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 The complexity of decision making process and the movement of effective factors on 
decision making space from crisp data to the fuzzy data emphasize on the necessity of 
using more efficient models in operational environments. Thus, the multi-criteria group 
decision making models were created by fuzzy theory providing the required flexibility 
to show the lack of certainty of data error with ambiguity in judgment. The present 
study by using fuzzy TOPSIS technique met the identified the existing risks in industry 
to meet the demands of investors, banks and financial institutions to take decision in 
various industries with the aim of presenting a solution to industry and mine bank as the 
only specialized –development bank in industry and mine in Iran and other investors. 
At first, based on the study of various researches and interview with the top managers 
and active experts in various industries, the industry risk indices were defined and the 
questionnaire of 17 indices were formulated and its validity and reliability were 
evaluated by SPSS software. Based on the selected study sample including 12 
manufacturing industries, the questionnaire was distributed among 100 industry experts 
and by achieving the knowledge and information of the decision makers in linguistic 
terms and the relate meanings were replaced in triangular fuzzy number then the data 
were sorted in Excel as matrix and finally by coding in software space Matlab (2008) 
the prioritization of the industries was done based on fuzzy TOPSIS method. 

 
 

© 2013 AENSI Publisher All rights reserved. 
 

INTRODUCTION 
 
 Risk is one of the most important features of formation of decision making in investment field, financial 
markets and different kinds of economic activities. In most of the economical books, three factors of labor, land 
and capital are considered as the main inputs of production. But, it can be said that these three factors are the 
required conditions for production but the adequate condition in production process is risk factor. In other 
words, if there are three factors, but the manufacturer doesn’t accept the probable losses of this process, the 
production is not occurred. Thus, in some studies, risk factor is considered as the fourth factor of manufacturing 
process. 
 Risk is a kind of uncertainty of future that can be calculated. If we cannot calculate the uncertainty to 
future. Thus to calculate the uncertainty in risk form, it can be managed and controlled.  
 Risk is the change in predicted benefits for a decision, an event or a state in future. It means that we are not 
certain of the changes. When there is adequate assurance to the changes, the certain changes are covered in the 
framework of predicted benefits and advantages. But the lack of prediction due to probable changes turned them 
into the risk dominant on the benefits. 
 The development of financial economy requires the risk analysis. Without evaluation of potential and actual 
risks, some of them physical and other part non-physical or financial, the economic growth is not provided. The 
importance of the risk led into the increase of the importance of risk management for financial institutions. The 
activity of the banks and financial institutions in various activities as giving loan, investment, issuance of 
different types of securities, issuance of deposit, guaranty and issuing LC or playing a role in money and capital 
markets made them encountered with specific risks of these activities. 
 One of the greatest concerns and challenges of investors, financial institutions and banks is decision making 
on investment in industries due to the risk factor. By the investigation of the existing risks of industry 
(manufacturing and parent company), the required information was given to the investors and they are 
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encouraged to investment. Indeed, in order that the investors take the true decision on their investment method, 
it is required to identify the existing risks of the industries and prioritize the industries. 
 This issue is of great importance for industry and mine bank as the only specialized-development bank in 
industry and mine sector and its customers are investors of industry plans. The present study aimed to present a 
model for prioritization of the risk of manufacturing industries with ISIC code relate to activity of industry and 
min bank domain. 
 Based on the frequency of the various dimensions effective on creation risks of an industry to evaluate the 
more sensitive   fields, at first the initial analysis of various industry fields by some general indices are done by 
which some issues with some dimensions of an industry in need of more complete analysis is identified. The 
prioritization of industries risk is due to being affected by various quantity and quality factors. In addition, the 
uncertainty in quality and quantity criteria doubled this complexity. To interact with this complexity, the multi-
criteria group decision making models were created by fuzzy theory providing the required flexibility to show 
the lack of certainty of data error with ambiguity in judgment. It is attempted to prioritize the industries based on 
17 criteria as risk factors in accordance with the comments of industry experts by fuzzy TOPSIS technique to 
facilitate investment decision making and via good identification of different kinds of risk increases the 
effectiveness of resources sector of mine and industry bank. The present study attempted to find the response of 
two questions: 
1. What are the main indices (risk) of various manufacturing industries? 
2. How is the prioritization of various industries? 
 

