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Introduction and conference overview

Maro Vlachopoulou

Fotis Kitsios

The 6th Intrnational Symposium and 28th National Conference on Operational Research
(HELORS 2017) hetdThessaloniki, Greece, in June 2017. In this introductory papeediters

provide an overview of the conference, summarize the most important presentatiomspter

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 internationalogeration amang researchers and practitioners
2Nl Ay3I Ay GKS FASERD® ¢KS &LISOAFAO FAY 2F (KA
importance of OR in the digital era and the underlying ICT challenges ("OR in the DigjtlCEra
Challenges"). Themain topics of the conference were: Multicriteria Decision Making;
Metaheuristics; Data Envelopment Analysis; Logistics Optimization; OR in Finance & Economics;
Strategy & Analytics; Supply Chain Optimization; Digital EcoBobigital EnterprisgForecasting

& Maintenance Optimization; Agricultural Management; OR & ICT; Statistics & Data Mining;
Business Process Management; OR in Construction; Environmental Management; and OR in
Health.

Prof. Maro Vlachopoulou Prof. Fotis Kitsios
Professor, Department of Applied Informatics, Assistant Professor, Department of Applied
School 6 Information Science Informatics, School of Information 8aoce
University of Macedonia University of Macedonia
156 Egnatias str., G316 36 Thessaloniki, 156 Egnatias str., G816 36 Thessaloniki,
Greece Greece

E-mail: mavla@uom.gr E-mail: kitsios@uom.gr
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The 6th International Symposium and 28th National Conference on Operational Research took
place on Thess$aniki, Greece, on -80 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 Opé&atl Research Society (HELORS)

Keynote spekers 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.
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Professor Panos Pardalos concentrated on the qualification of network dissimilarities and
discussed the implications of network dissimilarities.

Ly KAa LINB adivénilhnavaichy/ia theURethil(Buppighains: From Digital to Business
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Centricity in Retail. He highlightealternatives ofOdza 4 2 YSNE Q al G and ‘iteOG A 2 v
improvement ¢ 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 ddtaven supply chain collaboration.

LYy KA& LINBaSydaldAaz2ys W58yl YA@Profedsdr Iohh YoNgiksa y |y
described the Dynamic Programming problem, the computational lens, limits and prabidms
heavyduty methods Professor Tsitsiklis highlighted that dynamic prognaing 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 sensé,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 prefeadritiformation by the
Decision Makers (DMskoncerning 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 pranked altenative actions of the reference set.

The proposed approadeadsto the estimation of preference models with higher robustness and

on the same time functioned in cases with limited alternative actions.

Vavatsikos and Anastasiaddnoitiated a framework tlat examines both criteria and the
constraints implementation into the wind farms site suitability problem. Both criteria and
constraints form an objectivésree through their classification into three main criteria categories
which namely are: environmeal, socieeconomical 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. Theglative suitability analysis wamplemented

in order to rank efficient locations using suitability measures in GIS environment. The proposed
analysis was presenteth a real case study in Eastern Macedonia and Thrace region, while
multicriteria evaluation was implemented using TOPSISVAKOR 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 propoB&RIOMITHEAS 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 mlticriteria decision aid UTA methods and the M@ibjective

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
a0FNIAY3I FNRBY (GKS aStSOlAzy LinRedduatién o groject KS  LIN
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 thhoageal 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 straightforwardway 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 wer
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 expdout comparative studies are
more rare. Authors applied multriteria 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 econmaic 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 coraparis
matrix based on pair comparisons of alternative cases on each criterion. Only thie wasults

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 haaorresponding 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 metls.

Session 2: Decision Making Applications
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transport planning between rail freight operators in different and interconnected service
networks. Cooperative planning approach wass based on Distributed Mtéedictive 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 decomgoseto 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 medienresart

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 stakeholdease® on functional analysis approach,

the taxonomy for an effective capability driven DSS system relevant for mesdiamresorts was
discussed and the data driven functions were presented. The results of-angdysis for the
hotel-resorts in Alexandrougdis 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 trafflow simulations and discussed LAGCAO (Lfoca

Global Cognitive Adaptive Optimization), a novel mddet optimization approach aiming at
maximizing global performance of a given control system by calibrating its control parameters
through decentralized selearning elements that periodicalljhare a single piece of information,

which is the overall system performance. LAGCAO performance was also compared against CAO
(Cognitive Adaptive Optimization), its centralized counterpart developed and successfully applied
in the past, and the results ifchted 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 location$ (sites
implies a long term investment, since it typically includes land property costs and high
02y aiNUzOGA2y SELISyasSazr 6KAtES AlG faz2 Fdzy OlA2y 3
the particular sites that are chosen. Thus, locating facilitiesdctalve 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 facilitiesand 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 multsite cooperation. 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: Logists 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 growrd asimilarly 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 sz=arch papers, a review from Scopus scientific database was presented. The

Gl E2y2Yé 2F GKS fl1ad RSOIRSQ&a tAGSNI GdzNBE 2F GK
critical insights were discussed. After the categorization of the articles, @émel$r 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 informatisystem, 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 inliteeture.
These models extend the traditional me®ariance framework using a variety of other rigkurn
measures. Existing comparative studies of such models have adopted a rather restrictive
approach focusing solely on the minimum risk portfolioheiit 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 oubf-sample robustness of efficient portfolios derived by popular
optimization models, namely the traditional meaariance model, meaabsolute deviation,
conditional value at risk, and a mutibjective model. Tests were conducted using data for S&P
500 stodks, over the period 2068016. The results were analyzed through novel performance
indicators representing the deviations between historical (estimated) efficient frontiers, actual
out-of-sample efficient frontiers, and realized eof-sample portfolio reslts.

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 tleatbetween 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 findirfsa 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. Ratt gsbperties

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 lwge 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 mediaandscape, presenting four main classification suggestions for social media.



Kyriakopoulou and Kitsios focused on their experiences in examining the impact of social media

2y O2yadzYSNAQ O0SKIGA2NP ¢KSe O2yOf dzRS&théi KI G 2
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 tBaeing stutions. 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 mélis 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 trdarnide
O2yadzYSNBEQ &a20ALf yR O2YYSNODALFE SELISNASYyOS 2vy
use of social media. On the other hand, companies benefit from this state and try to provide their
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According to Kamariotou and Kitsios, Strategic Information Systems Planning (SISP) supports
business goals and business strategy, through the use of Informatiten®ydS). 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. Whemanagers 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 result€rindings 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 theyrdeeidhe
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 taabMedium Enterprises (SMEs) and how

they use IS and strategic planning in order to deal with the crisis. Despite the fact that family
odzaAySaasSa T2 OdzermystaitabitiyAthe$ doant devdlop gtrategic planning.

The results of a surveyn 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 ladescribed the measures in order to investigate and measure the degree of a
LISNE2Y Q& AGN)F G0S3IAO0 GKAY1AY3AS YlIAyte F20dzaay3a 2
of risk taking (which is actually a score) and (b) the measure of (visionaryiprédbund 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 ek 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 chacteristics. 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 fairnessformed modelling extension to thexisting singleairport slot
da0KSRdzZ Ay3d Y2RSfta o0& AYGUNRRddzOAYy3 |yR Y2RStfAy3
which can be defined as the incremental schedule displacement caused by each slot request. The
proposed model aimed to ensure that O K | AN¥ AyS I 0&a42Nba Ada aFlFAN
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
constrant 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, bajisti

activities were performed by the membership base of various-governmental organisations in

I YFYYSNI 2F aO2tt SOGAGS OGA2Yyé NI GKSNI-GKFyYy
organisation, and a resultant community based social partnershpSE} 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 aoommity resilience.

Yakavenka et al proposed a decisioaking 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 friendbyoducts to the consumers. In order to address this
issue, authors developed and employed muliteria (cost, time and emissions minimization)
mixed integer linear programming (MILP) model, and applied it in a realistic case study for
deriving manageriansights.

