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Customer satisfaction depends on the availability of different varieties of fruits and vegetables in a supermarket store as well 

as the quality of this supermarket store for fruits and vegetables. The store may contain different variety of fruits and 

vegetables in a utopian environment. Apart from this, there are several quality parameters of a fruits and vegetable store. The 

quality evaluation of fruits and vegetable stores located in a supermarket is a big challenge for managerial personnel. Here, a 

quality evaluation framework is proposed for the fruits and vegetable store. The committee of experts identifies and finalizes 

the quality evaluation parameters through a brainstorming session. Fuzzy AHP is used to calculate the weights of evaluation 

parameters. A fuzzy TOPSIS generally ranks for the alternative stores. An improved fuzzy TOPSIS, which is named fuzzy 

k-TOPSIS, is proposed here to evaluate the quality of fruits and vegetable stores located in a supermarket. The fuzzy k-

TOPSIS will provide rank as well as classification of the alternatives. A numerical example is demonstrated for a better 

understanding of the proposed framework. 
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1. INTRODUCTION 
 

Food is one of the physiological needs of human beings, as shown in Maslow’s hierarchy of needs (Maslow, 1943). A large 

number of fruits and vegetables (Pennington et al., 2009) are consumed as food daily. Consumable fruits and vegetables have 

to pass many stages before they reach the end customer. The safety and quality of the products are the major concern for the 

food processing industry in today’s world. There was a meat scandal in Kolkata and nearby places in West Bengal, India, in 

May 2018. Some reputed restaurants were caught on selling moldy meat to customers. This kind of incident spreads threats 

very quickly in our society. The safety issue of food is not limited to local or any geographical region. It has become a global 

issue. In 2014, the OSI group was also involved in a food scandal (Strom, 2014) in China. A television channel accused them 

of extending the expiry date of meat illegally.  

Nowadays, there is a trend of buying fruits and vegetables from the supermarket. Customers are getting fresh fruits and 

vegetables there like an open market. They are very much concerned about the freshness of fruits and vegetables (Saba et al., 

2018) as well as the safety of health. Figure 1 depicts that the goal of the customer from all directions is to get fresh and safe 

fruits and vegetables as if all road leads to ROME. The location of the fruits and vegetable store (Bilisik et al., 2019) is 
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important to the customers. Customers also demand the quality of fruits and vegetables to their location of preference. Many 

factors in a supermarket store could impact the quality of fruits and vegetables. The need is to find a suitable path to reach 

the goal of fresh and safe fruits and vegetables. A quality evaluation framework has to be developed considering all the factors 

affecting the quality of the store from all sides. 

In this proposed framework, Multi-criteria Decision-making (MCDM) and Data Mining approaches are combined to 

determine the quality-based classification of fruits and vegetable stores located in different supermarkets. Figure 3 gives the 

overview the proposed framework. The inputs from the decision-makers are linguistic. This framework adopted MCDM 

techniques for the fuzzy environment to make the decision from linguistic inputs. The weights of factors are calculated by 

using the Analytic Hierarchy Process (AHP) from the pairwise comparison matrix, which is formed with a relative score 

given by experts. Generally, the Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS) is used by the 

authors to rank the alternatives from the decision matrix, which is formed with the rating from the experts. But, only the 

ranking of the alternatives may not be enough when the number of alternatives is large. The classification or categorization 

is needed based on safety and quality factors. k-TOPSIS technique is introduced to generate the ranking as well as the 

classification of the alternatives. The k-means clustering, an unsupervised clustering technique, is blended with the TOPSIS 

to do the classification. 

 

 
 

Figure 1. The Goal of the Customers for Buying Fruits and Vegetables 

 

The rest of the paper is organized as follows: Section 2 describes the literature review of the application domain of AHP, 

TOPSIS, and k-means clustering. Section 3 brings background research on the fuzzy set theory, AHP, TOPSIS, and k-means 

clustering. Section 4 illustrates the proposed framework with a numerical example. Section 5 brings a detailed discussion of 

the results and sensitivity analysis. Lastly, section 6 concludes the work. 

 

2. LITERATURE REVIEW 
 

MCDM is the branch of study in Operations Research. The main concept of MCDM is decision-making by evaluating 

multiple conflicting factors. There has been a significant advancement in this field. There are many popular MCDM 

techniques like AHP (Saaty, 1988), TOPSIS (Lai et al., 1994), Complex Proportional Assessment with Grey Relations 

(COPRAS-G) (Zavadskas et al., 2008), and Multi-objective Optimization on the Basis of Ratio Analysis (MOORA) (Karande 

et al., 2012), etc. This survey is mainly focused on the applications of AHP and TOPSIS. A sustainable supplier selection is 

a challenge of supply chain management. Memari et al. proposed an approach for the selection of best suppliers using fuzzy 

TOPSIS (Memari et al., 2019). Another supplier selection problem was addressed using fuzzy AHP and TOPSIS for the steel 

industry in Iran (Azimifard et al., 2018). Ligus et al. proposed a most suitable energy development plan based on multiple 

economic, social, and environmental factors for Poland (Ligus et al., 2018). They used a combined fuzzy AHP-TOPSIS-

based approach to rank the development plan of five energy technologies. The study shows that the utilization of a renewable 

energy source is better than nuclear energy to reach development goals. Safety in the hospital is a major issue, especially in 

emergency departments. There are many factors for errors, which frequently happen in hospitals. Hsieh et al. analyzed 35 

adverse events in a hospital in Taiwan (Hsieh et al., 2018) to find the factors for the errors.  

