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Abstract: 
The research comes at a time when the industries and people are increasingly facing various global challenges 

and leather related research is still inadequate, while economic, environmental and social-supply disciplines 

fall into three dimensions at the same time. In today's highly competitive environment, companies need to 

manage their supply chain more efficiently in order to stay competitive in the field of leather as in every sector. 

Chemical Supplier Selection, the process of determining the right supplier, capable of delivering the right 

quality products and services to the buyer at the right price, at the right time and at the right quantity, is one of 

the most important activities in operations management. In other words, supplier selection is a multi-criteria 

decision-making problem that involves both qualitative and quantitative factors. The aim of this study is to find 

the right chemical supplier in the leather industry using Analytical Hierarchy Process (AHP) and Technique for 

Order of Preference by Similarity to Ideal Solution (TOPSIS) methods. Here we have first calculated the 

weights of criteria by using AHP method and then we have ranked the chemical suppliers by using TOPSIS 

method. The results of this research can help managers in the leather industry to find the right chemical 

supplier. 
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I. Introduction  
Since the beginning of human history, leather products have served as a useful ingredient.  In the 

tanning industry, raw skin is transformed into leather through multiple chemical and mechanical activities. 

Leather processing technology has evolved from enduring practice to industrial activity naturally [1]. Finding 

the right chemical suppliers to meet the needs and expectations of the company is one of the basic requirements 

for effective supply chain management for the leather industry. There is a special importance for retention and 

long-term survival of the company. Studies conducted in different leather industries sought to solve the problem 

of selecting suitable chemical suppliers using different criteria and methods. So, chemical suppliers are 

corporate pro competition plays a vital role in achieving this and as a result, choosing the right supplier is an 

important component of these new strategies. Several conflicting quantitative and qualitative factors or criteria, 

such as price, quality of chemicals, timely delivery, social responsibility, safety management benefits, risk 

consideration, etc., affect the choice of supplier. Therefore, it is a multi-criteria decision-making problem that 

involves both quantitative and qualitative factors, some of which conflict with each other. Choosing the right 

chemical supplier among the various suppliers is a complex issue for top management. In industries that deal 

with large-scale production they can cover about 70% of the product cost of raw materials and components [2]. 

In this situation, the purchasing department can play a key role in reducing costs. Supplier selection is one of the 

most important tasks in purchasing management. Using a suitable method for this purpose is a critical issue. 

Supplier selection is a Multiple Criteria Decision Making (MCDM) problem. Here we use the AHP method 

which is the most popular and widely used method for assigning weights to criteria with consistency check of 

experts, and TOPSIS method which is an effective method for finding the most efficient alternative. A stable 

and competitive supplier thus donates to one by improving the overall efficiency of one organization. The whole 

procedure is explained with the help of numerical examples and is ultimately determined according to the results 

of the rank of each supplier. 

 

II. Literature Review  
Supplier selection is the most important and prominent part of the purchasing function as it contributes 

to enhancing competitive strategy and global market share by reducing operational costs, offering high-quality 

products, enlarging total supply chain profit, and improving total supply chain performance. For globalization, 

customer expectations have increased; these expectations cannot be explained only by lower product cost, as 

they also involve quality, lead time, warranties, and many other criteria that make supplier selection a multi-

criteria problem. 
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Dickson [3] is one of the early researchers on supplier selection. He identified 23 criteria based on 

questionnaires returned from 170 purchasing managers of companies in the United States and Canada. Weber et 

al. [4] then reviewed 74 relevant articles, published in 1966 to 1990, to provide a broad view of criteria and 

methods used in supplier selection. Simpson et al. [5] explore whether most companies across a broad area of 

industries in the United States had a formal process for supplier evaluation, and also identified key criteria by 

which suppliers were being assessed. The results indicated that almost half of the respondents had no formal 

method for assessing supplier performance since most companies still follow simple and subjective approaches 

for supplier selection. 

Chemical is one of the most important elements in leather industry. Chemical is used in almost every 

step from raw leather to finished leather. So, the quality of finished leather is depended on the chemical. Thus 

the chemical supplier selection is an important task for purchasing department. 

Chemical supplier selection criteria depend on various factors such as quality of chemicals, price, 

timely shipment, social responsibility etc. Table 1 shows the criteria for chemical supplier selection. These 

criteria are identified through detail literature review and industrial experts‟ opinion. 

 

Table 1: Criteria for chemical supplier selection 

 

 

 

 

 

 

 

 

In this research we select five suppliers (S1, S2, S3, S4, S5) for evaluation. 

 

III. Methodology 
Analytical Hierarchy Process (AHP) 

AHP is a well-known and widely used multi criteria decision-making method in industries that was 

initially proposed by Prof. Thomas L. Saaty. The steps of this method are given as follows: 

Step 1: Forming a pairwise comparison matrix (𝐺) and given the ratings based on the expert‟s opinions using 

linguistic scale it is shown in table 2. 

