freight wagons is 412. However, DMPC 
approach differs from centralized in terms of communication cost and computation time. The total number of 
iterations and total communication cost per period in planning horizon are given in next table (Table 1).  

Table 1 Distribution costs, communication costs and computational time of DMPC approach 

DMPC 

Cost of loading and empty  
freight wagon allocation  

Period 

Total communication cost  
per period 

Computation 
time  
(min) per period Niteration Iiteration 

Jcost 

(floats) Operator 1 2.63 x 106 

Operator 2 2.39 x 106 1 13322 256 3.41 x 106 36.50 

Operator 3 2.01 x 106 2 4524 256 1.15 x 106 9.03 

Total 7.03 x  106 3 9974 256 2.55 x 106 20.59 

 

In order to illustrate the cooperative process of the distributed freight wagon model predictive control we 
present the evolution of the differences between interconnecting variables. These variables denote empty 
and loaded freight wagon flows between subnetworks 1 and 2 in the first planning period. Figure 2 shows the 

evolution of the differences between the output interconnecting variable of operator 1,  +,2,1( )l
outv m n and the 

corresponding input interconnecting variable of operator 2, +,1,2( )l
inv m n , for period  =1m  over a prediction 

period = -1,..., 1n P . Figure 3 presents the evolution of Lagrangian multipliers associated with 

interconnecting variables +,1,2( )l
inv m n  and +,2,1( )l

outv m n  for time interval =1m . Maximum allowed 

computation time for operators is 60 min. Cooperation parameters are q=0.9  , n q=2  and d q=5  The 

iteration stopping threshold is e -= 310  .  
 

Figure 2 Evolution of the differences in interconnecting loaded flows between railway operator 1 and operator 2  

 

 

Figure 3 Evolution of Lagrange multipliers (loaded flows) for operator 1 for time interval =1m over the whole prediction 

period = -1,..., 1n P  
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The control actions as well as the unmet demand are the same as control actions from centralized approach 
(Table 2).  

Table 2 Control actions and unmet demand  

 
 
Route  

Period 1 Period 2 Period 3 

Loaded  
flows  

(1)ijF
  

Empty  
flows 

(1)ijE
 

Unmet  
demand 

(1)ijU
 

Loaded  
flows 

(2)ijF
 

Empty  
flows 

(2)ijE
 

Unmet  
demand 

(2)ijU
 

Loaded  
flows 

(3)ijF
 

Empty  
flows 

(3)ijE
 

Unmet  
demand 

(3)ijU
 

1-2 17.54 8.45 7.85 17.56 4.58 7.48 16.60 3.39 0.49 

1-3 19.09 8.37 10.31 19.20 4.06 10.29 17.92 3.24 0.00 

2-1 16.74 10.83 4.19 15.68 6.98 3.12 14.65 6.91 2.30 

2-4 14.18 8.72 6.01 12.78 4.30 3.45 11.06 3.89 2.01 

3-1 16.59 10.10 6.81 13.63 7.37 0.00 11.43 7.13 4.41 

3-4 18.83 10.12 6.56 16.19 5.86 6.19 15.07 5.22 0.97 

4-2 14.37 3.65 6.12 16.02 5.14 8.83 18.38 6.23 1.33 

4-3 13.83 4.37 8.18 16.27 5.84 3.88 12.06 7.59 0.00 

4-5 16.97 5.33 3.53 12.09 0.78 9.17 6.70 0.56 17.36 

5-4 19.24 9.20 3.91 14.30 1.37 8.97 9.69 0.97 11.25 

5-6 20.83 5.33 5.51 20.13 4.16 5.56 15.84 5.01 0.00 

5-7 15.52 5.61 2.48 13.76 4.19 0.52 13.21 3.07 2.22 

6-5 23.27 10.12 0.00 13.03 4.80 0.00 10.02 7.59 0.00 

6-7 24.72 4.79 0.54 15.31 0.04 0.27 14.28 1.38 0.00 

7-5 23.90 6.90 0.00 10.67 0.67 0.00 14.78 0.78 0.00 

7-6 26.60 4.60 0.00 11.44 0.45 0.00 10.52 0.52 0.00 

7-8 16.70 8.00 0.75 16.08 1.84 0.00 12.39 0.89 0.00 

8-7 20.17 8.38 0.74 11.30 0.90 0.33 7.22 0.36 4.47 

8-9 16.00 5.41 1.93 11.65 0.98 2.64 13.38 2.62 2.83 

8-10 18.03 5.54 1.89 14.25 0.44 6.00 16.58 0.83 0.00 

9-8 19.03 4.66 6.50 15.64 0.81 2.67 12.73 0.82 3.76 

9-10 15.90 13.17 0.00 10.98 5.32 9.61 13.57 1.59 11.66 

10-8 15.68 5.11 3.92 11.99 1.23 3.15 11.41 1.41 3.50 

10-9 15.52 4.98 5.18 14.21 3.41 3.88 13.39 3.65 1.06 

4. CONCLUSIONS 

Efficient utilization of freight wagons contributes to decreased costs through improved utilization of trains, 
lower rail freight wagon fleet required and increased customer satisfaction through shorter transport times. 
In this paper we proposed a cooperative distributed model predictive control approach of a linear, dynamic, 
discrete time rail freight wagon fleet system which consists of coupled subsystems. Each of the cooperating 
controllers minimizes a quadratic objective functional subject to state, control and station capacity 
constraints. For the cooperative freight wagon planning problem considered it is concluded that the proposed 
approach attains the same cooperative performances as that of the centralized decision making. Proposed 
approach is also aligned with actual EU initiatives for recovering the single wagonload market segment.   
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Abstract 

This paper presents a methodology for classifying the literature of the Vehicle Routing Problem (VRP) for urban freight 
transportation and a review of the latest bibliography. The fact that the variants of the VRP have grown and similarly have 
their practices and applications, made the VRP popular in the academic literature. Hence, the number of articles 
published, is constantly increasing and it is difficult to monitor developments. In this paper, after considering existing 
research papers, a review from Scopus scientific ŘŀǘŀōŀǎŜ ƛǎ ǇǊŜǎŜƴǘŜŘΦ ¢ƘŜ ǘŀȄƻƴƻƳȅ ƻŦ ǘƘŜ ƭŀǎǘ ŘŜŎŀŘŜΩǎ ƭƛǘŜǊŀǘǳǊŜ ƻŦ 
the VRP for urban freight transportation is given and critical insights are discussed. After the categorization of the articles, 
the trends of the VRP for urban freight transportation are featured and analyzed. This knowledge and analysis will be 
used in a research project in order to support through an algorithms approach, the functionality of a vehicle routing and 
scheduling information system, and lead to an operational solution. 