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 propos&tild? 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 capacitydemand fulfilment, and flow conservation constraints. The
proposed model was demonstrated at a small problem instance involving-eahe&lon
pharmaceutical supply chain network for theophylline Active Pharmaceutical Ingredient (API)
tablets.

Session 7: [ital 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 digiatirency 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 ¢hactual 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 modl. 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 argbvernment, to
highight 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 Warke, 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 egovernment were presentg

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 efrthusiness 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 desible 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 engrgonsumption 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 managerhand 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 qedictions with a very good accuraayhich can be very valuable in public

and environmental managemensince they can be used in order to help the authorities at
adopting proactive measures in energy planning and management.

Kouziokas investigated the eiof 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 bestaartifici
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 nemetivork 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 dewahorg 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 201201d. 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 suppogtisiah making for spatial
GAfE1F3S FEt20lGA2y® ¢KS RS@OSE2LISR 5{{ AydS3aNII
Simos with the VIKOR and AHP multicriteria analysis methods and can be used to solve complex
decision problems that have alternativeolutions and are evaluated by using conflicting
qualitative and quantitative criteria. Using the AHP and the Revised Simos modules, stakeholders
Oy OFftOdz S GKS NBtSOFryid ¢gSA3IKIGa F2N §KS SglI
data. The outome 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 ofwater, soil and waste, in order to enhance the sustainable intensification of
agriculture, and contribute to the socieconomic development. Authors also examined various
economic assessment methods which were used in the management process and declgiogn ma



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 arplexatory survey on the factors which affect Internet
dZASNBEQ AYydSydadAzy (2 dzasS F LINAOS O2YLI NRazy &aad
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 ggnowledge of Financial Accounting
students in Greece. Authors investigated the kind of IT knowledge and skills that accountants
need and the entryevel IT skills anknowledge 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 EIGROSPF and RIP, in rbale applications Big Data, Video conferencing and
VolIP, 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 idynam
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
satisfacton (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 nmagbriant
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 identifgignificant number of redundant
constraints, in comparison with other methods in npegative 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 othepnstraints 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 Processridgement

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 gaimetidacase 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 whichetbompany 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 De8sigport 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 s#len 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 timeoofttuction 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
OdzNIBS akKl LlSasx {1SsySaa FyR {1daNIH2aia Ay 2NRSNJI
the ongoing progress. The results from two large scale caseiestudsing Primavera P6
Professional v15.2 for planning and scheduling while Monte Carlo method were used from
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According to Vavatsikos et al the continuously developments wegpect 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 LaAdse Suitality 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 andquantitative 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: Environental Management

Kazana et al explored and evaluated the maitieria decision process for SFM assessment.

Authors presented the results of a survey conducted in in the forests of Eastern Macedonia &

¢ KNI} OS wS3aAz2yod ¢KS 4o dzzhéwsdSthad contiduatiolziotizhef pteset C{ t L
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performance in the following 10 years. The SFM policy option concerning the improvement of the
wS3IA2yQa ¢ 2e2hRicaBwiodd itewob®axd pililpwood production will contribute the
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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 supportool 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 appointmeatém of a Greek hospital in
¢tKSaalf2yA{A o0F&aSR 2y Yly2Qa atragArAaFlrOdAzy Y2RS
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perceived ease of use, perceived use@ds 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 ohogpital Greek NHS dentists,
during the current economic crisis and public sector reform, by using Eff@dward Imbalance

(ERI) questionnaire, a contemporary research instrument strongly linked to labour market
conditions. A relative imbalance between efforts given and rewards redemas 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 crisiglditionally, 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 internationaloperation among researchers and
practitioners working in the field. The impact of Information and Communicatexhriologies

(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 andn@®fRodologies 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 appligaiaising a variety of OR methodologesd
methodologies for Information Systems development.
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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 dfnaited 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 oeprates 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 aabiontifre next one in the ranking. By this

way nl 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 lineaaimprogty TA 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 gletaiqaef

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, Robustsg Analysis, Disaggregation Aggregation Approach

1. INTRODUCTION

Multicriteria Disaggregation Aggregation (EA) approaches (Jacketgreze and Siskos 1982, Siskos and
Yannacopoulos, 1985, Siskos 1t al, 1999) leads to the assessment of additive valuedesmidded in the
following formulae:

n

U(é':] =zp£u£(g._-], ?.I(;gi_:] = U*“(Ei-:] = 1_._fﬂ|7" i=12..n
i=1

Zﬁ:l, =0 fori=12,..,n

where g = (g1, 92, ..., 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 vakt®h and the
relative weight of the-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 rankrdering 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) atibs 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 cheesithe last 30 years as well

for the development okextensims and adaptatiors from the first presentation of the method UTA (Jacket
Lagreze and Siskos 1982). Tsignificantissueswhich preoccupied the researcheee the need for
Robustnesss far he 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 there-ranking of the alternatives actions ofe@himited reference set leain many

cases to the estimationof infinitive set of preference models (LowRobustness). 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 corrspondstdtal robustness.Another issue
concerning the consistency and the robustness of the estimated additive value preference model is oriented
to the selection of the reference sewvhich ought to berepresentative of the total set of the alternative
actions and familiar to the Do asto be able to expresgeliableglobal preferences. In order to handle the
abovementioned issuegeads to the selection ofpolulatedreference setand are created peersionto use

the DA approach in cases tilimited 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 infornrathy the DMsconcerning the
strength of preferences of the DMsASo0, a visual technique ipresentedwhich allows to acquirewith an

easy and comprehensive walye required prefererce information usingthe pre-ranked alternative actions

of the referene set. The proposed appachcanleads to the estimation of preference models with higher
robustness and on the same time befunctioned in cases with limited alternative actions.

The paper includes the introduction and three more sections. In the skamttion the utilization of
information concerning strength of preferencespi®sented and the above mentionedisual approach is
described. Faliwing an illustration example igsed in order to provide the main features of the proposed
approach. Firally conclusiors and the potential exploitation of theproposedapproach is pesented in the

last section.

2. VISUAL TECHNIQUERHTQUIRING STREN@HPREFERENCES

One of the crucial features of the UTA methods is the capability to lead to the estinohtonadditive value

model (preference model) based on a penking 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 preranking carbe easily and efficiently acquired by the DM's capturing the priorities of the DMs as far
as their global preferences is concernddhe number of alternatives used into the reference set as well as
the representation of the decision space constitute actal points for the effectiveness of the B
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 ofasilteractions.
Quality of preference information concerning how much more the DM prefers an alternative acfroma
another action @ ranked in a way that;&ollows the a cannot easily expressed by the DM. It is more
complicated to ask the DM to ogpare 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 indirectlguélitative 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 gusditat
preference information doesn't mean the same for every DM due to the subjectivities. The utilization of the
pair wise comparison approach used AHP (Saaty, 1980 ) with the 9 levels of prioritization and the
assessment of the vector of prioritiesing 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 the DM's SoP. Preference informatiocan 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 thproposed approach is to identify the index Z where;)UfaZ x Ui expressing how

much the DM prefers;drom g ranked in k and k+1 positions correspondently. There are two main issues
concerning this pair wise comparison of two alternatives: a) TllecBnnot 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 implementatiorAof D
approaches:

a) The DM is asked to give a value range as far as the Z index is concenim®d, ( ¥ m. which is
transkted to the following two conditions U, ¢ ZninU, X and U, ¢ Znap XX . B0, 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 vigethrough 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)

Figurel Visual technique for identifying the range of strengftpreferences for a pair of successive alternative actions of
the sorted reference set

i El =

i )
R crit:2 - 20— crit: 2 -

Zmini)= 1.15 Zmax(= 1.2

The ranges of the Zi indices can enrich the conditions of the linear program ewtaifgcondition concerning

only priorities of preferences coming by the rarkiis now replaces by two osecomming 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 ee re-arranged so asiRa.;or a | a.1.(see Jacquettagreze and Siskos, 1982 or Siskos, 1980).

k
minlF; F*_({@0 @)

S.t.
If an P Gn+l

}:giui[gi(an)k‘+(an)-"(am)chmml[flpiui[gi(am)]+‘*(am)"_(amb 6 K N

1PUG(ERTH (@) - (Bn) - Zmaam 1L PUIGEn D1+ “(Bmer) - (@i D] HO
If an I Gn+1

LPULG(En] + (@) - (@) [LPIG(En] + " (@nen) - (@nen]=0

form=1,2,..H4
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Wp=Llpx nz C2ZNJATMI HIO®ODPI Y3
i=1

a0 X (@vz xfomjE 1,2, ..k

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

3. ILLUSTRATION EXAMPLE

For the illustration of the method a real world example will be used concerning a previolishpdb
research work for the job evaluation (Spyridakos et al, 1999). In this case the UTA Il 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 a#irnatives 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 ofdtiginal 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.

