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Abstract: As a famous population-based metaheuristic algorithm, a genetic algorithm can be used
to overcome optimization complexities. A genetic algorithm adopts probabilistic transition rules
and is suitable for parallelism, which makes this algorithm attractive in many areas, including the
logistics and supply chain sector. To obtain a comprehensive understanding of the development
in this area, this paper presents a bibliometric analysis on the application of a genetic algorithm in
logistics and supply chains using data from 1991 to 2024 from the Web of Science database. The
authors found a growing trend in the number of publications and citations over the years. This paper
serves as an important reference to researchers by highlighting important research areas, such as
multi-objective optimization, metaheuristics, sustainability issues in logistics, and machine learning
integration. This bibliometric analysis also underlines the importance of Non-Dominated Sorting
Genetic Algorithm II (NSGA-II), sustainability, machine learning, and variable neighborhood search
in the application of a genetic algorithm in logistics and supply chains in the near future. The
integration of a genetic algorithm with machine learning is also a potential research gap to be filled to
overcome the limitations of genetic algorithms, such as the long computational time, difficulties in
obtaining optimal solutions, and convergence issues for application in logistics and supply chains.
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MSC: 00A06

1. Introduction

Metaheuristics are capable of solving real-life problems [1,2]. These applied areas
include power consumption prediction models [2], materials discovery [3], and feature
selection [4]. A genetic algorithm is a famous population-based metaheuristic algorithm
which adopts several candidate solutions [5,6]. Based on biological evolution and the con-
cept proposed by Charles Darwin [7], a genetic algorithm was developed by J. H. Holland
in 1975 to solve constrained and unconstrained optimization issues [8,9]. Genetic algo-
rithms have been favored models since then because they have various strengths. Genetic
algorithms can handle complex optimization issues for both stationary and non-stationary
objective functions, linear and non-linear functions, continuous or discontinuous functions,
and random noise [10]. Since a genetic algorithm is population-based, problems may occur
in multiple directions simultaneously, and this makes it suitable for parallelism [10]. A
genetic algorithm adopts probabilistic transition rules, crossover, recombination, mutation,
and selection [11–13]. Genetic algorithms are also distinct from traditional algorithms, as
genetic algorithms create a population of points in every iteration [14].

A standard genetic algorithm begins by identifying the initial population and then
evaluating its fitness value, selection, crossover, and mutation. The entire genetic algorithm
will end if the termination criteria are met [15]. There are a few popular variants of genetic
algorithms, such as real-coded genetic algorithms, binary-coded genetic algorithms, and
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sawtooth genetic algorithms [16–18]. A real-coded genetic algorithm handles large domains
with a continuous search space for precise numbers [19]. A binary-coded genetic algorithm
commonly uses genes or chromosomes with strings of 0 or 1 [5]. Sawtooth genetic algo-
rithms have been used to improve the efficiency of genetic algorithms. Variable population
sizes and periodic initializations can be used in sawtooth genetic algorithms [20,21]. Ge-
netic algorithms have been used in medicine for diagnoses and treatments [22–24]. Genetic
algorithms have also been used in the field of electronics [25–27]. Genetic algorithms are
also emerging in the field of computer systems [28–31]. At the same time, genetic algorithms
are also popular in agriculture [32–34]. Researchers have also used genetic algorithms in
materials science [35,36]. Genetic algorithms can also be used to solve sustainability issues
and environmental engineering issues [37–39].

1.1. Applications of Genetic Algorithms in Logistics and Supply Chains

Researchers are also actively progressing with the application of genetic algorithms in
the logistics and supply chain sector. A supply chain is defined as a network for the flow
of goods, services, and information technology between the point of origin and the point
of consumption [40,41]. Supply chain management is the planning and management of
the flow of goods, services, and information technology [40]. Logistics is defined as the
planning, implementation, and control of goods, services, and information technology for
efficient and effective storage and two-way movement between the point of origin and
point of consumption [42,43]. Logistics highlight the physical storage and movement of
goods, services, and information technology between the point of origin and the point of
consumption, while supply chains focus on the logistics flows from the upstream network
to the downstream network [44–46].

According to Iris and Serdarasan [47], genetic algorithms are popular in solving
supply chain problems. Babaeinesami et al. [48] applied a genetic algorithm in a closed-
loop supply chain. Gen et al. [49] used a genetic algorithm for logistics and supply chain
management network design. Roghanian et al. [50] and Zhou et al. [51] also presented an
optimization model for a reverse logistics network with a genetic algorithm. At the same
time, Gürler et al. [52] applied genetic algorithms for Logistics Performance Index rankings.
However, Yeh [53] noted that a genetic algorithm has a lack of local search strategies in
evolutionary aspects and cannot solve non-deterministic polynomial (NP-hard) problems
in a supply chain. Nevertheless, Saif-Eddine et al. [54] formulated an improved genetic
algorithm model to solve the inventory location routing problem, which is an NP-hard
problem. For the usage of a genetic algorithm, only parts of the entire supply chain can
be studied at a time [55]. To overcome this problem, Xin et al. [56] proposed an improved
genetic algorithm to reduce the time required for local search. Meanwhile, the limitation
of a genetic algorithm is that a genetic algorithm may decrease the quality and rate of
convergence of the population and cause a loss of diversity in the population, which may
result in premature convergence [5,57,58].

