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Abstract. The paper presents an overview of the history and achievements of trans-border co-
operation in the Lithuania-Germany-Poland triangle in planning instruments in Construction
Management, decision-making theory, application of Operational Research, and Multiple Crite-
ria Decision Making (MCDM) methods in Civil Engineering and sustainable development. The
cooperation and results of the Colloquiums with 35 years of tradition, their multidimensional
nature is underlined. The research instruments, methods, studied phenomena are reviewed and
characteristic applications in engineering and economics are presented. The knowledge and com-
bined efforts of three academic centers have created a synergy which set in motion many original
methods and spectacular implementations. The Colloquium calendar and the evolution of orga-
nizational forms are presented along with the inclusion of the informal EURO Working Group
on Operations Research in Sustainable Development and Civil Engineering.

Keywords: scientific cooperation, operations research, MCDM, decisions, variants, micro and
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Introduction

Traditional methods of optimization, statistics and econometric analysis used in an engineer-
ing context are based on the assumption that the problem is well formulated, and decision-
makers typically evaluate a single goal, an evaluation criterion, or an approach. In reality,
however, the modeling of engineering problems is based on a different logic, the conflicting
goals of decision-makers that leads to the use of multiple criteria and the complex, subjective
and diverse nature of the evaluation process. In this context, multi-objective methods con-
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tribute to the solution of engineering problems; help to identify optimal alternatives, consid-
ering the conflicting goals of different stakeholders. Awareness of the necessity, importance
and benefits of the multi-criteria decision-making methods forced several scientists to form
a steering group that has set itself the task of developing and promoting the application of
such methods in civil engineering.

This article describes the evolving scientific cooperation of the promoters of the multi-
criteria decision-making methods that received support and was held with great esteem. This
cooperation took the form of systematic scientific seminars since 1986, which the organizers
called “Colloquia” The main goal of the colloquia was to combine the capabilities of research-
ers in the development and application of operations research methods to solve problems in
the construction sector. Thus, we are now celebrating the 35th anniversary of the implemen-
tation of an idea, which, in this case, has become almost an “institution”. This “institution”
operated only under the shield of an agreement between universities.

Until 2009, research areas were limited to operations research in construction. Later, the
idea was raised to analyze the operations research in civil engineering within the context of
sustainable development. The idea of the new direction of research arose from the under-
standing that there was a lack of a comprehensive approach and a synthesis of models linking
different tasks. Modern tools for evaluation and measurement of progress that combine the
essential aspects of sustainable development are needed to enhance the integration of the
sustainability concept.

Sustainable development of cities and their infrastructure is one of the priority tasks
of the modern world. Sustainability priorities combine crosscutting issues of environment
protection, energy efficiency, optimization of mobility and technology penetration, with solu-
tions involving different levels of governing institutions and groups pursuing various goals.
Construction industry organizations are constantly engaged in a variety of projects through-
out their life cycle. The success of the project depends on the resources of the organization,
the efficiency of management; moreover, the success of the organization is influenced by the
results and success of each project. The various actors in the construction process (public
authorities, the community, actors in the construction sector, research centers) also influence
the activities of the construction sector, mainly through regulatory mechanisms, information
dissemination, training and research. New working methods and technologies that could
increase process efficiency will have a great impact on construction industry projects in the
future.

Since then the sustainability issues in civil engineering were an integral part of all re-
searches in collaborating centers. Lithuanian, German and Polish research centers were
primarily involved in the joint research. After a series of visits and discussions on how to
develop effectively scientific cooperation, regional cooperation has evolved into international
cooperation, and the Working Group on Operational Research for Sustainable Development
and Civil Engineering (ORSDCE) was established.

The paper is organized as follows: Section 1 describes the nature of trans-border coopera-
tion in form of Colloquia. A new form of cooperation - EURO Working Group ORSDCE is
presented in Section 2. The character of research topics is discussed in Section 3. The nature
of both cooperation formulas (the Colloquia and Working Group ORSDCE) together with the
results is multidimensional; hence, their review has been divided into theoretical (methods)
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and presented in Section 4. While practical (implementations) are presented in Section 5.
Some important achievements of the collaboration are presented in Section 6. The review
was based on the publications (mainly articles) published by those scientists who directly
participated in the above-mentioned bodies. Articles by other authors, in which the methods
presented in our community were used or assessed, were also included.

1. The nature of trans-border cooperation in form of Colloquia

The key topic of the Colloquia was the issue of decision-making in civil engineering. Over
time, the subject matter was evaluated and changed. Starting with such topics as “Methoden
der bautechnologischen Entscheidung” (the first Colloquium, Leipzig 1986); “Planning In-
struments in Construction Management”; “Modern instruments in management” it evolved
to such topics as “Sustainable decisions in build environment”;
Civil Engineering and multi-attribute decision making” (the last Colloquium, Vilnius 2019).

The calendar of the colloquiums and the characteristic dominating topics are presented
in Figure 1. The venues are also listed. The Colloquiums took place regularly every two
years, organized by the universities in Leipzig, Vilnius and Poznan. One meeting was held
in Aachen (1999).

Not only the subject matter of the Colloquia has changed. Gradually, the formula of
these meetings evolved, as the terms of cooperation changed. The basis of the initial meet-
ings was the so-called hard currency-free exchange. During this period, the possibilities of
travelling abroad were limited. The self-organization of scientific life and the necessity of its
existence was the philosophy behind such a formula. Its characteristic elements were mutual
consultations and the first publications (individual or joint), already treated as international
publications. Presentations of achievements during the Colloquia were held in Russian and
German. The first studies were also published in these languages.

