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Abstract

In food industries, supplier evaluation and selection are strategic activities that influence
product freshness, operational continuity, and supply chain sustainability. However, this pro-
cess is often hindered by uncertainty and ambiguity in expert judgments. In response to these
challenges, the present study proposes an integrated decision-making method that combines
Circular Intuitionistic Fuzzy Set (CIFS), the Stepwise Weight Assessment Ratio Analysis
(SWARA), and the Technique for Order Preference by Similarity to Ideal Solution (TOPSIS).
CIF'S capture uncertainty in expert opinions, SWARA determines systematic criteria weights,
and TOPSIS—enhanced with the Garg et al. distance measure—ranks suppliers based
on aggregated evaluations. The evaluation involves seven key criteria: flexibility, capacity,
quality, service, reputation, price, and lead time, assessed across five potential suppliers.
Applied to Toko Pia Cap Mangkok, a traditional snack producer in Malang, Indonesia, the
method identifies lead time, capacity, and reputation as the most critical criteria. Among the
alternatives, Supplier A; consistently ranks first across optimistic, pessimistic, and combined
scenarios, confirming its robustness and reliability, followed by Supplier A, while others
perform less competitively. This study advances fuzzy-based multi-criteria decision-making
by integrating CIFS-SWARA-TOPSIS, ensuring reliable supplier selection under uncertainty
and offering a replicable framework for decision-makers in the food industry.
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1 Introduction

Selecting suppliers in the food sector represents a critical strategic decision that strongly influences
product quality, assurance of safety, and the long-term sustainability of supply chains. Food
companies must secure reliable supplies of fresh raw materials that meet safety standards [1]. Since
suppliers significantly influence supply chain performance, their evaluation requires systematic
and accurate methods [2]. The growing complexity of food supply chains further challenges
the identification of suppliers that meet diverse quality and sustainability requirements [3], [4].
However, many existing approaches still struggle to address uncertainty and ambiguity in expert
judgments.
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Uncertainty in food supplier selection arises from limited data, subjective preferences, and
dynamic market conditions. To capture such vagueness, fuzzy set extensions have been widely
used. Intuitionistic Fuzzy Sets (IFS), introduced by Atanassov, enhance classical fuzzy sets by
incorporating both membership degrees (MD) and non-membership degrees (NMD), thereby
reflecting hesitation more effectively. Building on IFS, Circular Intuitionistic Fuzzy Sets (CIFS)
[5], [6] model uncertainty as circular regions defined by MD and NMD, enabling richer and
more intuitive representations of ambiguous expert evaluations. Compared to conventional fuzzy
and IFS approaches that treat MD and NMD independently, CIFS captures the interdependent
and non-linear interaction between MD and NMD, preserving more information about expert
hesitation and subjective uncertainty in complex decision-making scenarios.

Multi-criteria decision-making (MCDM) approaches such as the Technique for Order Pref-
erence by Similarity to Ideal Solution (TOPSIS) [7] and criterion weighting methods like the
Stepwise Weight Assessment Ratio Analysis (SWARA) [8], [9] are widely used to evaluate and rank
alternatives. However, most studies apply these methods separately, limiting their ability to fully
address uncertainty and subjectivity in expert judgments. The proposed CIFS-SWARA-TOPSIS
framework integrates these techniques within a CIFS environment, which models uncertainty as
circular regions defined by MD and NMD, capturing non-linear and interdependent hesitation
that conventional fuzzy or IFS approaches cannot reflect. The SWARA procedure ensures
transparent and consistent derivation of criterion weights from expert reasoning, while TOPSIS
provides an interpretable ranking based on proximity to ideal solutions. By incorporating the
distance measure developed by Garg et al. (2024) [10], which separately evaluates MD and
NMD, the framework enhances discriminatory power and sensitivity to subtle differences in
expert perceptions. Combined with sensitivity analysis, this integrated approach produces robust,
consistent, and interpretable decision outcomes, making it particularly suitable for complex
supplier selection problems characterized by uncertainty and subjective evaluations.

This research applies the integrated CIFS-SWARA-TOPSIS model to Pia Cap Mangkok,
a traditional snack producer in Malang, Indonesia, which requires robust supplier selection to
maintain quality, operational continuity, and sustainability. The contributions of this study
are: (1) extending food supplier selection under uncertainty using CIFS; (2) applying SWARA
for systematic and transparent criterion weighting; (3) adopting Garg’s distance measure to
refine CIFS-TOPSIS ranking precision; (4) incorporating sensitivity analysis to assess ranking
consistency; and (5) providing a practical, replicable framework for supplier evaluation in the
food industry.