On the other hand, genetic algorithms have some significant advantages in the logistics
and supply chain sector. Genetic algorithms have wide adaptability and flexibility as there
is no unique mathematical requirement to optimize a problem. Genetic algorithms are
also robust for global search to find optimal solutions and reduce computational efforts.
Additionally, genetic algorithms are also suitable for parallelism for quicker computa-
tion [55]. An advantage of genetic algorithms is their ability to optimize transportation
problems, such as vehicle routing issues. Having known that goods transportation is an
important step in a supply chain, Rahman et al. [59] used a genetic algorithm to minimize
the distance travelled for goods transportation to reduce operational costs and air and
noise pollution. This paper also found that, with a genetic algorithm, the model has a
greater convergence rate regardless of the population size and is more efficient in offering
a lower travel distance. Okyere et al. [60] highlighted the benefits of genetic algorithms,
such as their parallelism and probabilistic natures for global search, which allow them
to be applied for multimodal transport issues. Genetic algorithms were also prioritized



Mathematics 2024, 12, 1199 3 of 22

over other optimization models because genetic algorithms provide various solutions
according to the population size with exploration and exploitation. Additionally, a genetic
algorithm has been used to automate logistics and supply chain processes. For example,
Jin [61] adopted a genetic algorithm as the core to develop an intelligent logistics supply
chain management system. Furthermore, genetic algorithms are also suitable for both
linear and non-linear problems [62,63]. Chen et al. [64] used a genetic algorithm to solve
a multi-objective mixed-integer non-linear programming model for a sustainable reverse
logistics network. Liu et al. [65] also formulated a mixed-integer non-linear programming
model for integrated scheduling with a genetic algorithm.

Kannan et al. [66] built a multi-echelon, multi-period, multi-product closed-loop
supply chain model to minimize the total supply chain cost comprising procurement,
production, distribution, inventory, collection, disposal, disassembly, and recycling costs
using a genetic algorithm. Lo and Shih [67] applied a quantum random number generator to
provide true random numbers for a genetic algorithm to solve pollution-routing problems
in sustainable logistics management. The objective of pollution-routing problems is to
minimize carbon dioxide emissions. Wang et al. [68] addressed the two-echelon capacitated
vehicle routing problem with stochastic demands in city logistics. A genetic-algorithm-
based approach was proposed to solve this problem. A stochastic program with recourse
was used to describe the problem. This program aims to minimize the sum of the travel
cost and the expected cost of recourse actions resulting from potential route failures.
Rasi and Sohanian [69] offered a solution to the problem by designing a multi-objective
sustainable supply chain in a three-stage supply chain network using a genetic algorithm,
particle swarm, and priority axis coding. An optimization approach was used to maximize
profits and pricing products with definite and time-consuming demand and to minimize
time. Nezamoddini et al. [70] proposed a model that deals with uncertainties associated
with demands, facility interruptions, lead times, and failures in supply, production, and
distribution channels. To solve the proposed model, a new genetic algorithm was designed,
which was integrated with an artificial neural network that learns from previous plans and
searches for better ones by minimizing any mismatches between supply and demand.

Saghaeeian and Ramezanian [71] studied supply chain vs. supply chain multi-product
competition in duopolistic markets. Pricing, location, transportation, and production
decisions are made in a Stackelberg game formulated as a bi-level model. The objective
functions of the bi-level model maximize the annual profit of the leader’s and follower’s
chain. An efficient hybrid genetic algorithm was proposed to solve large-sized problems.
Kannan et al. [72] designed an integrated forward logistics multi-echelon distribution in-
ventory supply chain model and a closed-loop multi-echelon distribution inventory supply
chain model for a built-to-order environment using a genetic algorithm and particle swarm
optimization. The objective function of the forward logistics multi-echelon distribution
inventory model is to minimize the total costs of the forward logistics supply chain. The
objective function of the closed-loop multi-echelon distribution inventory model is to
minimize the total costs of a closed-loop supply chain. Han et al. [73] developed a cost
model that considers different emission reduction policies and strategies. Furthermore,
they proposed an improved quantum genetic algorithm based on a “fork gene” and elite
strategy, which is specifically designed for shipping-related policies and strategies. The
speed optimization model was established in this study. The optimization goal in the
speed model is minimizing the total cost. Cui et al. [74] focused on the distribution route
problem in township logistics and described the characteristics of customer distribution in
townships. This study investigated the cost minimization routing problem. A new adaptive
genetic algorithm was proposed to solve this problem.

1.2. Objectives of This Study

Since there is high application of genetic algorithms, there is a need to explore the
research trends and hotspots regarding genetic algorithms to understand the development
in this area. A bibliometric analysis, which involves the scientific evaluation of a research
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area, can be used to achieve this objective [75–77]. Based on our best understanding, there
are no past studies that have conducted a bibliometric analysis of genetic algorithms in the
logistics and supply chain sector. Bhoskar et al. [19] reviewed the applications of genetic
algorithms in mechanical engineering. Lou and Hung [78] conducted a bibliometric analysis
of genetic algorithms using the Social Science Citation Index (SSCI) with 878 publications
from 2002 to 2021. Dao et al. [79] performed a bibliometric analysis of genetic algorithms
from 1992 to 2014 using the Scopus database. Kaleybar et al. [80] reviewed the application
of genetic algorithms in rail vehicle systems from 2008 to 2022. Ding et al. [81] reviewed
the use of genetic algorithms in land use optimization. Yang et al. [82] studied the research
on genetic algorithms in the library sector in China.