The authors applied fuzzy AHP-TOPSIS to calculate the importance of the error factors. The study concludes that the 

most important error factor for the adverse event is decision error. The inpatient boarding problem in the emergency 
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department of the hospital was also addressed by the fuzzy AHP and TOPSIS (Masmoudi et al., 2018). Another application 

of MCDM was proposed for the health sector combining Fuzzy AHP and Fuzzy TOPSIS to rank the effective qualification 

of teachers at the Tehran University of Medical Science (Khoshi et al., 2018). It may have some technical issues with Ballast 

Water Treatment Systems (BWTS) for ongoing ships. The performance evaluation is mandatory before onboard of ships. 

Karahalios proposed a performance evaluation system for BWTS by combining AHP and TOPSIS (Karahalios, 2017). 

The identified factors were manufacturer longevity, power, treatment time, capacity, installation dimension, and safe 

use of chemicals. AHP was used to compute weights, and TOPSIS ranked the BWTS based on the performance score. A 

bank is the largest financial sector in any country. The performance of the bank demonstrates its finical status of the bank. A 

study was done on the entire banking sector of Serbia from 2005 to 2010 (Mandic et al., 2014). The factors considered for 

performance ranking were equity, portfolio, sources, liquid assets, cash, etc. The authors applied fuzzy AHP to compute the 

weights of the factors. The ranking was done by the TOPSIS technique. Aero-engine health assessment is a severe problem 

for commercial Airlines. A three-step MCDM technique was applied to ranking the health level of the aero-engine (Wang et 

al., 2010) in China based on some factors. 

i.e., performance state, fault state, time state, etc. The authors applied fuzzy AHP and fuzzy preference programming 

(FPP) to compute the weights of factors. Fuzzy TOPSIS was used to make the final rank according to health level. The service 

quality of public transportation was evaluated by a hierarchical TOPSIS (Dehghani et al., 2017). Kusumawardani et al. 

proposed a fuzzy AHP-TOPSIS-based approach for the managerial employee hiring of a telecommunication company in 

Indonesia (Kusumawardani et al., 2015). Candidates will be selected based on the rank generated by fuzzy TOPSIS. The 

person whose opinion is considered the expert’s input must have a good understanding of the selection process and selection 

committee.  

A performance evaluation tool (Sun, 2010) was proposed for an industrial practitioner. The authors combined fuzzy 

AHP and Fuzzy TOPSIS to handle the linguistic terms in the fuzzy decision-making environment. Taylan et al. proposed a 

technique to select and risk assessment of construction projects at King Abdulaziz University (KAU) using fuzzy AHP and 

fuzzy TOPSIS (Taylan et al., 2014). The factors for project selection were time, cost, quality, safety, and environmental 

sustainability. The limitation of this work is that the selection technique may not be effective in a risky environment. 

Mahmoodzadeh et al. proposed a technique for the selection of the best projects among the alternatives based on the factors, 

i.e., Net Present Value, Rate of Return, Benefit-Cost Analysis, and Payback Period (Mahmoodzadeh et al., 2007). The fuzzy 

AHP is used to extract weights, and the TOPSIS technique ranks the projects. Wang et al. proposed a food safety evaluation 

technique for food supply chain management using AHP and TOPSIS (Wang et al., 2014). A framework was developed for 

water loss management using Fuzzy AHP and fuzzy TOPSIS (Zyoud et al., 2016). They considered economic, environmental, 

technical, and socio-economic factors for ranking. Fuzzy TOPSIS was used to select the cluster head for wireless sensor 

networks (Khan et al., 2018). Ozkaya et al. proposed an MCDM-based approach for the evaluation of smart and sustainable 

cities (Ozkaya et al., 2020).  

The criteria for the evaluation are transportation, information and communication technology, regional competitiveness, 

natural resources, economy, human and social capital, quality of life and participation of citizens, etc. Analytical Network 

Process (ANP) is used to calculate the weights of those criteria. The ranking among the different cities is done by TOPSIS. 

The authors did a case study on 44 cities around the world. Tokyo comes first in the overall ranking. Jia et al. proposed a 

DEMATEl-ANP-based framework to evaluate the complexity of megaprojects (Jia et al., 2022). The framework considers 

21 complexity indicators from the top level to study construction projects in China. The adaptability of this framework for 

other types of projects and other countries can be researched in the future. Sharma et al. proposed a technique to find out the 

best practitioner of Reverse Logistics (RL) (Sharma et al., 2021). They have identified 15 criteria in total, e.g., green 

initiatives, RL awareness, RL initiatives, cost-effectiveness, product quality, etc. The fuzzy TOPSIS ranks the alternative 

retailers based on adopting the RL parameters. Magableh et al. proposed an ANP-TOPSIS-based framework to find out the 

best solution for supply chain stability in the COVID-19 pandemic situation (Magableh et al., 2022). At first, the authors 

identified alternative solutions addressing challenges and concerns due to the pandemic. Then the best solution will be picked 

by the ANP-TOPSIS technique. Bari et al. proposed a hazard evaluation framework for Heavy Fuel Oil based power plants 

in Bangladesh (Bari et al., 2022). The common hazards are identified, and weights are calculated for each of the hazards by 

using the fuzzy AHP technique. Then the potential hazards are ranked by the fuzzy TOPSIS technique. This ranking will help 

the managers to prioritize the hazards for operational safety. 

The AHP and TOPSIS have huge applications in different problems in different sectors. These are supplier selection 

problems, energy production planning, medical, banking, transportation, employee selection, project selection, academics, 

and others. k-means clustering is a popular data mining technique. It has applications in various image segmentation (Yao et 

al., 2013; Reza et al., 2019; Ayech et al., 2015), data clustering (Khanmohammadi et al., 2017; Capó et al., 2017) problems. 

Data mining is very much needed for decision-making problems due to the large volume of data. This is the main motivation 

for our work. 
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3. BACKGROUND RESEARCH 
 

The proposed framework is an integrated approach of fuzzy set theory, AHP, TOPSIS, and k-means clustering. The current 

section contains background research on the said topics.  