2 Methods

This study integrates CIFS with the SWARA framework for criteria weighting, and TOPSIS
for alternative ranking. The approach is designed to capture uncertainty in expert evaluations
through CIFS, determine criterion weights systematically with SWARA, and perform ranking
based on proximity to ideal solutions using TOPSIS. In the TOPSIS phase, the distance measure
formulated by Garg et al. is employed to provide an efficient asymmetric distance formulation.
This methodological integration is intended to strengthen the stability and precision of decisions
in uncertain environments.

The research is conducted as a case study at Pia Cap Mangkok, a well-known souvenir store
in Malang specializing in traditional pia products. The focus is on selecting the most suitable
raw material suppliers, a decision that directly affects product quality, production continuity,
and operational efficiency.

Evaluation criteria are determined through a review of literature on supplier selection and
adjusted to the specific context of the case study. Data for this study are obtained from expert
assessments of potential suppliers based on these criteria. These assessments are expressed
using CIFS to model MD, NMD, and hesitation degrees in a circular representation. Expert
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respondents are selected based on their familiarity with the production process and supplier
performance.

2.1 Intuitionistic Fuzzy Set

The introduction of fuzzy set theory by Zadeh in 1965 [11] established a fundamental basis
for dealing with vagueness and uncertainty in complex systems. Building on this foundation,
Atanassov (1986) [12] proposed IFS as a broadening of fuzzy sets by introducing MD, NDM,
and hesitation degrees. This development marked an important step in extending the expressive
power of fuzzy theory, enabling more precise modeling of incomplete and uncertain information.

Definition 1. [12/
Let E = x1,x9,...,z, denote the universe of discourse. An IFS A over E is defined as

A= {(pa(z),va(x))|x € E} (1)

where pua : E—[0,1] andva : E — [0, 1], subject to the condition 0 < pa(z)+va(r) < 1,Vz € E.
Here, pa(z) and va(x) represent the MD and the NMD of element x in set A, respectively.
Furthermore, the hesitation (or indeterminacy) degree wa(x) associated with x is given by:

—~
[\)
~—

ma(z) =1—pa(z) —va(z).

Definition 2. [10]

Let E = {zj,7 = 1,2,...,m} be a finite universe of discourse. Consider two IFS, A
(a(xj),val(z;)) and B = (up(x;),ve(z;)). The distance between A and B, denoted as df). (A, B),
1s defined as

wa(A, B) = SE?L wilpa(z;) — p(x))| + [valz;) — ve(z;)| + wjm (3)

where
Cr(A,B) = [min(pa(z;), vp(x))) — min(up(z;), va(zy))| (4)
+|maz(pa(z;), ve(z;)) — max(up(z;), va(z;))|

and wj represents the weights, subject to the condition ¥7_jw; = 1.

2.2 Circular Intuitionistic Set

Definition 3. [5]
Let E be a fixed universe. A CIFS C in E is described as

C = {{pe(x),vc(z);r)|lz € £} (5)

with the condition
0 <pe(z)+ve(x) <1 (6)
where r € [0, 1] denotes the radius of the circle associated with each element x € E. This structure

is referred to as a CIFS, where uc(x) : E — [0,1] and ve(z) : E — [0,1] indicate the MD and
NMD of element x € E in the set C C E, respectively.

Definition 4. [5]

Let (pia,vi1), (i 2, Vi2), .. denote a collection of IF pairs. The CIFS Ci is derived from these
pairs, where i indicates the index of the IFS and k; represents the total number of pairs in the
set. The arithmetic mean of this collection is defined as:

ki ki
Zjlzpui,j Ejzzlylﬁj >

(7)

Ci=<,uc(Ci),Vc(Ci)>:< bk
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Definition 5. [15/

Let {{pi,vin), (i2, vi2),...} represent a collection of Intuitionistic Fuzzy (IF) pairs. The
aggregated result, which corresponds to the center of C;, is obtained through the IF weighted
geometric (IFWG) operator and yields another IF value:

n

Ci = IFWGw, ((pi,1, vi1), (pi2, Vi2) H pi? =TI = wiy)@e) (8)
7=1

where Wi = wj 1,w; 2, ..., Wi n, denotes the weight vector, with w; ; € [0,1] and $E?:1wi,j =1. The
radius r; of C; is determined ordinary least square method, given as [1}]:

Ekz 12
Jj=1%y
o 9
i ki ( )
where
Lj =/ (uo(@i) —mig)? + (ve(e:) — nig)? (10)

Rather than adopting the maximum value approach [15], this study utilizes the Ordinary
Least Squares (OLS) method. The reason is that estimating r through the maximum value
technique tends to be affected by extreme observations, which may distort the representation of
the original data. By contrast, the OLS-based estimation minimizes the total deviation between
r and the original IF pairs, thereby preserving the intrinsic characteristics of the initial IF
information.