Sustainable development in
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Figure 1. Colloquia calendar and dominant topics
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The initiation of the Colloquia was preceded by contacts in 1975-1985 and participa-
tion in congresses and scientific internships. A joint publication originates from this period
(Wagner et al., 1985). However, these sporadic meetings soon turned out to be insufficient,
that is why Prof. E. K. Zavadskas (then VISI) proposed to organize systematic meetings. The
Rector of Technische Hochschule Leipzig (THL), Prof. K. Fiedler, approved the initiative.
The collection of papers from the first Colloquium was published in the first joint publica-
tion (Fiedler et al., 1986). The team grew dynamically, but its core consisted of three centers:
Leipzig University of Applied Sciences (Germany), Vilnius Gediminas Technical University
(Lithuania) and Poznan University of Technology (Poland).

Apart from their authority and reliability in conducting research, the three centers con-
tributed to this “alliance” with the following scientific achievements. From the German side,
first of all, the development and applications of game theory; from the Lithuanian side —
multiple criteria methods, and from the Polish side - balancing construction processes under
stochastic conditions by appliyng the theory of queue and the theory of reliability.

This form of cooperation resulted not only from the need to exchange experiences and
compare scientific achievements, but also made it possible to access a wider range of informa-
tion, journals and books, which were available at the cooperating centers. It also created the
possibility of publishing the results of scientific works in journals in Germany, Lithuania and
Poland. Moreover, the cooperation created a platform where doctoral and postdoctoral dis-
sertations could be consulted, and professors from individual centers were and still are invited
to review research papers. The knowledge and combined efforts of three academic centers
created a synergy that gave rise to many original methods and spectacular implementations.

In terms of numbers, all this made the achievements impressive. Several hundred ar-
ticles and dozens of books can be mentioned. An attempt to quantify the achievements of
the first 25 years is presented in the works of Tamosaitiené et al. (2010) and Vilutiené and
Tamogaitiené (2011). According to them, the cooperation gave very good results: 41 scientific
books have been written, including seven scientific monographs; more than four hundred
articles have been published in scientific journals; 13 professors defended their habilitations
or successfully passed the habilitation procedure; 54 doctoral students defended their doc-
toral dissertations in the area of civil engineering.

Today it is almost impossible to quantify the research output; it counts in the hundreds.
In addition, it is not known whether it is the effect of the Colloquia or the work of the ORS-
DCE group; or whether it was part of routine duties of an employee at the home university.

The cooperation was carried out in the spirit of integral humanism. It continues with no
xenophobic attitudes. Good scientific cooperation and a good atmosphere allowed for peace-
ful development, regardless of the serious political upheavals accompanying these meetings.
What should be mentioned here is the collapse of the USSR, the independence of Lithu-
ania, the merger of two German states, the division of Czechoslovakia, Poland’s accession
to NATO. The influence of these events could be felt during the 8" Colloquium in Vilnius
(2001). The collapse of the political systems and changes in the economic system had no
negative impact on the level of cooperation. It gave a new impetus to the application of
theory in practice, first of all, the scope of topics increased with added macro-economic is-
sues. The motto of the cooperation was “Sapere Aude” (Horace) with Prof. E. K. Zavadskas
in the forefront who is regarded as the Godfather of the Colloquia.
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2. A new form of cooperation - EURO Working Group ORSDCE

With time, the existing organizational form proved insufficient. Moreover, the range of re-
search topics expanded significantly. The research areas had been limited mainly to opera-
tional research in construction. Then, prof. E. K. Zavadskas suggested giving priority to the
subject of the analysis of operational research in construction in the context of sustainable
development.

The idea of the new direction of research arose from the understanding that there was a
lack of a comprehensive approach and a synthesis of models linking different tasks, whereas
sustainability priorities combine crosscutting issues of environment protection, energy ef-
ficiency, optimization of mobility and technology penetration, with solutions involving dif-
ferent levels of governing institutions and groups pursuing various goals.

Following the launch of a new research area, it was proposed to set up a EURO! Working
Group on Operational Research for Sustainable Development and Civil Engineering (ORS-
DCE). This proposal was discussed at the 12th Colloquium and a decision was taken to
submit an application to the EURO Executive Committee during the regular EURO Confer-
ence. At the 23rd European Operations Research Conference, the EURO Executive Com-
mittee considered the proposal prepared by the Steering Group, approved the establishment
of a new EURO Working Group and awarded it the EURO label. In this way, the group was
granted membership of the European Association of Operations Research Societies and re-
ceived related rights and obligations.

Now 33 of EURO Working Groups exist in the organizational network of the Association
of European Operational Research Societies. These working groups are a significant part of
the EURO.

Why was the topic of Operations Research for Sustainable Development and Civil En-
gineering chosen? Primarily, because the past and present activities of the group members
are related to these issues. The results of research in this area are impressive, highly valued
by the international scientific community, and need to be developed further. In addition,
the research areas of previously established EURO working groups did not cover the topics
of sustainable development and civil engineering, although the importance and necessity of
applying operational research methods in these areas do not raise doubts. The application
of operations research methods in the areas of sustainable development and civil engineer-
ing is significant in resolving conflicts between various stakeholders. Operations research
methods can serve as a sustainable tool for economic prosperity, build environment quality,
social justice and technology efficiency. In emphasizing the above issues, the members of the
working group set the following goals:

- to facilitate the collaboration between European researchers working in the areas of
civil engineering and sustainable development;

- to develop and apply multi-criteria approaches to sustainable development and civil
engineering;

- to promote innovation based on the application of multi-criteria methods in the con-
struction industry;

1 EURO is the “Association of European Operational Research Societies” within IFORS, the “International Federa-
tion of Operational Research Societies”, http://www.euro-online.org/
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- to ensure the continuity and progress of work and convey to scientific communities
the ideas of multi-criteria decision-making, the results of the research, thoughts and
critical discussions of group members through annual meetings and conferences.

