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Abstract. Transportation is a crucial element in the supply chain. Over 80% of
international trade goods by volume are transported by sea. The critical role of
maritime transportation underscores the importance of strategic decision-making
in selecting reliable and efficient shipping lines. The Tobacco Company (TC)
case, which produces and distributes tobacco products globally, has been taken
as an illustration of the lack of standardized criteria for selecting shipping lines,
leading to significant delivery delays. This study aims to develop these
standardized criteria by surveying five internal experts who assessed four
shipping companies based on four main criteria and twelve sub-criteria.
Analytical Hierarchy Process with Fuzzy logic accommodates subjectivity in
decision-making and provides a clear and systematic approach to prioritizing
factors. Subsequently, Multi-Objective Linear Programming was employed to
identify the optimal shipping line that best met the company's priorities while
addressing trade-offs between different factors. The analysis reveals that
reliability in on-time delivery, total transit time, and space availability are the top
priorities in shipping line selection, with transportation cost being the least
prioritized. As a result, Shipping Line C emerged as the optimal choice,
supporting the company's strategic goals.
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1 Introduction

Transportation is a crucial element in the supply chain, particularly for the shipment of
goods in the trade industry. Transportation and trade are closely interrelated, with
transportation supporting the distribution of trade and trade sustaining the
transportation industry [1]. According to UNCTAD, over 80% of the volume of
international trade goods is transported by sea, which is even higher in developing
countries due to relatively low shipping costs [2]. The tobacco company (TC) produces
and distributes tobacco products to various countries. To optimize the supply chain and
achieve customer satisfaction, TC partners with shipping service providers for export-
import goods by sea. Choosing the right partners is crucial in facing global market
competition to ensure products arrive efficiently and on time according to consumer
demand. TC, which serves customers in various countries with over 60 sea routes, must
wisely select shipping partners to ensure efficient transportation, reduced shipping
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subjective due to a lack of standardized evaluation criteria, leading decision-makers to
rely on personal preferences. The absence of clear, standardized criteria has resulted in
frequent requests to change shipping vendors even before contracts end, as previously
selected vendors often fail to meet TC’s needs and expectations. Selecting vendors pri-
marily based on cost has led to delayed deliveries, affecting TC's supply chain perfor-
mance. Delivery performance on this route has declined by 12% due to average delays
of nearly two weeks. Mid-contract vendor changes impact procurement strategies,
budgets, and internal and external partnerships.

This study aims to evaluate TC's transportation procurement system, establish stand-
ardized criteria for selecting shipping lines, and determine optimal allocations for each
chosen vendor. It employs a Multi-Criteria Decision Making (MCDM) approach using
Fuzzy Analytical Hierarchy Process (FAHP) and Multi-Objective Linear Program-
ming. MCDM helps identify the best alternative among suitable options and allows for
the simultaneous assessment of numerous strategic and operational factors involving
multiple decision-makers [3].

2 Literature Review

2.1  Decision Making

The decision-making process is one of the most essential elements in management
within organizations today, mainly because it affects the success or failure of the entity
[4]. Decision-making is a process undertaken by individuals, groups, or organizations
to reach conclusions about future actions, considering a set of goals and constraints on
available resources. This process is often iterative, involving issue formation, infor-
mation gathering, reaching conclusions, and learning from experience [5]. Making de-
cisions without errors in real life is unrealistic because every decision has some side
effects. However, considering various determining factors and the pros and cons of each
option significantly increases the likelihood of making the right decision [6].

Identify Identify Re- Define »| Determine
Problem quirement Goals Alternative
Evaluate Select
C(l).rclldu'ct < Alternative MCDM Ide.ntl.fy
Validation towards Mothod Criteria

Fig. 1. Decision-Making Process

Multi-Criteria Decision Making (MCDM) is a well-known branch of decision-mak-
ing that evaluates alternatives based on two or more criteria [7]. One complexity and
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controversy in MCDM is determining the decision-making criteria. No single alterna-
tive will be the best for all objectives, necessitating a comparison among alternatives.
The best alternative will be the one that most closely meets the desired objectives.

2.2 Criteria of Shipping Line Selection

Vendor selection decision-making involves a series of complex steps. Technology
plays arole in providing data support and analysis in vendor selection decisions. Digital
platforms and data analytics can provide better insights and understanding to support
more informed decisions [8]. Monczka et al. present that selected suppliers should align
with the company's business strategy and long-term goals [9]. Many companies strug-
gle to identify essential criteria in supplier selection to improve their supply chain per-
formance [10]. Based on a literature review by previous researchers, the following are
the criteria identified as determinants in shipping line selection. Table 1 shows the cri-
teria used by previous researchers to select shipping lines.