MATERIALS AND METHODS 
 
 This study was exploratory as it determined the risk factors and prioritization of manufacturing industries 
and it was applied in terms of aim and optimization by the existing data. 
 

 
1-3 Flow chart of the study stages. 
 
 The study population of the present study was 100 respondents including the experts and mangers of the 
various  
 Manufacturing industries prioritizing the study alternatives. The study alternatives were including 12 
selected industries as food industry, chemical and petrochemical, wood and wooden products, high-tech, IT, 
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Transportation equipment's, metal, telecommunication, electricity and electronics, textile and clothes, recycle, 
medical and optical tools and production of paper products, print and binding. These alternatives with little 
modifications to be in consistent with the bank activities are the two-digit standard codes of ISIC. 
 The study measurement tool was questionnaire and as the questionnaire design in any study is based on 
study design, for quantity analysis of the information and using the comments of the managers and top experts 
of various industries was done.  The questionnaire was consisting of seven ranges very important to less 
important. To study the validity of the questionnaire, the present study attempted to keep the face and content 
validity and it was verified by the consultations of the advisor. To determine the reliability of the test, 
Cronbach’s alpha was used. This method was used to calculate the internal coordination of measurement 
measuring the various attributes. By the data obtained of this questionnaire and by SPSS software, the reliability 
coefficient by Cronbach’s alpha was 0.8597 that is reliable. 
 
Table 1-3: The demographic characteristics of the study population. 

 N % % 
Gender Man 76 76 76 

Woman 24 24 100 
  100 100 100 

Education PhD 15 15 15 
MA 28 28 43 
BA 57 57 100 

Sum 100 100 100 
 
 The data analysis based on fuzzy TOPSIS is one of the multi-criteria decision making techniques. TOPSIS 
is one of the common methods in multi-criteria decision making. TOPSIS means Technique for Order 
Preference by Similarity to Ideal Solution and it was proposed by Yoon & Hwang (1981) as the best alternative 
in accordance with chart (2-2) was determined by Positive Ideal Solution (PIS) and Negative Ideal Solution 
(NIS) [1]. In this method, m alternatives are analyzed by n indices and each problem is considered as the 
geometry system with m points in n dimension space. 
 

 
 
Chart 2-3 the positive and negative ideal solutions in two-dimensional space. 
 
 This technique is based on the concept that the selected alternative should have the least distance with 
positive ideal solution and be far from the negative ideal solution. It is assumed that desirability of each index is 
ascending and descending uniformly. Indeed, TOPSIS model investigates the ideal alternative in terms of the 
distance less than positive ideal solution and negative ideal solution, has high analysis power and simplicity [2]. 
 Fuzzy logic is used in multi-criteria decision making techniques including TOPSIS technique and the 
benefits are used. Fuzzy theory can turn most of the ambiguous concepts, variables and systems into math and 
provide the ground for reasoning, inference, control and decision making [3]. Fuzzy logic is one of the multi-
value logics and it is based on fuzzy sets. Fuzzy sets are obtained of generalizing the crisp sets as natural. Crisp 
sets are the ordinary sets being introduced at the beginning of classic sets theory  ٴ◌. In fuzzy sets, each of the 
attributes are defined based on membership function being valued ranging ze ro to one. The membership of zero 
showed that the elememt is completley out of the set but number 1 showed that the requried element is in the set 
and it is close to the attitudes of people [4]. Fuzzy number set is widly used in quality judgments and relative 
issues. The most applied fuzzy number is Triangular Fuzzy Number that is applied in this study. Fuzzy TOPSIS 
technique is different from TOPSIS technique. It can be said that the main logic of using decision making 
techniques as fuzzy is the effect of uncertainty with human beings thoughts in decisions. The model solution 
stages of fuzzy TOPSIS decision making are as: 
1. Turning the linguistic terms into triangular fuzzy number (m, α, β) by the matrix extracted of study sample. 
2. Quantification and making decision matrix (N) scale less 
3. Obtaining weighted scale less matrix (V) 
4. Determining the   positive ideal solution and negative ideal solution 

