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Raw material availability is critical for the sustainability of industrial
activity. A bonded logistics centre is required as a multipurpose warehouse
for the storage of raw commodities, particularly those imported from other
countries. The operationalization of bonded logistics centers in terms of
supplying raw materials effectively and efficiently is largely location
dependent. Proper facility placement is critical for resolving the storage
issue and boosting the efficiency of the transportation system. The purpose
of this article is to suggest a technique for locating a bonded logistics centre.
In an unpredictable context, decision making requires a range of criteria
generated from knowledge and stakeholder experience. As a result, this work
proposes the combination of the fuzzy analytic hierarchy process (FAHP)
with the fuzzy technique for ordering preferences by similarity to ideal
solution (FTOPSIS). By disclosing linguistic characteristics, fuzzy numbers
contribute to the resolution of ambiguity and imprecision. Obtaining the
weighted value of the criteria and sub-criteria using fuzzy AHP. Using fuzzy
TOPSIS, determining alternate preferences based on weighting factors. Its
use lies in being able to distinguish between criteria that provide advantages
and those that generate expenses. The findings indicate that the selected
option is the one that is most closely related to the positive ideal.
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1. INTRODUCTION

The worldwide market and the process of procuring commodities have evolved and altered at a
breakneck pace [1]. Accelerating the flow of products is a critical success element in global logistics operations [2],
as it enables the network of prospective suppliers to be expanded at the lowest possible cost [3]. In today’s
environment, supply chain networks that ensure timely and efficient product delivery are becoming more vital [4].
Logistics activities as well as warehousing, distribution, and transportation have faced certain changes in the
history of world trade [5]. Logistics centres have grown in importance and strategic importance at both the
downstream and upstream phases of various companies’ supply chain processes [6]. The logistics centre is a
location that houses all logistics and transportation operations on a national and worldwide scale and is managed
by a company that specializes in different business activities [7]. A well-functioning logistics centre delivers
enormous advantages [8], adding value to the value chain and hence increasing competitiveness [9].
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International commerce is strongly reliant on the operation of logistics and transportation [10].
Numerous gauges exist for evaluating a country’s logistical performance [11]. Measurement and comparison
of logistics performance indicators on a macro basis uses the logistics performance index (LPI). LPI compiles
data on logistics costs, customs processes, and land and marine transportation infrastructure for comparison
across nations [10]. Industrialization is critical to a country’s economic growth. A bonded logistics centre is
one of the customs facilities that helps with industrial products delivery. A bonded logistics centre is a
multipurpose warehouse that is primarily used for the storage of imported products. Prior to being employed
by industry, raw materials imported from other countries would enter the bonded logistics centre after
obtaining a duty suspension.

The effectiveness and efficiency of the logistics center operation is highly dependent on the location
selection [12]. Location selection is a strategic choice that affects the long-term success of an enterprise [13].
Selecting the optimal site may help alleviate traffic congestion [8], [12] hence lowering operating costs and
increasing income [6]. On the other hand, an inconvenient site might result in a variety of extra expenses [8].
Recently, establishing the site of the logistics centre has remained a contentious topic [14]. Bonded logistic is
a method implemented to manage various cross-border trade flows that used some tools and methods of
customs, tax regulations, the Internet of Things (1oT), and blockchain, to ensure the well ordered exchange of
goods in transit, export, and import [15]. The installation of a bonded logistics hub near an industerial area
may alleviate the country’s raw material storage issue. The placement of the bonded logistics centre is critical
in ensuring the rapid and cost-effective availability of raw materials.

In the actual world, decision-making has both quantitative and qualitative components, but the
qualitative components are fraught with ambiguity and inconsistent consistency [16]-[18]. Fuzzy logic is
defined in terms of resolving uncertainty and imprecision to address this [17]. Fuzzy findings may be more
easily interpreted when converted to the correct amount [19]. By combining fuzzy sets with analytic
hierarchy process (AHP), a more exact link between criteria and options is established [20], resulting in a
more effective decision-making process than the classic analytical hierarchy approach [21].