Definition 6. [16/

Let Q = [gijlmxn denote a collective decision matriz (or CIF decision matriz) with dimensions
m x n, where i corresponds to the alternatives (i = 1,2,...,m) and j refers to the criteria
(=1,2,...,n). Each entry of Q is characterized by a CIF value expressed as q;j = (ftij, Vij; Tij)-
Based on Q, the optimistic and pessimistic decision matrices, denoted by Q9 and QT4 respectively,
are defined as follows:

qgl qu qgn qg CI}I} q{;n
QO — q?1 q?z QQ.n and QP — q?1 q? Q2.n (11)
a1 o2 - dom Gt Gyz -+ Do
where
o 0 rij T
qU - <M1]7 1]> </J'Z,] + ﬂ\fa Vij — s \f>
73- Ty (12)
qz] <:u’2]7 VZ] > <lu’Lj - 7]\/57 Vij + 2]\/§7>
such that '“w’ U € [0,1] and u”, ” € [0,1], representing the corresponding optimistic and

pessimistic IF values derived from the CIF information.

The aforementioned formulation adheres to the fundamental properties of IFS, which are
outlined below:

T ri:

Oﬁﬂg—FVg: <Mij+;j\/§) —|—(Vij—;j\/§> = pij +vi; <1
-y -

OS,UZ—FUZ«I;: (uij—;j\/i) +(Vij+;j\/§> :uij+uij§1
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2.3

CIFS TOPSIS SWARA

The steps of supplier selection are developed through the integration of the CIFS—-SWARA model
developed by Alinejad et al. [17] and the CIFS-TOPSIS method introduced by Buyukselcuk
et al.[18] Instead of applying these procedures in full, selected components are synthesized and
refined, resulting in an extended framework tailored to supplier evaluation under uncertainty,
and the method proceeds as follows:

1.

Define the set of alternatives A = {4, Ag,..., A} and the set of evaluation criteria

C ={Cy,Cy,...,Cp}.

. Establish the expert set &€ = &1,&5,...,&, and construct decision matrices from their

evaluations, employing linguistic labels defined in Table 1.

Table 1: Criteria-based scale for assessing the alternatives

Linguistic Labels (,v)

Extremely high level (EHL) (0.90,0.10)
Very high level (VHL) (0.80,0.15)
High level (HL) (0.70,0.25)
Above average level (AAL)  (0.60,0.35)
Average level (AL) (0.50,0.45)
( )
( )
( )
( )

Below average level (BAL) 0.40,0.55
Low Level (LL) 0.30,0.65
Very low level (VLL) 0.20,0.75
Extremely low level (ELL) 0.10,0.90

Convert the decision matrices (d) provided by the experts into IF numbers according to
Table 1. Then, construct £p = (eijp)nxm = (ij, Vij), where e;;, shows the evaluation of
alternative A; under criterion C; by the pt expert.

. Aggregate all experts’ decision matrices using Eq. 7 to construct the CIF decision matrix,

and then calculate the radius of each CIF value according to Eq. 9.

. Obtain the optimistic and pessimistic decision matrices, denoted as (Qod, QF 4), based on

Eq. 11 and Eq. 12.

Rank the criteria with experts judgments, where the experts are asked to provide their
rankings using the linguistic labels presented in Table 2.

Table 2: Scale for assessing the relative importance of criteria

Linguistic Labels (1, v)

Absolutely low level (AL) (0.05,0.85)
Very low level (VLL) (0.15,0.75)
Low level (LL) (0.25,0.65)
Medium low level (MLL) (0.35,0.55)
( )

( )

)

Almost Equal level (AEL) 0.45,0.45
Medium High level (MHL) 0.55,0.35
High level (HL) (0.65,0.25
Very high level (VHL) 0.75,0.15)
Absolutely high level (AHL) (0.85,0.05)

7. Calculate the weights of experts using the following equation:

[+ m()]
Sy [y + ()]

7Ep:1wl =1 (13)

w; = i

where m; =1 — p; — v
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10.

11.

12.

13.

14.

15.

Aggregate experts’ opinions of the criteria through the Eq. 8.