 

3.1 Fuzzy Set Theory 

 

Fuzzy sets (Zadeh, 1965) were first introduced by Lotfi Asker Zadeh's, a professor at UC Berkeley in California, in 1965. 

Fuzzy logic offers better and more realistic decisions considering uncertainty. If the universe of discourse is 𝑋 then a fuzzy 

set �̃� is defined by a membership function 𝜇𝐴(𝑥). Refer to Eq. (1). The value of a membership function should be between 0 

and 1. Here, we are considering only the triangular membership function. Refer to Eq. (2). It can be defined with a triplet of 
{𝑎, 𝑏, 𝑐}. 
 

 

3.1.1 Linguistic terms and fuzzy numbers 

 

The linguistic terms are used by the experts for relative importance as well as a rating. Table 1 shows the linguistic terms 

used for relative importance and corresponding triangular fuzzy number. It also shows the mapping of linguistic terms and 

the real number used by Saaty in AHP. Refer to Figure 2(a). Table 2 shows the mapping of linguistic ratings and 

corresponding triangular fuzzy numbers. Refer to Figure 2(b). 

 

Table 1. The Fuzzy Scale of the Relative Importance 

 

Linguistic Terms Abbreviation Saaty’s Scale Fuzzy Numbers 

Equal EQ 1 (1,1,1) 

Moderate MO 3 (2,3,4) 

Strong ST 5 (4,5,6) 

Very Strong VS 7 (6,7,8) 

Extremely Strong ES 9 (9,9,9) 

Intermediate Values IV 

2 (1,2,3) 

4 (3,4,5) 

6 (5,6,7) 

8 (7,8,9) 

 

Table 2. Mapping among Linguistic Terms and Fuzzy Numbers for the Rating 

 

Linguistic Terms Abbreviation Fuzzy Numbers 

Very Low VL (1,1,3) 

Low L (1,3,5) 

Average A (3,5,7) 

High H (5,7,9) 

Very High VH (7,9,9) 

 

𝐴 = {(𝑥, 𝜇𝐴(𝑥))|𝑥 ∈ 𝑋}

  

(1) 

𝜇𝐴(𝑥) =

{
 
 

 
 
0                 𝑖𝑓 𝑥 ≤ 𝑎
𝑥−𝑎

𝑏−𝑎
        𝑖𝑓 𝑎 ≤ 𝑥 ≤ 𝑏

𝑐−𝑥

𝑐−𝑏
         𝑖𝑓 𝑏 ≤ 𝑥 ≤ 𝑐

0                  𝑖𝑓 𝑐 ≤ 𝑥

  (2) 



Jana et al. A Framework for Quality Evaluation of Fruits and Vegetable Store 

 

55 

 
(a) 

 
(b) 

 

Figure 2. Fuzzy Membership Functions for Linguistic Terms of (a) Relative Importance and (b) Rating for Alternatives 

 

3.1.2 Some operations on fuzzy numbers 

 

Assuming two fuzzy numbers are �̃� = (𝑟𝑎 , 𝑟𝑏 , 𝑟𝑐), 𝑎𝑛𝑑 �̃� = (𝑠𝑎 , 𝑠𝑏 , 𝑠𝑐). The basic fuzzy operations are described below- 

 

a. Addition between �̃� 𝑎𝑛𝑑 �̃� 

 

 

b. Multiplication of �̃� with a real number (𝑡) 
 

 

c. Division of  �̃� with a real number (𝑡) 
 

 

d. Reciprocal of �̃� 

 

 

e. Distance between �̃� and �̃� 
 

 

3.2 Fuzzy AHP 

 

The AHP, which is a powerful technique in the context of decision-making, was first proposed by Thomas L. Saaty in the 

1970s (Saaty, 2008). This technique is frequently applied to calculate the weights of factors for MCDM problems. The 

detailed calculation process is described below. 

 

�̃� ⊕ �̃� = (𝑟𝑎 + 𝑠𝑎 , 𝑟𝑏 + 𝑠𝑏 , 𝑟𝑐 + 𝑠𝑐)  (3) 

𝑡 ⊗ �̃� = (𝑡𝑟𝑎 , 𝑡𝑟𝑏 , 𝑡𝑟𝑐), 𝑤ℎ𝑒𝑟𝑒 𝑡 ≥ 0 𝑎𝑛𝑑 𝑡 ∈ 𝑅  (4) 

�̃� ÷ 𝑡 = (
𝑟𝑎

𝑡
,
𝑟𝑏

𝑡
,
𝑟𝑐

𝑡
) , 𝑤ℎ𝑒𝑟𝑒 𝑡 ≥ 0 𝑎𝑛𝑑 𝑡 ∈ 𝑅  (5) 

�̃�−1 = (
1

𝑟𝑐
,
1

𝑟𝑏
,
1

𝑟𝑎
)  (6) 

𝑑(�̃�, �̃�) = √
1

3
[(𝑟𝑎 − 𝑠𝑎)

2 + (𝑟𝑏 − 𝑠𝑏)
2 + (𝑟𝑐 − 𝑠𝑐)

2]  (7) 
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Step 1: The first task is to construct a pairwise comparison matrix (C) among the n number of factors using the linguistic 

terms mentioned in Table 1. Refer to Eq. (8). 

 

 

Step 2: Each element of this pairwise comparison matrix will be converted to a fuzzy number using Table 1. Refer to Eq. (9) 

and Eq. (10), where 𝑖, 𝑗 = 1, 2, 3,⋯ , 𝑛. 

 

 

Step 3: Now, Buckley’s geometric mean (Buckley, 1985) based row-wise weight calculation is used here for each criterion. 

Refer to the Eq. (11) and Eq. (12). 

 

 

Step 4: The fuzzy weight for each factor is calculated using Eq. (13). 