Recently, location issues have been extensively solved using a mix of multi-criteria decision making
approaches and fuzzy logic [22]. Numerous studies have investigated a decision-making model based on
fuzzy multi-criteria decision making (FMCDM) for the site of logistics centres [8]. Calculates the weights
using fuzzy AHP and uses the artificial neural network (ANN) phase to obtain the most suitable freight
logistics location [7]. Presented the fuzzy technique for ordering preferences by similarity to ideal solution
(FTOPSIS) along with criteria for geographic, physical, socioeconomic, and cost considerations [23]. Assessed
the sites of three logistics centres using the fuzzy additive ratio assessment (FARAS) technique [24]. Using the
combination of AHP and FTOPSIS to tackle the issue of global logistics hub placement. The decision matrix
components and weighting index are represented as fuzzy integers in this manner.

Furthermore, this research proposes combination of fuzzy expansions from AHP technique and
TOPSIS fuzzy technique to select the bonded logistics centre location. The fuzzy extension of the AHP
approach is utilized to establish the relative weight from every criteria and sub-criteria in the activity of
selected the site of the bonded logistics centre. In this research, fuzzy AHP overcomes the AHP method’s
drawback in terms of input, which comes in the form of an imprecise impression of a bonded logistics centre
expert. The fuzzy TOPSIS approach is then used to rank options for industrial support bonded logistics centre
site selection. Alternative sites for bonded logistics hubs are ranked by transforming expert responses into a
triangular fuzzy number.

2. METHOD

Assessment of alternative locations for bonded logistics centers supporting large industries using
expert questionnaires. This study uses expert opinion to compare the criteria, so the linguistic values must be
converted to fuzzy numbers. Meanwhile, these fuzzy results cannot be easily interpreted, so they must be
converted to the correct quantity through a defuzzification process.

This section details the three major phases involved in the process of identifying a site for an
industrial support bonded logistics centre. First, establish the criteria and sub-dependent criteria factors. This
study uses a sampling technique based on certain considerations. Respondents are based on their expertise,
have influence and have an interest in bonded logistics center.

The second phase is compiling a hierarchical model contains objectives, criteria, sub-criteria and
alternatives. The value obtained for each criterion will be used as the criterion value by averaging it. Then
weight the criteria that have been obtained along with the sub-criteria following the fuzzy AHP.

The third phase, assessment of alternatives by determining the preference value for every alternative
using fuzzy TOPSIS. The weight of the evaluated criteria and the assessment of alternatives is expressed in
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linguistic form to assess risk in a fuzzy circumstance. Linguistic variables represent the degree of
compatibility and the weight of criteria from the alternative with the predetermined criteria.

Filling out the alternative assessment questionnaires using a linguistic scale from very high, high,
medium, low, and very low. The final step is to choose the decision alternatives with the highest priority as
the optimal alternative. To arrive at an effective choice, fuzzy number based processes are used. Figure 1
represents a flowchart of the proposed procedure to choose the site of the bonded logistics center.
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Figure 1. Flowchart of the proposed method

2.1. Fuzzy analytical hierarchy process
The method of fuzzy AHP enables a more precise description of complicated decision-making
processes [25]. A fuzzy AHP solution organizes and systematizes a difficult multi-criteria issue [26]. This
research makes advantage of Chang’s fuzzy analytic hierarchy process (FAHP) development [27].
—  Triangular fuzzy number (TFN) weighting
Create a hierarchical model of the issue and compare it to the Triangular FN scale using the criteria.

M,QM,=(l; .l,,m; .my,u;.uUy) @

—  Fuzzy synthetic extent
The synthetic fuzzy extent value is used to establish the expansion of an object [28], with the indicator’s
My My, oo Mg i=1.......n,where j=1......... m) are triangular fuzzy numbers. The i object’s
synthetic fuzzy extent value is defined as:

S X My ® 5 @)

n m /
12 My

—  Vector values and defuzzification ordinates
In this process, comparison of two fuzzy numbers M; = (I, m;,u;) and M, = (I, m,, u,), with the
probability level (M, = M;), measured by (3).