Table2 Reference Set

Alternative Actions RANKING crl cr2 cr3 crd cr5 cré
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 die 5 pairs of the successive alternatives of the reference provides the following
ranges for the Z indices which are presented in Table 2.

Table2 Value ranges of the Z indices expressing the SoP

Pairs of Successive Alt. Actions Zmin Zmax
p-3,p7 1,15 1.2
p-7.,p22 1,25 1,3
p-22,pl10 1,3 1,4
p-10, p18 1,1 1,25
p-18, p19 2,1 2,9

The adaptation of the UTA Il linear Programme was used for the estimation of the additive value model and
the post optimality analysis. The minimum, maximum and tarycenter 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.

Table3 Minimum- Maximum- Barycenter of the estimated weights utilising the SoP into L.P.
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crl cr2 cr3 cr4 cr5 cré

BaryCneter 0,075993 0,074528 0,406023 0,294351 0,139063 0,010043
Min 0,000000 0,000000 0,350237 0,268765 0,103751 0,000®0

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

Table4 Minimum- Maximum- Barycenter of the estimated weights using only the Ranking.

crl cr2 cr3 cr4 crb cré
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 modsitimated 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 techenguemges 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 thequisition 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 totteadiditive

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 argumes 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 usedto 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 oftalésrnan

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 systeseveddpoon 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 ordeto 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 proposetoperative planning approach.

KEYWORDS

Single wagonloattansport, railway, distributed model predictive control

1. INTRODUCTION

Single wagonload (SWL) transport represents very complex railway market segment where a number of
different factors confluence aking 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 coifdfe 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
approates may change this situation asinificantly 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.5§26iade an extensive assessment of
optimization techniques for rail freight wagon management problémthis paper the rail freightvagon
allocation problem is solved by applying the distributed model predictive control. The overall optimization
problem B divided into subproblems which consider the freigtdgon 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 salvusing the model predictive control (MPC). These
regional decision making units or controllers are mutually connected by interconnecting tamksay lines

on which the empty and loaded freiglhtagonflows between regions are interchanged.atimeansthat 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 comsnbling the Augmented
Lagrangiamrelaxation method is applied. Each the problems considersomogeneous freight wagofteet.

The demand is considerédd 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 exgets in third
chapter contain validation of proposed approach. The fourth chapter is devoted to concluding remarks.

2. DISTRIBUTED MODEL EBPRECTIVE CONTROL RBRCH FOR SINGLE
WAGONLOAD TRANSPORANNING

Freight wagonsystem represents a large scale systeomposed 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 effidreight 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 relialyli of data exchanged and communication limitations. On the other side, in
completely decentralized control there is a problem of control and lack of interaadirig to suboptimal
freight wagoncontrol actions. Solution in this case may represent a eoafive distributed control where

local agents (controllers) optimize flows on their subnetworks having some knowledge on the Ve

flows from other subsystems. This solution is also aligned with cooperative strategies for improving the SWL
marketsegment on EU railway market.

2.1 Problem description

Cooperative freight wagon planning can be established between a set of railway opelgjpis a railway

transport network M(N,), where N= U N, and L= U |, represent all stations and railway lines on
=L, Nop =1, Nyp

considered rail network. Every railway operator controls freight flows on its subnetwork which does not
contain common nodes and links with any other subnetwaX, AN = A, LNL= A" sk=1,...N, -
Railway subnetworks mutually interact through interconnecting lines. Railway opematptans freight
wagon flows on subnetwork s by solvitige optimal freidht wagon allocation problem ovel periods of the
planning horizon:

1 152 eA(n | L & (n
13X AP PIAL XN R 4/, ®
subject to system dynamics and planning constraints:
X(n+1) £ X(p 6N < HH nO%.,P &)
D.X(n¢ K 3
X0, U(n? C 4

Objectivefunctional and constraints are derived from linear discrete time rail freighgonfleet sizing and
allocation model developed by Milenkovic et al. (2015). Objective functional (1) minimizes quadratic costs of
owning and distributing empty and loaded iigat wagonson a considered subnetwork. First term represents

the cost of freight wagon system for the last periBénd the second is the sum of costs ower 1 periods of
planning horizon. Constraint (2) rements dynamic model of the system. It incorporates following state and
unmet demand relations:

S(mD) =$() & A(E(Mg,dmn1)+E(+na,(@nD
N j=1lma I+ (21)
_a%q+1)ﬁ5m 1))

Vie(n+1) 30 B.(n I E{(n L (2.2)
Relations (2.1) are conservation of flow constraints for freighgjonsat each station in each time period
which include the effects of travel times faragonmovementsthrough the ¢ anda terms. 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,...P -1 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 horizonPoftime steps according to objective
functional subject to a model of the subsystem as well as behavior of the surrounding railway systems and
additional constraints. Thefore, the cooperative freight wagon planning can be formulated as following
cooperative model predictive control problem:

minéfl(&(ml),u(r»,q(n): 5)
for s=1,...,N,,, subject to

X(n+id) EMX(n ¥ G n)i+ &k i401..# (6)
D: X(N¢ K )
Xs(D,W(n2 C (8)
Vins(M) = Kin(9W( 1 (9)
Vou s(M) = Kou (9 W( 1) (10)
Vinks(N) = Vous (), "k IN® (11)

Objective functional (5) integrates total costs of owning and distributing empty and loaded freggjans
over the entire cooperative freight wagon network. Equation (6) represents the dynasgtgonetworks.
Inequality (7) is a station capacity constraint within each subnetwsrkDs and Ks(r represent matrices
that contain lengths of freighivagonsand capacity of each station for whole prediction horiz@nNetwork
state and control vectors over the prediction horizon are denoted agn) =[%(1,..., %( n+ B] and
Us(n)= [Us(r},...,_us(n +P 1)] respectively. Non negativity of stagand control actions is stated in constraints
(8). Constraints (9) and (10) represent input and output loaded and empty freigigon flows on
interconnecting railway links in the model predictive control problem of operatdnpu and output loaded
and empty freightwagon flows on interconnecting lines for subnetwork of operatswith respect to

operator ki N*in the prediction horizonPare represented asVins(N=[V, (1,....V,.(n+P 2)]and

\_/out,s(n):[\éutys(r),...,\éutys(n +P 1)] respectively. Kn(9and Kox(9represent zereone matrices aimed to

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

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 saoltiion 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 parell augmented Lagrangian relaxation algorithm whigpresents a
combination of augmented Lagrangian formulation and auxiliary problem principle (Li 2086). In the first
step interconnecting constraints are relaxed and added to the objective furadtiai different controllers
NS —_ —
min - 1(x(n+ 1),u(n).d (n) *?.1 il o i (Vs (1), 8usk (0405 (T (12)

ug(n),s1,..] ub

Jueri 1S the cost associated with coordination between controllerand k :

T =/ (D (okes () Vo) %"w.ks(r) 'vomsk(r[ (13)
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Where /.