 

 

Step 5: The triangular fuzzy weight �̃�𝑖 has three components i.e.  𝑙𝑖 , 𝑚𝑖 ,  𝑎𝑛𝑑 𝑢𝑖. If there are K numbers of decision makers, 

then aggregate weight can be calculated by using a fuzzy aggregation technique (AT) (Yazdani-Chamzini et al., 2012) to 

combine the K number of fuzzy weights. Refer to Eq. (14), Eq. (15) and Eq. (16). 

 

 

Step 6: To get the crisp weights, the center of area (COA) method is used for de-fuzzification. 

 

 

Step 7: Finally, the weights are normalized using Eq. (18). 

 

 

3.3 Fuzzy TOPSIS 

 

The TOPSIS was first introduced by Hwang and Yoon (Hwang et al., 1981). It was further modified by Yoon (Yoon, 1987). 

The main idea behind this technique is that the selected alternative should have a minimum distance from the positive ideal 

solution (PIS) and a maximum distance from the negative ideal solution (NIS). The steps of fuzzy TOPSIS (Nădăban et al., 

2016) are described below- 

 

𝐶 =

𝐶1 𝐶2 ⋯  𝐶𝑛
𝐶1
𝐶2
⋮
𝐶𝑛

[

𝑐11 𝑐12 ⋯ 𝑐1𝑛
𝑐21 𝑐22 ⋯ 𝑐2𝑛
⋮
𝑐𝑛1

⋮
𝑐𝑛2

⋱  ⋮
⋯ 𝑐𝑛𝑛

]
  (8) 

�̃�𝑖𝑗 = (𝑙,𝑚, 𝑢)  (9) 

1

𝑐�̃�𝑗
= (�̃�𝑖𝑗)

−1 = (
1

𝑢
,
1

𝑚
,
1

𝑙
)  (10) 

�̃�1⊗ �̃�2⊗⋯⊗ �̃�𝑛 = (𝑙1, 𝑚1, 𝑢1) ⊗ (𝑙2, 𝑚2, 𝑢2) ⊗⋯⊗ (𝑙𝑛 , 𝑚𝑛, 𝑢𝑛) = (𝑙1 ∗ 𝑙2 ∗ ⋯∗ 𝑙𝑛 , 𝑚1 ∗ 𝑚2 ∗
⋯∗ 𝑚𝑛, 𝑢1 ∗ 𝑢2 ∗ ⋯∗ 𝑢𝑛)  

(11) 

�̃�𝑖 = ((𝑙1 ∗ 𝑙2 ∗ ⋯∗ 𝑙𝑛)
1

𝑛, (𝑚1 ∗ 𝑚2 ∗ ⋯∗ 𝑚𝑛)
1

𝑛, (𝑢1 ∗ 𝑢2 ∗ ⋯∗ 𝑢𝑛)
1

𝑛)  (12) 

𝑤�̃� = �̃�𝑖⊗ (�̃�1⊕ �̃�2⊕⋯⊕ �̃�𝑛)
−1  (13) 

𝑙𝑖 = min
𝑘
(𝑙𝑖

𝑘)  (14) 

𝑚𝑖 =
1

𝐾
∑ 𝑚𝑖

𝑘𝐾
𝑘=1   (15) 

𝑢𝑖 = max
𝑘
(𝑢𝑖

𝑘)  (16) 

𝑤𝑖 = (
𝑙𝑖+𝑚𝑖+𝑢𝑖

3
)  (17) 

𝑤𝑖 =
𝑤𝑖

∑ 𝑤𝑖
𝑛
𝑖=1

  (18) 
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Step 1: The first task of TOPSIS is to build a fuzzy decision matrix (𝐷). Let’s assume that there is m number of alternatives 

and n number of factors. Each element in D is 𝑑𝑖𝑗 , which represents the rating value of ith alternative for jth factors in linguistic 

terms. Refer to Eq. (19). 

 

 

Step 2: The linguistic rating is converted into a fuzzy number using the mappings in Table 2. 

 

Step 3: The triangular fuzzy rating �̃�𝑖𝑗  has three components i.e. 𝑎𝑖𝑗 , 𝑏𝑖𝑗 ,  𝑎𝑛𝑑 𝑐𝑖𝑗 . An aggregate rating will be calculated by 

combing the rating from K numbers of decision-makers using the aggregation technique mentioned in ‘Step 5’ of fuzzy AHP. 

 

Step 4: Benefit and cost factors will be normalized using Eq. (20) and Eq. (21), respectively. The final fuzzy normalized 

matrix will be 𝑅 = (𝑟𝑖𝑗)𝑚×𝑛. 

 

 

Step5: The fuzzy weighted normalized decision matrix 𝑆 = (�̃�𝑖𝑗)𝑚×𝑛 is computed using Eq. (22). 

 

 

Step 6: Fuzzy Positive Ideal Solution (FPIS) and Fuzzy Negative Ideal Solution (FNIS) are identified using Eq. (23) and Eq. 

(24), respectively. 

 

 

Step 7: The distance (𝐸𝑖
+) between each alternative and fuzzy positive ideal solution is computed using Eq. (25). Another 

distance (𝐸𝑖
−) between each alternative and fuzzy negative ideal solution is computed using Eq. (26).  

 

 

Step 8: In this step, the closeness coefficient is computed for each alternative using Eq. (27). 

 

 

Step 9: The rank of the alternatives is set with the descending order of the closeness coefficient. 

 

3.4 k-means clustering 

 

k-means clustering is an unsupervised machine-learning technique to segregate or cluster unlabeled data. James MacQueen 

(MacQueen, 1967) used the term “k-means”. The idea was the brainchild of Hugo Steinhaus (Steinhaus, 1956). The details 

of this algorithm are described below. 