V(M2 My = [min(uMy (), kM, ()] (3)

—  Normalization of the weights of fuzzy vectors
The weight of a normalized vector is

W = (d(A),d(4;), ..., d(An)" )

Where W is a hon-fuzzy number.

A combined fuzzy AHP with fuzzy TOPSIS to locate industrial supporting ... (Syafrianita)



800 a ISSN: 1693-6930

2.2. Fuzzy technique for order of preference by similarity to ideal solution
TOPSIS is a multi-criteria decision-making strategy which take basis of alternative comparison [28].
Fuzzy TOPSIS is a useful approach because it allows for the consideration of an infinite number of options
and criteria, which may be done with both positive (+) and negative (-) criteria [29]. The weighting of
evaluation criteria and alternative judgments is stated in language terms in this stage. The use of the fuzzy
TOPSIS technique relies on the closest distance obtained. Steps to solve the problem using the TOPSIS
expansion with triangular fuzzy numbers by Chen [30].
—  Construct a matrix of fuzzy decisions
Utilize linguistic characteristics to create a comparison matrix R with m choices and n criteria. The use of a
linear scale to convert the used criteria scale to a comparative scale. R = [ry; | Where i =1 ... ... ... m
andj=1......... n
—  Determining the fuzzy decision matrix’s normalized weights
—  The weight of a normalized matrix VV with m options and n criteria is equal to the product of the weights of
the criteria in the fuzzy r;; decision matrix and the weights of the criteria in the normalized matrix.

The weight of normalization to fuzzy decisions is measured using (5) V = [v;]mxn Where i =1 ... ... ... m
andj=1......... n
'Ui]' = ki]' ® W]' (5)

—  Calculating the distance between every alternative
Calculating the distance between values of every option using fuzzy positive ideal and fuzzy negative

ideal (6).
1/2
di = {Zp(vy—v)*} =1 m (6)
1/2
d- ={ " (v - vi;.)z} =1 m ©)

Calculating the coefficient of similarity

The proximity of the ideal solution is used to establish the value assigned to each option. The closeness
coefficient (CC;) may be computed as (8). The last step is to order the alternative priorities as stated by their CC;
values, starting with the candidate that have the greatest CC; value and ending with the candidate that have the
lowest CC; value.

CC=2i=1 ... ... ... ,m ©)

3. RESULTS AND DISCUSSION
3.1. Decision making criteria and sub-criteria

Criteria are factors that have to be met to select or evaluate the location of the industrial supporting
bonded logistics centre. The initial criteria and sub-criteria for selecting the location of the bonded logistics
center were identified through an intensive literature review. Furthermore, it is offered and is a stimulus for
focus group discussion participants involving elements of academia, business, and government. From the
triple helix focus group discussion, six criteria and eighteen sub-criteria were obtained. These criteria and
sub-criteria will be used as input in the pairwise comparison questionnaire for selecting the location of the
industrial supporting bonded logistics center which proceeds are represented in Table 1.

The site of a bonded logistics centre is critical to its effectiveness and efficiency. Concentration of
industry in a single location fosters the growth of other sectors. Four sites were evaluated, MM2100 (MM),
Jababeka (JB), Greenland International Industrial Center (Gl), and Marunda Center (RC), since they have a
prominent impact on the effectiveness of a bonded logistics centre in supplying raw materials to industries.

3.2. Value assigned to each criterion

All comparison matrices of criterion and sub-criteria are subjected to consistency testing. The pairwise
comparison matrix was certified consistent in this investigation with a consistency ratio of 10%. Then change
the respondent’s answer into triangular fuzzy numbers (TFNs). Table 2 indicates average value of the
conversion results of TFNs. The fuzzy synthetic extent (S;) value for criteria linked to hierarchical goal is
represented in Table 3.
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Table 1. Primary and secondary criteria