The emergence of the EURO Working Group on Operational Research for Sustainable
Development and Civil Engineering resulted from more than 20 years of cooperation be-
tween research institutions in three European countries (Germany, Poland and Lithuania).
During this period, more than a hundred scientists from different parts of the world par-
ticipated in and joined the EURO working group EWG-ORSDCE organized by EWG. The
group currently has more than 100 members from 20 countries (Lithuania, Germany, Poland,
United Kingdom, Belgium, Denmark, the Netherlands, Portugal, Latvia, Estonia, the Czech
Republic, Slovenia, Romania, Peru, Mexico, Russia, Ukraine, Australia, Iran, Spain, Chile
and the USA) (Figure 2).

Figure 2. The cooperation networks of EWG ORSDCE

3. Multidimensional character of research topics

Not only the scope of international cooperation (initially, in the “triangle”) was gradually ex-
panding, but also the subject matter itself was developing dynamically. Figure 3 presents the
fundamental aspects characterizing this development, including the determining conditions,
research and discussion topics, economic and engineering implementations.

The participants realized that theoretical and practical achievements depended on tech-
nology, design and legislative conditions affecting all levels of consideration: from macro to
micro (the largest field in Figure 3). This meant the need to look at the scope of our work
both from a vertical and horizontal perspective.

The subject matter of the first Colloquia was limited to the MICRO level (especially the
construction processes), gradually entering the MESO area (first, the construction PROJECT,
then the enterprise). Only after the political and economic transformations in our countries
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in the nineties, the field of research was expanded to the MACRO level. Consequently, the
research area and topics are listed in the upper part of the right oval in Figure 3 appeared.

At the MICRO level, the triad consisting of construction - technology - labor consump-
tion was followed. The labor intensity was a step to determine the time and cost of implemen-
tation. Another triad was also taken into account (due to apicality), namely efficiency - law -
money. This triad accompanied such issues as methods of financing investments, budgeting,
life cycle and the economics of design.

The building life cycle mentioned above or, more precisely, Life Cycle Cost Analysis
(LCCA), is the keystone that holds the issues of multidimensionality together, especially
in the context of operating costs and the use of discounted cash flows (Net Present Value).
Therefore, it is a temporal dimension or, to put it conventionally - a horizontal dimension.
The vertical and horizontal dimensions were significantly strengthened by the problem of
sustainable development and later by the influence of the ORSDCE group.

Further considerations on the multidimensionality and multi-application nature of the
subject matter of the Colloquia are presented in two synthetic parts: theoretical (including
research instruments, methods, phenomena), and practical (characteristic applications in
engineering and economics).

4. Research instruments, methods, phenomena

When reviewing the phenomena and tools needed to solve research problems in the period
of the Colloquia (and presented during the Colloquia), it can be stated that almost all of the
listed in Figure 3 (middle oval) are suitable for solving problems present at all three MICRO,
MESO and MACRO levels. The second observation points to the supremacy of multi-criteria
decision-making tools, including “Multiple-criteria decision-making” (MCDM). Issues such
as selection and varianting were valuable materials for MCDM use and development. The
Vilnius Center already had significant achievements in the area at that time (Zavadskas, 1979,
1987, 1991). Due to the specificity of those years, all the works were published in Russian.
We will begin our review with the MCDM methods.

The team identifying with the Colloquium and the ORSDCE has been constantly work-
ing on creating new MCDM methods and modifying the existing ones. During the 30 years
of scientific cooperation, the members of EWG ORSDCE have created methods for decision
support, e.g. COPRAS, MOORA, MULTIMOORA, WASPAS, ARAS, SWARA, KEMIRA,
MAMVA, COPRAS-G, COPRAS-F, COPRAS-IVIF, ARAS-F, ARAS-G. As of today, the
team’s account includes, among others the following methods (Figure 3).

The FARE (Factor Relationship) method (Ginevicius & Podvezko, 2007) for determining
the weights of a large number of criteria based on the relationship between one of them and
the others. The SECA method (Keshavarz-Ghorabaee et al., 2018) for simultaneous evalua-
tion of criteria and alternatives using the problem of multi-criteria nonlinear programming.
Several methods for determining the weight of the criteria created. One of them is WEBIRA
method (Krylovas et al., 2017) based on the strategy of balancing weighting. Another one
is PIPRECIA method (Stanujkic et al., 2017a) for determining the criteria weight when the
consensus among experts cannot be reached. KEMIRA method (Krylovas et al., 2014) based
on a weighting strategy, three different metrics were used to calculate the median.
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A special group of methods is those based on the properties of type T fuzzy sets, includ-
ing EAMRIT-2F method (Keshavarz Ghorabaee et al., 2016a). The optimality characteristic
of this method is based on the area under the lower and upper membership function graphs
as well as the probability analysis of the fuzzy sets. AFRAW method (Keshavarz Ghorabaee
et al., 2016b) based on the modeling in terms of interval T-2 fuzzy sets; integration of sub-
jective data about weights of the criteria provided by experts with objective data about these
weights.

Different approaches to be found in the methods: CODAS (simultaneous use of two
Euclidian and Taxicab metrics), EDAS (allows selecting the best alternative based on the
positive and negative deviations from the average solution), Modified WS-PLP (summing up
the weights & new normalization procedure), ARCAS (group decision making), COCOSO
(combination of compromise decision-making strategies with some approaches to data ag-
gregation).