Compute the radius from the decision matrix of all experts using Eq. 9.

Apply the score function Eq. 14 to convert each aggregated CIF value into a crisp value,
and use the resulting crisp values-denoted as Relative Significance Factors (RSFj)- as
inputs for the weighting process [17].

1
ok

T

where 6 indicates the uncertainty in the membership of an element within a set. A smaller
value of this parameter indicates lower uncertainty. In this study, 6 is set to 0.01.
Determine the relative importance of each criterion (Sy) by comparing it with the criterion
ranked immediately. This step identifies how significant each criterion is relative to others,
and the value of Sy is obtained using Eq. 15.

S, = RSEF, — RSFy,_4 (15)

where RS F}, represents the score function of criterion arranged in descending order, from the
highest to the lowest. In this variant of SWARA, the pairwise comparison phase is excluded.
Instead, the difference between each ranked criterion score and the one immediately below
it is calculated and incorporated into the subsequent SWARA weighting computation [17],
[19], [20].

Determine the coefficient K. In this step, the index k refers to the position of a criterion in
the decreasing order of scores obtained in the previous step, where k = 1 corresponds to the
criterion with the highest score, k = 2 to the next, and so forth. This process establishes
the adjustment factor for each criterion, and the coefficient K is then determined using

the following equation:
Lk=1
Ky = { ’ (16)

S+ 1, k>1

Determine the criterion weights using the following equation:

{1,k:1 an
qr = -~
q’;(kl,k>1

Next, g will be adjusted according to the initial criteria prior to the ranking of criterion
scores.

Normalize the criterion weights using the following equation:

X145

W =12 ...n (18)

Determine the Positive Ideal Solution (PIS) and Negative Ideal Solution (NIS) from the
optimistic and pessimistic decision matrices using the following equations:

SH = {((maxi uioj,mini 1/3 | 7 € J1), (min,; ,uioj,maxi 1/3 |je J2)>} (19)

So = {((mini ug,maxi I/g | j € J1), (max; uioj,mini I/g | j € J2)>} (20)

The PIS and NIS based on the pessimistic decision matrix are obtained using the following
equations:
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Sp = {((maxi ug,mini Vf;- | 7 € J1), (min,; ug,maxi ViI; | j€ J2)>} (21)

s {<(mini ug,maxi Vf; | j € J1), (max; uZ,mini 1/5- |j€ J2)>} (22)

Here, p;; and v;; represent the membership and non-membership degrees of the ith alter-
native with respect to the j% criterion. The PIS (S*) corresponds to the most desirable
values that maximize the MD and minimize the NMD for benefit criteria, while the NIS
(S7) represents the least desirable values that minimize the MD and maximize the NMD
for cost criteria. In this context, J; and Jy denote the sets of benefit and cost criteria,
respectively.

16. Compute the distances from every alternative to the PIS and NIS using the distance formula
proposed by Garg et al. (2024) as shown in Eq. 3 and Eq. 4.

17. Calculate the Closeness Coefficient (CC) based on the optimistic and pessimistic matrices
using the following equation:

DO~
(610} G — 23
' DY 4 DY+ (23)
DF-
(6107 I E— 24
' DP 4+ DP* (24)

18. Rank the alternatives utilizing Eq. 25 to calculate the score ratio of each alternative.
COCF =axCCP+(1-a)xcCCF (25)

where a denotes the weighting given to experts’ optimistic and pessimistic judgments.

19. Arrange the alternatives according to their computed scores, identifying the most suitable
option in decreasing order of C’C’ic R

20. Conduct a sensitivity analysis to evaluate the consistency of the rankings.

3 Results and Discussion

Before presenting the numerical outcomes, this section first reports the empirical results of
applying the proposed CIFS—-SWARA-TOPSIS framework to the Pia Cap Mangkok supplier
dataset. The intention is to show, in a stepwise manner, how expert judgments are transformed
into CIF values, how criteria weights are derived, and how supplier rankings are finally obtained.
After the results are outlined, the subsequent part of this section discusses their managerial and
methodological implications.