Kode Main criteria Kode Sub criteria
Cy Accessibility Pc;  Close to the motorway
Pc,  Close to the port
Pc;  Close to the highway
Pcy Close to customers
C, Cost Pcs Land and buildings
Pcg  Transportation
Pc; Storage
Pcg Labor
Cs Property condition Pcy  Surface area
Pcio  Clear layout and boundaries
Pcy;  Ownership
C4 Regulation Pci,  Bonded stockpile
Pcis  Space utilization
Cs Infrastructure Pcis  Road infrastructure
Pcis  Information and communication technology
Pcis  Electrical infrastructure
Cs Environmental management ~ Pc;;  Security and safety
Pcis  Environmentally friendly
Table 2. Average value of TFNs
Main criteria  Symbol C; C, Cs C, Cs Cs
l 1.000 0.249 0.206 2500 0.182 0.184
C: m 1.000 0.695 0.410 4.048 0.352 0.295
u 1.000 0905 0905 5571 0.619 0.810
l 1286 1.000 0.349 2429 0.176 0.304
C, m 2143 1.000 0981 4.429 0276 0.752
u 4143 1000 1476 6.429 0.714 1.286
l 1286 1171 1.000 3.286 0.457 0.257
Cs m 3.000 2048 1.000 5286 1.286 0.714
u 5,000 3.857 1.000 7.286 2.143 1.000
l 0.677 0.163 0.149 1.000 0.150 0.149
Cs m 1.011 0.249 0.224 1000 0222 0.224
u 0.771 0.600 0543 1.000 0486 0.543
l 2143 2,029 0.771 3286 1.000 0.571
Cs m 3857 4143 1952 5286 1.000 1.667
u 5857 6.143 3571 7.286 1.000 2714
l 1571 1743 1000 3.286 0.657 1.000
Cs m 3571 3190 1857 5286 1286 1.000
u 5571 5.000 3.857 7.286 2.714 1.000
Table 3. Fuzzy synthetic extent value
Main criteria Lower (1)  Medium (m)  Upper (w)
Ci 0.077 0.217 0.616
C, 0.060 0.166 0.467
Cs 0.036 0.099 0.304
Cs 0.141 0.368 0.910
Cs 0.025 0.066 0.203
Cs 0.027 0.083 0.229
Table 4. Final weight
Main criteria Main criteria weight  Sub-criteria  Sub-criteria weight  Final weight
C, 0.250 Pcy 0.199 0.050
Pc, 0.321 0.080
Pcs 0.288 0.072
Pc, 0.191 0.048
C 0.202 Pcs 0.295 0.060
Pcs 0.366 0.074
Pc; 0.199 0.040
Pcs 0.140 0.028
Cs 0.113 Pco 0.381 0.043
PC10 0.249 0.028
Pciy 0.369 0.042
Cs 0.346 Pc1, 0.720 0.249
Pcis 0.280 0.097
Cs 0.055 Pcas 0.420 0.023
Pcis 0.385 0.021
PC16 0.195 0.011
Cs 0.034 Pcy7 0.653 0.022
Pcig 0.347 0.012
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Fuzzy numbers are represented by three digits, namely (I, m, u). These factors reflect the smallest
conceivable value, promised value, and fuzzy problem’s maximum value. Additionally, the weight vector
computation results are normalized to obtain the weights for every criteria and sub-criteria. Table 4
summarizes the final weights.

A weighted value of 0.346 is assigned to the regulatory criterion. When compared to other criterion,
this value is substantial. A bonded logistics centre may be operated with the collaboration of numerous
organizations. Institutional strengthening and regulatory compliance are required for effective coordination [31].
The next criterion is accessibility with a weight value of 0.250. The most often utilized criterion for selecting
the site of a logistics centre is accessibility.

Cost comes in second place in this survey. Bonded logistics facilities expedite supplies to industry and
ensure that orders are filled on schedule. A bonded logistics facility located near industry and with convenient
access to transportation infrastructure enables faster delivery of products. Cost is ranked third, with a weight of
0.202. Bonded logistics hubs benefit from expedited clearance, entrance, and release of products.

Construction expenditures may be substituted for land rent costs to make the cost criterion more
appropriate for underdeveloped nations. The standards for property and infrastructure conditions are strongly
tied to the functioning of a bonded logistics centre after the commodities arrive at the port and are
temporarily kept. The weights of the criterion are not significantly different for these two criteria, with the
condition property carrying a weight of 0.113 and the infrastructure carrying a weight of 0.055.
Environmental management criteria are those with a weight value of less than 0.034.