 

𝐷 =

       𝐶1     𝐶2    ⋯  𝐶𝑛
𝐴1
𝐴2
⋮
𝐴𝑚

[

𝑑11 𝑑12 ⋯ 𝑑1𝑛
𝑑21 𝑑22 ⋯ 𝑑2𝑛
⋮

𝑑𝑚1

⋮
𝑑𝑚2

⋱  ⋮
⋯ 𝑑𝑚𝑛

]
  (19) 

�̃�𝑖𝑗 = (
𝑎𝑖𝑗

𝑐𝑗
+ ,

𝑏𝑖𝑗

𝑐𝑗
+ ,

𝑐𝑖𝑗

𝑐𝑗
+) ,           𝑤ℎ𝑒𝑟𝑒 𝑐𝑗

+ = max
𝑖
{𝑐𝑖𝑗}  (20) 

�̃�𝑖𝑗 = (
𝑎𝑗
−

𝑐𝑖𝑗
,
𝑎𝑗
−

𝑏𝑖𝑗
,
𝑎𝑗
−

𝑎𝑖𝑗
) , 𝑤ℎ𝑒𝑟𝑒 𝑎𝑗

− = min
𝑖
{𝑎𝑖𝑗}  (21) 

�̃�𝑖𝑗 = 𝑤𝑖 ∗ �̃�𝑖𝑗   (22) 

𝐴+ = (�̃�1
+, �̃�2

+, ⋯ , �̃�𝑛
+), 𝑤ℎ𝑒𝑟𝑒 �̃�𝑗

+ = max
𝑖
{𝑠𝑖𝑗3}  (23) 

𝐴− = (�̃�1
−, �̃�2

−, ⋯ , �̃�𝑛
−), 𝑤ℎ𝑒𝑟𝑒 �̃�𝑗

− = min
𝑖
{𝑠𝑖𝑗1}  (24) 

𝐸𝑖
+ = ∑ 𝑑(�̃�𝑖𝑗 , �̃�𝑗

+)𝑛
𝑗=1   (25) 

𝐸𝑖
− = ∑ 𝑑(�̃�𝑖𝑗 , �̃�𝑗

−)𝑛
𝑗=1   (26) 

𝐶𝐶𝑖 =
𝐸𝑖
−

𝐸𝑖
++𝐸𝑖

−  (27) 
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Input: Closeness coefficients {𝐶𝐶1, 𝐶𝐶2, ⋯ , 𝐶𝐶𝑚}, number of classes 

 

Output: Classification of alternatives in different categories. 

 

Step 1: Select arbitrary cluster center {𝑐1, 𝑐2, ⋯ , 𝑐𝑘} for each cluster. 

 

Step 2: Calculate the Euclidean distance between data points and each cluster center using Eq. (28). 

 

 

Step 3: Assign the data point to the particular cluster from which the distance is minimum. 

 

Step 4: Recalculate the new cluster centers using Eq. (29), where 𝑃𝐾  represents the number of data points in kth cluster. 

 

 

Step 5: Again, calculate the Euclidean distance between data points and the new cluster centers using Eq. (28). 

 

Step 6: If no data points need reassignment, then stop. Otherwise, repeat from step 3. 

 

 

Figure 3. The Proposed Framework for Quality Evaluation of Fruits and Vegetable Store in a Supermarket 

𝑑(𝐶𝐶𝑖 , 𝑐𝑘) = √(𝐶𝐶𝑖 − 𝑐𝑘)
2  (28) 

𝑐𝑘 = (
1

𝑃𝑘
)∑ 𝐶𝐶𝑘

𝑃𝑘
𝑘=1   (29) 
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4. PROPOSED FRAMEWORK 
 

The quality evaluation of fruit and vegetable stores located in the supermarket is an urgent need of the marketplace. In this 

paper, a new framework is proposed for ranking as well as classification among the alternative supermarkets based on the 

quality of fruits and vegetable stores. This framework is subdivided into three different phases. Figure 3 shows the complete 

flow of the proposed framework.  

Phase I: At first, an expert committee is formed to analyze the problem. There will be a brainstorming session with the 

expert committee. The outcomes of this session are factors and sub-factors for decision-making, as well as the selected 

alternatives for evaluation. Table 3 depicts the details of the experts selected for the committee. The committee members 

cover a good range of gender, ages, qualifications, experience as well as areas of expertise. The experts are living in a 

crescendo. They are getting more and more knowledge from different sources like journals, conferences, lectures, etc. 

Phase II: In this phase, a fuzzy pairwise comparison matrix is formed with the relative importance score from experts. 

The relative importance was given in linguistic terms as mentioned in Table 1. The weights of the factors will be calculated 

by using the fuzzy AHP technique from this pairwise comparison matrix. 

Phase III: A fuzzy decision matrix is formed with the rating from experts. The linguistic ratings are given using Table 

2. The evaluation is always made by the evaluator through both explicit knowledge as well as tacit knowledge, which is 

comparable to the tip of the iceberg. The decision matrix will be normalized using separate techniques for benefit and cost 

factors. Finally, the supermarkets are ranked and classified using the proposed fuzzy k-TOPSIS method. The ranking is not 

enough for evaluating a large number of supermarkets in a state or a country. The classification or categorization of 

supermarkets is needed based on quality. An unsupervised machine-learning technique is used to classify supermarkets based 

on safety and quality evaluation factors. The classification is done by applying k-means clustering on the closeness coefficient 

from fuzzy TOPSIS. The supermarkets are classified into three categories, i.e., Class A, Class B, and Class C. 

 

Table 3. The Overall Range of Experts for This Work (Explicit Knowledge) 

 

Experts 

 
E1 

 
E2 

 
E3 

Gender Male Female Male 

Age 35 Years 47 Years 62 Years 

Qualification BE ME Ph.D. 