KEYWORDS 

Vehicle Routing Problem, Urban Freight Transportation, Literature Review 

1. INTRODUCTION 

Clarke and Wright (1964) [1] ƎŜƴŜǊŀƭƛȊŜŘ ǘƘŜ ά¢ǊǳŎƪ 5ƛǎǇŀǘŎƘƛƴƎ tǊƻōƭŜƳέΣ ǿƘƛŎƘ ǿŀǎ ƛƴǘǊƻŘǳŎŜŘ ōȅ 5ŀƴǘȊƛƎ 
and Ramser (1959) [2]Σ ǘƻ ǘƘŜ ά±ŜƘƛŎƭŜ wƻǳǘƛƴƎ tǊƻōƭŜƳέ ό±wtύΦ Lǘ ƛǎ ǎǘƛƭƭ ŜƴŎƻǳƴǘŜǊŜŘ ƛƴ ƻǳǊ ŘŀȅǎΣ Ƴŀƛƴƭȅ ƛƴ 
the domain of logistics and transport and it is one of the most widely studied topics in the field of Operational 
Research. In the VRP, m vehicles, with identical capacities (Q), initially located at a central depot, are to 
deliver discrete quantities of goods to n customers, which are geographically diffused around the central 
depot. Concurrently, the aim of the VRP, beyond serving customers, is to minimize the travelled distance. 
Due to the difficulty the VRP presents and because of its practical applications, many models have been 
created for solving the problem and many variants of the basic VRP have been compiled, with different 
parameters, leading to a different structure of the basic VRP. Firstly, the classical VRP is equivalent to the 
Capacitated VRP (CVRP) in which, the capacity of the vehicle must not be exceeded [3]. However, there is 
another possibility, the vehicles do not have the same capacities which leads to the Heterogeneous Fleet VRP 
(HVRP). 
Another important variant which was created a decade after the classical VRP (1969) was the Multi Depot 
VRP (MDVRP) in which, the company has several depots from which it can serve its customers, while the 
objective is still to service all customers and minimize the number of vehicles and distance travelled [4]. At 
the same period, the Stochastic VRP (SVRP) was created, where, the customers, the demand of each 
customer or service and travel times are random. 
In addition, in the VRP with Pick-up and Delivering (VRPPD), goods are transported, not only from the central 
depot to customers, but in the opposite direction too. Hence, in VRPPD it is necessary to take into account 
that the total delivery load and the total pickup load should both fit into the vehicle [5].  Furthermore, due to 

mailto:mc12040@central.ntua.gr
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the need for specific arrival time information and for better customer services, an extra restriction to the VRP 
was added, time windows. The VRP with Time Windows (VRPTW) is the same with the classical VRP but 
constrained by a time interval within which the customers have to be supplied [6]. 
Another variant worth mentioning is the Dynamic VRP (DVRP) in which customer requests, that are trips from 
an origin to a destination, appear dynamically [7] or when data and information regarding to the VRP such as 
travel time, change dynamically. Another significant variant which takes into account time, is the Time 
Dependent VRP (TDVRP) in which travel times change as time passes. The reason why this happens is due to 
traffic congestion. The factors which affect travel times are: (i) the location, and (ii) the time of the day [8].  
During the last decade, many researchers have tried, while solving the VRP, to minimize carbon (or fuel 
emissions) as carbon dioxide (CO2) emitted by trucks is the main greenhouse gas. In addition, the Green VRP 
has been strengthened due to the technical developments and the road traffic information which allows 
planning vehicle routes and schedules and taking time-varying speeds into account [9], [10]. In the same field 
belongs the Hybrid VRP where vehicles can work both electrically and with traditional fuel [11]. 
VRP has numerous practical applications in the industry. Solving the vehicle routing problem can assist 
ŎƻƳǇŀƴƛŜǎ ƛƴ ǊŜŘǳŎƛƴƎ ǘƘŜƛǊ ŎƻǎǘǎΣ ŀǎ ŀ ōƛƎ ǇŀǊǘ ƻŦ ŀ ǇǊƻŘǳŎǘΩǎ ǇǊƛŎŜ ƻǊƛƎƛƴŀǘŜǎ ŦǊƻƳ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴΦ 
Companies are trying to adopt VRP software solutions with appropriate algorithms in order to reduce 
transportation costs, mileages and time spent while increasing customer services. Maybe the most 
challenging issue for companies is urban transportation, as traffic congestion often hinders the delivery of 
products on time. The scope of the paper is to review and categorize research papers in the field of VRP for 
urban freight transportation and to provide a methodology for the analysis of the VRP research field and the 
categorization of the research papers. The results and methodology of the review can assist researchers in 
studying the research field, as well as practitioners in understanding the various aspects of the VRP in order 
to support the design of software solutions. 
In the remainder of this paper, we first record the papers which are related to the VRP for urban freight 
transportation through a specific research process in Section 2. Section 3, introduces the research 
ƳŜǘƘƻŘƻƭƻƎȅ ŦƻƭƭƻǿŜŘ ŀƴŘ ǇǊŜǎŜƴǘǎ ǘƘŜ ǎǳǊǾŜȅΩǎ Ƴŀƛƴ ǘƻǇƛŎǎ ŀƴŘ ǎƻƳŜ ƴǳƳŜǊƛŎŀƭ ǊŜǎǳƭǘǎΦ Lƴ ǎŜŎǘƛƻƴ пΣ ǿŜ 
feature the trends of the VRP since the present paper will be used as an analysis for a research project of a 
Vehicle Routing and Scheduling Information System. 

2. RESEARCH PROCESS 

The current paper followed a systematic literature review adopted from the work of [12], [13], [14] . After the 
need for a review is identified, a research protocol is appointed, selection and de-selection criteria defined, 
and then papers assessed and outcomes composed. It aims at an efficient and well recorded coverage which 
will include only necessary variants and may lead to potential developments and applications. 
The Scopus database was used for an advanced search in accordance with Table 1. The aim of the present 
paper is to identify papers relevant to the VRP for urban freight transportation which will be analyzed for 
ŦŜŀǘǳǊƛƴƎ ǘƘŜ ƭŀǎǘ ŘŜŎŀŘŜΩǎ ǘǊŜƴŘǎΦ 9ǾŜǊȅ ǇŀǇŜǊ ǿƛƭƭ ōŜ ǎǘǳŘƛŜŘ ǘƘƻǊƻǳƎƘƭȅ ƛƴ ƻǊŘŜǊ ǘƻ ŀŎƘƛŜǾŜ ǘƘŜ ǊƛƎƘǘ 
categorization which will lead to an established statistical analysis. 

 

Table 3 Research Protocol 

Research  
protocol 
 

¢ƛǘƭŜΥ ǎŜǘ ƻŦ ά±ŜƘƛŎƭŜ wƻǳǘƛƴƎ tǊƻōƭŜƳέ ƻǊ ά±wtέ 
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Research  
variable 
Databases 
 
Publication  
type 
Language 
Data range 
 
Search fields 
Search terms 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Deselection  
Criteria:  
Relevance to  
the research 
problem 