This study prioritized and identified the criterion to select a logistics center location, but the
weighting results for the criteria may differ depending on the type and context of the logistics center.
Different criteria will produce different hierarchical models so that the pairwise comparison questionnaire which
is the main input to get results in the form of criterion weighting values will be different. Decision-making that
involves stakeholder groups then incorporates individual preferences, significantly more reflective of real-world
decision-making.

Table 5. Ideal solution
Sub-criteria MM JB Gl RC K* K

Pcy 0.026 0.024 0.024 0.025 0.026 0.024
Pc, 0.039 0.034 0.049 0.037 0.049 0.034
Pcs 0.036 0.036 0.034 0.037 0.037 0.034
Pcy 0.027 0.027 0.018 0.022 0.027 0.018
Pcs 0.030 0.028 0.021 0.038 0.021 0.038
Pcs 0.036 0.033 0.036 0.043 0.033 0.043
Pcs 0.020 0.019 0.019 0.022 0.019 0.022
Pcg 0.014 0.012 0.014 0.016 0.012 0.016
Pcg 0.020 0.027 0.020 0.018 0.027 0.018
Pc1o 0.014 0.014 0.013 0.015 0.015 0.013
Pcu 0.021 0.020 0.020 0.022 0.022 0.020
Pci2 0.123 0.123 0.118 0.133 0.133 0.118
Pcis 0.049 0.049 0.049 0.046 0.049 0.046
Pcu4 0.012 0.013 0.009 0.012 0.013 0.009
Pcis 0.011 0.011 0.009 0.011 0.011 0.009
Pcis 0.005 0.005 0.005 0.005 0.005 0.005
Pcy7 0.011 0.011 0.011 0.011 0.011 0.011
Pcig 0.006 0.006 0.006 0.006 0.006 0.006

Table 6. Preference value

Alternatives d * d vV *
MM 0.015 0.018 0.555
JB 0.022 0.011 0.846
¢]] 0.025 0.009 0.256
RC 0.044 0.035 0.445

3.3. Alternative assessment

Weights are projected by multiplied the weights obtained from the fuzzy AHP data processing results
by the TOPSIS normalized matrix. The weight values for the sub-criteria, as well as the helpful or harmful
values, may be retained for defuzzification and conversion of the assessment findings to a triangular fuzzy
number. The optimal approach for the sub-criteria (Pc1) is to use the largest value in the weighted normalized
matrix. Table 5 summarizes the results from calculating the positive ideal solution together with negative ideal
solution for every sub-criterion.
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The ratio of the distance from the positive ideal solution into the negative ideal solution is the preference
value for the alternative. Table 6 shows the preferred value for the alternate site of the bonded logistics facility.
The preference value is the criterion used to rank all possible sites for bonded logistics facilities. Each choice
will have a preference value associated with it. Applying the TOPSIS fuzzy approach, the greatest preference
value is 0.846 for JB. This indicates that JB is located closest to the positive ideal solution.

4. CONCLUSION

Fuzzy numbers are used to convey linguistic factors and to deal with incomplete and unclear data.
The site selection is critical for the company. Appropriate criteria and sub-criteria are required to accomplish
this purpose. The primary factor influencing the placement of the bonded logistics centre is the complexity
and ambiguity of the stakeholders. As a result, decision makers’ tastes and experiences are altered via the use
of language phrases. This study proposes a methodology for selecting the site of bonded logistics center by
combining the fuzzy AHP and fuzzy TOPSIS extensions. Regulation, accessibility, cost, property condition,
infrastructure, and environmental management are the ultimate weighted priority criterion.

This research has limitations in that it did not investigate the link between two criteria. Future study
may take this interaction into account and integrate a multi-criteria decision making model using a
mathematical model solution approach. The suggested methodological procedure may be validated over a
bigger region using a variety of different criteria.

REFERENCES

[1] S. Trojahn and A. Teuber, “Future of Raw Materials Logistics,” Procedia Computer Science, vol. 180, pp. 112-121, 2021,
doi: 10.1016/J.PROCS.2021.01.135.