ink,s

(n)and g represent Lagrangian multipliers related to interconnectingstaaints and the penalty
parameter. However, this formulation contains neeparable quadratic term involving the difference

between input\_/m,k,s(n) and output \_/out,s,k(n)empty and loaded rail freighwagonflows between subatworks.
For this purpose parallel DMPC scheme based on auxiliary problem prifeeiplecoupling quadratic terms
in augmented Lagrangian is applied. Auxiliary problem principle enables simultaneous solving a sequence of
auxiliary problems by abperatars. Operators solve problem (12) using the following additional objective
functional term for interconnecting constraints:

. _ 2 . _ 2
Jmenk :/;vkvs(r)(_\[n,k's(l’) _—VNI‘SK) ﬂ g\/ln,s,k(n)' Vout,k,s(n) N _Li_ éVm,k,s' Vln,si(n) N

2|&' Y ¥ 2 a ¥ (14)
g\/out,s,k(n)- Vin,k,s(n) 8\/&“*5' Voul,k,s(n)

n represents positive scalar.
Distributed MP@lgorithm can be summarized as follows:
1. For time intervah, every operators assess current state of the rail freight wagon subsystem
x,(n) and estimates the expected disturbandg(n) for n=0,...,P -1.
2. Initialization phase includes setting the iteration counteto 1 and initializing Lagrange multipliers,
control actions and interconnecting variables.
3. lteration process inclues simultaneous optimization of local MPC problem (12) subject to
subnetwork dynamics and planning constraints-((B)). Adjacent controllers sen&ﬁ,s(n) and
—(+1 . —(+1 —(+1
Voutk,s(N) receive Vins k(n) and Vous,k(N) .
4. Operators update Lagrange multipliers using following expression:
—(+1 =1
/i:kl,s: ink s + (Wn,k,s(n) Vout,sk(n))

5. The distributed MPC iterations terminate whgf's . - (H_KJ

¢ , whereeis a specified tolerance

and ) denotes the infinity norm.

+1

6. The output: a;,\_/i[n,k,s(n),K/{oul,k,s(n),/inykvs,

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

s=1,...,N,, kI §f'. Controllers implement freight wagon

3. NUMERICAL EXAMPLE

This section describem application of proposed cooperative freight wagon planning model. On a considered
railway network three operators cooperatively manage freight wagon allocation problem. Railway network
consists oten railway nodes that belong to three subnetworks Bch of which aailway undertaking (RWr
railway operatofRO)manages railway freight transport services (Figure 1.).

Figure 1 Railway network

RU/RO

10
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Rail freight operations are performed by one freight wagon type. The planning horizon is composed from
P=4 days where each day represents one decision period.

Centralized planning involves a QP optimizapooblem given by objective functional (5) and linear dynamic
constraints (6)8) which is solved using the interipoint-convexalgorithm MathWorks Inc., 2012 In the

next phase we applied DMPC approach for cooperative freight wagon planning. Experiments are performed
GAGK | £ LI 2L 02 Y LJAANP Wit K60 Gz and BEGBRAN. / 2 NB AT

The total freight wagon plaring cost obtained on centralized level is 7.03kI®roposed 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 comipuatéiime. 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

Cost of loading and empty Total communication cost

: . . Computation
DMPC freight wagon allocation Period per perlod‘]C time
. . . . OSl i i
Operator 1 263X 16 Nlteratlon ||terat|on (floats) (mln) per pe“Od
Operator 2 | 2.39 x 16 1 13322 256 3.41x16 | 36.50
Operator 3 | 2.01 x 18 2 4524 256 1.15x 16 | 9.03
Total 7.03x 10 3 9974 256 255x 10 | 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 variablees@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 operatov{);]“z,l(m+ nand the
corresponding input interconnecting variable of operatorvzm(m+ n), for period m=1 over a prediction
period n=1,...P -1. Figure 3 presentsthe evolution of Lagrangian multipliers associated with
interconnecting variablesv,, , ,(m+r) and V.,,,(m+n) for time interval m=1. Maximum allowed
computation time for operators is 60 min. Cooperation parameters gre0.9 , =2 cand d=5 ¢ The
iteration stopping threshold i®#=10"° .

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

(m+n)

=]

(in,1,2)

o
T

After 20 iterations
#- After 50 iterations |
~-E--- After 100 iterations
—&— After convergence

I
Uiout2,1) (M),

IS
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Figure 3 Evolution of Laayige multipliers (loaded flows) for operator 1 for time interVBI= 1 over the whole prediction

period N=LowP -1
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The control actions as well as the unmet demand are the same as control actions from centralizextlappro
(Table 2).

Table 2 Control actions and unmet demand

Period 1 Period 2 Period 3

Loaded Empty Unmet Loaded Empty Unmet Loaded Empty Unmet
Route | flows flows demand flows flows demand flows flows demand

) E(D) U0 e @ U;(2) HE) E®) U;(3)
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
31 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
45 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
57 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
108 15.68 5.11 3.92 11.99 1.23 3.15 11.41 1.41 3.50
109 15.52 4.98 5.18 14.21 3.41 3.88 13.39 3.65 1.06

4. CONCLUSIONS

Efficient utilization of freightvagons 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 prediatiatrol 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 initiegifor recovering the single wagonload market segment.

12
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Abstract

This paper presdéa 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 applicaihs, made the VRP popular in the academic literature. Hence, the number of articles
published, is constantly increasing and it is difficult to monitor developments. $nptuper, after consideringxisting

research papers, a review from Scopus scierfiffic i 6 F 8S A& LINBASY(iSR® ¢KS GlFE2y2Yed
the VRP for urban freight transportation is given and critical insights are discussed. After the categorization of ¢lse articl

the trends of the VRP for urban freight transportatiore deatured and analyzed. This knowledge and analysis will be

used in a research project in order to supptintough analgorithmsapproach the functionality of a vehicle routing and
scheduling information system, and lead to an operational solution.

KEYVDORDS

Vehicle Routing Problem, Urban Freight Transportation, Literature Review

1. INTRODUCTION

Clarke and Wright (1964)]3 Sy SNJ f AT SR (KS G ¢NIZOPKEDE LW O OKA Y 8 NP RBz
and Ramser (1959)]> (G2 (KS a+SKAOfS w2dziAy3a t NRPofSYé o6xwt oo
the doman of logistics and transport and it is one of the most widely studied topics in the field of Operational
Research. In the VRR vehicles, with identical capacities (Q), initially located at a central depot, are to
deliver discrete quantities of goods tocustomers, 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 applicationy, mmadels 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 (CVR®wihich, the capacity of the vehicle must not be exceeffdd However, here 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) vdsltineepot

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 traVielfgd

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 Piclp and Delivering (VRPPD), goods are transported, not only from teake

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 vehigle Furthermore, due to
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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 ®R$Sibak
constrained by a time interval within which the customers have to be supjilied

Another variant worth mentioning is the Dynamic VRP (DVRP) in which customer requests, that are trips from
an origin to a destination, appear dynamicdlly 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 readb@hapypens is due to

traffic congestion. The factors which affect travel times are: (i) the location, and (ii) the time of tl&] day

During the last decade, many researchers have tried, wioleng the VRP, to minimize carbon (or fuel
emissions) as carbon dioxide (®mitted 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 tiras/ing speeds into accouftt], [10]. In the same field
belongs the Hybrid VRP where vehicles can work both electrically iimtraditional fuel[11].