𝐺 =  

𝑔11 𝑔12 ⋯ 𝑔1𝑛

𝑔21 𝑔22 ⋯ 𝑔2𝑛

⋮ ⋮ ⋱ ⋮
𝑔𝑛1 𝑔𝑛2 ⋯ 𝑔𝑛𝑛

                         (1) 

where 𝑛 is the order of the matrix. 

Step 2: Normalized the resulting matrix  

𝐺1 =  

𝑔ˊ11 𝑔ˊ12 ⋯ 𝑔ˊ1𝑛

𝑔ˊ21 𝑔ˊ22 ⋯ 𝑔ˊ2𝑛

⋮ ⋮ ⋱ ⋮
𝑔ˊ𝑛1 𝑔ˊ𝑛2 ⋯ 𝑔ˊ𝑛𝑛

  and 𝑔ˊ𝑗𝑖 =
𝑔𝑖𝑗

 𝑔𝑖𝑗
𝑛
𝑗=1

 for 𝑗, 𝑖 = 1, 2, … , 𝑛         (2) 

Step 3: Calculating the weights  

𝑊 =  

𝑤1

𝑤2

⋮
𝑤𝑛

 ,   𝑤𝑗 =
 𝑔𝑗𝑖

𝑛
𝑗=1

𝑛
                (3) 

Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS) 

TOPSIS is a multi-criteria decision analysis method, which was originally developed by Ching-Lai 

Hwang and Yoon in 1981 with further developments by Yoon in 1987, and Hwang, Lai and Liu in 1993. It is a 

technique to evaluate the performance of alternatives through the similarity with the ideal solution. According to 

this technique, the best possible value will be closest to the positive-ideal solution and longest from negative-

ideal solution [6]. The steps of this method are given as follows: 

 

Step 1: Creating a decision matrix consisting of 𝑚 alternatives and 𝑛 criteria 

𝑋 =  

𝑥11 𝑥12 ⋯ 𝑥1𝑛

𝑥21 𝑥22 ⋯ 𝑥2𝑛

⋮ ⋮ ⋱ ⋮
𝑥𝑚1 𝑥𝑚2 ⋯ 𝑥𝑚𝑛

                         (4) 

 

Code Criteria 

C1 Quality of chemicals 

C2 Price 

C3 Timely shipment 

C4 Social responsibility 

C5 Safety management facility 

C6 Risk management 
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Step 2: Normalizing the decision matrix. The normalization of the decision matrix „𝑋‟ is computed below 

𝑋 =  

𝑥11 𝑥12 ⋯ 𝑥1𝑛

𝑥21 𝑥22 ⋯ 𝑥2𝑛

⋮ ⋮ ⋱ ⋮
𝑥𝑚1 𝑥𝑚2 ⋯ 𝑥𝑚𝑛

 , 𝑥𝑖𝑗 =
𝑥𝑖𝑗

  𝑥𝑖𝑗
2𝑚

𝑖=1

          (5) 

 

Step 3: Calculating the weighted normalized matrix 

𝑉 = (𝑣𝑖𝑗 )𝑚×𝑛 ,   𝑣𝑖𝑗 = 𝑥𝑖𝑗 × 𝑤𝑗 , 𝑖 = 1, 2, ⋯ , 𝑚,   𝑗 = 1, 2, ⋯ , 𝑛.           (6) 

 

Step 4: Calculating the positive ideal solution (𝐴+) and the negative ideal solution (𝐴−) 

𝐴+ =  𝑣1
+, 𝑣2

+, ⋯ , 𝑣𝑛
+ =   𝑚𝑎𝑥𝑖𝑣𝑖𝑗 , 𝑗 ∈ 𝑃+  𝑚𝑖𝑛𝑖𝑣𝑖𝑗 , 𝑗 ∈ 𝑃−  ,   𝑖 = 1, 2, ⋯ , 𝑚 

𝐴− =  𝑣1
−, 𝑣2

−, ⋯ , 𝑣𝑛
− =   𝑚𝑖𝑛𝑖𝑣𝑖𝑗 , 𝑗 ∈ 𝑃+  𝑚𝑎𝑥𝑖𝑣𝑖𝑗 , 𝑗 ∈ 𝑃−  ,   𝑖 = 1, 2, ⋯ , 𝑚 

where 𝑃+ is associated with „beneficial‟ criteria and 𝑃− is associated with „non-beneficial‟ criteria. 

