
symmetryS S

Editorial

Civil Engineering and Symmetry

Edmundas Kazimieras Zavadskas 1,2 , Romualdas Bausys 3 and Jurgita Antucheviciene 1,*
1 Department of Construction Management and Real Estate, Vilnius Gediminas Technical University,

Sauletekio al. 11, LT-10223 Vilnius, Lithuania; edmundas.zavadskas@vgtu.lt
2 Institute of Sustainable Construction, Vilnius Gediminas Technical University, Sauletekio al. 11, LT-10223

Vilnius, Lithuania
3 Department of Graphical Systems, Vilnius Gediminas Technical University, Sauletekio al. 11, LT-10223

Vilnius, Lithuania; romualdas.bausys@vgtu.lt
* Correspondence: jurgita.antucheviciene@vgtu.lt; Tel.: +370-5-274 -5233

Received: 2 April 2019; Accepted: 2 April 2019; Published: 5 April 2019
����������
�������

Abstract: A topic of utmost importance in civil engineering is finding optimal solutions throughout
the life cycle of buildings and infrastructural objects, including their design, manufacturing, use,
and maintenance. Operational research, management science, and optimisation methods provide
a consistent and applicable groundwork for engineering decision-making. These topics have
received the interest of researchers, and, after a rigorous peer-review process, eight papers have
been published in the current special issue. The articles in this issue demonstrate how solutions in
civil engineering, which bring economic, social and environmental benefits, are obtained through a
variety of methodologies and tools. Usually, decision-makers need to take into account not just a
single criterion, but several different criteria and, therefore, multi-criteria decision-making (MCDM)
approaches have been suggested for application in five of the published papers; the rest of the papers
apply other research methods. The methods and application case studies are shortly described further
in the editorial.
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1. Introduction

A topic of utmost importance in civil engineering is finding optimal solutions throughout the
life cycle of buildings and infrastructural objects, including their design, manufacturing, use, and
maintenance. Operational research, management science, and optimisation methods provide a
consistent and applicable groundwork for engineering decision-making. Real-world decision problems
are usually solved by applying a multi-criteria decision making (MCDM) framework, which means that
decisions are constructed by considering multiple criteria or points of view and taking them into account.
Therefore, MCDM has become a universal tool for the solution of real-world problems. The MCDM
method review, performed by Mardani et al. [1], distinguished 15 fields of real-world problems: Energy,
environment and sustainability, supply chain management, material selection, quality management,
geographic information systems, construction and project management, safety and risk management,
manufacturing systems, technology and information management, operations research and soft
computing, strategic management, production management, and tourism management.

The evolution of the MCDM methods has been directed to take into account the uncertainty of the
initial information. Due to the different application areas, modern decision-making solutions quite
frequently include linguistic valuations of the different aspects of the considered alternatives. This
information type is characterised by not-strictly-defined meanings. Symmetry-based techniques play

Symmetry 2019, 11, 501; doi:10.3390/sym11040501 www.mdpi.com/journal/symmetry

http://www.mdpi.com/journal/symmetry
http://www.mdpi.com
https://orcid.org/0000-0002-3201-949X
https://orcid.org/0000-0002-1734-3216
http://dx.doi.org/10.3390/sym11040501
http://www.mdpi.com/journal/symmetry
https://www.mdpi.com/2073-8994/11/4/501?type=check_update&version=2


Symmetry 2019, 11, 501 2 of 6

quite an important role in considering systems involving uncertainty in the information. Considerable
research concerning decision-making has been performed by applying neural networks, fuzzy logic,
and interval numbers. The success of these approaches relies on the fact that all these methods are
derived through utilising the appropriate symmetries. Therefore, different fuzzy approaches have been
proposed to model this type of information. For the most popular MCDM methods, such as DEMATEL,
PROMETHEE, TOPSIS, AHP, ANP, VIKOR, COPRAS, ARAS, and WASPAS, fuzzy extensions have
been proposed [2–4].

Neuro-fuzzy systems have been proposed to cover more complicated formulations of
decision-making problems. A comprehensive review, concerning numerous innovation aspects
in neuro-fuzzy systems and the applications of these systems in various real-life issues, is presented
in [5].