3.1 Results

In this research application at Pia Cap Mangkok, seven criteria are employed, as presented
in Table 3. These criteria are established based upon a detailed review of prior studies on
supplier selection and provide a comprehensive foundation for evaluating suppliers, ensuring
that the selection process incorporates both theoretical knowledge and practical applicability.
Furthermore, five alternative suppliers were assessed with the involvement of five domain experts
from Pia Cap Mangkok who are directly engaged in supplier selection decision-making.
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Table 3: Definition of Criteria

Criterion

Type

Definition

Flexibility (C1) [21], [22]

Capacity (C2) [4], [22],
[23]

Quality (C3) [24], [25],
[26]

Service (Cy) [21], [22]

Reputation (Cs) [27],
[28]

Price (Cs) [22], [26]

Lead Time (C7) [29],
[30], [31]

Benefit

Benefit

Benefit

Benefit

Benefit

Cost

Cost

The responsiveness of a supplier in accommodat-
ing variations in demand and external dynamics
while ensuring consistent quality and uninter-
rupted performance.

The ability of a supplier to consistently meet the
required volume of customer demand, thereby
ensuring product availability in accordance with
supply chain needs.

The degree to which food products comply with
required standards and customer expectations,
encompassing aspects of product quality, safety,
and consistency.

The behavior, ethics, and service orientation
demonstrated by a supplier in business inter-
actions, which contribute to the establishment
of long-term, mutually beneficial relationships.
The image and track record of a supplier within
the industry, reflected through recognition of
product or service quality, integrity, consistent
performance, and experience in collaborating
with various enterprises, including large-scale
companies.

The cost offered by a supplier for the provided
products, where lower prices reflect cost efficiency
and enhance competitiveness in supplier selec-
tion.

The duration required by a supplier to complete
the food delivery process, from order placement
to receipt by the customer. Shorter lead times
indicate better supplier performance in maintain-
ing distribution efficiency and product freshness.

Subsequently, Table 4 presents the evaluations provided by the experts for each alternative

supplier, assessed in accordance with the established criteria.

Table 4: Experts’ Evaluation of Alternatives

Criteria Experts a A2A1terjlljt1ves A A
&l EHL. VHL VHL VHL VHL
£2 VHL VHL VHL HL VHL

Cy £3 EHL. VHL VHL VHL EHL
&4 EHL. VHL EHL AAL HL
&5 EHL. EHL HL HL HL
&l EHL. VHL HL AL AAL
E2 EHLL. EHL HL AAL VHL

Co E3 EHL. EHL EHL VHL EHL
&4 EHL. EHL EHL AAL HL
&5 VHL VHL HL HL HL

Continued on next page
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Table 4 (continued)

Criteria Experts e AQAlterzjtlves i A
&1 EHL EHL HL HL  VHL
E2 EHL EHL EHL HL VHL
Cs £3 EHL VHL VHL VHL VHL
&4 EHL EHL EHL AAL HL
EH VHL VHL HL HL HL
&1 EHL VHL EHL VHL EHL
E2 EHL HL EHL EHL EHL
Cy £3 EHL HL VHL VHL EHL
&4 EHL EHL EHL HL VHL
&5 VHL VHL VHL VHL VHL
&1 EHL VHL VHL HL VHL
E2 EHL EHL EHL VHL EHL
Cs £3 EHL EHL EHL EHL EHL
&4 EHL EHL EHL AAL VHL
&5 VHL VHL VHL HL VHL
&1 ELL VLL VLL LL VLL
E2 ELL LL BAL AL BAL
Cs £3 VLL LL LL LL LL
&4 VLL LL LL BAL BAL
&5 VLL LL LL LL LL
&1 ELL ELL VLL LL LL
E2 VLL VLL BAL LL LL
Cr £3 ELL ELL VLL VLL ELL
&4 VLL VLL AAL AAL VLL
Jots] VLL VLL BAL BAL BAL

Then, the evaluations were converted into CIF numbers based on Table 1, and then aggregated
using the arithmetic mean as defined in Eq. 7. The final outcomes are consolidated into a single
table, which reports the aggregated expert assessments alongside the radius, the latter being
determined through Eq. 9.

Table 5: Aggregation with radius (CIF Decision matrix)
Criteria A1 Az A3 A4 A5

1 (0.880,0.110;0.045)  (0.820,0.140;0.045)  (0.800,0.160;0.080)  (0.720,0.230;0.106)  (0.780, 0.180; 0.096)
Cy (0.880,0.110;0.045)  (0.860,0.120;0.055)  (0.780,0.190;0.122) ~ (0.640,0.310;0.144)  (0.740, 0.220; 0.050)
Cy (0.880,0.110;0.045)  (0.860,0.120;0.055)  (0.800,0.170;0.112) ~ (0.700,0.250;0.089)  (0.760,0.190; 0.103)
Cy (0.880,0.110;0.045)  (0.780,0.180;0.096)  (0.860,0.120;0.055)  (0.800,0.170; 0.075)  (0.860, 0.120; 0.055)
Cs (0.880,0.110;0.045)  (0.860,0.120;0.055)  (0.860,0.120;0.055)  (0.740,0.220;0.134)  (0.840,0.130; 0.055)
Cs (0.160,0.810;0.088)  (0.280,0.670;0.057)  (0.300,0.650;0.089)  (0.360,0.590;0.113)  (0.320, 0.630; 0.106)
Cy (0.160,0.810;0.088)  (0.160,0.810;0.088)  (0.360,0.590;0.212) ~ (0.360,0.590;0.192) ~ (0.260, 0.700; 0.156)