X1=Index with positive 
aspect 
X2:Index with negative 
aspect 
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5. Determining the distance of each alternative to positive and negative ideal 
6. Determining the relative closeness of an alternative to the ideal solution  
7. Ranking the alternatives, the bigger CL, the better. 
As it was said, in the first step of fuzzy TOPSIS design, before anything, by evaluation of 17 criteria as risk 
factors in 12 industries, we achieved matrix 12*17 and the result is shown in Table 2. 
 
Table 2-3: Decision making matrix. 

17 16 …. 10 9 8 7 6 5 4 3 2 1 Alternative criteria 
             Food industry 
             Chemical and petrochemical industries 
             Non-metal mineral industry 
             Wood production industry 
             High-tech and IT industries 
             Transportation equipment's production industry 
             Metal industry 
             Telecommunication, electricity and electronics 
             Textile and clothe industry 
             Recycle 
             Medical and optical instruments 
             Paper products manufacturing industry-print and 

binding 
 
 To turn the quality numbers to triangular fuzzy number as shown in Table 3, quality numbers are turned 
into fuzzy number. In order to turn the number of survey to fuzzy number, each of the numbers are turned into 
three numbers (based on Table 3-4) and decision making matrix with 12 columns and 51 rows was obtained. 
 
Table 3: Turning quality number into triangular fuzzy number (m,α,β) and crisp values. 

Alternative Quality number Triangular fuzzy number Crisp fuzzy number 
1 Extremely important (1.0, 0.1, 0.0) 0.975 
2 Very important (0.85, 0.15, 0.15) 0.85 
3 Relatively important (0.65, 0.15, 0.15) 0.65 
4 Moderate importance (0.5, 0.2, 0.2) 0.5 
5 Relatively less important (0.35, 0.15, 0.15) 0.35 
6 Very less important (0.15, 0.15, 0.15) 0.15 
7 Extremely less important (0.0, 0.0, 0.1) 0.025 

 
Fuzzification and calculation stages are briefly as: 
• First step: Normalization of decision matrix 
 In this step, the existing scales of decision matrix are made scale less and each of the values is divided by 
vector size of the same index. 
• Second step : Weighting to the normalized matrix 
 Decision matrix is parametric and it should be quantified and the decision maker defines for each index a 
weight. The set of weights (w) are multiplied by normalized matrix (N), then as matrix Wn*1 is not multiplied by 
normalized decision matrix (n*n), before multiplication, the weight matrix is turned into a diagonal matrix Wn*n 
(the weights on the main diameter). To calculate this matrix, the weight and importance of each criterion in 
various alternatives are multiplied by the importance of the criteria. If Nij is scale less decision matrix and Wij 
indicates the weight matrix of the criteria, matrix Vij  or weighted matrix is obtained of the multiplication of 
these two matrices. 

ijijij NWV ⊗=
 

• Third step: Determine the positive and negative ideal solution: After the calculation of weighted matrix in 
fuzzy TOPSIS, fuzzy ideal negative and positive solutions are defined. The fuzzy positive ideal solution is 
denoted by Ãj

+ and fuzzy negative ideal solution is denoted by Ãj
- . To calculate the above vectors, three 

methods are proposed: 
a. Chen and Lin (2005) method. In this method to calculate Ãj

+  among triangular fuzzy numbers, the greatest 
number among the third components and to calculate Ãj

- among triangular fuzzy numbers, the smallest number 
is selected among the first components. 
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b. Wang (2007) method. In this method, positive ideal solution in triangular fuzzy is equal to (1,1,1) and 
negative ideal solution was (0,0,0). 
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c. Jahanshahloo and Izadkhah (2006) method. In this method,  positive ideal solution is equal to the maximum 
three components in a criterion and negative ideal solution is defined opposite. 
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 In the present study due to the extensive use of Chen and Lin method was used. The positive and negative 
ideal vectors are shown in the following table. Two dummy alternatives A*,-A  are defined as: 
 

 
 
Table 4: Fuzzy ideals. 