Intensive research has been performed in order to extend their capabilities, concerning
the more accurate modelling of the uncertain and vague initial information in decision-making
problems. The various “fuzzy” approaches have been proposed to model different aspects of the
information uncertainty. Neutrosophic sets, recently introduced by Smarandache, opened up new
possibilities for representing the uncertain and inconsistent information encountered in decision-making
formulations [6]. Fuzzy-rough sets have been applied in various fields, such as expert systems,
knowledge discovery, information system, inductive reasoning, intelligent systems, data mining,
pattern recognition, decision-making, and machine learning [7].

Additionally, fuzzy sets have been intensively applied in decision-making problems modelled
within the aggregation operator framework. Various aggregation operators under different fuzzy sets
are reviewed in [8].

The methodological aspects of the decision-making problems in civil engineering, concerning the
combination and integration of fuzzy and probabilistic models to deal with the uncertainties, were
discussed in [9].

Research into the development of new MCDM methods has been directed towards hybrid MCDM
approaches. The most popular hybrid MCDM methods demonstrate advantages over the traditional
ones in solving complicated problems, which involve stakeholder preferences, interconnected or
contradictory criteria, and uncertain environments. The evolution of the new hybrid MCDM approaches,
such as multiple rule-based decision-making (MRDM), which can be characterized by relevant
knowledge for supporting systematic improvements based on influential network relation maps
(INRM), has been studied in [10–12].

Extensive reviews dedicated to the application of the MCDM methods in different fields of human
activity are presented in [13–17]. Applications in areas such as transportation, supplier evaluation
and selection, the tourism and hospitality industries, service quality evaluation, and the circular
economy in the context of the supply chains are discussed in these publications. The particular
aspects concerning cultural heritage object preservation, including economic, historical, archaeological,
religious, technological, and research indicators are considered in [18]. For the solution of this
problem, analytic hierarchy process (AHP) and evaluation based on distance from average solution
(EDAS) methods are applied. The issue of the conceptual design of a bridge structure by a modified
fuzzy Technique for Order of Preference by Similarity to Ideal Solution method, under uncertainty,
is solved in [19]. The effective material selection for civil engineering objects is performed by an
Analytic Hierarchy Process (AHP) and a fuzzy Multi-Objective Optimisation on the Basis of Ratio
Analysis (MOORA) [20]. The distinctive features of the application of hesitant fuzzy and single-valued
neutrosophic sets are taken into consideration in [21,22].

2. Contributions

The current Special Issue collects eight articles. They all are original research articles; no review
articles or technical reports have been published in the current issue.
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The papers contribute to decision-making techniques for civil engineering problems involving
symmetric, asymmetric, or non-symmetrical information. The suggested methodologies and tools
mainly include novel or extended multiple-criteria decision-making models and methods under
uncertain environments. Additionally, three papers published in the current issue do not apply MCDM
methods. They contribute to problems related to symmetry by offering other solution methods.

The topics of the Special Issue gained attention mostly in Europe, as well as in Asia. Thirty-four
authors from eight countries contributed to the Issue (see Figure 1).
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Figure 1. Distribution of authors by countries.

The distribution of papers, according to author affiliations, is presented in Table 1. Co-authors from
Lithuania contributed to four papers, together with co-authors from Serbia, Bosnia and Herzegovina,
India, and Iran. Authors from Poland, Rumania, and China contributed with a single paper each.
Researchers from Serbia, together with co-authors from Bosnia and Herzegovina, contributed one
more paper.

Table 1. Publications by countries.

Countries Number of Papers

Poland 1
Rumania 1

China 1
Bosnia and Herzegovina–Serbia 1

Iran–Lithuania 2
India–Lithuania 1

Bosnia and Herzegovina–Serbia–Lithuania 1

The papers concerning related analysis methods or decision-making approaches are classified
into several groups, as presented in Figure 2. Five of the eight papers apply MCDM methods and,
mostly, they propose models and techniques under uncertain environments (i.e., fuzzy or rough
models). Individual articles that do not deal with multiple-criteria decisions apply other approaches:
Experimental testing, image processing, and 3D modelling.