Therefore, this paper intends to conduct a bibliometric analysis on the application of
genetic algorithms in the logistics and supply chain sector. This bibliometric analysis aims
to answer the following questions:

1. What are the publication and citation trends in the application of genetic algorithms
in the logistics and supply chain sector?

2. What are the types of documents and subject areas of the publications about the
application of genetic algorithms in the logistics and supply chain sector?

3. What are the locations with the largest contributions of publications about the appli-
cation of genetic algorithms in logistics and supply chains?

4. What are the top publication titles and most cited publications about the application
of genetic algorithms in logistics and supply chains?

5. What are the important research keywords and research clusters regarding the appli-
cation of genetic algorithms in logistics and supply chains?

This paper contributes to the existing literature by identifying the trends of scientific
contributions in the application of genetic algorithms in logistics and supply chains. This
paper also highlights the active research on the application of genetic algorithms in logistics
and supply chains in the top contributing locations. Furthermore, this paper determines
the most impactful publications in the application of genetic algorithms in logistics and
supply chains. Additionally, this paper determines the prominent research areas and
potential future areas in the application of genetic algorithms in logistics and supply
chains. This paper intends to help researchers identify some research gaps to address with
future studies.

Section 2 outlines the materials and methods used for a bibliometric analysis on the
application of genetic algorithms in logistics and supply chains. Section 3 explores the
results and discusses the outcomes of the bibliometric analysis. Section 4 concludes the
paper with summaries, limitations, and future research objectives.

2. Materials and Methods

This bibliometric analysis focuses on the application of genetic algorithms in the field
of logistics and supply chain management in the Web of Science database. The Web of
Science database is selected for its enormous collection of peer-reviewed scientific papers
with excellent indexing for research exploration [83]. The Web of Science database has
also been widely used for bibliometric analyses [84–88]. A bibliometric analysis on the
application of genetic algorithms in the logistics and supply chain sector has also not been
conducted using the Web of Science database. This bibliometric analysis follows a 3-step
approach, as shown in Figure 1 [89,90].

In step 1, the Web of Science database was queried based on the following terms on
17 January 2024: (“genetic algorithm*” OR “genetic algorithms” OR “genetic algorithm”)
AND (“logistics” OR “supply chain” OR “warehouse*” OR “port” OR “ports” OR “trans-
port*” OR “transportation*”). A total of 11,064 documents were produced initially. Only
articles, proceeding papers, review articles, book chapters, and books are analyzed in this
study. After removing duplicate and unrelated documents, a total of 10,861 documents
were found for this study with the document types displayed in Table 1. More than 97% of
the documents are articles (8185 documents) and proceeding papers (2895 documents). Re-
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view articles make up 1.81% of the total documents (206 publications), while book chapters
(117 documents) and books (4 documents) contribute 1.03% and 0.04%, respectively.
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Figure 1. The 3-step approach for conducting a bibliometric analysis on genetic algorithms.

Table 1. Document types of publications on genetic algorithm.

Document Types Total Publications (TPs) Percentage (%)

Article 8185 71.75
Proceeding Paper 2895 25.38

Review Article 206 1.81
Book Chapter 117 1.03

Book 4 0.04

Step 3 begins after data extraction, where performance analyses and science mapping
are used for data analysis. Performance analyses are performed using Harzing’s Publish or
Perish 8 [91,92]. A performance analysis is conducted to obtain the metrics for publication
growths, subject areas, location contributions, source titles, and highly cited documents and
to perform a keyword analysis [93,94]. The metrics used include total publications (TP),
number of cited publications (NCP), total citations (TC), average citations per paper (C/P),
average citations per cited paper (C/CP), h-index, and g-index [91,95]. The h-index and
g-index are important for the forecast of future achievements [91]. Location co-authorship
and keyword co-occurrence diagrams are science mappings for qualitative analyses [96,97].
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They are performed using VOSviewer 1.6.18 (Centre for Science and Technology Studies,
Leiden University, The Netherlands) [98–100].

3. Results and Discussion

This section presents the results of the bibliometric analysis of publications on genetic
algorithms as of 17 January 2024. The results include publication growth, subject areas,
location contributions, publication titles, highly cited publications, keyword analyses, and
citation metrics.

3.1. Annual Publication Growth

The annual publication growth of genetic algorithm publications in the field of logis-
tics and supply chain management is shown in Table 2. The first paper indexed in the Web
of Science database is titled “A Genetic Algorithm for the Linear Transportation Problem”
by Vignaux and Michalewicz [101], published in 1991. This paper, which investigated
the application of genetic algorithms to solve non-linear and fixed-charge transportation
problems, attained 125 total citations as of 17 January 2024. This paper became the founda-
tion for the research in supplier management [102], vehicle routing optimization [103,104],
fixed-charge transportation issues [105–107], and uncertainty estimation [108,109]. The
second paper, published by Kopfer [110] in 1992, titled “Concepts of Genetic Algorithms
and Their Application to the Freight Optimization Problem in Commercial Shipping”,
received eight total citations. This paper focused on minimizing freight rates in commercial
road transport.