Step 5: Calculating the separation measures using the m-dimensional Euclidean distance. The separation 

measures of each alternative from the positive ideal solution and the negative ideal solution, respectively, are as 

follows: 

𝑆𝑖
+ =   (𝑣𝑖𝑗 − 𝑣𝑗

+)2𝑛
𝑗 =1 ,   𝑖 = 1, 2, ⋯ , 𝑚                (7) 

𝑆𝑖
− =   (𝑣𝑖𝑗 − 𝑣𝑗

−)2𝑛
𝑗 =1 ,    𝑖 = 1, 2, ⋯ , 𝑚               (8) 

Step 6: Calculating the relative proximity to the ideal solution using the relative index  

  𝑅𝑖 =
𝑆𝑖
−

𝑆𝑖
++𝑆𝑖

− ,   𝑖 = 1, 2, ⋯ , 𝑚                (9) 

Step 7: Ranking the best alternatives according to 𝑅𝑖  in descending order. 

 

Table 2: Linguistic scale for both AHP and TOPSIS 
Degree of preference Scale 

Equal importance 1 

Moderate importance of one factor over another 3 

Strong or essential importance 5 

Very strong importance 7 

Extreme importance 9 

Intermediate values 2, 4, 6, 8 

 

IV. Case Application 
The chemical supplier selection for leather industry is a crucial issue. In this study, five chemical suppliers have 

assessed based on six criteria. The data was collected from one case company located in Savar. The data for 

AHP is collected from one expert from the case companies and it is given in Table 3. 

 

Table 3: Data for AHP analysis collected from one expert 

Criteria Code C1 C2 C3 C4 C5 C6 

Quality of chemicals C1 1 4 6 9 7 6 

Price C2 1/4 1 2 5 4 5 

Timely shipment C3 1/6 1/2 1 3 3 4 

Social responsibility C4 1/9 1/5 1/3 1 5 3 

Safety management facility C5 1/7 1/4 1/3 1/5 1 2 

Risk management C6 1/6 1/5 1/4 1/3 1/2 1 

 

Again, data for TOPSIS analysis to select best chemical supplier is given in Table 4. 

 

Table 4: Data for TOPSIS analysis collected from one expert 
               Criteria     

Suppliers 
C1 C2 C3 C4 C5 C6 

S1 2 8 9 8 4 9 

S2 6 7 8 6 1 8 

S3 1 6 1 4 9 7 
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S4 3 8 5 6 8 4 

S5 8 7 2 2 9 5 

 

V. Results and discussions 
Using equations (1), (2), and (3), the weights of each criterion is examined. The final weight of each criterion is 

given in Table 5. 

 

Table 5: Final weight of each criterion obtained from AHP analysis. 

Criteria Code C1 C2 C3 C4 C5 C6 Weight 

Quality of chemicals C1 1 4 6 9 7 6 0.50049 

Price C2 1/4 1 2 5 4 5 0.21035 

Timely shipment C3 1/6 1/2 1 3 3 4 0.13161 

Social responsibility C4 1/9 1/5 1/3 1 5 3 0.07599 

Safety management facility C5 1/7 1/4 1/3 1/5 1 2 0.04495 

Risk management C6 1/6 1/5 1/4 1/3 1/2 1 0.03661 

MaxiEigen=6.61690475, RI=1.24, CI=0.12338095, CR=0.099501<0.1 

 

It is clearly shown that criteria „Quality of chemicals (C1)‟ received the highest weight and criteria „Risk 

management (C6)‟ received the lowest weight in the AHP analysis. 

 

Finally, the comparison matrix among criteria and suppliers are constructed based on expert feedback and given 

in Table 4. Using equations (5), (6), (7), (8), and (9), the final ranking of supplier is established. The final 

ranking of suppliers is given in Table 6. 

 

Table 6: Final ranking of suppliers 

Suppliers Euclidean distance relative closeness 𝑅𝑖  Ranking 

S1 0.1037 0.2816 0.2692 4 

S2 0.2462 0.0987 0.7139 2 

S3 0.0270 0.3395 0.0738 5 

S4 0.1098 0.2384 0.3153 3 

S5 0.3294 0.0803 0.8040 1 

 

Based on the AHP-TOPSIS analysis, it is clear that supplier S5 received the top position in the analysis that 

means this supplier (S5) is able to fulfill the identified criteria. Therefore, case company may select the supplier 

S5 for getting the better quality. 

 

VI. Conclusion  
For recognizing the most influential criteria and supplier in leather industry this paper proposed a 

hybrid MCDM method like AHP-TOPSIS [7-10]. AHP is used to define the weights based on the pairwise 

comparison matrix with the other factors. From the priority of weights, we identified the most influential 

supplier selection criteria. TOPSIS is used to determine critical alternative in the leather industry based on 

closeness coefficient. „Supplier S5‟ is the important alternative in the case company. Managers in case company 

may use our results to select the best supplier. The recommendations for future research are deliberated as 

follows-execution of same study in other industries like fireworks, petrochemical, paper etc. 
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