[2] E. Baker, “The potential impact of positif organizational behavior on the library working environment: an introduction for library
administrators,” Library Staffing for the Future (Advances in Library Administration and Organization), Bingley: Emerald Group
Publishing Limited, 2015, vol. 34, pp. 1-28, doi: 10.1108/S0732-067120150000034001.

[3] E. Cakmak, 1. Onden, A. Z. Acar, and F. Eldemir, “Analyzing the location of city logistics centers in Istanbul by integrating
Geographic Information Systems with Binary Particle Swarm Optimization algorithm,” Case Studies on Transport Policy, vol. 9,
no. 1, pp. 59-67, 2021, doi: 10.1016/J.CSTP.2020.07.004.

[4]  A. Nagurney, “Supply chain network design under profit maximization and oligopolistic competition,” Transportation Research
Part E: Logistics and Transportation Review, vol. 46, no. 3, pp. 281-294, 2010, doi: 10.1016/J. TRE.2009.11.002.

[5] V. Yavas, Y. D. O. -Ozen, “Logistics centers in the new industrial era: A proposed framework for logistics center 4.0,”
Transportation Research Part E: Logistics and Transportation Review, vol. 135, 2020, doi: 10.1016/j.tre.2020.101864.

[6] 1. Onden, A. Z. Acar, and F. Eldemir, “Evaluation of the logistics center locations using a multi-criteria spatial approach,”
Transport, vol. 33, no. 2, pp. 322-334, 2018, doi: 10.3846/16484142.2016.1186113.

[71  B. Erkayman, E. Gundogar, G. Akkaya, and M. Ipek, “A Fuzzy Topsis Approach For Logistics Center Location Selection,”
Journal of Business Case Studies (JBCS), vol. 7, no. 3, pp. 49-54, 2011, doi: 10.19030/JBCS.V713.4263.

[8] Y. Kayikci, “A conceptual model for intermodal freight logistics centre location decisions,” Procedia - Social and Behavioral
Sciences, vol. 2, no. 3, pp. 6297-6311, 2010, doi: 10.1016/J.SBSPR0.2010.04.039.

[9] J. Eckhardt and J. Rantala, “The Role of Intelligent Logistics Centres in a Multimodal and Cost-effective Transport System,”
Procedia - Social and Behavioral Sciences, vol. 48, pp. 612-621, 2012, doi: 10.1016/J.SBSPR0.2012.06.1039.

[10] L. Marti, R. Puertas, and L. Garcia, “The importance of the Logistics Performance Index in international trade,” Applied
Economics, vol. 46, no. 24, pp. 2982-2992, 2014, doi: 10.1080/00036846.2014.916394.

[11] J. Rezaei, W. S. v. Roekel, and L. Tavasszy, “Measuring the relative importance of the logistics performance index indicators
using Best Worst Method,” Transport Policy, vol. 68, pp. 158-169, 2018, doi: 10.1016/J. TRANPOL.2018.05.007.

[12] M. Yazdani, P. Chatterjee, D. Pamucar, and S. Chakraborty, “Development of an integrated decision-making model for location
selection of logistics centers in the Spanish autonomous communities,” Expert Systems with Applications, vol. 148, 2020,
doi: 10.1016/J.ESWA.2020.113208.

[13] S. Arunyanart, P. Sureeyatanapas, K. Ponhan, W. Sessomboon, and T. Niyamosoth, “International location selection for production
fragmentation,” Expert Systems with Applications, vol. 171, 2021, doi: 10.1016/J.ESWA.2021.114564.

[14] T.Y.Pham, H. M. Ma, and G. T. Yeo, “Application of Fuzzy Delphi TOPSIS to Locate Logistics Centers in Vietnam: The Logisticians’
Perspective,” The Asian Journal of Shipping and Logistics, vol. 33, no. 4, pp. 211-219, 2017, doi: 10.1016/J.AJSL.2017.12.004.

[15] R. Fedorenko and O. Pokrovskaya, ‘“Preconditions for the Development of Bonded Logistics,” Transportation Research Procedia,
vol. 61, pp. 294-300, 2022, doi: 10.1016/j.trpro.2022.01.049.