Even though fluctuations can be seen in the number of annual publications from 1991
to 2001, the total annual publication rate saw an increasing trend from 2001 to 2009. A
slight drop in the total annual publication rate happened in 2010. However, the total annual
publication rate continued to increase until it peaked in 2022 with 1021 publications. Since
2024 had just begun, there were only 40 documents as of 17 January 2024. The highest
total citation (TC) was recorded in 2018 with 13,613 documents. The highest citations per
paper (C/P) and citations per cited paper (C/CP) were in 1991 because there was only
a single paper with 125 citations. The C/P is the total number of citations over the total
number of published papers, while the C/CP is the total number of citations over the total
number of papers which have only been cited [111]. The largest h-index (58) was found
in 2016 and 2017, respectively. This can be implied as 58 documents obtained 58 or more
citations for both years. The largest g-index (91) was found in 2015. In 2015, 91 documents
obtained 912 (8281) total citations. The total citation (TC) trend experienced a fall since 2018
because there was only a short period of time between the time of publication and time of
citation [112–116].

Table 2. Publication growth of research on genetic algorithms.

Year TP 1 P 2 (%) CP 3 NCP 4 TC 5 C/P 6 C/CP 7 h 8 g 9

1991 1 0.01 0.01 1 125 125.00 125.00 1 1
1992 1 0.01 0.02 1 8 8.00 8.00 1 1
1994 4 0.04 0.06 4 20 5.00 5.00 2 4
1995 7 0.06 0.12 7 390 55.71 55.71 7 7
1996 9 0.08 0.20 8 282 31.33 35.25 5 9
1997 26 0.24 0.44 17 505 19.42 29.71 9 22
1998 34 0.31 0.75 26 883 25.97 33.96 14 29
1999 30 0.28 1.03 21 463 15.43 22.05 11 21
2000 65 0.60 1.63 52 1810 27.85 34.81 24 42
2001 41 0.38 2.01 37 1581 38.56 42.73 17 39
2002 75 0.69 2.70 60 3267 43.56 54.45 31 57
2003 89 0.82 3.52 69 2372 26.65 34.38 27 48
2004 108 0.99 4.51 84 3441 31.86 40.96 31 58
2005 158 1.45 5.97 121 4890 30.95 40.41 37 67
2006 231 2.13 8.09 173 5189 22.46 29.99 42 67
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Table 2. Cont.

Year TP 1 P 2 (%) CP 3 NCP 4 TC 5 C/P 6 C/CP 7 h 8 g 9

2007 246 2.26 10.36 172 4674 19.00 27.17 36 64
2008 284 2.61 12.97 189 4649 16.37 24.60 35 63
2009 349 3.21 16.19 169 6841 19.60 25.43 47 73
2010 306 2.82 19.00 233 7568 24.73 32.48 48 76
2011 327 3.01 22.01 272 7387 22.59 27.16 48 74
2012 423 3.89 25.91 341 7919 18.72 23.22 46 69
2013 437 4.02 29.93 359 9970 22.81 27.77 49 81
2014 507 4.67 34.60 423 10,574 20.86 25.00 48 87
2015 550 5.06 39.66 463 12,834 23.33 27.72 55 91
2016 630 5.80 45.47 524 11,469 18.20 21.89 58 80
2017 645 5.94 51.40 575 13,222 20.50 22.99 58 82
2018 762 7.02 58.42 672 13,613 17.86 20.26 55 81
2019 769 7.08 65.50 681 12,747 16.58 18.72 52 75
2020 808 7.44 72.94 714 11,977 14.82 16.77 47 70
2021 913 8.41 81.35 812 9527 10.43 11.73 40 57
2022 1021 9.40 90.75 786 5302 5.19 6.75 24 36
2023 965 8.89 99.63 454 1440 1.49 3.17 14 17
2024 40 0.37 100.00 7 7 0.18 1.00 1 1

Total 10,861 100.00 176,946
1 Total Publications (TP); 2 Percentage (P); 3 Cumulative Percentage (CP); 4 Number of Cited Publications (NCP);
5 Total Citations (TC); 6 Citations per Paper (C/P); 7 Citations per Cited Paper (C/CP); 8 h-index (h); 9 g-index (g).

3.2. Subject Areas

The 10,861 documents found on genetic algorithms can be sorted into more than
50 subject areas. Most of the papers are in engineering (5558 documents), computer science
(3840 documents), and operations research/management science (2004 documents). A
total of 1128 documents are in the field of transportation, while business economics has
805 documents. Other critical subject areas are environmental sciences ecology (692 docu-
ments), automation control systems (675 documents), mathematics (675 documents), science
technology and other topics (639 documents), and telecommunications (464 documents).
The top 20 subject areas are listed in Table 3.

Table 3. Top subject areas involving genetic algorithms.