Experience 12 Years 22 Years 32 Years 

Area of Expertise Store Management Finance & Strategic Planning Quality Management 

 

The framework is protected by the Political, Economic, Environmental, Social, and Technological (PEEST) forces, 

which make a big impact on a business organization like a supermarket. Political laws, stability, and capability affect the state 

of business in any country. There are chances of occurring uncertain events due to environmental causes like weather, climate, 

location, building position, etc. Financial stability plays a major role in the success of any business organization. The growth 

of a business depends on the population analysis of society. Also, there are technical risks with power, transportation, etc. 

This framework reduces the chances of occurring uncertain events and threats by PEEST analysis. 

Several factors affect the quality of fruit and vegetable stores located in a supermarket. Three levels of factors are 

identified here. Figure 4 shows the hierarchical architecture of the proposed framework. In level 2, the experts have identified 

three major types of factors, i.e., Storage, Processing, and Sales. The storage factors are sub dived into three factors, i.e., 

Storage Capacity (C1), Storage Duration (C2), and Storage Hygiene (C3). The storage capacity measures the number of 

products available in the store. The large store is always desired by the customer for a variety of products. The storage duration 

indicates that the fruits and vegetables spend the amount of time in the store. The fruits and vegetables will spend more time 

and are less fresh. Proper demand forecasting and proper order may lead to a faster flow of products in the store. The hygienic 

condition of the store is determined by the Storage Hygiene factors. Storage hygiene has a direct impact on food safety. 

The processing factors are subdivided into two factors, i.e., Packaging Quality (C4) and Equipment Condition (C5). The 

packaging condition makes the customer satisfied and also determines the quality of fruits or vegetables inside the packet. 

The condition of equipment used for measurements is very much important from both the consumer’s and the vendor’s 



Jana et al. A Framework for Quality Evaluation of Fruits and Vegetable Store 

 

60 

perspectives. The Sales factors are also subdivided into three factors, i.e., Degree of Efficiency (C6), Rate of Return (C7), 

and Customer Feedback (C8). The degree of efficiency of salesmen directly impacts the customer. The rate of return after 

purchase defines the quality of the product. The most important criterion among all criteria is customer feedback. The 

feedback from customers determines the popularity of supermarkets as well as helps the management to improve the overall 

quality. In total, there are 8 factors in level 3. These 8 factors need to be grouped into benefit factors and cost factors. The 

significance of this grouping is there are separate ways to normalize the fuzzy decision matrix for benefit factors and cost 

factors. The type can be easily identifiable. The value or rating for benefit factors is higher the better. The reverse is true for 

cost factors. That means the value or rating for cost factors is lower the better. 

The benefit factors are Storage Capacity (+), Storage Hygiene (+), Packaging Quality (+), Equipment Condition (+), 

Degree of Efficiency (+), and Customer Feedback (+). The cost factors are Storage Duration (-) and Rate of Return (-). The 

proposed framework is illustrated here in this case study as well as with this illustrative example. The expert committee has 

visited 24 selected supermarkets. The experts have given ratings for particular criteria of a particular supermarket by doing 

some questionnaires to the managerial person and customers of the supermarket. There are three experts i.e. E1, E2, and E3, 

24 alternatives i.e A1, A2, A3, ……, A24, and eight factors i.e. C1, C2, C3, C4, C5, C6, C7, and C8. The expert's also formed 

the pairwise comparison matrix in each level for the weight calculation of factors. Table 4 shows the weights of specific 

factors using fuzzy AHP. 

 

 

Figure 4. Hierarchical Architecture of the Proposed Framework 

 

Table 4. Factors and Corresponding Weights using Fuzzy AHP 

 

Level 2 Level 3 
Global 

Weights Factors Weights 
Normalized 

Weights 
Factors Weights 

Normalized 

Weights 

Storage 0.435 0.3603 

Storage Capacity (C1) 0.1002 0.0963 0.0347 

Storage Duration (C2) 0.2611 0.251 0.0904 

Storage Hygiene (C3) 0.6788 0.6527 0.2352 

Processing 0.2545 0.2108 
Packaging Quality (C4) 0.6815 0.6695 0.1411 

Equipment Condition (C5) 0.3364 0.3305 0.0697 

Sales 0.5178 0.4289 

Degree of Efficiency (C6) 0.1394 0.1291 0.0554 

Rate of Return (C7) 0.3166 0.2933 0.1258 

Customer Feedback (C8) 0.6234 0.5776 0.2477 
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Table 5 shows the aggregate fuzzy rating of three experts using ‘Step 3’ of fuzzy TOPSIS. Table 6 lists the distance 

from FPIS (𝐸+), distance from FNIS (𝐸−), and closeness coefficient (CC) value for each alternative using ‘Step 7’ and ‘Step 

8’ of fuzzy TOPSIS. It also shows the final ranking of supermarkets using the final step of fuzzy TOPSIS as well as 

classification results after applying k-means clustering on the closeness coefficient. The category of the cluster, i.e., Class A, 

Class B, and Class C, is marked based on the value of the cluster center in descending order. 