In terms of methods of determining criteria weights, it is CILOS (the analysis of the cri-
terion significance variability, considering changes in the significant value of other criteria),
and IDOCRIW (using the best features of the entropy method).

Most of these methods were developed after 2014. Their names are most often acro-
nyms, for instance, CODAS is COmbinative Distance-based ASsessment method, AFRAW
is Assessment based on Fuzzy Ranking and Aggregated Weights, popular EDAS is Evalua-
tion based on Distance from Average Solution, and COCOSO is COmbined COmpromise
Solution. They have been published in such journals as Informatica, International Journal of
Computers, Communications & Control (IJCCC), Economic Computation and Economic
Cybernetics Studies and Research (ECECSR), Studies in Informatics and Control, Journal
of Business Economics and Management. For a review of these methods, see Bausys (2019),
Keshavarz Ghorabaee et al. (2017), Mardani et al. (2018a, 2018b) and Kaplinski et al. (2019).

Some very interesting results were obtained in terms of extension or modification of the
MCDM methods. The hybrid effect was obtained by compiling some methods, consider-
ing fuzzy or grey numbers, sometimes probabilities, methods of criteria and alternatives
evaluation, and most of all, through normalization, including aggregation of weights. The
list of these hybrid methods is abundant, and they have been published in various journals,
e.g. Applied Mathematical Modeling, Soft Computing, Applied Soft Computing, Symmetry,
Studies in Informatics and Control. The extended MCDM methods include Rough ARAS,
R-SWARA, EDAS-I2FS, Entropy-KEMIRA, Neutrosophic-MAMWA, G-EDAS, F-CODAS,
G-OCRA, Stochatic EDAS, Neutrosophic MULTIMOORA, Intuitionistic fuzzy EDAS, WAS-
PAS-I2FS, F-EDAS, WASPAS-SVNS, F-WASPAS, VIKOR-INS, COPRAS-SVNS, ELECTRE-
IDAT, COPRAS-WIRN, Extended SWARA, ELECTRE III-IV IE, ELECTRE-IDAT. For a dis-
cussion of some of these methods, see Shen et al. (2018). The in-depth assessments of these
methods presented in the following works describing: MULTIMOORA method (BaleZentis &
BalezZentis, 2014; Hafezalkotob et al., 2019), COPRAS method (Stefano et al., 2015), SWARA
and WASPAS (Mardani et al., 2017b) SMARA and SMART with their application (Nakhaei
et al,, 2016).

An example of the development and extension of some approaches is the improvement
of the VIKOR method. It has recently become very popular in applications.
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The VIKOR method (Opricovic, 1998) determines the compromise ranking list and the
compromise solution obtained with the initial (given) weights. Generally, this method fo-
cuses on ranking and selecting from a set of alternatives in the presence of conflicting crite-
ria. It has two interesting modifications, i.e. fuzzy aggregation operators and considering the
neutrosophic set environment. The results have been given in the following works: Mardani
et al. (2018a) and Bausys and Zavadskas (2015).

The supremacy of the MCDM results in the achievements of the team identifying with
the Colloquia and the ORSDCE results not only from the number of methods and articles,
but also from the fact that they are the most frequently quoted in the international literature.

An example of going beyond the circle of Civil Engineering and entering the field of
health and psychology organization - including the issue of the neuro decision matrix and
the COPRAS and ViNeRS methods - is, among others, the work by Kaklauskas et al. (2020a).

Where the problem areas were difficult to quantify, e.g. due to historical and architectural
categories (values), it was proposed to use subjective assessments. Verbal Decision Analysis
(VDA) was adopted and further developed. The method was developed thanks to coopera-
tion with colleagues from Moscow, O.I. Larichev and D.Yu. Kochin (Russian Academy of
Sciences).

The most important feature of VDA, which distinguishes it from other well-known meth-
odological approaches in decision-making theory, is the use of non-numeric (qualitative)
information at all stages of the analysis. Using VDA problem solutions obtained without
any transformation into the numerical form. Interesting applications have been found in
medicine, psychology, architecture, and, above all, in investment evaluation. An example
is (Ustinovic¢ius & Kochin, 2003) in the area of investment and risk determination. In the
practice of organization and management, VDA methods have a significant advantage over
axiomatic and heuristic methods.

In discussing the MCDM-Extensions above, we come across axioms that are better de-
fined by neutrosophy. Neutrosophy, whose father is Smarandache E (1998) looks at a proposi-
tion, a theory, an event, a concept, or an entity, in relation to its opposite. Thus, Neutrosophy
reached the realm of multi-criteria decision-making methods. Our colleagues’ experience
shows that the MCDM methods have found their specific approach, i.e. Neutrosophic fuzzy
sets. Here are examples of methods extended in this way: COPRAS (Bausys et al., 2015),
WASPAS (Zavadskas et al., 2015), MULTIMOORA (Stanujkic et al., 2017b) and the hybrid
result of COPRAS and ViNeRS Methods (Kaklauskas et al., 2020b). The Neutrosophic Sci-
ence International Association has highly appreciated the above achievements.

Evidently, hybrid models play an important theoretical and practical role. A different,
yet sophisticated hybrid approach has been developed with regard to potential buyers of
green housing (AVABEPS) (Kaklauskas et al., 2020c). The research used neuromarketing and
multicriteria examination of video advertisements for diverse client segments by applying
neuro decision tables. It is an example of multi-discipline cooperation between the Faculty
of Civil Engineering (VGTU, LT). Department of Computing (Imperial College London) and
Cognitive Computing Group, Institute of Data Science and Digital Technologies (VU, LT).