[16] T. C. Wang and Y. H. Chen, “Applying fuzzy linguistic preference relations to the improvement of consistency of fuzzy AHP,”
Information Sciences, vol. 178, no. 19, pp. 3755-3765, 2008, doi: 10.1016/J.INS.2008.05.028.

[17] Z. Zhang and X. Chu, “Fuzzy group decision-making for multi-format and multi-granularity linguistic judgments in quality
function deployment,” Expert Systems with Applications, vol. 36, no. 5, pp. 9150-9158, 2009, doi: 10.1016/J.ESWA.2008.12.027.

[18] S. Nadaban, S. Dzitac, and . Dzitac, “Fuzzy TOPSIS: A General View,” Procedia Computer Science, vol. 91, pp. 823-831, 2016,
doi: 10.1016/J.PROCS.2016.07.088.

[19] M. Z. Naghadehi, R. Mikaeil, and M. Ataei, “The application of fuzzy analytic hierarchy process (FAHP) approach to selection of
optimum underground mining method for Jajarm Bauxite Mine, Iran,” Expert Systems with Applications, vol. 36, no. 4, pp. 8218-8226,
2009, doi: 10.1016/J.ESWA.2008.10.006.

[20] F. Samaie, H. M. -Naimi, S. Javadi, and H. F. -Farahani, “Comparison of sustainability models in development of electric vehicles
in Tehran using fuzzy TOPSIS method,” Sustainable Cities and Society, vol. 53, 2020, doi: 10.1016/J.5CS.2019.101912.

[21] A. Ozdagoglu and G. Ozdagoglu, “Comparison of AHP and fuzzy AHP for the multi-criteria decision-making processes with
linguistic evaluations,” Istanbul Ticaret Universitesi Fen Bilimleri Dergisi, vol. 6, no. 11, pp. 65-85, 2007. [Online]. Available:
https://dergipark.org.tr/en/download/article-file/199503

A combined fuzzy AHP with fuzzy TOPSIS to locate industrial supporting ... (Syafrianita)



804

a ISSN: 1693-6930

[22]
[23]
[24]
[25]

[26]

[27]
[28]

[29]

[30]

[31]

C. G. E. Boender, J. G. de Graan, and F. A. Lootsma, “Multi-criteria decision analysis with fuzzy pairwise comparisons,” Fuzzy
Sets and Systems, vol. 29, no. 2, pp. 133-143, 1989, doi: 10.1016/0165-0114(89)90187-5.

S. Tadi¢, S. Zecevi¢, and M. Krsti¢, “A novel hybrid MCDM model based on fuzzy DEMATEL, fuzzy ANP and fuzzy VIKOR for city
logistics concept selection,” Expert Systems with Applications, vol. 41, no. 18, pp. 8112-8128, 2014, doi: 10.1016/J.ESWA.2014.07.021.
Z. Turskis and E. K. Zavadskas, “A new fuzzy additive ratio assessment method (ARAS-F). Case study: The analysis of fuzzy multiple
criteria in order to select the logistic center’s location,” Transport, vol. 25, no. 4, pp. 423-432, 2010, doi: 10.3846/TRANSPORT.2010.52.
|. Essaadi, B. Grabot, and P. Féniés, “Location of global logistic hubs within Africa based on a fuzzy multi-criteria approach,”
Computers & Industrial Engineering, vol. 132, pp. 1-22, 2019, doi: 10.1016/J.CIE.2019.03.046.

R. Mosadeghi, J. Warnken, R. Tomlinson, and H. Mirfenderesk, “Comparison of Fuzzy-AHP and AHP in a spatial multi-criteria
decision-making model for urban land-use planning,” Computers, Environment and Urban Systems, vol. 49, pp. 54-65, 2015,
doi: 10.1016/J.COMPENVURBSYS.2014.10.001.

R. J. Kuo, S. C. Chi, and S. S. Kao, “A decision support system for selecting convenience store location through integration of fuzzy
AHP and artificial neural network,” Computers in Industry, vol. 47, no. 2, pp. 199-214, 2002, doi: 10.1016/S0166-3615(01)00147-6.
D. Y. Chang, “Applications of the extent analysis method on fuzzy AHP,” European Journal of Operational Research, vol. 95,
no. 3, pp. 649-655, 1996, doi: 10.1016/0377-2217(95)00300-2.