Table 1. Criteria and Sub-criteria of Shipping Line Selection.

Criteria Subcriteria Article
Transportation ~ On-Time Reliability [101, [11], [12], [13], [14], [15]
Reliability Cargo Security [10], [11], [12], [13], [14], [15]
Historical Operational Performance  [12], [16]
BL Accuracy [11],[12], [15]
[

[
Quickness and [12], [14], [15], [16],

Total Transit Time

11],
Service Quality [17], [18]
Schedule Frequency [11], [12], [13], [15], [17]
Container Quality [12], [13], [15], [16], [17]
Ability to Handle Special Requests
or Em}érgencies ’ ! (103, [113. [171. [181
Capacity Container Availability [11], [15], [17]
Space Availability [11],[12]
[13], [15]
[12]

[10], [12], [14], [15],[16], [17],

[18

]
]
Demurrage and Detention Free Time [11],
Cost Shipping Cost }

2.3  Fuzzy Analytical Hierarchy Process

Analytical Hierarchy Process (AHP) is a decision-making method developed by math-
ematician and management scientist Thomas L. Saaty in 1980 [19]. AHP is used to
address complexity and uncertainty in decision-making by involving multiple criteria
and alternatives. Some problems require quick decisions, but the available data is not
always quantitative; it can also be qualitative, based on perception, experience, and
intuition. Zadeh introduced the fuzzy set theory using linguistic terms and membership
degrees to handle the inherent uncertainty in human judgment during decision-making.
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Therefore, Saaty developed a value scale to express pairwise comparisons [20]. This
scale is a range of numbers from 1 to 9, with each number expressing relative im-
portance. Saaty created a pairwise comparison scale, as shown in Table 2 below.

Table 2. Intensity Scale of Pairwise Comparisons.

Intensity of Importance Interpretation

1 Both elements are equally important

3 One element is slightly more important than the other

5 Judgments and experience indicate that one element is
much more important than the other

7 One element is very strongly or significantly more im-
portant than the other

9 One element is more important than the other

2,4,6,8 Intermediate values between the two adjacent judgments

2.4  Multi-Objective Linear Programming

Multi-Objective Linear Programming (MOLP) is an optimization approach that con-
siders multiple objectives [21]. A linear programming model consists of three essential
components: decision variables to be determined, optimization objectives (maximizing
or minimizing), and constraints that the solution must satisfy. The general form of an
MOLP problem can be expressed as,

Max (or Min) Z = (Z1,Z5,...,Zy) (1)
subject to:
Ax < b (2)
x =0 (3)
where,

Z, represents the ith objective function.

A is a matrix of coefficients for constraints.

x is the vector of decision variables.

b is the vector of constraints’ right-hand side values.
k is the number of objective functions.

This study solves the MOLP problem using the Weighted Sum Method by assigning
weights to each objective and combining them into a single objective function.

k

Max (or Min) Z = Z(WLZL-) "
i=1



322 S. D. Permata and M. L. Singgih
3 Research Methodology

Fuzzy AHP requires expert judgment to determine the relative weights of each criterion
and alternative. Therefore, this study used a questionnaire to collect data from experts
with relevant backgrounds, knowledge, and experience, as shown in Table 3. Two kinds
of questionnaires are used in this research: an initial questionnaire and a pairwise com-
parison questionnaire. The first questionnaire used a Likert scale, presenting a compre-
hensive list of criteria for shipping line selection. The pairwise comparison question-
naire is a more detailed survey used after refining the criteria based on the initial ques-
tionnaire’s results. This questionnaire aims to determine the relative importance of each
criterion by comparing them in pairs.

Table 3. Decision Makers and Work Experience.

Respondent Work Experience
DM 1 17 years
DM 2 15 years
DM 3 10 years
DM 4 13 years
DM 5 17 years

The steps to do the analysis using an integrated Fuzzy Analytical Hierarchy Process

and Multi-Objective Linear Programming are as follows:

Define the respondents as the decision makers containing a group of experts.

Identify criteria from previous research.

Design the initial questionnaire and conduct the survey.

Analyze responses to validate criteria to be used in the analysis.

Construct a hierarchical structure.

Create a pairwise comparison questionnaire based on the hierarchical structure.

Distribute the questionnaire and collect the data.

Transform the pairwise comparison data into fuzzy numbers.