Research Areas Total Publications

Engineering 5558
Computer Science 3840

Operations Research/Management Science 2004
Transportation 1128

Business Economics 805
Environmental Sciences Ecology 692

Automation Control Systems 675
Mathematics 675

Science Technology Other Topics 639
Telecommunications 464

Energy Fuels 393
Materials Science 339

Physics 314
Water Resources 290

Chemistry 270
Mechanics 196

Construction Building Technology 167
Thermodynamics 166

Robotics 133
Geology 125
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The Web of Science database also categorizes the documents into more than 100 areas.
The top 20 categories are summarized in Table 4. The top five Web of Science categories
are operations research/management science (2004 documents), computer science artificial
intelligence (1809 documents), engineering electrical electronic (1617 documents), com-
puter science interdisciplinary applications (1408 documents), and engineering industrial
(1369 documents).

Table 4. Top Web of Science categories involving genetic algorithms.

Research Areas Total Publications

Operations Research/Management Science 2004
Computer Science Artificial Intelligence 1809

Engineering Electrical Electronic 1617
Computer Science Interdisciplinary Applications 1408

Engineering Industrial 1369
Transportation Science Technology 1007

Engineering Civil 877
Computer Science Information Systems 854

Computer Science Theory Methods 844
Engineering Multidisciplinary 788

Engineering Manufacturing 764
Automation Control Systems 675

Environmental Sciences 635
Management 582

Transportation 480
Telecommunications 464

Green Sustainable Science Technology 405
Energy Fuels 393

Engineering Mechanical 366
Mathematics Interdisciplinary Applications 343

3.3. Location Contributions

Publications on genetic algorithms applied in the field of logistics and supply chain man-
agement received the attention of scholars from more than 120 locations. The top 10 locations
with the most contributions of publications on genetic algorithms in logistics and supply
chain management are China (4050 documents), the United States (1389 documents), Iran
(1180 documents), India (751 documents), England (427 documents), France (410 documents),
Taiwan (394 documents), South Korea (360 documents), Australia (343 documents), and
Japan (336 documents). These top 10 locations contribute more than 88% of the total publi-
cations. There are 175,003 citations from the top 10 locations. China has the highest number
of citations (50,602 citations) with 2940 cited papers. China also has the largest g-index,
indicating that 125 documents received 1252 (15,625) citations. England has the greatest
citations per paper (C/P) (26.54) and citations per cited paper (C/CP) (30.54). The United
States has the largest h-index (91), indicating that 91 documents have obtained 91 or more
citations. The top 10 locations interested in the research on genetic algorithms are tabulated
in Table 5.

Scholars from across the world are collaborating to expand and develop their research
interests. This trend can be viewed using the location co-authorship analysis in VOSviewer.
Figure 2 presents a location co-authorship diagram of studies on genetic algorithms in
logistics and supply chain management. China has the largest international collaboration
rate with a total link strength of 1221, followed by the United States, Iran, England, and
India, with total link strengths of 965, 595, 431, and 369, respectively. The strongest
international collaboration is between China and the United States with a link strength of
337, followed by China and England with a link strength of 101.
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Table 5. Top locations interested in the research on genetic algorithms.

Location TP 1 NCP 2 TC 3 C/P 4 C/CP 5 h 6 g 7

China 4050 2940 50,602 12.49 17.21 88 125
United States 1389 1227 34,709 24.99 28.29 91 125

Iran 1180 1054 28,226 23.92 26.78 76 120
India 751 628 13,856 18.45 22.06 57 90

England 427 371 11,331 26.54 30.54 56 90
France 410 359 7948 19.39 22.14 44 71
Taiwan 394 345 7875 19.99 22.83 48 71

South Korea 360 299 5952 16.53 19.91 39 63
Australia 343 304 7635 22.26 25.12 47 71

Japan 336 256 6869 20.44 26.83 43 75
1 Total Publications (TP); 2 Number of Cited Publications (NCP); 3 Total Citations (TC); 4 Citations per Paper
(C/P); 5 Citations per Cited Paper (C/CP); 6 h-index (h); 7 g-index (g).
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3.4. Publication Titles

There are more than 200 publication titles regarding the application of genetic algo-
rithms in logistics and supply chain management. Table 6 shows the top 10 publication titles
on genetic algorithms. Computers and Industrial Engineering (333 documents) published the
most documents on genetic algorithms, followed by the International Journal of Production
Research (210 documents), Sustainability (200 documents), Expert Systems with Applications
(190 documents), Applied Soft Computing (157 documents), IEEE Access (151 documents),
the European Journal of Operational Research (135 documents), Lecture Notes in Computer
Science (118 documents), the Journal of Cleaner Production (111 documents), and Mathematical
Problems in Engineering (110 documents).
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Table 6. Publication titles regarding genetic algorithms.

Title TP 1 P 2 (%) TC 3 Publisher JIF 4 JCI 5 CiteScore SJR 6 SNIP 7 h 8 g 9

Computers
and Industrial
Engineering

333 3.07 11,038
Pergamon-

Elsevier Science
Ltd.

7.9 1.31 11.9 1.76 2.238 57 84

International
Journal of

Production
Research

210 1.93 5909 Taylore &
Francies Ltd. 9.2 1.46 18.1 2.976 2.875 42 61

Sustainability 200 1.84 1602

Multidisciplinary
Digital

Publishing
Institute

3.9 0.67 5.8 0.664 1.198 18 31

Expert
Systems with
Applications

190 1.75 6125
Pergamon-

Elsevier Science
Ltd.