N. -B. Chang, G. Parvathinathan, and J. B. Breeden, “Combining GIS with fuzzy multicriteria decision-making for landfill siting
in a fast-growing urban region,” Journal of Environmental Management, vol. 87, no. 1, pp. 139-153, 2008,
doi: 10.1016/J.JENVMAN.2007.01.011.

C. T. Chen, “Extensions of the TOPSIS for group decision-making under fuzzy environment,” Fuzzy Sets and Systems, vol. 114,
no. 1, pp. 1-9, 2000, doi: 10.1016/S0165-0114(97)00377-1.

M. O. M. Javad, M. Darvishi, and A. O. M. Javad, “Green supplier selection for the steel industry using BWM and fuzzy
TOPSIS: A case study of Khouzestan steel company,” Sustainable Futures, vol. 2, 2020, doi: 10.1016/J.SFTR.2020.100012.

BIOGRAPHIES OF AUTHORS

Syafrianita ki 2 is a lecturer in Universitas Logistik dan Bisnis Internasional that has
earned her doctorate at the Transportation Doctoral Program, Institut Teknologi Bandung. She has
an interest in research using fuzzy numbers in selecting the location of bonded logistics centers.
Master’s degree received from Department of Transportation, Institut Teknologi Bandung. She can
be contacted at email: rianitashine@gmail.com.

Heru Purboyo Hidayat Putro B4 Ed € is a full time Professor at the Department of Urban
and Regional Planning, Institut Teknologi Bandung. His research experience is in the field of
urban and regional transportation policy. He earned his PhD degree at Universite de Paris VIII,
Paris - France in 1995. Master’s degree at Universite de Paris VIIIL, Paris - France in 1989 and
bachelor’s degree from Institut Teknologi Bandung in 1985. He can be contacted at email:
herupur@itb.ac.id, purboyohp@gmail.com.

Gatot Yudoko ' B4 B8 € is a full time Associate Professor of Operation Strategy. He earned his
PhD degree in Planning from the University of Waterloo, Canada, in 2000. He has been with
School of Business and Management, Institut Teknologi Bandung since 2006. His research
interests include sustainable operations strategy, green logistics/supply chain, and
technology/industrial policy. He can be contacted at email: gatot@sbm-itb.ac.id.

Fikri Zul Fahmi @ B B © s a full time Associate Professor at the Department of Urban and
Regional Planning, Institut Teknologi Bandung. He has expertise in creative industries and
regional economic development, rural transformation, rural socio-economic wellbeing and
resilience, entrepreneurship and innovation in regional development. He earned his PhD degree in
2016 at the University of Groningen, The Netherlands in the field of Spatial Sciences (Economic
Geography). Master’s degree in 2013 at the University of Groningen majoring in regional studies.
Bachelor’s degree in 2010 majoring in urban and regional planning, Institut Teknologi Bandung.
He can be contacted at email: f.z.fahmi@itb.ac.id.

TELKOMNIKA Telecommun Comput El Control, Vol. 21, No. 4, August 2023: 797-804


https://orcid.org/0000-0003-3603-5822
https://scholar.google.co.id/citations?user=eyEBuO4AAAAJ&hl=id&oi=ao
https://www.webofscience.com/wos/author/record/HSF-4484-2023
https://orcid.org/0000-0003-0328-5454
https://scholar.google.co.id/citations?hl=id&user=7P-8JqMAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57195917450
https://www.webofscience.com/wos/author/record/HSF-4511-2023
https://orcid.org/0000-0002-8713-6861
https://scholar.google.co.id/citations?hl=id&user=cArrKVAAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=55899413800
https://www.webofscience.com/wos/author/record/A-4652-2013
https://orcid.org/0000-0002-4807-7125
https://scholar.google.co.id/citations?hl=id&user=e4K7QqoAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=55928123200
https://www.webofscience.com/wos/author/record/T-1630-2017