Description 
Scopus: This is an international database, covering a wide range of peer-reviewed academic 
publications, estimated at 20.000. 
Peer-reviewed papers only: These represent work at a final stage of completion. 
English-only: This provides wide coverage, and there was no translation capacity 
The limits were set from 2006 till the first quarter of 2017, in order to include papers published  
at least in the last decade 
Search terms were applied to Titles, Abstracts and Keywords only 
(TITLE-ABS-KEY("Vehicle Routing Problem" or "VRP" or "Vehicle Routing") AND PUBYEAR > 
2006)  
AND ("urban freight transport*" OR "urban freight" OR "goods movement" OR "urban logistics"  
OR "city Logistics") AND ( LIMIT-TO ( SRCTYPE,"j " ) OR LIMIT-TO ( SRCTYPE,"k " ) OR LIMIT-TO ( 
SRCTYPE,"b " ) ) AND ( LIMIT-TO ( DOCTYPE,"ar " ) OR LIMIT-TO ( DOCTYPE,"ch " ) OR LIMIT-TO ( 
DOCTYPE,"re " ) OR LIMIT-TO ( DOCTYPE,"bk " ) ) AND ( LIMIT-TO ( SUBJAREA,"COMP " ) OR  
LIMIT-TO ( SUBJAREA,"ENGI " ) OR LIMIT-TO ( SUBJAREA,"DECI " ) OR LIMIT-TO ( SUBJAREA, 
"BUSI " ) ) AND ( LIMIT-TO ( LANGUAGE,"English " ) )  
¢ƘŜ ǇǊƛƳŀǊȅ ǎŜŀǊŎƘ ǘŜǊƳǎ ŀǊŜ ǘƘŜ ǇƘǊŀǎŜǎ ά±ŜƘƛŎƭŜ wƻǳǘƛƴƎ tǊƻōƭŜƳέΣ ά±wtέ ŀƴŘ ά±ŜƘƛŎƭŜ 
wƻǳǘƛƴƎέΦ !ŦǘŜǊ ǘƘŜ ŦƛǊǎǘ ǇƘŀǎŜΣ ǘƘŜ ǘŜǊƳǎ άǳǊōŀƴ ŦǊŜƛƎƘǘ ǘǊŀƴǎǇƻǊǘέΣ άƎƻƻŘǎ ƳƻǾŜƳŜƴǘέΣ άǳǊōŀƴ 
ƭƻƎƛǎǘƛŎǎέΣ άǳǊōŀƴ ŦǊŜƛƎƘǘέ ŀƴŘ άŎƛǘȅ ƭƻƎƛǎǘƛŎǎέ ŀǊŜ ŀŘŘŜŘΣ ŀƴŘ ǘƘŜ ǇŀǇŜǊǎ ŀǊŜ ƭƛƳƛǘŜŘ ǘƻ ǘƘƻǎŜ 
whose subject  
area is Computer Science, Engineering, Decision Sciences or Business Management, excluding 
Mathematics as the paper is focused in information systems and not to mathematical  
formulations. The former queries are applied to acclaimed document sources such as Article,  
Book Chapter or Review and their Source type limited to Journal, Book Series or Books. 
The deselection criterion is relevant to the research question. Some papers are clearly 
irrelevant  
based on the title or the abstract while others are also deemed irrelevant after a more 
thorough review, as they refer to waste collection, cash in transit, truck and trailer, battery 
swap stations, location routing, food distribution and parcels and documents. For the remaining 
papers, the full 
text was reviewed in order to achieve a detailed categorization. 

 
 

The full list of papers extracted from the Scopus database, applying the search terms of Table 1 can be found 
in the following link (178 papers): https://goo.gl/1eRBfw  
Following the described process 111 documents are selected and categorized according to the methodology 
proposed in the following section. This methodology produces a credible and essential data to an upcoming 
research project about VRP systems for urban freight transportation.  
The final list of papers presented in this literature review, after the application of deselection criteria of Table 
1 can be found in the following link (111 papers): https://goo.gl/yoVrKQ  

3. METHODOLOGY AND RESULTS 

The VRP is a largely analyzed problem, which finds significant application in urban freight transportation. The 
delivery of products from distribution centers to several drop points within the cities, face difficulties such as 
traffic congestion, which lead to delays in the scheduled routes of vehicles. Hence, companies are seeking for 
software and systems which can reduce or ideally eliminate the obstacles, and schedule reliable routes, 
taking simultaneously more than one parameters of the classical VRP into account. Besides software 
solutions, mainly research papers propose and develop algorithms for solving specific variants of the VRP, 
without offering complex solutions. The evaluation, primarily of software and secondarily of individual 
algorithms, is important to be implemented through case studies as they help in understanding real systems 
and taking reliable outcomes. 
Consequently, the conducted survey will be exhibited in 3 dimensions. The first dimension includes the 
various variants of the VRP, the second dimension consists of the algorithms used for the solution of the 
different variants of the VRP and the third dimension, the paper type.  
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Figure 1 Methodology for studying the VRP Research Field 
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The above three dimensions are appropriate for a systematic analysis of the research field of the VRP, in 
cases of applied projects for the design of specifications of VRP software, its development and 
implementation. Software solutions for VRP usually need adaptation and additional development in order to 
ƳŜŜǘ ŀ ǎǇŜŎƛŦƛŎ ŎƻƳǇŀƴȅΩǎ ƴŜŜŘǎΦ ¢ƘŜ ǇǊƻǇƻǎŜŘ ƳŜǘƘƻŘƻƭƻƎƛŎŀƭ ŀǇǇǊƻŀŎƘ ŀƴŘ ǘƘŜ ǊŜǎŜŀǊŎƘ ǊŜǎǳƭǘǎ Ŏŀn assist 
such projects in defining the VRP, selecting appropriate algorithms and assessing the suitability of applied 
methods in similar cases. The three dimensions of the methodological approach are described in the 
following sections.     

3.1 VRP Variants 

Firstly, besides the VRP variants presented in the introduction, which are the most common, there are few 
more that have not yet been presented. The Two-Echelon VRP, originating from the Multi-Echelon VRP, 
involves two levels of routing problems, as satellites are supplied from the depot and the customer demands 
are transported from satellites. This problem is similar to the VRP with Satellite Facilities (VRPSF) [15]. 
A VRP which is interesting, especially for city logistics, is the Multi-Trip (MTVRP), where each vehicle can go 
back to the depot, be reloaded and commence another trip, making several trips during the working day [16]. 
A very important variant which is close to the TDVRP is the Real-Time VRP where a re-optimization procedure 
runs in order for new routes to be identified, every time, travel time between a pair of nodes is updated [17]. 
Furthermore, Real-Time Traffic Data can be used to develop routing strategies that tend to minimize the time 
spent due to traffic congestion and consequently costs, while maximizing customer services [18].  
In the Periodic VRP (PVRP) a set of customers has to be visited on a given time horizon, once or several times 
[19]. In the Split Delivery VRP (SDVRP), the assumption that a customer must be visited by one vehicle only is 
relaxed and the objective is still to find the routes which minimize the cost [20].  Finally, the Open VRP differs 
from the classical VRP, as vehicles are not required to return to the depot after the end of the route [21].  

3.2 Solution Methods 

Many researchers have faced most of the presented VRP variants in search of a solution. The methods they 
propose are Heuristic, Metaheuristic, Exact and Simulation. Exact optimization methods may guarantee 
finding an optimal solution but due to the fact that the VRP is an NP Hard Problem only a few problems can 
be solved. On the contrary, heuristic and metaheuristic optimization methods may not guarantee that an 
optimal solution is found, but they provide an adequate solution that guides the search for the  immediate 
goals, in less time [22].  Simulation methods, use what-if analyses, for generating multiple scenarios, selecting 
the best one and using these in the main algorithms [12]. 

3.3 Paper Type 

Besides the VRP variants and the kind of methods researchers present, it is important to estimate the number 
of papers (i) conducting a literature review or survey which means broader theoretical knowledge, (ii) the 
papers proposing and developing algorithms or even these which describe or present another existing 
algorithm or any other solution, (iii) the papers which have computational results and test data and (iv) the 
papers which present or work on software and systems which is a focal point in our research. 
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3.4 Research Results 

According to the categorization of 111 papers, the CVRP proves to be the most common variant of the VRP, 
followed by the VRPTW. Many of the other VRP variants have lately been studied such as the Green and 
Hybrid VRP due to the need for minimization of carbon and fuel emissions or the TDVRP, the DVRP and the 
Real Time VRP, where new technologies offer better feasible solutions. In the research of [14], conducted for 
articles published till the middle of 2015, it is crucial to stress that the ɾɳ±wt ŀƴŘ ǘƘŜ ±wt{C ǿŜǊŜ ƴƻǘ 
included, but have since attracted research interest. Other VRP variants such as the VRPTW, the MDVRP, the 
SVRP and HVRP are producing similar results. 
 