It is also worth noting the use of MCDM in Building Information Modelling (BIM). In
Khalesi et al. (2020) the Step-wise Weight Assessment Ratio Analysis (SWARA) method
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and BIM technologies have been combined to identify and reduce time delays caused by
reworks in construction projects. The bibliometric approach in this respect is represented by
Vilutiené et al. (2019). Other achievements in the area of BIM are presented in Saoud et al.
(2017), Sarvari et al. (2020), Shkundalov and Vilutiené (2021), Ustinovichius et al. (2018),
Ustinovicius et al. (2015), Vilutiené et al. (2020b, 2021), Zhang et al. (2016).

A solution to the symmetry or asymmetry of different data types can also be found in
the hybrid approach. An example is Zavadskas et al. (2021a). The authors proposed different
solution models, mainly covering uncertain data in multi-criteria decision-making problems
as complex tools to balance the symmetry between goals, risks and constraints to cope with
the complicated problems in engineering or management.

Rapid technical development forced interest in such topics as integrated management and
design, BIM, 3D to 7D models, the Internet of Things (IoT), and Knowledge-Based Systems
(KBS). There has been an abundance of publications in this area in the last decade. Let us
mention one of them: Pishdar et al. (2018). This is IoT in supply chain management and a
more precise evaluation of IoT application challenges based on the rough DEMATEL group.

Some works highlighted intelligent building systems (Antucheviciene et al., 2015), intel-
ligent and biometric systems (Kaplinski & Tupenaite, 2011), information management in
conditions of inadequacy (Antucheviciene et al., 2017). A critique of the information struc-
ture, insufficient from the point of view of sustainable development provided by Turskis et al.,
2019¢). Crowd biometrics analyzed by Kaklauskas et al. (2019¢). INVAR method in the area
of neuromarketing presented by Kaklauskas et al. (2019a).

Artificial intelligence (AI) techniques, including in particular Intelligent Decision Sup-
port Systems (IDSSs), harmonize with the above-mentioned issues. Artificial intelligence
techniques can be utilized in all the components of IDSSs, such as in the database, knowledge
base, model base, user interface. Some of the topics related to Al techniques are biometric
and intelligent decision making support described by Kaklauskas (2015). The research con-
tinued with development and integration of intelligence, voice stress analysis, and iris recog-
nition technologies in construction; integration of intelligent decision support systems in the
life cycle of the built environment (Kaklauskas, 2016). Later the VINERS Neuromarketing
system that can determine the emotional, affective and physiological status of viewers, was
developed by Kaklauskas et al., 2020a). Some other include: one-to-one neuromarketing (Za-
vadskas et al., 2019); Earned Value Management (EVM) technique (Baumann et al., 2014),
and artificial neural networks (Balali et al., 2020).

The importance of knowledge management is emphasized by the works, among oth-
ers: in business (Abu Adi et al., 2021), and design (Bonenberg & Kaplinski, 2018). Merging
knowledge bases and “life-time” gave rise to expert systems. The synthesis of these works
is presented in the book (Kaplinski et al., 1995). It was the first book on the applications of
expert systems in the construction industry in this part of Europe.

The research achievement dating from the period of the first Colloquium seems to be
modest. It could not be presented earlier, though, there was no Internet. Moreover, access to
international journals was limited. Most of the achievements were published in local journals
(mainly at a given University). The availability of publishing in foreign journals was limited.
The introduction of mainly Lithuanian journals to the SCOPUS and Web of Science (WoS)
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databases allowed a noticeable representation of the achievements. By using this opportunity,
this representation was realized successfully in the last two decades.

Thus, the subject matter at the MICRO level was dominant at that time (Figure 3). From
the scientific point of view, the following phenomena were in the focus: essentially waiting,
balancing and equilibrium (Peldschus & Zavadskas, 2012). The principle was adopted not
to create phenomena, but to study and describe them. Operational Research dominated as
tools, among them the Queue Theory, (Kaplinski, 1978), Reliability Theory (Kaplinski &
Milosz, 1996), Game Theory (Meszek, 2007; Peldschus, 2008), and Utility Theory. The review
of works in the area of game theory was presented by (Kaplinski & Tamogaitiene, 2010; Peld-
schus, 2009, 2018). Fuzzy sets were introduced at the turn of the 20th and 21st centuries. The
Theory of Rational Decisions was the scientific foundation of our Colloquia.

The book (Zavadskas, 1987) was one of the first books dating from this period - an
important introduction to later MCDM methods. The book synthesizing the achievements
of MCDM (Zavadskas et al., 1994) was also important. In Poland, the first major publica-
tion (apart from network planning) was a book on the balancing of construction processes
(Kaplinski, 1978). Later, scoring methods developed (Kaplinski, 2008), integrated manage-
ment and flexible management (Pastawski, 2008), as well as the use of prospect theory (Za-
vadskas et al., 2016), and rough sets theory (Mardani et al., 2017a), completing the MESO
level.

5. Characteristic applications in engineering and economics

The last column (in the right oval in Figure 3) shows some characteristic examples of theoret-
ical research implementation. The range of issues is exceptionally large and is closely related
to the three levels of debate during the Colloquia, the profile of research in home research
centers, and then within the ORSDCE group.

The list of MICRO achievements is primarily related to the conditions set out on the left
side of Figure 3 and is related to what these three centers contributed to the first Colloquia.
In general, the issues concerned the organization and engineering of construction processes,
the organization of the construction site, monolithic construction, and such detailed issues
as the use of the flow line method (e.g. in stochastic conditions). Optimization in a broad
sense was treated on an equal footing with the use of mathematical methods. Examples of
the achievements of this level and the early period are presented, among others, in Fiedler
et al. (1986), Kaplinski (1978, 1997).