 

Table 5. Decision Matrix: Aggregate Fuzzy Rating of Three Experts 

 

 C1(+) C2(-) C3(+) C4(+) C5(+) C6(+) C7(-) C8(+) 

A1 [3, 6.33, 9] [1, 2.33, 7] [3, 5, 7] [1, 2.33, 5] [5, 8.33, 9] [1, 2.33, 5] [3, 5.67, 9] [5, 8.33, 9] 

A2 [1, 3.67, 7] [3, 5, 7] [7, 9, 9] [1, 2.33, 7] [1, 3.67, 7] [1, 1.67, 5] [3, 5.67, 9] [5, 7, 9] 

A3 [3, 5.67, 9] [3, 5.67, 9] [3, 6.33, 9] [5, 8.33, 9] [3, 5, 7] [5, 8.33, 9] [1, 2.33, 7] [1, 2.33, 7] 

A4 [1, 3, 7] [1, 4.33, 7] [1, 2.33, 5] [3, 5.67, 9] [3, 5.67, 9] [1, 5, 9] [1, 3.67, 7] [3, 5.67, 9] 

A5 [5, 8.33, 9] [1, 3.67, 9] [3, 7, 9] [1, 3.67, 7] [5, 8.33, 9] [3, 7, 9] [3, 5, 7] [5, 7, 9] 

A6 [3, 5.67, 9] [1, 1, 3] [1, 2.33, 5] [1, 4.33, 7] [3, 6.33, 9] [3, 5.67, 9] [1, 1.67, 5] [1, 4.33, 7] 

A7 [7, 9, 9] [1, 1.67, 5] [3, 7, 9] [5, 8.33, 9] [5, 7.67, 9] [5, 8.33, 9] [1, 3, 7] [3, 6.33, 9] 

A8 [3, 5, 7] [1, 2.33, 5] [3, 6.33, 9] [3, 5.67, 9] [1, 3, 5] [1, 4.33, 7] [3, 5, 7] [1, 3.67, 7] 

A9 [1, 4.33, 7] [1, 3, 5] [5, 7, 9] [1, 5, 9] [3, 5.67, 9] [3, 5.67, 9] [3, 5, 7] [3, 6.33, 9] 

A10 [3, 5.67, 9] [1, 2.33, 7] [3, 5, 7] [5, 8.33, 9] [1, 4.33, 7] [3, 5, 7] [1, 3, 7] [1, 4.33, 7] 

A11 [1, 3, 5] [1, 4.33, 7] [3, 5.67, 9] [3, 5, 7] [5, 7, 9] [3, 5.33, 9] [1, 3, 5] [3, 6.33, 9] 

A12 [1, 4.33, 9] [5, 7.67, 9] [1, 3.67, 7] [1, 3.67, 7] [1, 3, 5] [1, 1.67, 5] [5, 7.67, 9] [1, 3, 7] 

A13 [3, 5.67, 9] [1, 3, 5] [3, 6.33, 9] [5, 7, 9] [1, 3.67, 7] [7, 9, 9] [1, 2.33, 5] [1, 3.67, 7] 

A14 [1, 3.67, 7] [1, 2.33, 5] [3, 5.67, 9] [3, 6.33, 9] [3, 5.67, 9] [1, 3, 5] [1, 4.33, 7] [3, 5.67, 9] 

A15 [5, 7.67, 9] [1, 1.67, 5] [3, 6.33, 9] [1, 5, 9] [1, 3.67, 7] [1, 4.33, 7] [1, 2.33, 5] [3, 7, 9] 

A16 [5, 7, 9] [1, 1, 3] [3, 5.67, 9] [3, 5, 7] [1, 3, 5] [1, 4.33, 7] [3, 5.67, 9] [3, 5, 7] 

A17 [3, 5.33, 9] [3, 5, 7] [1, 3.67, 7] [1, 5, 9] [5, 8.33, 9] [3, 5, 7] [1, 3, 5] [1, 5, 9] 

A18 [1, 4.33, 9] [3, 7, 9] [1, 2.33, 7] [3, 5, 7] [1, 3.67, 7] [1, 3.67, 7] [3, 6.33, 9] [1, 3.67, 7] 

A19 [1, 3, 5] [1, 3, 7] [1, 3.67, 7] [3, 5.67, 9] [3, 5.67, 9] [3, 5.67, 9] [3, 6.33, 9] [5, 8.33, 9] 

A20 [3, 5, 7] [3, 7, 9] [1, 3, 7] [5, 7, 9] [5, 7, 9] [3, 5.67, 9] [1, 1.67, 5] [5, 7.67, 9] 

A21 [7, 9, 9] [1, 1, 3] [1, 5, 9] [1, 4.33, 7] [1, 4.33, 7] [5, 8.33, 9] [1, 4.33, 7] [3, 5.67, 9] 

A22 [3, 6.33, 9] [1, 3.63, 7] [5, 7, 9] [1, 3, 5] [3, 5, 7] [1, 5, 9] [1, 1.67, 5] [5, 7.67, 9] 

A23 [1, 3, 7] [5, 7, 9] [3, 5.67, 9] [1, 4.33, 7] [3, 6.33, 9] [1, 3, 7] [3, 6.33, 9] [1, 3.67, 7] 

A24 [1, 4.33, 7] [1, 4.33, 7] [3, 5.67, 9] [3, 5, 7] [1, 5, 9] [1, 3.67, 7] [1, 3, 5] [1, 4.33, 7] 

 

Table 6. Closeness Coefficient, Ranking, and Classification 

 

Supermarkets 𝑬+ 𝑬− 𝑪𝑪 =
𝑬−

𝑬+ + 𝑬−
 Rank Class 

A1 0.2999 0.2820 0.4846 15 B 

A2 0.2856 0.3014 0.5135 11 B 

A3 0.2996 0.2927 0.4942 14 B 

A4 0.3565 0.2675 0.4286 18 B 

A5 0.2639 0.3524 0.5718 5 A 

A6 0.3406 0.2456 0.4190 20 B 

A7 0.1647 0.4434 0.7292 1 A 

A8 0.3685 0.2379 0.3923 21 B 

A9 0.2777 0.3365 0.5479 10 A 

A10 0.2967 0.3076 0.5090 12 B 

A11 0.2698 0.3512 0.5656 6 A 

A12 0.5124 0.0781 0.1323 24 C 

A13 0.2755 0.3415 0.5535 8 A 

A14 0.2813 0.3442 0.5503 9 A 

A15 0.2544 0.3694 0.5922 3 A 

A16 0.3142 0.2727 0.4646 16 B 
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Supermarkets 𝑬+ 𝑬− 𝑪𝑪 =
𝑬−