The optimistic and the pessimistic matrix are obtained from Eq. 11 and Eq. 12, and are
presented in Table 6 and Table 7, respectively.
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Table 6: Optimistic decision matrix

Criteria A1 A2 A3 A4 A5

(& (0.912,0.078)  (0.852,0.108) (0.857,0.103) (0.795,0.155) (0.848,0.112)
Cy (0.912,0.078)  (0.899,0.081) (0.867,0.103) (0.742,0.208) (0.775,0.185)
Cs (0.912,0.078)  (0.899,0.081) (0.879,0.091) (0.763,0.187) (0.833,0.117)
Cy (0.912,0.078)  (0.848,0.112) (0.899,0.081) (0.853,0.117) (0.899,0.081)
Cs (0.912,0.078)  (0.899,0.081) (0.899,0.081) (0.835,0.125) (0.879,0.091)
Cs (0.222,0.748)  (0.320,0.630) (0.363,0.587) (0.440,0.510) (0.395,0.555)
Cy (0.222,0.748)  (0.222,0.748)  (0.510,0.440)  (0.496,0.454) (0.370,0.590)

Table 7: Pessimistic decision matrix

Criteria A1 A2 A3 A4 A5

1 (0.848,0.142)  (0.788,0.172) (0.743,0.217)  (0.645,0.305) (0.712,0.248)
Cy (0.848,0.142)  (0.821,0.159)  (0.693,0.277) (0.538,0.412) (0.705,0.255)
Cs (0.848,0.142)  (0.821,0.159) (0.721,0.249) (0.637,0.313) (0.687,0.263)
Cy (0.848,0.142)  (0.712,0.248) (0.821,0.159) (0.747,0.223) (0.821,0.159)
Cs (0.848,0.142)  (0.821,0.159) (0.821,0.159) (0.645,0.315) (0.801,0.169)
Cs (0.098,0.872)  (0.240,0.710) (0.237,0.713)  (0.280,0.670) (0.245,0.705)
Cy (0.098,0.872)  (0.098,0.872) (0.210,0.740) (0.224,0.726) (0.150,0.810)

At this stage, the calculation of the criteria weights is executed using the SWARA method.
Prior to this, the experts’ weights were first determined using Eq. 13. The evaluation of the
experts’ importance was conducted with reference to Table 2, based on the length of their

experience in this field and the resulting weights are presented in the following table.

Table 8: Expert’s weights

Experts Importance Level ~Weight
&l AHL 0.221
E2 AHL 0.221
&3 VHL 0.195
&4 VHL 0.195
&5 HL 0.169

Following this, the experts evaluate the criteria with reference to Table 2. The aggregated
opinions are then calculated using Eq. 8 with the radius calculated using Eq. 9, and the score
function is obtained through Eq. 14. The outcomes are presented in Table 9.

Table 9: Criteria Evaluation

Criteria il 5 Exggrts ) 5 Aggregate; radius RSF

Ch VHL VHL AHL AHL AHL (0.804,0.096;0.005) 0.32321
Co AHL AHL VHL AHL AHL (0.830,0.070;0.003) 0.32678
Cs AHL VHL VHL AHL VHL (0.790,0.110;0.005) 0.32182
Cy VHL VHL VHL AHL AHL (0,782,0.115;0.005) 0.32124
Cs VHL AHL AHL AHL AHL (0,827,0.073;0.003) 0.32655
Cs VHL AHL AHL AHL VHL (0.810,0.090;0.005) 0.32375
C AHL AHL AHL AHL VHL (0.832,0.068;0.003) 0.32698

At this stage, the computation of the criteria weights is summarized in this table, with the
complete calculation details provided in the supplementary file.
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Table 10: Computation of criteria weights

Criteria Skor Sk Kk Qk Qj

Cy 0.32698 - 1.00000 1.00000 0.14324
Cy 0.32678 0.00020 1.00020 0.99980 0.14321
Cs 0.32655 0.00024 1.00024 0.99956 0.14317
Cs 0.32375 0.00280 1.00280 0.99677 0.14277
1 0.32321 0.00054 1.00054 0.99624 0.14270
Cs 0.32182 0.00139 1.00139 0.99485 0.14250
Cy 0.32124 0.00058 1.00058 0.99427 0.14242

Based on the calculations, the prioritization of criteria reveals that Lead Time emerges as the
most influential factor, followed by Capacity, Reputation, Price, Flexibility, Quality, and Service.
This ordering highlights the relative importance of operational and performance-related aspects
in the supplier selection process.