VRP has numerous practical applications in the industry. Solving the vehicle rpttisigm can assist
O2YLI yASa Ay NBRdzOAY3I GKSANJ Oz2adaxz a | oA3 LI NI
Companies are trying to adopt VRP software solutions with appropriate algorithms in order to reduce
transportation costs, mileages antime 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 papeesfield 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 reearch 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
YSiK2R2f 238 F2f{f26SR YR LINBaSyida GKS adNBSeQa YI A
feature the trends of the VRP since the present paper willded 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 workZf[13], [14] . Afterthe

need for a review is identified, a research protocol is appointed, selection aiséldetion criteria defined,

and then papers assessed and outcomes composed. It aims at an efficient and well recorded coverage which
will include only necessary vartarand 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 evdinalyzed for
FSIGdz2NAy3I GKS flad RSOFRSQa GNByRad® 9@SNE LI LISN ¢
categorization which will lead to an established statistical analysis.

Table3 Research Protocol

Research ¢CAGESY asSi 2F axSKAOtS w2dziAy3d t NRof SYE
protocol
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Research
variable
Databases

Publication
type
Language
Data range

Search fields
Search terms

Deselection
Criteria:
Relevance to

Description

Scopus: This is anternational database, covering a wide range of pemrewed academic
publications, estimated at 20.000.

Peerreviewed papers only: These represent work at a final stage of completion.
Engliskhonly: This provides wide coverage, and there was no trainslaiapacity

The limits were set from 2006 till the first quarter of 2017, in order to include papers publisl
at least in the last decade

Search terms were applied to Titles, Abstracts and Keywords only

(TITLEABSKEY ("Vehicle Routing Problem” or "VRP"Vehicle Routing”) AND PUBYEAR >
2006)

AND ("urban freight transport** OR "urban freight" OR "goods movement" OR "urban logis
OR "city Logistics") AND ( LIMID ( SRCTYPE,"j ") OR LIMIT SRCTYPE,"k ") OR LINDT
SRCTYPE,"b ") ) ANDIMITO ( DOCTYPE,"ar ") OR LIMOT DOCTYPE,"ch ") OR LIMOT
DOCTYPE,"re ") OR LHIO ( DOCTYPE,"bk ") ) AND ( LTMIT SUBJAREA,"COMP ") OR
LIMITTO ( SUBJAREA,"ENGI ") OR IMITSUBJAREA,"DECI " ) ORIIM(TSUBJAREA,
"BUSI ") AND ( LIMATO ( LANGUAGE,"English "))

¢CKS LINAYI NBE &SIFNODK GSNXYa IINB GKS LIKNI aSa
w2dziAy3aéod ! FTGSNI GKS FANRG LKIFasSs GKS GSN
f23A480A08¢3 wdMbilRy {f PNBRIRDE ¢ yNB | RRSRZ

whose subject

area is Computer Science, Engineering, Decision Sciences or Business Management, exc
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 Artic
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 pageciearly

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

the research
problem

swap stations, location routing, food distributi@nd parcels and documents. For the remainil
papers, the full
text was reviewed in order to achieve a detailed categorization.

The full list of papers extracted from the Scopus database, applyingetireh terms of Table 1 can be found

in the followng link (178 papershttps://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 desdifid 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 coitdréble

1 can be found in the followinignk (111 papershttps://goo.gl/lyoVrKQ

3. METHODOLOGY AND RESJL

The VRP is a largely analyzed problem, which finds significant application in urban freight transportation. The
delivery of products from distributioneniters 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 olestaeind 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 spaddiatsof 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 siay will be exhibited in 3 dimensions. The first dimension includes the
variousvariantsof 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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Figue 1 Methodology for studying the VRP Research Field

Paper Type)

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 specifications of VRP software, its development and
implementation. Software solutions for VRP usually need adaptation and additional development in order to
YSSG | &aLISOAFAO O2YLIyeéQa ySSRad ¢KS LINEL&SE YSiK;:
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 Variast

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 TFchelon VRP, originating from the MiHithelon VRP,
involves two levels of routing problems, as dties are supplied from the depot and the customer demands
are transported from satellites. This problem is similar to the VRP with Satellite Facilities (V\RPSF)

A VRP which is interesting, especially foy tigistics, is the MuKirip (MTVRP), where each vehicle can go
back to the depot, be reloaded and commence another trip, making several trips during the workirig day

A very important variant which is close to the TDVRP is theTReal VRP where a-@ptimization procedure

runs in order for new routes to be identified, every time, travel time between a pair of nodes is ugdafed
Furthermore, Realime Traffic Data can be used to develop routingtegies that tend to minimize the time
spent due to traffic congestion and consequently costs, while maximizing customer sétgices

In the Periodic VRP (PVRP) a set of customersohiae 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 whimmimize the cos{20]. Finally, the Open VRP differs
from the classical VRP, as vehicles are not required to return to the depot after the end of thé&2rgute

3.2 Solution Methods

Many researchers have faced most of the presented V&RRntsin 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 fadtdt 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 fomtheediate

goals, in less timg2]. Simulation methods, use whdtanalyses, for generating multiple scenarios, selecting
the best oneandusing these in the main algorithm&s2].

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 theoreticaldage, (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 woidn 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 laely 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 resefréh odnducted for

articles published till the middle of 2015, it is crucial to stress thatrthg + wt | YR (G KS +wt {C
included, but have since attracted research interest. Other VRP variants such as the VRPTW, the MDVRP, the
SVRP and HVRP are producing similar results.

Table4 VRP Variant
Variant Number of articles Relative
(Total = 111) Percentage

Capacitated VRP 47 42.24%
VRP with Time Windows 42 37.84%
Green and Hybrid VRP 27 24.32%
Time Dependent VRP 21 18.92%
Multi Echelon VRP a@nvRP with Satellite Facilities 15 13.51%
Multi-Depot VRP 11 9.91%
Stochastic VRP 10 9.01%
Dynamic VRP 9 8.11%
VRP with Heterogeneous Fleet 9 8.11%
Multi-trip VRP 8 7.21%
RealTimeVRP and VRP with RdaieData 8 7.21%
Pickup and Delery VRP and VRP with Backhauls 7 6.31%
Periodic VRP 3 2.70%
Split Delivery VRP 2 1.80%
Open VRP 1 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 meitls arealso less common in the literaturdt 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 Perclesged equal

100% due to the fact that many of the examined papers do not propose any solution but conduct a review or
a survey.

Table5 Applied Methods

Applied Method Number of articles Relative
(Total = 111) Percentage
Heurstic 41 36.94%
Metaheuristic 30 27.03%
Exact 5 4.50%
Simulation 5 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 primarilyewittic 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 approHcises.
means that a trend seents 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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Table6 VRP VariantsSolution Methods

Variant Heuristic Metaheuristic Exact Simulation
Capacitated VRP 20 12 3 2
VRP with Time Windows 20 11 1 3
Green and Hybrid VRP 5 8 0 1
Time Dependent VRP 5 6 0 0
Two Echelon VRP and VRP with Satellite Facili 8 4 2 1
Multi-Depot VRP 4 4 0 1
Stochatic VRP 3 1 0 2
Dynamic VRP 3 0 0 0
VRP with Heterogeneous Fleet 3 4 0 0
Multi-trip VRP 4 2 1 1
VRP with Real Time Traffic Data 2 0 0 0
Pickup and Delivery VRP and VRP with Backh: 3 3 0 0
Periodic VRP 2 1 1 0
Split Delivery VRP 2 1 0 1
Open VRP 0 1 0 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, dblesa 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 redew 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 beder to
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. Litdétaee 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.

Table7 Paper Type
Paper Type Number of artites Relative
(Total = 111) Percentage
Computational Results or Test Data 80 72.07%
Propose/ Develop Algorithm or Present/Describe Algorithm 59 53.15%
Case Study & Real World Industrial Examples 27 24.32%
Literature Review or Survey 22 19.82%
Software or System 5 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, éw research projects for the VRP have led to the-liéakapplication of Decision Support Systems
(DSS) or other Management Systems (MS). The papé€té]pf22] 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 of26] presents a model hich 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 availablbeagreat

variety of features and capabilities they offer. There are systems which are based on GIS (Geographical
Information Systems) such as tki&g7], which is also reporting the need for ITS (Intelligent Transportation

19



6th International Symposium an@8th National Conference on Operation ResearddR in the digital erg ICT
challenges / June-80, 2017 / Thessaloniki, Greece

Systems), offering the confrontation of high costs and environmental impact which is important especially in
urban areas. Due to the need for lower costs, loweboaremissions 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 katmstedge of

this research field and it can enhance the adaptation of appropriate methods in software solutions for freight
transportation in cities.