MACRO level works (compared to the MICRO level ones) have a contrasting range. The
proliferation of these works could be observed after 2000. The first works in this area focused
on diversification of the production program (Ginevicius, 1998), later they entered the area
of the financial state of construction enterprises, even the oligopolic market. The research
presented in Ginevicius et al. (2010) may be an example.

This group includes socio-economic topics (as systems), including SEA (Kaplinski &
Peldschus, 2011): strategic environmental assessment; also the selection of the optimal real
estate investment; the European Union in a transition economy; and quantitative evalua-
tion of social phenomena (Nazarko & Chodakowska, 2015; Nazarko & Kononiuk, 2013;
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Radziszewski et al., 2016). Housing issues (sustainable affordable housing) were also debated
by Maliene et al. (2018), Mulliner et al. (2013, 2016). More humanistic issues, including pay
and unemployment, can be found in Melnikas (2018), Ozturk et al. (2019).

Economic issues at the MAKRO level also constitute an excellent platform for the utiliza-
tion of MCDM and operational research. A broad overview of such applications can be found
in the article (Zavadskas & Turskis, 2011), which aroused great interest and has already been
cited 414 times (SCOPUS database). The later period is summarized in (Zavadskas et al.,
2014).

Economic changes resulted in discussions on several variants of the organization of the
investment process, including the organization of tenders. Several works were created to
evaluate contractors. Some of them are Jaskowski et al. (2010), Turskis (2008), Zavadskas
et al. (2009). The organization of the investment process was analyzed, for example, as De-
sign and Build system (Lesniak et al., 2012), sustainable construction management (Erdogan
et al., 2019). The supplier selection in the light of the CoCoSo-G method is presented in
(Yazdani et al., 2019), and in the light of fuzzy sets in (Keshavarz Ghorabaee et al., 2017).

The selection of a contractor is one of the most important decisions made by the owner of
a construction site. A number of works have been created, e.g. selection based on the method
of multicriteria complex proportional assessment (Zavadskas et al., 2009), a model based on
the theory of fuzzy sets, also including computer software applications (Plebankiewicz, 2010).
A more sophisticated approach, i.e. compiling dynamic fuzzy and MCDM (EDAS method),
is presented in (Keshavarz Ghorabaee et al., 2018).

For years, localization problems have been both a satisfactory and practical area of re-
search. Figure 3 lists only a few examples regarding park-and-ride parking, garbage incinera-
tors, liquefied natural gas terminal, location of new footbridges (combining multi-criteria
task and GIS) (Zagorskas & Turskis, 2020). All the examples mentioned above use MCDM
methods and even hybrid approaches. The hybrid solution model proposed by Zavadskas
et al. (2021b) for decision-making integrates four different methods and several fuzzy criteria
values. And so, an example of the selection of location for a liquefied natural gas terminal
(Bausys et al., 2015) presents the multicriteria decision-making method with single value
neutrosophic sets (SVNS). The proposed approach consists of the following steps: neutro-
sophication, MCDM solution using the neutrosophic sets operations, de-neutrosophication.
It is worth noting that in the period of the first Colloquia, for solving location optimization
problems mainly models based on linear programming or dynamic programming were used.

The more extensive was the use of decision support methods, the stronger was the need
for standardization (usability, weights, criteria) (Brauers, 2007a, 2007b; Zavadskas et al.,
2003). Of course, the criteria can be qualitative and quantitative. They usually employ differ-
ent units of measurement and differ in optimization direction. In this case, the normaliza-
tion aims at obtaining comparable scales of criteria values. Having joined forces, a package
of commercial programs called LEVI-3.0 was developed. It was the result of the cooperation
between the VGTU and HTWK (Peldschus, 2008; Zavadskas et al., 2002).

The next version of the LEVI-4.0 program was modified for evaluating various processes
in economics, engineering, and management (Turskis et al., 2009). The packages include de-
cision-making matrix, Game theory methods, linear transformation; multiple criteria evalu-
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ation; non-linear transformation; one-sided and two-sided problems. Based on the research
carried out it turned out, inter alia, that the logarithmic normalization of the decision matrix
gave the most stable results in solving multi-criteria decision problems. Research in the area
of standardization is still ongoing, an example may be Liao et al. (2020), which takes into
account the Double Normalization-based Multi-Aggregation (DNMA) method.

Risk assessment of construction processes and projects has been a rewarding area for
research and applications since the beginning of the Colloquia. The first works were based
solely on the theory of probability: the theory of reliability was the main research instrument.
Spectacular achievements were also noted thanks to the application of queue theory. In this
manner, time or material reserves were determined. The analyses were supported by a digital
simulation; a classic example is the article (Kaplinski & Milosz, 1996). A summary of the
research from this period in the relationship of Reliability - Risk Management — Contingency
is to be found in Turskis et al. (2012).

Because we deal with risk every day, therefore our achievements include works, e.g. on
financial risk (Dziadosz et al., 2015), time and costs risks (Plebankiewicz et al., 2020), or job
security, in fuzzy numbers (Mohandes et al., 2020).