By employing Eq. 19-22, the PIS and NIS based on the optimistic and pessimistic matrices are
presented in Table 11. The determination of these ideal solutions follows the same classification
of benefit-type (J1) and cost-type (J3) criteria as defined earlier in Table 3, ensuring consistency
in the evaluation framework.

Table 11: PIS and NIS

Optimistic Matrix Pessimistic Matrix

PIS NIS PIS NIS

(0.912,0.078)  (0.795,0.155)  (0.848,0.142)  (0.645,0.305)
(0.912,0.078)  (0.742,0.208)  (0.848,0.142)  (0.538,0.412)
(0.912,0.078)  (0.763,0.187)  (0.848,0.142)  (0.637,0.313)
(0.912,0.078)  (0.848,0.117)  (0.848,0.142)  (0.712,0.248)
(0.912,0.078)  (0.835,0.125)  (0.848,0.142)  (0.645,0.315)
(0.222,0.748)  (0.440,0.510)  (0.098,0.872)  (0.280,0.670)
(0.222,0.748)  (0.510,0.440)  (0.098,0.872)  (0.224,0.726)

The separation measure, calculated using Eq. 3 and Eq. 4, represents the distance between
the PIS and the NIS for every alternative. Specifically, D? * denotes the distance of alternative ¢
from the PIS in the optimistic matrix, DZO ~ its distance from the NIS in the optimistic matrix,
DZP * the distance of alternative ¢ from the PIS in the pessimistic matrix, and DZP ~ its distance
from the NIS in the pessimistic matrix. These distances are presented in Table 12.

Table 12: Distances from PIS and NIS to Each Alternative

Ay Aa As Ay As
DP*  0.00000 0.04523 0.10405 0.18555 0.11475
DZQ_ 0.18816 0.14760 0.08979 0.00351 0.08343
DF*0.00000 0.07536 0.12953 0.23478 0.12873
DlP* 0.24014 0.17130 0.12339 0.00621 0.12461

The relative closeness coefficient built upon optimistic and pessimistic matrix is computed
using Eq. 23 and Eq. 24 and displayed in Table 13.

Table 13: The relative closeness coefficient and ranking of the alternatives
Ay Az Az Ay As

CCiO 1.00000 0.76545 0.46323 0.01858 0.42100
Rank 1 2 3 5 4
CCiP 1.00000 0.69450 0.48787 0.02576 0.49186
Rank 1 2 4 5 3
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Finally, the alternatives are ranked using Eq. 25, with the parameter set to a = 0.5. The
result is shown in Table 14.

Table 14: Overall CC

For a = 0.5 A1 A2 A3 A4 A5
CCER 1.00000 0.72997 0.47555 0.02217 0.45643
Rank 1 2 3 5 4

The findings indicate that Lead Time (C7) holds the highest significance in supplier selection,
followed by Capacity (C2) and Reputation (Cs). Regarding supplier ranking, Supplier A;
consistently achieved the highest score across optimistic, pessimistic, and combined evaluations,
while Supplier Ay ranked second. The other suppliers (As, As, and A4) showed comparatively
lower performance.

A sensitivity analysis is performed to examine how the issue behaves across various scenarios.
Table 15 displays the rankings of the alternatives for several a values.

Table 15: CCEE for each alternative at different a levels

Alternative 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Al 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000
A2 0.69450 0.70159 0.70869 0.71578 0.72288 0.72997 0.73707 0.74416 0.75126 0.75835 0.76545
A3 0.48787 0.48540 0.48294 0.48047 0.47801 0.47555 0.47308 0.47062 0.46815 0.46569 0.46323
A4 0.02576  0.02505 0.02433 0.02361 0.02289 0.02217 0.02146 0.02074 0.02002 0.01930 0.01858
A5 0.49186 0.48478 0.47769 0.47060 0.46352 0.45643 0.44934 0.44226 0.43517 0.42808 0.42100

Although « varies, the results demonstrate consistency, with the top two alternatives maintaining
their positions and the lowest-ranked alternative remaining unchanged. The following presents
the Kendall’s 7 stability matrix used for the sensitivity analysis under three scenarios: (i)
perturbation of the highest weight (wr7), (ii) equal weighting of experts, and (iii) application of a
different distance measure, namely the weighted Euclidean distance. The analytical steps remain
consistent with the proposed framework, with modifications applied only to the parameters being
analyzed.