REFERENCES

[1] Do /tFNYS yR Wo 2 duliighfh\BiKdes from dzBebtraMippontd a Nufnti@Kof Delivery
t 2 A yOper.Résvol. 12, no. 4, pp. 56881.

[2] D® . ® 5Fydi A3 YR WO | & wl Ya$S Nihage $Sguplz6, totlkpp. 8®INHzO| 5 A

[3] J.Lysgaard, A N.eKT2NRZ | yR wod 2 93fSaS3 wunnn-andoatmlyddthnd | £ h
FT2NJ GKS OF LI OA G G S RVali.$rogradt, Ser. M@l dADApY. B23UMEB 6 f SY S ¢

[4] J. R. Montoy& 2 NNB &3 Wd [ 5LIST CNIyOBRASYSYIST EA 2R RASH THIENNIhd p C
fAGSNY Gdz2NB NBGASe 2y (KS @SKA Gondut.NB. Eigkoly P, phJNIE2AE SY A (K

Q)¢

e

(@]]

[5] b 21 &&ly FYR D&® bl3I&X HnmnI axSKAOES w2desandMeta NP o f S
KSdzNR ad A Oa { 2 fidzd. Nrangpvol. IR, ppOIa s = €
[6] Il d Yo SKSaKiAZ {® wod 1 S2ITAZ YR ad !'fAYlIIKAIYZ HAM|

gAYR26aY | Cariput $d. Enpedfos, pre 402413.

[71 +d tAffF O ad® DSYRNBlIdz /& DAzSNBGZ FyR !'®@ [&d aSRIAf Al
Eur. J. Oper. Resol. 225, no. 1, pp.clL1.

[8] Y. Huang, L. Zhao, T. Van Woensel, ahddd. DNB & & = WhHegehdent mekigleXrouting probliSm with
LI G K ¥ f Bafish.0Res Fai B Methodalol. 95, pp. 16€195.

[9] Wod vAily FyR wod 93fSaSs CSod nHnmcI aCdzSt Svyvagiagh2ya 2|
& LJS SHuA X ©per. Resnl.248, no. 3, pp. 84(B48.

[0] [ ¢Sy3 YR %d %KIFIYy3IZI HamcI dDNB SAlv. Brankps Suiddl. NBodzi A y I |
Special Issue, pp. T82.

[11] {® alyOAYyAI HAMTI a¢KS MTRasNReR PartSEMNSMol, wok daliph. 2. t N2 of SY

[12] ' ' £ SEFYRSNE | & 21 f1SNE YR a® blAYSZ HnanmnE 4a5S0AaA
£ AGSNI (O dBUFply BB Mahag>Ah Int.Jol. 19, no. 5/6, pp. 5@522.

[13] B. Eksioglu, A. V. Vural,andMS A &Yl Y3 b2@d wHnndI d¢KS @SKAOCEpWE dzi A y 3
Ind. Eng.vol. 57, no. 4, pp. 14¢2483.

[14] Y& . NFS{USNEZ YO wlkYFS{SNESE FYR L® Yy bASdzSYyKdz2&aS:
classification antNB @ A GdELE Ind. Engvol. 99, pp. 30€813.

[15] wo . fRFOOAZT ! & aAy3da2i 1A wd w20 SNIAZI -Hchelen Gaphcitdtel / | £ O3
+SKAOf S w2 dzOpeyResvolNeR, ad. 5 pp28814.

[16] D. Cattaruzza,® ! 6aAX 5&d® CSAtftSiX FYyR ¢ xARFEX HaomnI a&a! YS
t NR o fEBrYI>Qper. Resol. 236, no. 3, pp. 883848.

[177 L® h]1KNRAY YR Yo -oWwnYOK (+S9A GitnS y\BgedabsskySmc ve SOl bafc 8. = ¢

[18] {® YAY YR ad® 9¢ [SgAAT HNNGEY S hLHRA YT L DtellSTHaRP. (SISt dvR 2120 X
IEEE Transvol. 6, no. 2, pp. 12488.

199 9@ ' y3aStSttA FYR ad DO {LISNIVYI I @mnin =A yaieKNEY SIBSNAGZSR A
European Journal of Operational Research, vol. 137, issue 2 (2002) g% 233

[20] /@ ! NOKSGGUA YR ad® D® {LISNI YIS HAMHME Tréns. Opek Redxd. NP dzi A
19, no. X2, pp. 22.

21] 5@ {FNR1fAd YR {® t268tf3 nwnnns &' KS @peh Ras./SHrolY Sl K2 R

20



6th International Symposium an@8th National Conference on Operation ResearddR in the digital erg ICT
challenges / June-80, 2017 / Thessaloniki, Greece

51, no. 5, pp. 56&573.
[22] F. Rothlauf, 2011Design of Modern Heuristics

[23] V. Zeimpekis, G. M. Giaglis, A. Tatarakis, aadilly A & Z H AN T X & ¢ 2tine dERide nlanagedmeft YA O N
deaiGsSy F2NJ dzNBbtlyintegri SugpMManagidl A32ng. B £p. 228.

24 [ {dzy YR - ® | dzZ HaAamMHI 4! (1y2¢6fSRIS -tideudNBeobtiyigid GA2Y Y
dzNB | Yy R A anti NndodzGomput. BiE Contredl. 8, no. 8, pp. 5858872.

& BSAYLIS1AAZI Ld® aAyAadar Yo alYlFLaaras FyR Do ad DAL 3

SKAOE S Ly ! [/ A éDyf. @& MandginO.MaydppAMNR Y YSY (i ¢
[26) ,® D® {YANIAAZ & %SAYLISTAaZI FYR D® YFAYF1lFYA&AZ HAW
u

(25]

+ I+

a8t SO0GA2Y 2F OSKAOE S NEPdzi A yQperaRedvoldp, N&S3, 23Rg20A (& f 23IA &
[27] J.ASiciliaMontalvo,E.LarrodePellicerB.RoyeAgustinand D. Escu@A y 2t = HAMo0X G{ YI NI &&ai
RAAGNROdziAZ2Y LI YYyAy3add .| aASR 2y @I NRI 6f Dyns Goh BKnO.2dNK22 R &

414c423.

21



6th International Symposium an@8th National Conference on Operation ResearddR in the digital erg ICT
challenges / June-80, 2017 / Thessaloniki, Greece

Wind Fams Suitability Analysis Using TOPSIS and VIKOR
Approaches: A Case Study in Thrace Region

Vavatsiko§ A.P Anastasiadof) E.V.
ICivil Engineer, PhD, Lecturemail: avavatsi@pme.duth.gr
Democritus Universityf Thrace, School of Engineering, Production and Management Engineering Dpt,
12 Vas. Sofias st., Xanthi, Greece
2Postgraduarte student,-mail: anast.eirini@gmail.com
Technical University of Crete, SchoolrofiBction Engineering and Management

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 multicriterisidacanalysis 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 depldiem, afhny
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 prority 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 emonmentally 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 moreviarable at remote locations that often are of high ecological value.
Thus, identification of preferable locations for the establishment of renewable energy system is a dewkiog

problem that requires evaluation of the available land in relation witbnomic 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 throughdhssification into three

main criteria categories which namely are: environmental, secmnomical and design considerations. At the first step
absolute suitability analysis aims to identify candidate siting locations that satisfy all the examinedaiotssy
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
Macedona 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 amegaften 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
oftheprocédd GKFG 3ISYSNIrdiSR (GKAA az2fdziaizy 06S02YSa ySOSa
siting involves spatial implications, planners must design projects and plans that maintain an ecological
equilibrium but nevertheless contribute to economic gth (Hansen, 2005). Moreover, the extensive spatial
RAFTFdzaA2y 2F gAYR FINY LXIFyda AyGNRRdzZOS&a GKS ySSR
al., 2016). Granted that wind farm site selection is the most important decision in the geveft 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 siiitability since all sites are considered equally suitable for the utilization of wind
SySNHeé& 61 | FSNJ Sdiiterida DebiSion Wmalysis vedaluatiodziméttiods can provide tools for
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analyzing the complex tradeffs between choice alternatives witdifferent 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

0 5 2 Y N % Ardafdr, 2007).