The issue of risk assessment was given a new impetus when the MCDM methods were
employed. Here are some examples. Shevchenko et al. (2008) presents a method of multiat-
tribute comparative analysis (combining CLARA and SAW methods) of variants of invest-
ment classified risks in construction. However, in Zavadskas et al. (2010) the risk evaluation
attributes are selected taking into consideration the interests and goals of the stakeholders
as well as factors that influence the construction process efficiency and real estate value. The
ranking of objects and determination of their optimality is determined by applying TOPSIS-
grey and COPRAS-G methods with attribute values determined at intervals. The use of the
DEMATEL-fuzzy and ANP methods in interrelations among risk factors is presented by
Hatefi and Tamogaitiené (2019). Asadi et al. (2018) taking an oil company as an example,
assessed risk based on the Elena guideline. A Delphi study using the TOPSIS method is pre-
sented by Tamogaitiené et al. (2021a). Ghodoosi et al. (2021) proposed practical quantitative
approach based on reliability analysis, which enables estimators assessing bid risk allocation
and making bid/no-bid decisions based on estimating the probabilities of schedule and cost
overruns.

Intriguing results can be obtained at the interface between Facility Management and AL
Digitization plays an important role in a broadly conceived area of management (control).
It was especially clear during the Kotobrzeg Colloquium in 2007. The neuromarketing and
BIM problems discussed above are characteristic examples of that statement. The subject
area has potential. The review article (Nikmehr et al., 2021) is significant. Digital models
of construction designs, digital control models, models for assessing construction designs
from the point of view of the client or developer, digital transformations - all those are of-
ten supported by Fuzzy Logic or MCDM-fuzzy models (Gajzler & Zima, 2017; Morkinaité
et al., 2019; Shkundalov & Vilutiené, 2021; Tamosaitiené et al., 2021b). The smart subject
matter with fuzzy cognitive maps is presented by Miguel et al. (2019). The hybrid differential
evolution online sequential extreme learning machine (DE-OSELM) model was applied by
Bielskus et al. (2020) for building occupants’ presence prediction in an open-space office.
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In recent years, the presentations of design works became abundant. Here are some of
them.

- Forecasting the building’s demand for thermal energy, considering the Complex Pro-
portional Assessment Method (D’Amico et al., 2020);

- Designing green houses, considering neuromarketing (Kaklauskas et al., 2019d);

- Research and design of pedestrian zones (Di¢itinaité-Rauktiené et al., 2018);

- Hybrid design on the example of airport runways (Turskis et al., 2019a);

- Design strategies considering the KANO two-dimensional quality model (Juan et al.,
2014);

- Indication of “Best Places to Live” using COPRAS and VINERS methods (Kaklauskas
et al,, 2019b).

Practical applications of the MCDM methods presented in research of designing bicycle
paths (Zagorskas & Turskis, 2020), designing (selecting) building foundations (Turskis et al.,
2016), optimizing steel structures (Turskis et al., 2019d), assessing the sustainability of al-
ternative structural solutions of a building (Vilutiené et al., 2020a). Choice of materials for
a dam construction analyzed by Maghsoodi et al. (2019). Road design solutions discussed
in Brauers et al. (2008), Zavadskas et al. (2007). Building maintenance planning described
by Al-Refaie et al. (2020). Project portfolio selection in uncertainty conditions was analyzed
in Mohagheghi et al. (2019). Dilemmas on the border between engineering and architecture
were presented (Bonenberg & Kaplinski, 2018; Kaplinski & Bonenberg, 2020).

Earlier works focused, inter alia, on research on labor consumption of flexible corrugated
steel structures assembly (Janusz & Kaplinski, 2006), evaluation of structural building sys-
tems (Kaplinski & Thiel, 1995), the economic choice (ELECTRE-III) of a museum heating
system (Thiel & Mroz, 2001). Work protection and safety also have their solutions (Mohandes
et al., 2020; Skibniewski, 2014; Turskis et al., 2019b).

In this short overview of achievements, it is worth presenting examples of important en-
vironmental implementations. As part of the Colloquium, and later as part of the ORSDCE,
the issues of the internal and external environment of the building were debated. It most
often concerned dwelling houses, retrofit and renovation of residential districts, in particu-
lar in historic parts of cities, protected areas and priority conservation protection areas. The
subject of these works moved dynamically towards sustainable construction (Zavadskas et al.,
2018). Here are some characteristic examples. A monograph on intelligent decision support
systems in the life cycle of the built environment, i.e. urban development and infrastructure,
was written by Kaklauskas (2016). The decision model for selection of optimal combina-
tions of modernization measures presented by Rasiulis et al. (2016). The study of Vilutiené
and Ignatavi¢ius (2018) presents the key performance indicators for quality monitoring of
sustainable renovation. Tamosaitiene (2018) discussed on the risk vs. agile built environment
relationship. A different outlook on the above-mentioned issues, i.e. through emotions, pre-
sented in (Kaklauskas et al., 2020a, 2021). Considerations in the field of circular economy
presented by Stankevi¢iené and Nikanorova (2020). There are more such works, but all were
supported by the research methods listed in Figure 3.
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6. Echoes of collaboration and achievements

The echoes of the Colloquia success meant that cross-border cooperation was set as a model,
and the idea was expressed in the statements of four senates of Technical Universities in Po-
land (Warsaw, Gdansk, Wroctaw and Poznan) while supporting the application for awarding
the title of Doctor Honoris Causa to professor E. K. Zavadskas. Similarly, Prof. Peldschus and
Prof. Kaplinski were honored in Vilnius.

Moreover, for invaluable contributions in promoting cooperation between Poland and
Lithuania, prof. E. K. Zavadskas was awarded the “Two Nations Award” (2004) by the Pre-
sidium of the Deputies’ Assembly of the Seym of the Republic of Poland and the Seimas of
the Republic of Lithuania.

The collaboration and all previous Colloquia have been and are conducted in the spirit
of integral humanism. It was noticed by the Polish magazine “Lithuania” and a Lithuanian
magazine “Kulturos barai” which awarded the “Integral Humanism” medals to two Profes-
sors: E .K. Zavadskas and O. Kaplinski.