Table 4 VRP Variant 

Variant Number of articles 
(Total = 111) 

Relative  
Percentage 

Capacitated VRP  
VRP with Time Windows 
Green and Hybrid VRP  
Time Dependent VRP  
Multi Echelon VRP and VRP with Satellite Facilities 
Multi-Depot VRP  
Stochastic VRP 
Dynamic VRP  
VRP with Heterogeneous Fleet 
Multi-trip VRP 
Real-Time VRP and VRP with Real-Time Data 
Pickup and Delivery VRP and VRP with Backhauls 
Periodic VRP 
Split Delivery VRP 
Open VRP 

47 
42 
27 
21 
15 
11 
10 
9 
9 
8 
8 
7 
3 
2 
1 

42.24% 
37.84% 
24.32% 
18.92% 
13.51% 
9.91% 
9.01% 
8.11% 
8.11% 
7.21% 
7.21% 
6.31% 
2.70% 
1.80% 
0.90% 

 
In Table 3, the proposed methods are presented, indicating that Heuristic and Metaheuristic algorithms are 
used more often to find optimal solutions. Exact methods are developed less often due to their 
computational complexity while simulation methods are also less common in the literature. It is a logical 
outcome that heuristic and metaheuristic methods are used more often than the rest of the methods, mainly 
because the VRP is an NP Hard Problem. It should be noted the sum of Relative Percentages does not equal 
100% due to the fact that many of the examined papers do not propose any solution but conduct a review or 
a survey.  
 

Table 5 Applied Methods 

Applied Method Number of articles 
(Total = 111) 

Relative  
Percentage 

Heuristic  
Metaheuristic  
Exact 
Simulation 

41 
30 
5 
5 

36.94% 
27.03% 
4.50% 
4.50% 

 
In Table 4, the correlation between VRP variants and solution methods are presented. It is obvious that the 
two most common VRP variants, CVRP and VRPTW, are solved primarily with heuristic methods and 
secondarily with metaheuristic methods. On the other hand, the TDVRP and the Green and Hybrid VRP, which 
have been studied mostly over the last decade, are more often solved with metaheuristic approaches. This 
means that a trend seems to be developing for the application of metaheuristic methods in solving the VRP. 
In regards the simulation method, it is used mainly in the calculation of travel times, which is an important 
parameter for solving most of the VRP variants. 
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Table 6 VRP Variants - Solution Methods 

Variant Heuristic Metaheuristic Exact Simulation 

Capacitated VRP  
VRP with Time Windows  
Green and Hybrid VRP  
Time Dependent VRP  
Two Echelon VRP and VRP with Satellite Facilities  
Multi-Depot VRP  
Stochastic VRP  
Dynamic VRP  
VRP with Heterogeneous Fleet 
Multi-trip VRP  
VRP with Real Time Traffic Data 
Pickup and Delivery VRP and VRP with Backhauls  
Periodic VRP  
Split Delivery VRP  
Open VRP 

20 
20 
5 
5 
8 
4 
3 
3 
3 
4 
2 
3 
2 
2 
0 

12 
11 
8 
6 
4 
4 
1 
0 
4 
2 
0 
3 
1 
1 
1 

3 
1 
0 
0 
2 
0 
0 
0 
0 
1 
0 
0 
1 
0 
0 

2 
3 
1 
0 
1 
1 
2 
0 
0 
1 
0 
0 
0 
1 
0 

 
Most papers deal with more than one variants of the VRP each time. Hence, when the author of each paper 
solves a specific VRP with multiple variants, we consider that the method applied, solves all these variants. 
That is the reason why in Table 4, the sum of each method differs from the data in Table 3.  
Table 5, indicates that most papers present Computational Results or Test Data due to the fact that a 
significant percentage of papers are relevant to Algorithms (whether they Propose/Develop or 
Present/Describe Algorithms), Case Studies and Real World Industrial Examples. Many Algorithms, and 
especially those who are proposed and developed, find application and tested in case studies, in order to be 
evaluated and draw conclusions from real problems. Furthermore, in many papers, time and traffic data of 
cities are received and are used in companies, in order to test and decide if the software and algorithm 
solutions they use are trustworthy. Literature Reviews or Surveys follow, as many researchers approach the 
VRP through a theoretical viewpoint. Finally, Software or Systems are rare, as few researches lead to such 
applications. 
 

Table 7 Paper Type 

Paper Type Number of articles 
(Total = 111) 

Relative  
Percentage 

Computational Results or Test Data 
Propose/ Develop Algorithm or Present/Describe Algorithm 
Case Study & Real World Industrial Examples 
Literature Review or Survey 
Software or System 

80 
59 
27 
22 
5 

72.07% 
53.15% 
24.32% 
19.82% 
4.50% 

4. CONCLUSION  

A considerable number of papers have been written about the VRP for urban freight transportation, analyzing 
many different variants of it. Accordingly, many methods have been proposed for solving all the VRP variants. 
However, few research projects for the VRP have led to the real-life application of Decision Support Systems 
(DSS) or other Management Systems (MS). The papers of [21], [22] and [23] refer to Vehicle MS and DSS that 
endorse logistics managers by monitoring the status of deliveries in real time and suggesting optimal re-
routing strategies whenever needed due to uncontrollable external events that cause perturbations in the 
schedule. The paper of [26] presents a model which evaluates software products through the Total 
Performance/Price criterion and  proposes the proper solution as the selection of these systems has become 
increasingly difficult for decision makers due to a large number of software products available and the great 
variety of features and capabilities they offer. There are systems which are based on GIS (Geographical 
Information Systems) such as the [27], which is also reporting the need for ITS (Intelligent Transportation 
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Systems), offering the confrontation of high costs and environmental impact which is important especially in 
urban areas. Due to the need for lower costs, lower carbon emissions and higher customer services, DSS and 
MS can lead to sufficient and feasible solutions. This paper presents the results of an extensive literature 
review of the VRP for urban freight transportation. This review offers a summary of the latest knowledge of 
this research field and it can enhance the adaptation of appropriate methods in software solutions for freight 
transportation in cities.  
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ǎŜƭŜŎǘƛƻƴ ƻŦ ǾŜƘƛŎƭŜ ǊƻǳǘƛƴƎ ǎƻŦǘǿŀǊŜ ŦƻǊ Ŏƛǘȅ ƭƻƎƛǎǘƛŎǎ ƻǇŜǊŀǘƛƻƴǎΣέ Oper. Res., vol. 12, no. 3, pp. 399ς420. 

[27] J.A. Sicilia-Montalvo, E. Larrode-Pellicer, B. Royo-Agustin and D. Escuin-CƛƴƻƭΣ нлмоΣ ά{ƳŀǊǘ ǎȅǎǘŜƳ ŦƻǊ ŦǊŜƛƎƘǘ 

ŘƛǎǘǊƛōǳǘƛƻƴ ǇƭŀƴƴƛƴƎΦ .ŀǎŜŘ ƻƴ ǾŀǊƛŀōƭŜ ƴŜƛƎƘōƻǳǊƘƻƻŘ ǎŜŀǊŎƘ ŀƴŘ ǘŀōǳ ǎŜŀǊŎƘ ƳŜǘŀƘŜǳǊƛǎǘƛŎǎΣέ Dyna, vol. 88, no. 4, pp. 