9. Build a fuzzy comparison matrix and calculate the weights.

10. Calculate the inconsistency ratio (acceptable if below 10%)

11. Normalize weights and rank the criteria.

12. Evaluate shipping line alternatives.

13. Formulate a multi-objective linear programming model incorporating the criteria
weights.

14. Define the objectives and constraints.

15. Solve Multi-Objective Linear Programming problems using the Weighted Sum
method and obtain the optimal solution.

PRI R W=
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4 Analysis and Findings

4.1  Fuzzy Analytical Hierarchy Process

The fuzzy pairwise comparison among the criteria is a fundamental step in the FAHP
process. This step involves comparing each criterion with every other criterion using
linguistic terms that reflect their relative importance. By conducting fuzzy pairwise
comparisons, decision-makers can capture subjective preferences more accurately, al-
lowing for a more nuanced and realistic prioritization of criteria. The resulting fuzzy
comparison matrices form the basis for calculating the fuzzy weights of each criterion,
ultimately influencing the overall decision-making process (see Table 4).

Table 4. Weight Calculation for Main Criteria.

Transportation Quickness
Criteria S.po e © and Service  Capacity = Cost ~ Weight
Reliability .
Quality
Transportation Reliability 1 2.35 4.11 6.55 0.51
Quickness & Service Quality 0.43 1 291 557  0.30
Capacity 0.24 0.34 1 496  0.14
Cost 0.15 0.18 0.20 1 0.05

Inconsistency Ratio = 0.076.

According to Table 4, it is known that transportation reliability is the highest priority
criterion, as it has the most significant weight of 0.51, and the second priority is quick-
ness and service quality, with a weight of 0.30. This weight indicates that the company
prioritizes ensuring timely deliveries, essential for maintaining a responsive and de-
pendable supply chain. The second priority, quickness and service quality, reflects the
company's focus on speed and excellence in service delivery. This criterion enables the
company to respond swiftly to dynamic market demands and changes, enhancing its
ability to adapt and remain competitive.

Table 5. Weight Calculation for Transportation Reliability.

On-Time  Cargo Se-  Historical Opera-  BL Ac-

Subcriteria Reliability curity tional Performance  curacy Weight
On-Time Reliability 1 3.71 5.26 5.79 0.60
Cargo Security 0.27 1 0.65 3.47 0.16
Historical Operational 0.19 1.54 1 2.61 0.17
Performance
BL Accuracy 0.17 0.29 0.38 1 0.07

Inconsistency Ratio = 0.069.
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Table 5 shows the pairwise comparison of each subcriteria under the main criteria of
transportation reliability. It confirms that on-time reliability, with a weight of 0.60, is
the top criterion, aligning with the conclusion from Table 4. This result indicates that
ensuring shipments consistently arrive on schedule is paramount for TC's supply chain
strategy. Historical operational performance and cargo security, with weights of 0.17
and 0.16, respectively, are also important, reflecting the need for dependable past per-
formance and secure transportation of goods.

Table 6. Weight Calculation for Quickness and Service Quality.

Total Shippin Container Ability to Han-
Subcriteria Transit Pping © . ¢ dle Emergen- Weight
. Frequency Quality .

Time cies
Total Transit Time 1 2.60 2.46 2.37 0.42
Shipping Frequency 0.39 1 1.63 0.47 0.16
Container Quality 0.41 0.61 1 0.21 0.11
Ability to Handle 0.42 2.11 4.79 1 0.31

Emergencies

Inconsistency Ratio = 0.085.

Table 6 highlights that TC prioritizes minimizing transit times and ensuring flexibility
in handling emergencies, reflecting the need for speed and flexibility and quick re-
sponse to unforeseen situations while transporting the cargo. Subsequently, Table 7
shows the pairwise comparison matrix of capacity. These priorities indicate that TC
values having enough shipping space and container resources to maintain a smooth and
cost-effective supply chain, ensuring that goods are shipped without delays or interrup-
tions.

Table 7. Weight Calculation for Capacity.

. . D &
Container Space Avail- cmuTrage

Criteria Availability ability Detent.ion Free Weight
Time
Container Availability 1 0.33 0.84 0.17
Space Availability 3 1 6.27 0.68
Demurrage & Detention Free 1.18 0.16 1 0.15

Time

Inconsistency Ratio = 0.085.

Overall, the pairwise matrix analysis across different criteria reveals that inconsistency
ratios are below the commonly accepted threshold of 10%. The relatively low incon-
sistency ratios suggest that the decision-makers' judgments are logically consistent and
trustworthy, ensuring no significant contradictions exist in the assessment process and
making the FAHP result of final rankings and priorities credible.
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Table 8. Final Framework for Shipping Line Selection.