GIS are considered as appropriatebBsed 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 providethe 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 Gl&d#mols to the consideration of
decision criteria in land use planning. With respect to-$MSS implementation in planning wind energy
exploitation projects and especially wind farms siting Vavatsikos & Karydakis (2016) shown that until 2001 a
total of twenty two journal papers have been published. The fact that about 61% of those articles have been
published since in the last six years illustrates that multicriteriab@$®d suitability analysis arise as a very
interest research topic with respect to vdrpower projects. The paper at hand illustrates TOSIS and VIKOR
decision models performance in G&sed wind farms suitability analysis.

2. TOPSIS AND VIKORCISION RULES

2.1 TOPSIS

Technique for Order Preference by Similarity to Ideal Solution (TOR8sluced 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 negafisd solution. The
positive ideal slution (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 distanceshtdhk ideal and the negativigleal solutions
simultaneously by taking the relative closeness to the ideal solution (Hwang & Yoon, 1981). TOPSIS
implementation demands decision matrix formations that contamslternatives 4. 45, .... 4,;) under the
consideration ofn criteria (;.X%;....%;). The performancer;; denotes the performance of theth
alternative with respect to thgth criterion. To obtain consistent results the process transforms the wario
criteria dimensions into nodimensional 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 igfets elicitation approaches based on Equation 3. lde3lgad
anti-ideal (A) solution are constructed by the maximum and minimum performances of the weighted
normalized decision matrix (Eqg. 4, 5), where J demotes the ascend criterion typeshendedcend criterion
types. The separation between each alternative can be measureddayensional Euclidean distance. The
separation of each alternative from the ideal one is then given by Equation (6), while separation from the
negative-ideal one i A @Sy NBaLISOGA GBSt e o6& 9ljdzZ G§A2Yy 6T0d CAYL T
closeness to the ideal solution estimation (Eq.8). An alternativie closer tcd™ ast;" approaches to 1.

Tt The n'll__in[.r._-_i-],f'mf:-:[.r[_i-] - ml__in[.:r[_i-] 1)
ryj = maxfr;] —x;; /maxfr; ] — min[x;] @)
v = fwirgli = 12 emj = 1,2,...m) 3)
4" = [[n'&a:-;ri_i-u E_,rj,[miln L'i_i'l_,l' ejli=1.2.... m} = -::1,[, Vg, e ,L'_if, 1,';} 4
4= {m{ln vi;li € (max vilj €10i=1.2, m} (vl vg, e vf v (5)

5=

{ZUE_{_ LIJT:':}JEI =1.2,...m ©)
=1

|
J\=
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_-_5 /(5 -57), 0<Ci<l i=12..m ®)

2.2 VIKOR

In accordance with TOPSIS, VIKOR (ViseKriterijumska Optimizacija | Kompromisno Resenje) method was
developed to solve MCDM problems with conflicting and incommensurable criteria, assuming that
compromising is a@ptable 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 conceptofd i KS YI 22NA (& 2FSHDNRABRSNAVEIBBKXICKANAGHNKS YI EA
the parameterr (Kackar, 1985; Opricovic, 199&elative closeness in VIKOR takes the form of Equation 9,
where §; is the utility measure (Eq. 10F; the regret measure (Eq. 11) and”, " are obtained using
equations 12 and 13.

Q; =v(5; —5")/(5™ —5")+ (1 - v)(R; —R")/(R™ —R") 9)

= D wilf = Al = ) (10)
=1

R; = ma:-:[u Iif' f:l - =12 m) (11)

5= mm.S‘ = min[(5;)lj =1.2,.... m], 5~ = ma:-:.S‘ = max[(5;)|j = 1.2,....m] (12)

R" = mmR = mln[{R :I j=12..m], R = maxR =max[(Rj)|j = 1.2,....m] (23)

The best alternative, ranked i, is the one with the minimum value &f The main ranking result ibe
O2YLINRYA&AS NIrylAy3a tAad 2F FEGSNYIFIGAGSEAE YR GKS O:
effective tool in multicriteria decision making, particularly in situations where the decision maker is not able,
or does not know how to expss his/her preference at the beginning of system design. The obtained
O2YLINRYAA&AS az2fdzixzy O2dAZ R 06S | OOSLIWISR o6& GKS RSOA:
dziAftAde&éd ONBLNBaSyGSR o6& YAY {0 2F SXKEE WYY REBINRE RS
YAY w0 2F (GKS Ww2LllRySyi:é ¢tKS O2YLINRPYAAS az2fdziaiz
RSOAaA2y YI{1SNRAE LINBFSNByO & ONARGSNRIF ¢gSA3IKiGaA ohlL

(/)> '9
(@]

2.3 Modified VIKOR

Although the VIKR method is an effective tool for MCDM problems, some errors would occur in- multi
criteria optimization calculation. When thé,; criterion has no difference among alternatives, i.e.,
fis = fia = fiw = F = fi7, error calculation will occur angland R; 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 determi@e by Eq. (9). To overcome these drawbacks the setecriteria
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 jpaiokityg of alternative by
VIKOR is thelosest to the optimal solution. However, the calculation by the traditional VIKOR method would
bring fault and the VIKOR ind@x would be unavailable. These problems lower the value of the compromise
ranking method. Chang (2010), proposed tmedified 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 tiltesna
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 VIKOE;index
(Eg. 14) is valid index @y situations, any ranking results can be reasonably explained by the modified
VIKOR method.
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v(S; =5 )/ (5" -5 )+ (1 —v)(R;—R")/(R"—R)5- = s*np- =R
0i = (R —R")/(R™—R" ST=5"nR =R 1
i (_5'_.__5'];{5—_5'*, RT=R"ns =5 (14)
! ’ $ST=5"nR =R"
k = constant

3. CASE STUDY IMPLEMENON

Modified VIKOR suitability analysis framework is illustrated through a wind farms suitability analysis case
study in Thrace Ré&mn, 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 tlistiatenges 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 masrecent 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 ofidaccriteria, (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.

Constaints 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 optimaind 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 siertien 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 gegration 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 fohBI®PIS 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 500m Ascend 500 max 0.3

C213 Coastline DCC 500m 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 500m Ascend 500 Max 0.48
c/ Livestock Farming

C231 Pastures DCC 200m Ascend 200 Max 1.04
d/ Agriculture

C241 High productivity areas DCC 200m 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 500m Ascend 500 Max 0.9
Design Considerations

C311 Wind speed DCC 4mis Ascend 4 Max 64.13
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C312 Sandy areas DCC 1.000m Ascend 1.000 Max 1.69

C313 Slopes DCC 30% Descend 30% Min 8.47
Floodplain Risk

C321 Rivers DCC 150m Ascend min 5.000 1.01

C322 Lakes DCC 150 m Ascend min 5.000 1.01
Synergistic Utilities

C331 Secondary Road network DCC <02 &>10km Descend 10 0,2 2.38

C332 Electricity grid: DCC <0.2&>10km Descend 10 0,2 1.65
Non-Synergistic Utilities

C341 Trans Adriatic Pipeline DCC 300m Ascend 300 500 0.3

C342 Burgas;Alex. Pipeline DCC 300m Ascend 300 500 0.3

C343 Naturd Gas Trans. Network DCC 300m Ascend 300 500 0.3

C344 Antennas, Radar DCC 250m Ascend 250 1.500 0.74

C345 Distance from airports DCC 500m Ascend 500 max 0.75

DCC: Decision Criterion with Constraint P: Strict Preference threshold

Q: Indifference Treshold W: Criterion Weight

The final step, the ranking @“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 degcend
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 TOPSISdel. 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 isand it will receive the vale0.5 (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 aid@aion
alternatives. The second scenario wants the decision maker to preferdeahvalues more than idéand in
the third scenario applies the opposite. It has to be noted that all three of the scenarios are weighted models.