414ς423. 
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Abstract 

Wind farms siting can be considered as a Multi Criteria Decision Making problem that consists of set of alternative 
locations and set of selection criteria. As a result the implementation of multicriteria decision analysis frameworks to the 
spatial context can significantly support strategic spatial planning. Granted that the rapid increase of fossil fuels 
consumption resulted to the release of tremendous amounts of greenhouse gases and the rapid depletion of them, many 
countries as well as the European Union are implementing policy frameworks to support sustainable development. The 
use of renewable energy sources instead of the conventional ones is in the core of policy actions and consists a field of 
great priority nowadays. Due to integral role of renewable energy sources in future energy consumption much research 
emphasis has to put in enabling the implementation of these technologies. However, it is recognized that renewable 
energy resources are not fully environmentally safe granted that they are associated with a variety of environmental 
impacts. Recent experience highlights that as major disadvantage the fact that they are not available at every geographic 
location. Moreover their implementation is more favorable at remote locations that often are of high ecological value. 
Thus, identification of preferable locations for the establishment of renewable energy system is a decision-making 
problem that requires evaluation of the available land in relation with economic and environmental limitations. 
The paper at hand presents a framework that examines both criteria and the constraints implementation into the wind 
farms site suitability problem. Both criteria and constraints form an objectives tree through their classification into three 
main criteria categories which namely are: environmental, socio-economical and design considerations. At the first step 
absolute suitability analysis aims to identify candidate siting locations that satisfy all the examined constraints by 
performing Boolean operators. Then relative suitability analysis is implemented in order to rank efficient locations using 
suitability measures in GIS environment. The proposed analysis is presented throughout a real case study in Eastern 
Macedonia and Thrace region, while multicriteria evaluation is implemented using TOPSIS and VIKOR decision models.   

KEYWORDS 

Suitability Analysis, GIS, TOPSIS, VIKOR, Wind Farms 

1. INTRODUCTION 

Spatial planning is a complex issue in which the decision makers and planners often are not fully aware of 
the range of factors involved or the implications of each. Sometimes, it is not until after generating a 
proposed solution that unforeseen consequences become perceptible or evident and that a reconsideration 
of the proceǎǎ ǘƘŀǘ ƎŜƴŜǊŀǘŜŘ ǘƘƛǎ ǎƻƭǳǘƛƻƴ ōŜŎƻƳŜǎ ƴŜŎŜǎǎŀǊȅ ό{ƛƳńƻ Ŝǘ ŀƭΦΣ нллфύΦ DƛǾŜƴ ǘƘŀǘ ǿƛƴŘ Ǉƭŀƴǘǎ 
siting involves spatial implications, planners must design projects and plans that maintain an ecological 
equilibrium but nevertheless contribute to economic growth (Hansen, 2005). Moreover, the extensive spatial 
ŘƛŦŦǳǎƛƻƴ ƻŦ ǿƛƴŘ ŦŀǊƳ Ǉƭŀƴǘǎ ƛƴǘǊƻŘǳŎŜǎ ǘƘŜ ƴŜŜŘ ŦƻǊ ŜƴǎǳǊƛƴƎ ǎƻŎƛŀƭ ŀŎŎŜǇǘŀƴŎŜ ƻŦ ǘƘƛǎ ǘŜŎƘƴƻƭƻƎȅ όIǀŦŜǊ Ŝǘ 
al., 2016). Granted that wind farm site selection is the most important decision in the development of a wind 
farm it should be accomplished taking into account technical, environmental, and economical restrictions 
(Noorollahi et al., 2016). However, standard exclusion approaches using Boolean overlays are incapable of 
providing a scaling grade of suitability since all sites are considered equally suitable for the utilization of wind 
ŜƴŜǊƎȅ όIǀŦŜǊ Ŝǘ ŀƭΦΣ нлмсύΦ aǳƭǘƛ-Criteria Decision Analysis evaluation methods can provide tools for 
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analyzing the complex trade-offs between choice alternatives with different environmental and socio-
economic impacts (Hansen, 2005). When combined with Geographical Information Systems (GIS) MCDA 
enrich traditional geographical analysis with strategic planning capabilities for siting new wind plant facilities 
ό5ƻƳƝƴƎǳŜȊ & Amador, 2007). 

GIS are considered as appropriate IT-based tools that provide sufficient handling of spatial data and thus 
their use is necessary in planning and especially in supporting decisions aiming to define future land uses. 
Moreover they provide the basis for developing synergies with Operation Research and/or Management 
Science approaches to support spatially related decisions. In particular the combined performance of GIS and 
Multi-Attribute Decision Models (MADM) allows the expansion of GIS based tools to the consideration of 
decision criteria in land use planning. With respect to MC-SDSS implementation in planning wind energy 
exploitation projects and especially wind farms siting Vavatsikos & Karydakis (2016) shown that until 2001 a 
total of twenty two journal papers have been published. The fact that about 61% of those articles have been 
published since in the last six years illustrates that multicriteria GIS-based suitability analysis arise as a very 
interest research topic with respect to wind power projects. The paper at hand illustrates TOSIS and VIKOR 
decision models performance in GIS-based wind farms suitability analysis. 

2. TOPSIS AND VIKOR DECISION RULES 

2.1 TOPSIS 

Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) introduced by Hwang &Yoon 
(1981) consists a multicriteria decision analysis framework based on the concept that the chosen alternative 
should have the shortest distance from the ideal and the farthest from the negative-ideal solution. The 
positive ideal solution (PIS) maximizes the benefit attributes and minimizes the cost attributes, whereas the 
negative ideal solution (NIS) maximizes the cost attributes and minimizes the benefit attributes (Wang & 
Elhag, 2006). TOPSIS combines the Euclidean distances to both the ideal and the negative-ideal solutions 
simultaneously by taking the relative closeness to the ideal solution (Hwang & Yoon, 1981). TOPSIS 
implementation demands decision matrix formations that contains  alternatives ( ) under the 
consideration of  criteria ( ). The performance  denotes the performance of the  

alternative with respect to the criterion. To obtain consistent results the process transforms the various 
criteria dimensions into non-dimensional criteria, which allows comparison across the criteria. Such a 
normalization for ascend and descend criteria is presented in Equations 1 & 2. Then weighted normalized 
decision matrix is obtained using criterion weights elicitation approaches based on Equation 3. Ideal (A+) and 
anti-ideal (A-) solution are constructed by the maximum and minimum performances of the weighted 
normalized decision matrix (Eq. 4, 5), where J demotes the ascend criterion types and Jt̆he descend criterion 
types. The separation between each alternative can be measured by n-dimensional Euclidean distance. The 
separation of each alternative from the ideal one is then given by Equation (6), while separation from the 
negative -ideal one is ƎƛǾŜƴ ǊŜǎǇŜŎǘƛǾŜƭȅ ōȅ 9ǉǳŀǘƛƻƴ όтύΦ Cƛƴŀƭƭȅ ŀƭǘŜǊƴŀǘƛǾŜǎΩ ŀǊŜ ǊŀƴƪŜŘ ōŀǎŜŘ ƻƴ ǘƘŜ ǊŜƭŀǘƛǾŜ 
closeness to the ideal solution estimation (Eq.8). An alternative  is closer to  as  approaches to 1. 

 

 (1) 

 (2) 

 (3) 

 
(4) 

 
(5) 

 

(6) 
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(7) 

 (8) 

2.2 VIKOR 

In accordance with TOPSIS, VIKOR (VlseKriterijumska Optimizacija I Kompromisno Resenje) method was 
developed to solve MCDM problems with conflicting and incommensurable criteria, assuming that 
compromising is acceptable for conflict resolution, the decision maker wants a solution that is the closest to 
the ideal, and the alternatives are evaluated according to all established criteria. However, VIKOR introduces 
the concept of άǘƘŜ ƳŀƧƻǊƛǘȅ ƻŦ ŎǊƛǘŜǊƛŀέ ǿŜƛƎƘǘ ǎǘǊŀǘŜƎȅ ŘŜŦƛƴƛǘƛƻƴ όƻǊ άǘƘŜ ƳŀȄƛƳǳƳ ƎǊƻǳǇ ǳǘƛƭƛǘȅέύ ǘƘǊƻǳƎƘ 
the parameter  (Kackar, 1985; Opricovic, 1998). Relative closeness in VIKOR takes the form of Equation 9, 
where  is the utility measure (Eq. 10),  the regret measure (Eq. 11) and ,  are obtained using 

equations 12 and 13. 
 