Table 16: Kendall’s 7 correlation matrix among different scenario
Scenario Original wy —20% wr—15% w7 —10% wr+10% wr+15% wr+20% Equal Euclidean

Original 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.80
wr — 20% 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.80
wr — 15% 1.00 1.00 1.00 1.00 1.00 1.00 0.80
wr — 10% 1.00 1.00 1.00 1.00 1.00 0.80
wr + 10% 1.00 1.00 1.00 1.00 0.80
wr + 15% 1.00 1.00 1.00 0.80
wr + 20% 1.00 1.00 0.80
Equal w; 1.00 0.80
Euclidean 1.00

The full ranking outcomes for all sensitivity scenarios and the algorithm (pseudo code) are
provided in the supplementary file.

3.2 Discussion

The findings highlight that timely delivery and supplier reliability are more decisive than quality
and service in the food industry. This aligns with the characteristics of food supply chains, where
product freshness and operational continuity depend on time efficiency and production capacity.
These results are consistent with previous studies such as the Entropy—AHP Weighted TOPSIS
approach [23] and the Pythagorean fuzzy AHP and fuzzy TOPSIS methodology [32], where Lead
Time and Capacity also rank among the top three criteria in supplier selection.

The consistent ranking of Supplier A1 across all evaluation scenarios demonstrates robustness
and reliability, making it a strategic partner for maintaining operational continuity. Supplier A2’s
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stability further underscores the managerial importance of engaging suppliers with dependable
delivery and production capabilities. Although the top-ranked supplier was intuitively preferred
by the decision makers, the proposed method quantitatively confirmed the appropriateness
of this choice, ensuring that the final decision was derived from a consistent and objective
evaluation process. Strategically, firms should prioritize partnerships with suppliers offering
strong responsiveness and production flexibility to enhance supply chain resilience.

The integration of CIFS, SWARA, and TOPSIS effectively captures expert subjectivity
and uncertainty, providing a transparent and structured evaluation framework. However, this
study is limited to the specific case analyzed, particularly in the number of experts and supplier
alternatives, which may restrict the generalizability of the results. Future research should involve
broader datasets and industrial contexts to validate and extend the applicability of the proposed
model.

4 Conclusion

This study addresses the supplier choice problem in the food industry, with a practical application
at Pia Cap Mangkok. The objective is to develop a decision-making framework by integrating
CIFS, TOPSIS, and the SWARA method. This framework endeavors to manage inconsistency in
expert appraisal while systematically quantifying the influence of each criterion.

The analysis reveals that Lead Time is the dominant criterion, followed by Capacity, Repu-
tation, Price, Flexibility, Quality, and Service, emphasizing the critical role of timely delivery
and operational reliability in food supply chains. For the alternatives, the model yields a sta-
ble ranking in which Ay attains the highest score, followed by As, As, As, and A4.Although
experts intuitively favored the top supplier, the integrated approach substantiates this ranking
quantitatively, ensuring that the decision results from a systematic and objective assessment.
These findings offer actionable insights for Pia Cap Mangkok to enhance its supplier management
and strengthen long-term partnerships. From a strategic standpoint, food firms are advised to
engage suppliers with strong responsiveness and flexible production, which bolster supply chain
robustness and maintain continuity in operations where timing is crucial.

The core contribution of this study lies in the integration of CIFS-based assessments with
the SWARA weighting procedure and the TOPSIS ranking mechanism. This hybridization
effectively accommodates expert uncertainty while maintaining transparency in the aggregation
and evaluation process. It also provides a replicable and structured tool for supporting managerial
decision-making in supplier evaluation, particularly under conditions of imprecise or subjective
judgments.

Nevertheless, this study has several limitations. The analysis focuses on a single case
and a limited number of decision-makers and supplier alternatives, which may restrict the
generalizability of the results. Although the findings are consistent with previous studies that
identified Lead Time and Capacity as key determinants in supplier selection, the comparative
scope remains narrow. Future research should extend this framework to broader industrial
contexts, include larger expert panels, or compare its performance against other advanced fuzzy
MCDM techniques to further validate and strengthen the model’s practical relevance.
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