The case studies and application examples of the proposed approaches dealing with symmetrical,
asymmetrical, or non-symmetrical problems and presented in the current special issue, can be grouped
into three research areas, consisting of 2,3 papers each (see Figure 3).
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One group of papers is related to construction engineering and management. In one of the papers,
the crucial problem, concerning construction management, is studied by applying a hybrid fuzzy
D-ANP-MABAC model for risk evaluation of the construction projects, involving a combination of
D-numbers, an analytical network process (ANP), and a multi-attributive border approximation area
comparison (MABAC) method [23]. Another construction engineering paper does not apply MCDM
methodology. The article aims to develop a systematic and practical approach to the early stages of the
parametric design of roof shells; a compound of four concrete elements [24].

One of the most numerous research areas is Production/Manufacturing Engineering. Two papers
in the area apply MCDM methodology. An oil and gas well drilling project evaluation is made
by a proposed novel approach using an interval-valued fuzzy Additive Ratio Assessment (ARAS)
method [25]. The paper makes a significant contribution to the literature, as an alternative method for
the evaluation of this type of project. Next, for the mining industry, a hybrid multi-criteria model for
shovel capital cost estimation, using multivariate regression and neural networks, is proposed [26].
One more proposal for flexible manufacturing systems is presented in a paper [27], which is aimed at a
tool-wear analysis of the tool flank by applying image processing.

Another research area is Transportation and Logistics, involving three research papers. It is nice
to mention that two of the papers suggest applying Rough MCDM methods. The supplier selection
in a construction company is recommended to be made by utilising a combination of two extended
methods: DEMATEL (Decision Making Trial and Evaluation Laboratory) for obtaining the relative
weights of important criteria, and an EDAS (Evaluation based on Distance from Average Solution)
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method for the supplier evaluation and selection [28]. A combination of another two rough methods,
rough BWM (Best–Worst Method) and rough SAW (Simple Additive Weighting), is provided for the
selection of wagons in a logistics company [29]. However, the last paper from the special issue is
not related to MCDM. It analyses the optimal organising of airplane passenger boarding/deboarding
strategies as one of the potential possibilities to reduce the airplane turnover time by experimental
testing [30].

3. Conclusions

The topics of this Special Issue have raised the interest of researchers both in Europa and in Asia;
researchers from eight countries, including international collaborations, authored and co-authored
papers published in this Issue.

Although multiple-criteria decision-making was one out of many announced topics, more than
half of the papers (five papers out of the eight published papers) applied MCDM methods in their
research. Therefore, multiple-criteria decision-making techniques proved to be well-applicable to
symmetric/asymmetric information management.

Most approaches suggested decision models under uncertainty, proposing hybrid MCDM methods
in combination with fuzzy or rough set theory, as well as D-numbers.

The application areas of the proposed MCDM techniques mainly covered
production/manufacturing engineering, logistics and transportation, and construction engineering
and management.
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29. Stević, Ž.; Pamučar, D.; Zavadskas, E.K.; Ćirović, G.; Prentkovskis, O. The Selection of Wagons for the
Internal Transport of a Logistics Company: A Novel Approach Based on Rough BWM and Rough SAW
Methods. Symmetry 2017, 9, 264. [CrossRef]

30. Qiang, S.; Jia, B.; Huang, Q. Evaluation of Airplane Boarding/Deboarding Strategies: A Surrogate Experimental
Test. Symmetry 2017, 9, 222. [CrossRef]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1080/1331677X.2016.1237302
http://dx.doi.org/10.1080/1331677X.2018.1483836
http://dx.doi.org/10.3846/16484142.2015.1121517
http://dx.doi.org/10.1080/1331677X.2017.1314828
http://dx.doi.org/10.1016/j.jclepro.2016.03.126
http://dx.doi.org/10.3390/su9010064
http://dx.doi.org/10.3846/16111699.2015.1095233
http://dx.doi.org/10.3846/1648715X.2017.1325782
http://dx.doi.org/10.7250/bjrbe.2018-13.413
http://dx.doi.org/10.3846/20294913.2017.1334242
http://dx.doi.org/10.3846/20294913.2015.1072755
http://dx.doi.org/10.3846/13923730.2016.1268645
http://dx.doi.org/10.3390/sym10020046
http://dx.doi.org/10.3390/sym10040105
http://dx.doi.org/10.3390/sym10020045
http://dx.doi.org/10.3390/sym9120298
http://dx.doi.org/10.3390/sym9120296
http://dx.doi.org/10.3390/sym9110279
http://dx.doi.org/10.3390/sym9110264
http://dx.doi.org/10.3390/sym9100222
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Contributions 
	Conclusions 
	References