 (9) 

 

(10) 

 (11) 

 
(12) 

 
(13) 

 
The best alternative, ranked by , is the one with the minimum value of . The main ranking result is the 

ŎƻƳǇǊƻƳƛǎŜ ǊŀƴƪƛƴƎ ƭƛǎǘ ƻŦ ŀƭǘŜǊƴŀǘƛǾŜǎΣ ŀƴŘ ǘƘŜ ŎƻƳǇǊƻƳƛǎŜ ǎƻƭǳǘƛƻƴ ǿƛǘƘ ǘƘŜ ΨΨŀŘǾŀƴǘŀƎŜ ǊŀǘŜέΦ ±LYhw ƛǎ ŀƴ 
effective tool in multi-criteria decision making, particularly in situations where the decision maker is not able, 
or does not know how to express his/her preference at the beginning of system design. The obtained 
ŎƻƳǇǊƻƳƛǎŜ ǎƻƭǳǘƛƻƴ ŎƻǳƭŘ ōŜ ŀŎŎŜǇǘŜŘ ōȅ ǘƘŜ ŘŜŎƛǎƛƻƴ ƳŀƪŜǊǎ ōŜŎŀǳǎŜ ƛǘ ǇǊƻǾƛŘŜǎ ŀ ƳŀȄƛƳǳƳ ΨΨƎǊƻǳǇ 
ǳǘƛƭƛǘȅέ όǊŜǇǊŜǎŜƴǘŜŘ ōȅ Ƴƛƴ {ύ ƻŦ ǘƘŜ ΨΨƳŀƧƻǊƛǘȅέΣ ŀƴŘ ŀ ƳƛƴƛƳǳƳ ƻŦ ǘƘŜ ΨΨƛƴŘƛǾƛŘǳŀƭ ǊŜƎǊŜǘέ όǊŜǇǊŜǎŜƴǘŜŘ ōȅ 
Ƴƛƴ wύ ƻŦ ǘƘŜ ΨΨƻǇǇƻƴŜƴǘέΦ ¢ƘŜ ŎƻƳǇǊƻƳƛǎŜ ǎƻƭǳǘƛƻƴǎ ŎƻǳƭŘ ōŜ ǘƘŜ ōŀǎƛǎ ŦƻǊ ƴŜƎƻǘƛŀǘƛƻƴǎΣ ƛƴǾƻƭǾƛƴƎ ǘƘŜ 
ŘŜŎƛǎƛƻƴ ƳŀƪŜǊΩǎ ǇǊŜŦŜǊŜƴŎŜ ōȅ ŎǊƛǘŜǊƛŀ ǿŜƛƎƘǘǎ όhǇǊƛŎƻǾƛŎ ŀƴŘ ¢ȊŜƴƎ нллтΤ ¢ƻƴƎ Ŝǘ ŀƭΦ нллтύΦ 

2.3 Modified VIKOR 

Although the VIKOR method is an effective tool for MCDM problems, some errors would occur in multi-
criteria optimization calculation. When the  criterion has no difference among alternatives, i.e., 

, error calculation will occur and and  cannot be determined by Equations 10 

and 11. When the utility measure or/and regret measure has no difference among alternatives, the 
traditional VIKOR method cannot determine  by Eq. (9). To overcome these drawbacks the selected criteria 

should be meaningful. If the criterion has no difference among alternatives, it is not suitable for regarding as 
a measure.  

The compromise solution by VIKOR is with high acceptance, because the priority-ranking of alternative by 
VIKOR is the closest to the optimal solution. However, the calculation by the traditional VIKOR method would 
bring fault and the VIKOR index  would be unavailable. These problems lower the value of the compromise 

ranking method. Chang (2010), proposed the modified VIKOR method to solve existing problems in the 
traditional VIKOR method. Because the modified VIKOR method has logic judgment, it can avoid numerical 
difficulties resulted from zero denominator. The modified VIKOR method still compares the alternatives 
according to the utility measure and regret measure. Thus, when the alternatives both have the same utility 
measure and regret measure, they will have the same priority ranking. Since the modified VIKOR index  

(Eq. 14) is valid index in any situations, any ranking results can be reasonably explained by the modified 
VIKOR method. 
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(14) 

3. CASE STUDY IMPLEMENTATION  

Modified VIKOR suitability analysis framework is illustrated through a wind farms suitability analysis case 
study in Thrace Region, which is located on the northeast part of Greece. Thrace is characterized by 
mountainous regions, a very high forest cover, while about 31% of its total area and environmentally 
protected areas by NATURA 2000. These different conditions entail distinct challenges and tasks for wind 
energy development. The developed multicriteria evaluation framework examines a variety of 
environmental, socioeconomic and technological (operational) criteria. Analysis criteria has been selected in 
accordance with the most recent literature and national legislation. The process aims to ensure proper 
operation of the wind farms and to reassure social objections. The decision model is implemented in five 
steps: (a) the exclusion of infeasible sites, (b) the selection of decision criteria, (c) the creation of the 
normalized maps, (d) the application of TOPSIS and VIKOR methodologies in the GIS environment and last (e) 
the derivation of the suitable area. The overall approach is basically a procedure that combines spatially 
referenced data into a decision map. Table 1 summarizes both constraints and criterion weights adopted, 
while attributes normalization is performed using linear utility functions with the consideration of 
indifference and strict preference thresholds.  

Constraints analysis allows feasible candidate locations identification. In order to ensure the quality of 
results buffer zones were set, i.e. minimum distances for the constraint criteria. In the next step of the 
analysis, decision criteria for finding optimal wind farm sites are defined. Decision Criteria are usually 
measured on a continuous scale and their aim is to enhance or detract the alternative locations. There are 
two types of factors: (a) benefit (ascend) criteria contributing positively to the site selection and (b) cost 
(descend) criteria contributing negatively to site selection (i.e. lower values are more preferable than higher 
ones). Then TOPSIS and VIKOR decision rules are performed in ArcGIS environment. The final step of the 
procedure is the generation of the suitable area maps. The suitable area is calculated by consolidating the 
exclusion area and the rated area in one map. Two different scenarios were generated in this study (a) an 
equal weighted model and (b) a weighted model, applied for both TOPIS and modified VIKOR methodologies.  

Table 1 Analysis criteria. 