4. CONCLUSIONS

GlSbased Multicriteria decision analysis emerges as a rapidly growing area of scientific research during
the last decadeModern 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 eféat 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.

Figue 1TOPSIS implementation equal weighted model (left) and weighted model (right).
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Figure 2 VIKOR implementation equal weighted model (left) and weighted model, scenasialls (right)
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Figure 3 VIKOR implementation scenarig 2, 0.25 (left) and scenario & = 0.75 (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 isasedoamol
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
subectivist 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 dilenging issue and e) the relative importance of the criteria varies between different
stakeholders and depends on the time when the evaluation taking pluwe proposed PROMITHEAS approach (PROject
Multicriteria Interactive Tool for Holistic Effectivesse ASsessment) for the project success evaluation concludes to the
estimation of a value system based on the selection criteria combining the disaggregagmmegation multicriteria
decision aid UTA methods and the Miutbjective Linear Programming Twaques. 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 accountliteze importance of the criteria and 3)

GKS O2yaARSNIiGA2Y 2F RAFFSNByYy(dH adl{SK2ftRSNBR Ay I|fhe adl3s.
final evaluation of project success. The value system estimated by this approalgadaa the analysis of the success or
failure of the projects by deducting differences from the initial strategic planniige PROMITHEAS approach is
illustrated through a real world case study concerning the evaluation of Post Graduate Educatiomainifteg 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 theddimidrs: a) each
case has its own criteria and itdsfined bythe nature ofprojects the internal and external environment and
the strategic @nning of the organizations, bhe non-linearity of analysis parameter&ach evaluation
criterion does nb have the same relative importance), cimailltaneous engagement of qualitative and
quantitative parameterswhich creates difficulties teynthesize themd) stochastic criteria, whids another
point that makesevaluaion procedure more difficult, e) ah stakelolder has a different set of criteria
reflecting different needs angboints of views, fthe impacts of a project are not limited to the time of
implementation but they mainly obtainedafter a short or long peod of time after its completionThe
methodological frameworks for evaluation of project success until (&tkinson, 1999; lka, 2009; Patanakul
and Milosevic, 2009; Westerveld, 2003; Yu et al., 28@S)the following disadvantages:they are limited in
theoretical contexts and are nadntegrated sructured methods, 2) the individual criteria are synthesized
lineay, 3) no examination of the consistency of the evaluation criteria is taken into accountai)euo
manage qualitative parameters, S9ck of direct linking of evaluatiorriteria with strategic planning, 6)

29


mailto:isaak.vryzidis@gmail.com
mailto:tspyr@puas.gr

6th International Symposium an@8th National Conference on Operation ResearddR in the digital erg ICT
challenges / June-80, 2017 / Thessaloniki, Greece

unable to manage uncertainty, 7) difficulties to synthesize different vievesfinal conclusionThe proposed
methodology PROMITHEAS provides a framework that can support the above points.

2. ¢109

adt wh aL ¢HOBOLOGICAL BRAME

The success of a projetd a result of successful implementation by the management team (efficiency) and
success of the final product (effectiveness), whiah besummarizedas(Baccarini, 1999)
Project success = Project Efficiency + Project Effectiveness
From this workis proposed to add two more relatiofisr the needs of PROMITHEAS methodological frame.

Project Efficiency = Effective Selection + Project Management Effectiveness

Project Efectiveness

(Internal

Strategic Goals

Environment)

The PROMITHEAS methodological framavth 2 SO0 & Q

{d11SK2f RSN&
+ (External Environment)

(2.3)

adzf GAONRUGSNAI

(2.1)

(2.2)

LYGdSNI O A

As®ssmen} 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, sigdhe 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 &ndjdéts
Evaluation Stage of projects success.

Figurel lllustration of PROMITHEAS methodological frame in the Organisational level
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which will reflect the preference of the decisiomaker in accordance with the strategic planning. Specifically,
the PROMITHEASethodology in the I Stageg 1™ Phase utilize MultCriteria Decision Analysis (MCDA) for
supporting strategy workshops, modeling the preferences of the general organizational governance for the
future, linking the candidate projects with the strategjoals and evaluating them in a consistent family of
criteria. Generally, the use of multicriteria methobg strategic planning teams has hardly been practiced
even though it seems appropriate for such problefA®dgkinson et al2006) An interesting work on this

topic was done byMontibeller and Frano 2010) For this phase, the appropriate MCDA methods are the
DisaggregationAggregation (BA) approachegJacquet_agreze and Siskos, 1982; Siskos, 1980; Siskos et al.,
2005; Siskos and Yannacopoulos, 198%) especially the Stochasic UTA which allows the use of stochastic
criteria for parameters with high uncertainty (for example, product demarakket share).

(B) In the 21 phase of this stage, the PROMITHEAS methodological frame utilizesobjedtiive linear
programming techniqueghrgot and Wiecek, 2005; Evans and Steuer, 1973; Korhonen, 2005; Korhonen and
Wallenius, 1990; Zeleny, 197i) order to take into account the resources requirements and availability in
the optimization of the global utility values (Strategic Goals, Internair&hment). The purpose of this phase

is also to include other objectives in the analysis which are related to the external environmgnt (
economic, political, social, etc.). Essentially, in the second stage, the selection of projects takes intb accoun
both the internal environment of the enterprise or organization and the impact on the external environment.

Table8 Selection stage 1 of PROMITHEAS methodological frame

Stage 1: Selection of Projects Portfolio

Phase Phase 1 Phase 2
Important {1  Evaluation of candidate {StSOGA2Yy 2F LINB2SOlaQ
Points projects 1  Stategic planning and organizational
in regards with the strategic goals (Internal Environment).
planning and operational goals 1  Objective goals regarding to economical
1 Estimation of Additive Utility and social environment (External
Function (marginal utility Environment)
functions, weights of criteria) 1  Restrictions on available human and
material resources
Method ﬁgt_)grfssrco;);aigregatmmggregalbn Multi-objective Linear Programming Techniques

A

22t N2 2S00GaQ {dz00S&aa 9@l fdzaddazy {dI 3S

The second stage can bmplemented either after the completionf a singleproject or at the end of the
selected portfolio. Both project success dniN2 2SO0 a Q L2 NI F2f A 2 thedu@iBcHtaria OF y ¢
PROMITHEASethodological approach. Theiccessneasurement system is based on:

w heAdditive Utility Model (marginal utility functions(g), weights of the criteria p which is estnated

with the stochastic UTA in the first phase of the selection st&gem that stage the marginal utilities

(u(g(a)) and the global utilites (U@av 2 F GKS aSt SOGSR LINReSOia Ay | 002
on the consistent family ddriteria at this point of timet is calculated.

w ¢KS 20 2S 0 akithehratpétOrdlue? & &, which areidentified in the second phase of

selection stage

w The shorterms and longerms ahievements of projeet Q O2 YLX SGA2y X HKAOK N
organizationalstrategy (internal environment) antb objective goals (external environment). The Additive

Utility Model is used for the estimation of the marginal utilitiegg,(a)) and the global utilitiesU (g)in
FOO2NRIyOS gA0GK (GKS LINR2SOGaQ NIXGAy3a @I ftdSa 2y GKS
Additionally, the values related to the objective functionsat the same time point are calculated.

31























































































































































































































































































































































































































































































































































































































































