𝑬+ + 𝑬−
 Rank Class 

A17 0.3625 0.2627 0.4201 19 B 

A18 0.4723 0.1324 0.2190 23 C 

A19 0.3038 0.3034 0.4997 13 B 

A20 0.2497 0.3435 0.5791 4 A 

A21 0.2774 0.3517 0.5591 7 A 

A22 0.2185 0.3839 0.6373 2 A 

A23 0.4192 0.1796 0.2999 22 C 

A24 0.3442 0.2890 0.4564 17 B 

 

5. DISCUSSION 
 

The proposed framework has been validated with a case study in the previous section. The top-level factors affecting the 

quality of supermarkets are storage, processing, and sales, which flow sequentially. There are still many factors that could 

affect the quality evaluation directly or indirectly. The weights for each factor are calculated using fuzzy AHP from the input 

of the experts' committee. Equal priority has been given to each of the expert's opinions for calculating the aggregate weight 

of the factors. A very popular aggregation technique is used here for triangular fuzzy numbers. The global weight is calculated 

by multiplying the normalized weight of level 3 with the corresponding weight in level 2. The descending order of factors as 

per the weights are Customer Feedback (C8), Storage Hygiene (C3), Packaging Quality (C4), Rate of Return (C7), Storage 

Duration (C2), Equipment Condition (C5), Degree of Efficiency (C6), and Storage Capacity (C1). The experts gave more 

emphasis on customer feedback and storage hygiene, which directly affects customer service. Moderate emphasis is given to 

the packaging, the return rate of the product, and the duration of product storage. Those factors affect a lot of safety and 

quality issues of perishable items like fruits and vegetables. The weights of each factor help the fuzzy TOPSIS in decision-

making. The final result of fuzzy TOPSIS is the rank among the alternatives. Sometimes a customer needs a classification or 

categorization of supermarkets. This is not possible from ranking if the number of supermarkets is very high. The 

classification is possible after applying k-means clustering on the closeness coefficient value. We can see among the 24 

supermarkets which have been evaluated here. The number of class A supermarkets is 10. Class B and Class C have been 

marked for 11 and 3, respectively. 

 

 

Figure 5. Variation of Closeness Coefficient for the Different Combinations of Weights in the Sensitivity Analysis 

 

Sensitivity analysis (Dewangan et al., 2015; Simanavičienė et al., 2016) is one kind of experiment which tests the 

robustness and the stability of the decision. It generates some conditions by exchanging weights among the criteria. It is done 

to check the stability of the decision if a different weightage is given to a factor. The weights from fuzzy AHP are interchanged 

between the factors to generate such conditions. Then, fuzzy TOPSIS will be applied for each of the conditions to check the 

stability of the decision. If there is n number of factors, then we can generate 𝐶2
𝑛 combination by exchanging the weights 

between two factors at a time. In total, 28 combinations are generated here by exchanging weight between two factors at a 

time among the 8 factors. Each combination will act as a specific condition for quality evaluation. Figure 5 shows the 

graphical plot of the sensitivity analysis. In this figure, the x-axis represents different combinations of weights, and the y-axis 

represents the closeness coefficient value generated by fuzzy TOPSIS for each of the fruits and vegetable stores in the 
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supermarket. The different color represents different fruits and vegetable stores, as mentioned in the legend. The 0th 

combination is the result after using the weights got from the fuzzy AHP, and the rest are 28 generated conditions by 

exchanging weights between the criteria. The colored lines show the ranks of different alternative fruits and vegetable stores 

in different combinations of weights. However, the plot conveys that the 7th supermarket (A7) is the best and the 12th 

supermarket (A12) is the worst for all the combinations of weights. The slide difference between the closeness coefficient of 

different alternatives may be visible if the figure can be zoomed in. 

Root Mean Square Error (RMSE) (Chai et al., 2014) measures the errors of results with the standard value. Generally, 

it is used to see the accuracy of the result. The deviation of closeness coefficient values of 28 conditions with the closeness 

coefficient values of the base condition is measured for all the alternatives using Eq. (30). ‘cc’ is the closeness coefficient 

value for the base condition and ‘𝑐𝑐𝑖’ is the closeness coefficient value for ith condition. ‘t’ represents the total number of 

conditions. Here the value of t is 28. Figure 6 shows the RMSE for each of the alternative supermarkets in the sensitivity 

analysis. This depicts the correctness of decisions made by the fuzzy TOPSIS technique. 

 

 

 

Figure 6. RMSE for Different Alternatives in the Sensitivity Analysis 

 

6. CONCLUSION 
 

This paper proposes an integrated framework for the quality evaluation of fruit and vegetable stores in supermarkets. This 

helps the customers to decide on the best supermarket for buying fresh fruits and vegetables. This also helps the management 

of the supermarket to identify its flaws and areas for improvement. The factors for evaluation and the alternative for evaluation 

need to be identified first. Then it takes the input of relative importance from the expert's committee and calculates the weights 

for each factor using fuzzy AHP. The fuzzy decision matrix is prepared with the alternatives, factors, and ratings from the 

expert's committee. The fuzzy-weighted normalized decision matrix is generated by multiplying weights from fuzzy AHP 

with the fuzzy normalized decision matrix. The alternatives are ranked and classified based on the closeness coefficient by 

applying fuzzy k-TOPSIS on fuzzy weighted normalized decision matrix. The sensitivity analysis of results is done to verify 

the dependency of ranks on weights. The sensitivity analysis result assures that the use of this framework leads to a stable 

and robust decision. The future scope would be the inclusion of other factors that might affect the supermarket evaluation. 

This framework could also be used in many other decision-making problems. 
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