8.5 1.73 12.6 1.873 2.582 42 67

Applied Soft
Computing 157 1.45 4155 Elsevier 8.7 1.57 14.3 1.882 2.314 38 53

IEEE Access 151 1.39 1427

IEEE-INST
Electrical

Electronics
Engineers Inc.

3.9 0.89 9.0 0.926 1.422 20 29

European
Journal of

Operational
Research

135 1.24 8879 Elsevier 6.4 1.44 11.2 2.371 2.706 53 91

Lecture Notes
in Computer

Science
118 1.09 625 Springer Nature N/A N/A 2.2 0.32 0.542 12 21

Journal of
Cleaner

Production
111 1.02 5092 Elsevier Sci Ltd. 11.1 1.53 18.5 1.981 2.379 42 68

Mathematical
Problems in
Engineering

110 1.01 762 Hindawi N/A N/A 2.6 0.355 0.709 13 21

1 Total Publications (TP); 2 Percentage (P); 3 Total Citations (TC); 4 Journal Impact Factor 2022 (JIF); 5 Journal
Citation Indicator 2022 (JCI); 6 SCImago Journal Rank 2022 (SJR); 7 Source-Normalized Impact per Paper 2022
(SNIP); 8 h-index (h); 9 g-index (g).

3.5. Top Cited Publications

Table 7 explains the top cited genetic algorithm publications. The document with the
most citations is titled “Reverse logistics and closed-loop supply chain: A comprehensive
review to explore the future” by Govindan et al. [117], which received 1162 citations. This
paper reviewed reversed logistics and closed-loop supply chains between January 2007
and March 2013. The paper by Steenken et al. [118] titled “Container terminal operation
and operations research—a classification and literature review” received 882 citations. This
paper investigated the main logistics processes and operations in container terminals and
presented a survey of methods for their optimization. The third most cited paper, written
by Lin et al. [119], reviewed green vehicle routing problems in supply chain management.
Govindan et al. [120] produced the article titled “Barrier analysis for green supply chain
management implementation in Indian industries using analytic hierarchy process” and
garnered 494 citations. This paper identified barriers to the implementation of green supply
chain management based on procurement effectiveness. The next most cited paper, written
by Guihaire and Hao [121], presented a review of crucial strategic steps in transit network
design and scheduling.

The sixth most cited paper, written by Vlahogianni et al. [122], studied optimized and
meta-optimized neural networks for short-term traffic flow prediction. Farahani et al. [123]
presented a review of the definitions, classifications, objectives, constraints, network topol-
ogy decision variables, and solution methods of the Urban Transportation Network Design
Problem. The next most cited paper, written by Govindan et al. [124], presented a multi-
objective optimization model by integrating sustainability in decision making and focusing
on distribution in a perishable food supply chain network. Rojas et al. [125] reviewed transit
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network planning problems and real-time control strategies of bus transport systems. The
tenth most cited paper, written by Jones et al. [126], investigated the types of multi-objective
techniques and meta heuristics in solving multi-objective programming.

Table 7. Top cited genetic algorithm publications.

Title Year Citations Source Title

Reverse logistics and closed-loop supply chain: A
comprehensive review to explore the future [117] 2015 1162 European Journal of Operational Research

Container terminal operation and operations research—a
classification and literature review [118] 2004 882 OR Spectrum

Survey of Green Vehicle Routing Problem: Past and future
trends [119] 2014 539 Expert Systems with Applications

Barriers analysis for green supply chain management
implementation in Indian industries using analytic hierarchy
process [120]

2014 494 International Journal of Production
Economics

Transit network design and scheduling: A global review [121] 2008 445 Transportation Research Part A—Policy
and Practice

Optimized and meta-optimized neural networks for short-term
traffic flow prediction: A genetic approach [122] 2005 439 Transportation Research Part

C—Emerging Technologies
A review of urban transportation network design
problems [123] 2013 419 European Journal of Operational Research

Two-echelon multiple-vehicle location-routing problem with
time windows for optimization of sustainable supply chain
network of perishable food [124]

2014 408 International Journal of Production
Economics

Planning, operation, and control of bus transport systems: A
literature review [125] 2015 398 Transportation Research Part

B—Methodological
Multi-objective meta-heuristics: An overview of the current
state-of-the-art [126] 2002 372 European Journal of Operational Research

3.6. Keyword Analyses

The keyword co-occurrence map and keyword overlay visualization map were gen-
erated using VOSviewer [127,128]. Research hotspots can be found using the keyword
co-occurrence map by linking key research areas [129]. Table 8 lists the 20 keywords with
the highest total link strengths. “Genetic algorithm” occurred 4964 times with a total
link strength of 13,983, followed by “optimization” with 2285 occurrences and a total link
strength of 8288 and “model” with 1596 occurrences and a total link strength of 6708.
“Design” (4321), “management” (2851), “system” (2835), “algorithm” (2573), “supply chain”
(2509), “transportation” (2286), and “logistics” (1803) also have high total link strengths.
Figure 3 depicts a keyword co-occurrence map of genetic algorithm papers in the field of
logistics and supply chain management.

Table 8. Keywords with the highest total link strengths in genetic algorithm publications.