Code Criteria /Layers Type Const. Prefer. q p W (%) 

 Environmental       
C100 Natura 2000 Net. DCC 1.000 m Ascend 1.000 max 5.61 
 Socioeconomic       
 Development Prospects in:       
 a/ Tourism       
C211 Archeological sites DCC 500 m, Ascend 500 5.000 1.41 
C212 Monasteries DCC 500 m Ascend 500 max 0.3 
C213 Coastline DCC 500 m Ascend 500 1.500 0.66 
C214 Inconsistent Land Uses DCC Exclusion Ascend min Max 0.26 
 b/ Industry & Mineral Exploit.       
C221 Industrial zones DCC Exclusion Ascend min Max 0.79 
C222 Mines DCC 500 m Ascend 500 Max 0.48 
 c/ Livestock Farming       
C231 Pastures DCC 200 m Ascend 200 Max 1.04 
 d/ Agriculture       
C241 High productivity areas DCC 200 m Ascend 200 500 1.35 
 Aesthetic Considerations       
C251 Settlements DCC 1.000 m Ascend 1.000 3.000 4.49 
C252 Primary road network DCC 500 m Ascend 500 Max 0.9 
 Design Considerations       
C311 Wind speed DCC 4 m/s Ascend 4 Max 64.13 
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C312 Sandy areas DCC 1.000 m Ascend 1.000 Max 1.69 
C313 Slopes DCC 30% Descend 30% Min 8.47 
 Floodplain Risk       
C321 Rivers DCC 150 m Ascend min 5.000 1.01 
C322 Lakes DCC 150 m Ascend min 5.000 1.01 
 Synergistic Utilities       
C331 Secondary Road network DCC <0.2 & >10 km Descend 10 0,2 2.38 
C332 Electricity grid: DCC <0.2 & >10 km Descend 10 0,2 1.65 
 Non-Synergistic Utilities       
C341 Trans Adriatic Pipeline DCC 300 m Ascend 300 500 0.3 
C342 Burgas ςAlex. Pipeline DCC 300 m Ascend 300 500 0.3 
C343 Natural Gas Trans. Network DCC 300 m Ascend 300 500 0.3 
C344 Antennas, Radar DCC 250 m Ascend 250 1.500 0.74 
C345 Distance from airports DCC 500 m Ascend 500 max 0.75 

DCC: Decision Criterion with Constraint P: Strict Preference threshold    
Q: Indifference Threshold W: Criterion Weight    

 
The final step, the ranking of is an important factor for the selection of the suitable area. The process 

proposed by the traditional VIKOR method requires the pairwise value control of alternatives in descending 
order. However, modified VIKOR distinguishes four logical cases, covering each possible scenario. The final 
classification is completed by running nested relationships (if). Fig. 1 shows the results of equal weighted and 
weighted model for the TOPSIS model. The weighted VIKOR model enables the software to present other 
classification cases. Thus, three scenarios in which the preference of the decision maker will be set by two 
different values. This variable is  and it will receive the values 0.5 (scenario 1), 0.25 (scenario 2) and 0.75 
(scenario 3). In the first scenario, the preference of the decision maker is the same for ideal and non-ideal 
alternatives. The second scenario wants the decision maker to prefer non-ideal values more than ideal and in 
the third scenario applies the opposite. It has to be noted that all three of the scenarios are weighted models. 

4. CONCLUSIONS 

GIS-based Multicriteria decision analysis emerges as a rapidly growing area of scientific research during 
the last decade. Modern GIS software packages facilitate a variety of tools that enable fast utilization of both 
multi-attribute decision methods and decision models. Moreover, it provides planers, public servants and 
politicians with sophisticated tools that allow efficient handling of spatial data when land uses with respect to 
renewable energy are scheduled. On the other hand private sector can gain profits from the implementation 
of spatial multicriteria decision analysis to highlight investment opportunities. 

  

Figure 1 TOPSIS implementation equal weighted model (left) and weighted model (right).  

 

 
 

Figure 2 VIKOR implementation equal weighted model (left) and weighted model, scenario 1,  (right) 
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Figure 3 VIKOR implementation scenario 2,  (left) and scenario 3,  (right).  
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Abstract 

The evaluation of project success is characterized by complexity, diversity and ambiguity concentrating the strong interest 
of academics and business managers over the last decades. The measurement of project success is a complicated and 
unstructured process while: a) the results of a project or a group of projects can be obtained after and in many cases long 
time after the project completion, b) the longer term benefits are often indirectly related with the projects, c) the 
subjectivist perspective of different stakeholders is creating difficulties for the use of one success verdict, d) the 
correlation between the evaluation criteria and the organisation strategic goals taking into account the external 
environment is  another challenging issue and e) the relative importance of the criteria varies between different 
stakeholders and depends on the time when the evaluation taking place. The proposed PROMITHEAS approach (PROject 
Multicriteria Interactive Tool for Holistic Effectiveness ASsessment) for the project success evaluation concludes to the 
estimation of a value system based on the selection criteria combining the disaggregation - aggregation multicriteria 
decision aid UTA methods and the Multi-Objective Linear Programming Techniques. Through this approach the following 
main objectives are achieved: 1) the evaluation of the projects' success according to the strategic goals of an organisation, 
2) the use of a consistent family of criteria in the analysis taking into account the relative importance of the criteria and 3) 
ǘƘŜ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ƻŦ ŘƛŦŦŜǊŜƴǘ ǎǘŀƪŜƘƻƭŘŜǊǎ ƛƴ ŀƭƭ ǎǘŀƎŜǎ ǎǘŀǊǘƛƴƎ ŦǊƻƳ ǘƘŜ ǎŜƭŜŎǘƛƻƴ ǇǊƻŎŜǎǎ ƻŦ ǘƘŜ ǇǊƻƧŜŎǘǎΩ ǇƻǊǘŦƻƭƛƻ ǘƻ ǘhe 
final evaluation of project success. The value system estimated by this approach can lead to the analysis of the success or 
failure of the projects by deducting differences from the initial strategic planning. The PROMITHEAS approach is 
illustrated through a real world case study concerning the evaluation of Post Graduate Educational Programmes of a 
higher Educational Greek Business School. 

KEYWORDS 

Multicriteria Decision Aid, Project Effectiveness, Project Success, Project Management 

1. INTRODUCTION 

The evaluation of project success is a challenging process which is influenced by the following factors: a) each 
case has its own criteria and it is defined by the nature of projects, the internal and external environment and 
the strategic planning of the organizations, b) the non-linearity of analysis parameters (each evaluation 
criterion does not have the same relative importance), c) simultaneous engagement of qualitative and 
quantitative parameters, which creates difficulties to synthesize them, d) stochastic criteria, which is another 
point that makes evaluation procedure more difficult, e) each stakeholder has a different set of criteria 
reflecting different needs and points of views, f) the impacts of a project are not limited to the time of 
implementation, but they mainly obtained after a short or long period of time after its completion. The 
methodological frameworks for evaluation of project success until now (Atkinson, 1999; Ika, 2009; Patanakul 
and Milosevic, 2009; Westerveld, 2003; Yu et al., 2005) has the following disadvantages: 1) they are limited in 
theoretical contexts and are not integrated structured methods, 2) the individual criteria are synthesized 
linearly, 3) no examination of the consistency of the evaluation criteria is taken into account, 4) unable to 
manage qualitative parameters, 5) lack of direct linking of evaluation criteria with strategic planning, 6) 
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unable to manage uncertainty, 7) difficulties to synthesize different views in a final conclusion. The proposed 
methodology PROMITHEAS provides a framework that can support the above points. 

2. ¢I9 άtwhaL¢I9!{έ a9¢HODOLOGICAL FRAME  

The success of a project is a result of successful implementation by the management team (efficiency) and 
success of the final product (effectiveness), which can be summarized as (Baccarini, 1999): 
Project success = Project Efficiency + Project Effectiveness                                                                                (2.1) 
From this work is proposed to add two more relations for the needs of PROMITHEAS methodological frame.  
 
Project Efficiency = Effective Selection + Project Management Effectiveness                                                (2.2) 
 

Project Effectiveness 
= 

Strategic Goals 
(Internal 
Environment) 

+ 
{ǘŀƪŜƘƻƭŘŜǊǎΩ {ŀǘƛǎŦŀŎǘƛƻƴ 
(External Environment) (2.3) 

                                   
The PROMITHEAS methodological frame (twhƧŜŎǘǎΩ aǳƭǘƛŎǊƛǘŜǊƛŀ LƴǘŜǊŀŎǘƛǾŜ ¢ƻƻƭ ŦƻǊ IƻƭƛǎǘƛŎ 9ŦŦŜŎǘƛǾŜƴŜǎǎ 
Assessment) is based on the selection criteria in accordance with the defined strategic objectives. The 
methodology stages in the organizational environment are illustrated in Figure 1. PROMITHEAS framework 
interacts with the processes of an organisation, uses the available information and results from other 
operations and provides feedbacks for both projects and operations at all levels of the organisation. The 
methodology is implemented in two stages (Green boxes in Figure 1): a) Selection Stage of Projects and b) 
Evaluation Stage of projects success.  
 