There are numerous examples of the impact of the research work of the Vilnius center in
the area of multi-criteria approach on other centers abroad. The book (Alinezhad & Khali-
li, 2019) can be one example. The authors, researchers at Islamic Azad University Qazvin,
Iran, present 27 methods of the Multiple Attribute Decision Making (MADM). In almost all
chapters, the authors refer to the achievements of the participants of the Colloquia where
these methods were presented. They pay attention to both theoretical and implementation
achievements.

The assessment of our Colloquia colleagues and ORSDCE members’ achievements given
by the scientists from the Business School, Sichuan University, China (Liu & Xu, 2021) is also
significant. Their article reviews the studies on the ARAS method from the perspectives of
basic information (including the bibliometrics analyses and the outline of ARAS method),
the development of the theory (including the development of MADM mechanism, different
information environments and combination with different methods), the development on the
application and the future challenges. The contribution of our colleagues (a dozen of academ-
ics) to the development of this method (the additive ratio assessment system) is highlighted.

The authors, active participants of the Colloquilia and ORSDCE, mainly from VGTU,
have been regularly awarded since 2006 by ScienceWatch.com and Essential Science Indica-
tors™ of Thomson Reuters for the greatest percentage increase of citations. For example, in
2009, three works were distinguished into three categories:

- as New Hot Papers in the area of Engineering, the paper by Zavadskas et al. (2008),

- in the area of Economics & Business, the paper by (Ginevicius et al., 2008),

— as Fast Breaking Paper in the area of Economics and Business, the paper prepared by
Turskis (2008).

Stanford University, together with the publishing house Elsevier and SciTech Strategies,
has created a ranking of 2% of the best scientists in the world. 159,648 names were checked.

The dataset in version 2 (Baas et al., 2020) is based on the Scopus database as of May 6,
2020, and also includes the 2% best for each domain. In addition, in the area of Civil Engi-
neering prof. E. K. Zavadskas achieved a very high position: number 13. Our colleagues from
VGTU are also on the list: Z. Turskis, A. Kaklauskas, J. Antucheviciene, H. Sivilevi¢ius and
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L. Ustinovichius (positions from 86 to 763). Five of these researchers work on the develop-
ment of decision-making methods. These methods are widely used not only in the listed areas
of Civil Engineering but also in other areas of science. That is why they are on the list of the
most cited scientists. It confirms the earlier observation made by us when we discussed the
genesis of international cooperation in the Lithuania — Germany - Poland triangle, namely
that science is not divisible, the methods are the same but the applications differ.

Even greater recognition came from Web of Science™. This institution, in its report en-
titled Highly Cited Researchers, analyses and presents pioneers in their respective fields over
the last decade, based on the production of multiple highly-cited papers that rank in the top
1% by citations for area and year (Clarivate, 2020). Two scholars are mentioned among the
participants of the Colloquia and members of the WG ORSDCE. Prof. E. K. Zavadskas is
listed in two categories: “Economics and Business” and “Engineering’”, while Prof. Z. Turskis
is listed in the “Cross-Field” category. According to Web of Science™, of the world scientists
and social scientists, Clarivate™ Highly Cited Researchers truly are one in the 1,000. The
analyses are powered by Web of Science Group’s Essential Science Indicators. It is also splen-
dor for their associates.

Conclusions

We are celebrating the 35th anniversary of the implementation of the idea, which, in this
case, has become almost an “institution” and functioned under the name of the Colloquia.
The cooperation initiated by three academic centers from Lithuania, Germany and Poland
has tangible achievements and gained national and international recognition. It had a signifi-
cant influence on the promotion of academic staff in our countries and abroad.

The initiation of the Colloquia in 1986 was preceded by earlier contacts (conferences,
research internships, first joint publications), which proves a 40-year-long reliable collabora-
tion. The collaboration was carried out in the spirit of integral humanism. It continues with
no xenophobic attitudes.

During this period, the scope of research evolved and the operating conditions changed.
The organizational form has also changed, as there was a need to operate in a more for-
malized structure which materialized in joining the “Operations Research in Sustainable
Development and Civil Engineering” EURO Working Group. The group associated with the
Colloquia is the core of WG ORSDCE. The dominant center in this cross-border triangle has
been and still is the Vilnius center.

Changing the formula to a more formalized one has positive aspects. It integrated the
environment even more, and the implementation of research accelerated. Combining Opera-
tion Research with Sustainable Development produces spectacular results, as it provided an
extra impetus towards new applications.

The presented review also presents the latest scientific achievements, i.e. selected publica-
tions from 2020 and 2021. This indicates the continuity of research despite the impressive
jubilee. There is no stagnation. There is a phenomenal increasein the number of publications,
and the growth is exponential. At the same time, the importance of teamwork has increased,
often involving many people.
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The review of the achievements of 35-year-old Colloquia (in the area of research meth-
ods and implementation) shows clear supremacy of multi-criteria decision-making tools,
including “Multiple-criteria decision-making” MCDM methods are powerful and flexible
techniques for solving many problems related to sustainable development. They are also a
satisfactory instrument for solving problems both at the micro and macro level, especially in
terms of organization, management, and economics, considering cost optimization criteria.
The development of the range of research has clearly marked the path to meeting the impera-
tive of sustainable development, i.e. through the operating cost and the life cycle.

The cooperation always took place with the times. After the political and economic trans-
formations, the cooperation has not stopped though the conditions have changed. The idea
of the Colloquia (within the EURO Working Group) is now in the hands of young people
and should be addressed to them. It should be their platform.
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