Criteria Sub-Criteria LW GW Rank
Transportation Re-  On-Time Reliability 0.595 0.302 1
liability Cargo Security 0.162 0.082 6
0.51) Historical Operational Performance 0.173 0.088 5

BL Accuracy 0.069 0.035 8
Quickness and Ser- Total Transit Time 0.425 0.125 2
vice Quality Shipping Frequency 0.161 0.047 7
030) Container Quality 0.105 0.031 9
Ability to Handle Emergencies 0.309 0.091 4
Capacity Container Availability 0.170 0.025 10
(0.14) Space Availability 0.682  0.100 3
Demurrage & Detention Free Time 0.148 0.022 11
(CO(‘)(S)tS) Cargo Transportation Cost 0.050 0.003 12

The global weighting in the final framework reflects the company's focus on reliabil-
ity, speed, and capacity while placing less emphasis on cost. The low priority given to
cost in TC's shipping line selection is strategically aligned with the characteristics of
their market. In a competitive environment where customers can easily switch brands
if products are out of stock, ensuring reliable and timely deliveries is crucial to main-
taining market trust. By prioritizing reliability over cost, TC mitigates the risk of stock-
outs and avoids losing customer confidence, thereby supporting a more resilient and
customer-focused supply chain.

Table 9. Weight and Ranking of Alternatives.

Alternative Weight Ranking
Shipping Line A 0.268 3
Shipping Line B 0.178 4
Shipping Line C 0.278 1
Shipping Line D 0.276 2

The analysis of the weights for each shipping line alternative shows that Shipping Line
C has the highest weight of 0.278, making it the top choice among the alternatives.
Shipping Line D is a close second with a weight of 0.276. Shipping Line A and B rank
third and fourth with weights of 0.268 and 0.178, respectively. This ranking indicates
that Shipping Line C is the most favorable option based on the weighted criteria, closely
followed by Shipping Line D, while Shipping Line A and B are less preferable. These
rankings are derived from the overall weighting and prioritization of various criteria
when selecting a shipping line.
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4.2  Multi-Objective Linear Programming

To determine the optimal choice among the four ranked shipping lines, further analysis
was conducted using MOLP with the following objective functions.

Z, maximizes on-time reliability

Max Z; = 0,5x; + 0,74x5 + 0,56x, (5)
Z, minimizes total transit time
Mln Zz = 23x1 + 35x2 + + 21X3 + 19X4 (6)
Z3 maximises demurrage and detention
Max Z3 = 28x; + 21x, + + 28x3 + 28x, (7)
Z, minimises transportation cost
MinZ, = 2994x, + 2492x, + + 1526x3 + 2035x, (8)
Subject to,
x1+ .x2+ X3 +x4= 150 (9)
X1,X2,X3,X4 = 0 (10)
where,

x; = total containers per year allocated to Shipping Line A
X, = total containers per year allocated to Shipping Line B
X3 = total containers per year allocated to Shipping Line C
x4 = total containers per year allocated to Shipping Line D

The MOLP analysis results in Table 10 show that the optimal solution for shipping
line allocation is to select Shipping Line C exclusively, with a total allocation of 150
containers. This decision yields an optimum value of 1973.35. The allocation effec-
tively utilizes the chosen shipping line to maximize the overall objective, reflecting
Shipping Line C's superior performance in meeting the criteria established for the se-
lection process. This conclusion supports the earlier findings that Shipping Line C is
the most suitable option, aligning with TC's strategic focus on reliability and efficiency.

Table 10. Weight and Ranking of Alternatives.

X Xy X3 Xy Optimum Value
0 0 150 0 1973.35

5 Conclusion

The analysis reveals that the most critical criteria for selecting a shipping line are reli-
ability of on-time delivery (GW=0.302), total transit time (GW=0.125), and space
availability (GW=0.10). The other criteria considered in the selection of shipping line
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are the ability to handle special requests or emergencies (GW = 0.091), historical oper-
ational performance (GW = 0.088), cargo security (GW = 0.082), shipping frequency
(GW =0.047), the accuracy of Bill of Lading (GW = 0.035), container quality (GW =
0.031), container availability (GW = 0.025), free time demurrage and detention (GW =
0.022), and the lowest priority criterion is cargo transportation cost (GW = 0.003). No-
tably, cargo transportation cost is the least essential criterion, indicating that the ability
to maintain supply chain reliability and responsiveness outweighs cost considerations
for TC. This strategic approach ensures that the company can meet consumer demands
promptly while maintaining operational stability and stock levels in the market. Ship-
ping Line C, scoring highest at 0.278, reflects an optimal solution, ensuring efficient
resource use and a responsive approach to market needs, strengthening TC's supply
chain strategy.
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