Figure 1 Illustration of PROMITHEAS methodological frame in the Organisational level 

THE άtwhaL¢I9!{έ METHODOLOGICAL 

FRAME 

Defined Strategic Objectives

OrganisationalGovernance
Vision,Mission, OrganisationalStrategy

Projects Execution & Completion
ÅSelection of Project Management Team, Detailed 

Design, Allocation of Resources, etc.
ÅProject results on the selection criteria, Closing report, 
Define the time points for evaluation of project success

Start

Selection of Projects or Projects Portfolio 
according to organisationalstrategic goals

Operations Selection 
according to organisationalstrategic goals

1) Selected Projects
Defined portfolio, program and project goals

2) Results from Multicriteria Analysis
Additive Value Model (marginal utility functions, weights 
of the criteria), objective functions  and target values

Project Success Evaluation
Time Point1  (ProjectsΩ Completion)

Operations Execution
Production, Manufacturing, Finance,Marketing, 
Legal, Information Services, Human Resources, 

Administrative Services 

Operation Effectiveness Assessment

Project Success Evaluation
Time Point 2 (after 3-4 weeks )

Project Success Evaluation
Time Point 3 (after 2-5 years)

 

2.1 tǊƻƧŜŎǘǎΩ tƻǊǘŦƻƭƛƻ {ŜƭŜŎǘƛƻƴ {ǘŀƎŜ 

¢ƘŜ ŘŜǎƛƎƴ ŀƴŘ ǎŜƭŜŎǘƛƻƴ ǎǘŀƎŜ ƻŦ ǇǊƻƧŜŎǘǎ ƻǊ ǇǊƻƧŜŎǘǎΩ ǇƻǊǘŦƻƭƛƻ ƛƴŎƭǳŘŜǎ ǘǿƻ ǇƘŀses (Table 1): 
 
(A) The evaluation of an Additive Utility Model (marginal utility functions ui(gi), weights of the criteria pi), 
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which will reflect the preference of the decision-maker in accordance with the strategic planning. Specifically, 
the PROMITHEAS methodology in the 1st Stage ς 1st Phase utilize Multi-Criteria Decision Analysis (MCDA) for 
supporting strategy workshops, modeling the preferences of the general organizational governance for the 
future, linking the candidate projects with the strategic goals and evaluating them in a consistent family of 
criteria. Generally, the use of multicriteria methods by strategic planning teams has hardly been practiced 
even though it seems appropriate for such problems (Hodgkinson et al., 2006). An interesting work on this 
topic was done by Montibeller and Franco (2010). For this phase, the appropriate MCDA methods are the 
Disaggregation- Aggregation (D-A) approaches (Jacquet-Lagreze and Siskos, 1982; Siskos, 1980; Siskos et al., 
2005; Siskos and Yannacopoulos, 1985) and especially the Stochasic UTA which allows the use of stochastic 
criteria for parameters with high uncertainty (for example, product demand, market share). 
(B) In the 2nd phase of this stage, the PROMITHEAS methodological frame utilizes multi-objective linear 
programming techniques (Ehrgott and Wiecek, 2005; Evans and Steuer, 1973; Korhonen, 2005; Korhonen and 
Wallenius, 1990; Zeleny, 1974) in order to take into account the resources requirements and availability in 
the optimization of the global utility values (Strategic Goals, Internal Environment). The purpose of this phase 
is also to include other objectives in the analysis which are related to the external environment (e.g. 
economic, political, social, etc.). Essentially, in the second stage, the selection of projects takes into account 
both the internal environment of the enterprise or organization and the impact on the external environment.  
 

Table 8 Selection stage 1 of PROMITHEAS methodological frame 

Stage 1: Selection of Projects Portfolio 
Phase Phase 1 Phase 2 

Important 
Points 

¶ Evaluation of candidate 
projects 
in regards with the strategic  
planning and operational goals. 

¶ Estimation of Additive Utility  
Function (marginal utility  
functions, weights of criteria) 

 

{ŜƭŜŎǘƛƻƴ ƻŦ ǇǊƻƧŜŎǘǎΩ ǇƻǊǘŦƻƭƛƻ ŀŎŎƻǊŘƛƴƎ ǿƛǘƘΥ 

¶ Strategic planning and organizational  
goals (Internal Environment). 

¶ Objective goals regarding to economical  
and social environment (External  
Environment) 

¶ Restrictions on available human and  
material resources 

 
Method Stochastic Disaggregation ς Aggregation  

UTA Approaches 
Multi-objective Linear Programming Techniques 

2.2 tǊƻƧŜŎǘǎΩ {ǳŎŎŜǎǎ 9Ǿŀƭǳŀǘƛƻƴ {ǘŀƎŜ 

The second stage can be implemented either after the completion of a single project or at the end of the 
selected portfolio. Both project success and ǇǊƻƧŜŎǘǎΩ ǇƻǊǘŦƻƭƛƻ ǎǳŎŎŜǎǎ Ŏŀƴ ōŜ ŀǎǎŜǎǎŜŘ ǿƛǘƘ the multi-criteria 
PROMITHEAS methodological approach. The success measurement system is based on: 
 
ω ¢he Additive Utility Model (marginal utility functions ui(gi), weights of the criteria pi), which is estimated 
with the stochastic UTA in the first phase of the selection stage. From that stage the marginal utilities 
(ui(gi(aj)) and the global utilities (U(ajύύ ƻŦ ǘƘŜ ǎŜƭŜŎǘŜŘ ǇǊƻƧŜŎǘǎ ƛƴ ŀŎŎƻǊŘŀƴŎŜ ǿƛǘƘ ǘƘŜ ǇǊƻƧŜŎǘǎΩ ǊŀǘƛƴƎ ǾŀƭǳŜǎ 
on the consistent family of criteria at this point of time it is calculated. 
ω ¢ƘŜ ƻōƧŜŎǘƛǾŜ ŦǳƴŎǘƛƻƴǎ ½I(X) and the target values ZI-target, which are identified in the second phase of 
selection stage. 
ω The short-terms and long-terms achievements of projectǎΩ ŎƻƳǇƭŜǘƛƻƴΣ ǿƘƛŎƘ ŀǊŜ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ 
organizational strategy (internal environment) and to objective goals (external environment). The Additive 

Utility Model is used for the estimation of the marginal utilities ))a(g(u
ji

'

i  and the global utilities )a(U
j

' in 

ŀŎŎƻǊŘŀƴŎŜ ǿƛǘƘ ǘƘŜ ǇǊƻƧŜŎǘǎΩ ǊŀǘƛƴƎ ǾŀƭǳŜǎ ƻƴ ǘƘŜ ŎƻƴǎƛǎǘŜƴǘ ŦŀƳƛƭȅ ƻŦ ŎǊƛǘŜǊƛŀ ŀǘ ǘƘŜ ŜǾŀƭǳŀǘƛƻƴ Ǉƻƛƴǘ ƻŦ ǘƛƳŜΦ 

Additionally, the values related to the objective functions '

Ij
c at the same time point are calculated. 

 


























































































































































































































































































































































































































