Keywords Appearance Total Link Strength

Genetic algorithm 6134 17,046
Optimization 2285 8288

Model 1596 6708
Design 1060 4321

Management 602 2851
System 678 2835

Algorithm 778 2573
Supply chain 598 2509

Transportation 512 2286
Logistics 403 1803

Network design 336 1626
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Table 8. Cont.

Keywords Appearance Total Link Strength

Demand 311 1561
Particle swarm optimization 383 1554

Network 350 1515
Multi-objective optimization 406 1497

Simulation 383 1434
Location 357 1357

Uncertainty 305 1340
Search 278 1318

Performance 310 1312
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Based on Figure 3, the keyword genetic algorithm has the highest total link strength
(17,046). Genetic algorithm has the highest link strength with optimization (1163), model
(852), and design (535). There are four clusters in the keyword co-occurrence map, which
was sorted based on their research areas. The first cluster is in red and contains key-
words such as allocation, bi-level programming, carbon emission, closed-loop supply
chain, coordination, cost, decision making, demand, design, environment, facility loca-
tion, formulation, framework, fuzzy, impact, integrated production, inventory, inventory
control, inventory management, logistics network, management, methodology, model,
multiproduct, network, network design, Non-Dominated Sorting Genetic Algorithm II
(NSGA-II), optimization model, policies, price, product recovery, programming approach,
quality, recovery, reliability, reverse logistics, risk, robust optimization, selection, stochastic
programming, supplier selection, supply chain, sustainability, and uncertainty. This first
cluster revolves around the application of various types of multi-objective optimization
algorithms to handle logistics and supply chain problems.
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The second cluster is in green and contains the following keywords: ant colony opti-
mization, branch, combinatorial optimization, delivery, differential evolution, formulations,
heuristic algorithm, heuristics, hybrid algorithm, hybrid genetic algorithm, local search,
location, logistics, machines, memetic algorithm, meta-heuristics, neighborhood search,
optimization algorithm, particle swarm optimization, pickup, routing, scheduling, search
algorithm, service, simulated annealing algorithm, tabu search, time window, transporta-
tion, traveling salesman problem, variable neighborhood search, and vehicle routing. Based
on the keywords, this research area is related to metaheuristics.

The third cluster is in blue. It contains keywords such as algorithm, assignment,
berth allocation, consumption, container terminal, electric vehicles, emissions, energy
consumption, evolutionary algorithms, fuel consumption, improved genetic algorithm,
integration, multi-objective optimization, operations, port, storage, strategy, system, time,
and warehouse. This cluster highlights the use of optimization techniques to overcome
sustainability issues in logistics.

The fourth cluster is in yellow and has keywords such as artificial intelligence, artificial
neural network, behavior, capacity, classification, constraints, decomposition, equilibrium,
flow, fuzzy logic, geographic information system (GIS), identification, intelligent trans-
portation system, machine learning, neural network, parameters, performance, prediction,
and simulation. This cluster stresses the importance of integrating genetic algorithms with
other machine learning techniques in logistics and supply chain management.

The evolution of publications can also be visualized using the keyword overlay visual-
ization map shown in Figure 4 [130–132]. Based on Figure 4, the nodes for pickup, delivery,
routing problem, costs, optimization algorithm, heuristic algorithm, search algorithm,
emissions, robust optimization, NSGA-II, energy consumption, electric vehicle, machine
learning, and variable neighborhood search appear in yellow, signaling their importance in
recent years [133]. As attention is paid to sustainability and environmental issues, genetic
algorithms have been adopted to solve various challenges in developing efficient electric
vehicles [134,135]. Bhakuni and Das [136] intended to handle uncertainty in the electric vehi-
cle industry using generalized triangular neutrosophic numbers and modified neutrosophic
compromise programming with validation using genetic algorithms. Qiang et al. [137] used
a hybrid adaptive genetic algorithm to construct an electric vehicle path model with time
windows for logistics distribution. To reduce logistics costs, Zahedi et al. [138] developed a
metaheuristic algorithm with NSGA-II and teaching–learning-based optimization (TLBO)
to solve the routing problem in electric vehicles with time window consideration.

NSGA-II has been in the spotlight in several research studies on genetic algorithms
in recent years. The study by Jafarian et al. [139] integrated NSGA-II and multi-objective
particle swarm optimization (MOPSO) to quantify the difference between the current and
ideal states in supply chains with the use of the house of quality (HOQ), quality function
deployment (QFD), and response surface methodology (RSM) to determine the charac-
teristics and tune the parameters. Manupati et al. [140] developed a blockchain model
with a Mixed-Integer Non-Linear Programming (MINLP) model to overcome sustainable
issues in a multi-echelon supply chain and then validated the model with NSGA-II, signi-
fying the recognition and practicability of NSGA-II. To reduce supply chain disruptions,
Shekarian et al. [141] developed a Multi-Objective Mixed-Integer Programming (MOMIP)
model with weighted goal programming, augmented ε-constraint (AUGMECON), and
NSGA-II. Additionally, a closed-loop supply chain network with Multi-Objective Grey
Wolf Optimization (MOGWO) and NSGA-II has been proposed for the COVID-19 pan-
demic [142]. In publications on genetic algorithms, NSGA-II has also been applied to solve
pickup, delivery, and routing problems. Rabbani et al. [143] formulated an MINLP model
with NSGA-II and Monte Carlo simulation in hazardous waste logistics management.
Tirkolaee et al. [144] designed a Bi-Objective Mixed-Integer Linear Programming (BOMILP)
model using Multi-Objective Simulated Annealing Algorithm (MOSA) and NSGA-II for
efficient Pareto solutions to minimize pollution and routing costs and maximize supply relia-
bility. In the past year, NSGA-II has been widely applied in maritime management [145,146].
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NSGA-II has also been used in port management [147,148]. Moreover, NSGA-II is also
commonly used to solve transportation and routing problems [149–151]. NSGA-II is also an
important tool in overcoming sustainability problems in the supply chain [152–154]. There-
fore, in the future, various optimization techniques and metaheuristics can be integrated
into genetic algorithms in logistics and supply chain management.
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Variable neighborhood search is also popular in the research on genetic algorithms.
Londoño et al. [155] used the variable neighborhood search algorithm within a Chu–Beasley
Genetic Algorithm to overcome the multi-depot vehicle routing problem. Pan et al. [156]
used hybrid metaheuristic algorithms involving a genetic algorithm and multiple popula-
tion genetic algorithm (MPGA) with variable neighborhood search to optimize a perishable
product supply chain network. When solving a routing problem with pickup and de-
livery, Wang et al. [157] compared the proposed model integrating the Clarke–Wright
saving algorithm, variable neighborhood search, and MOPSO with multi-objective vari-
able neighborhood search and NSGA-II. Zhu and Zhou [158] introduced a catastrophe
adaptive genetic algorithm with variable neighborhood search to improve efficiency in
fresh produce distribution. Multi-choice goal programming with a utility function with the
integration of a genetic algorithm and variable neighborhood search is also used in supply
chain management with new product development [159]. Variable neighborhood search
and genetic algorithms have been used to solve various transportation problems [160].
From the keyword overlay analysis, it can also be found that future research can focus
on the integration of metaheuristics with machine learning to overcome the limitations of
genetic algorithms, such as their long computational time, difficulties in obtaining optimal
solutions, and convergence issues [161–163]. Future studies can also find ways to overcome
the challenges in the application of genetic algorithms in supply chains, such as the lack of
local search strategies in evolutionary aspects, and to solve non-deterministic polynomial
(NP-hard) problems in supply chains [53]. Kumar et al. [164] noted that a traditional genetic
algorithm has a slower rate of convergence to create an agile supply chain in the warehouse
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scheduling problem. A traditional genetic algorithm is also easily affected by the degree of
variations [165]. Wang and Huang [166] also noted the issue of convergence and stability
in traditional genetic algorithms for agile supply chain scheduling optimization. Low rates
of convergence and variability were also noticed when designing an agile medicine supply
chain [167].

3.7. Citation Metrics

The citation metrics of the publications on genetic algorithms in logistics and supply
chain management are shown in Table 9.

Table 9. Citation metrics of genetic algorithm publications.

Items Descriptions

Date 17 January 2024
Total Number of Papers 10,861

Total Citations 17,6946
Total Number of Years 32

Citations per Year 5529.56
Citations per Paper 16.29

Citations per Author 61,887.17
Papers per Author 3899.46
Authors per Paper 3.4

h-index 135
g-index 192

4. Conclusions

This paper has successfully achieved the objective of presenting a bibliometric anal-
ysis of genetic algorithm research in the field of logistics and supply chain management.
In general, the publication trend in this field has been increasing in recent years. Most
of the documents are articles (71.75%) and proceeding papers (25.38%). Engineering
(5558 documents), computer science (3840 documents), and operations research manage-
ment science (2004 documents) make up the top three subject areas in the research on the
application of genetic algorithms in logistics and supply chain management. China has the
most total publications (4050 documents), while England has the most citations per paper
(26.54 citations per paper) and citations per cited paper (30.54 citations per cited paper).
Computers and Industrial Engineering (333 documents), the International Journal of Production
Research (210 documents), and Sustainability (200 documents) are the top three publication
journals. The document by Govindan et al. [117] titled “Reverse logistics and closed-loop
supply chain: A comprehensive review to explore the future” received 1162 citations and
is the most important and influential paper in the research on the application of genetic
algorithms in logistics and supply chain.

This paper has captured the prominent themes shaping the current and future research
involving (1) the application of various types of multi-objective optimization algorithms
to handle logistics and supply chain problems, (2) metaheuristics, (3) the use of optimiza-
tion techniques to overcome sustainability issues in logistics, and (4) the integration of
genetic algorithms with other machine learning techniques in logistics and supply chain
management. In the future, genetic algorithms can be integrated with other optimization
and metaheuristic strategies for logistics and supply chain management. Sustainability
issues will also encourage researchers to continue their explorations in this area. Machine
learning, which is also able to overcome the limitations of genetic algorithms, such as
their long computational time, difficulties in obtaining optimal solutions, and convergence
issues, is also one of the future trends in genetic algorithm research.

This paper is focused on the publications listed in the Web of Science database. Future
studies can consider other notable databases, such as Scopus, for bibliometric analyses of
genetic algorithms in logistics and supply chain management. The Web of Science database
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provides excellent references and experiences to scholars with continuous updates. In
the future, this bibliometric analysis can be revisited to capture the constant changes in
industry and academy.
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