(A-) Negative ideal (A+) Positive ideal Index NO. 
0.0167 0.03 Investment security 1 
0.0111 0.7139 Raw materials price increase 2 
0.0197 0.5478 Energy supply security 3 
0.0149 0.6621 Fuel price increase 4 
0.0255 0.5438 Required infrastructure installations and  preparation 5 
0.0242 0.5443 Changing monetary policies 6 
0.0157 0.6221 Market preparation 7 
0.0114 0.6797 Required technology and transferring it 8 
0.0198 0.5932 Environmental problems 9 
0.0257 0.5338 The development of political and international relations 10 
0.0186 0.5763 Value added of the goods and services 11 
0.0246 0.5334 The motivation of financial and technical investment 12 
0.0245 0.5248 Developmental effects at national level 13 
0.0195 0.5796 Expected     earnings per share (EPS) 14 
0.0097 0.6967 Fixed costs 15 
0.0206 0.5799 Profitability 16 
0.0280 0.5211 Working capital volume 17 

 
 Fourth step: Obtaining the size of the distance, the distance between any next alternative n is evaluated by 
Euclid method. We obtain the distance of alternative I from positive and negative alternatives. 
  

   
 
 

 

 In the above equation, )~,( −
jijv VVd denotes the distance of the condition of any alternative based on an 

alternative from fuzzy ideal solution and it is calculated by the following equation: 
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 Finally, the sum of distance of each alternative of positive and negative ideals showed the values di

+ and di
-. 

• Fifth step: The calculation of relative closeness to ideal solution, this criterion is obtained of the following 
formula:  
 

 
 
 
 
 

 The lower the distance of Ai alternative of the ideal solution, the relative closeness will be close to 1. After 
calculation of relative closeness, the alternatives are ranked as ascending. 
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  The following table showed the distance values of each alternative of the ideal vectors and their relative 
ideal vectors. Briefly, the output of the TOPSIS method is as shown in Table 4-5. 
 
Table 5:  The output of designed model of fuzzy TOPSIS. 

Rank cc d- d+ Industry No. 
2 0.4254 3.2483 4.3880 Food industry 1 
5 0.4248 3.2475 4.3882 Telecommunication, electricity and electrics 2 
6 0.4240 3.2469 4.4107 Transportation equipments production industry 3 
3 0.4253 3.2481 4.3899 Chemical and petrochemical industries 4 
1 0.4254 3.2483 4.3879 Metal industry 5 
4 0.4251 3.2479 4.3931 Non-metal mineral industry 6 
12 0.4159 3.2422 4.5541 Medical and optical instruments industries 7 
11 0.4194 3.2434 4.4898 Textile and clothe industry 8 
9 0.4211 3.2454 4.4607 Wood and wooden products 9 
7 0.4239 3.2468 4.4117 Paper products manufacturing print and binding 10 
10 0.4196 3.2436 4.4846 High-tech and IT 11 
8 0.4218 3.2449 4.4490 Recycle 12 

 
Results:   
 
Table 6: The prioritization of the industries with TOPSIS approach. 

Score Industry or alternative No 
0.4256 Metal industry 1 
0.4254 Food industry 2 
0.4253 Chemical and petrochemical industries 3 
0.4251 Non-metal mineral industry 4 
0.4248 Telecommunication, electricity and electrics 5 
0.4240 Transportation equipments production industry 6 
0.4239 Paper products manufacturing print and binding 7 
0.4218 Recycle 8 
0.4211 Wood and wooden products 9 
0.4196 High-tech and IT 10 
0.4194 Textile and clothe industry 11 
0.4159 Medical and optical instruments industries 12 

 
 The results showed that among the study industries, metal industry with score 0.4256 had the highest 
priority and then food industry with little difference was in the next rank in Table 6 This prioritization continues 
to lead into the medical and optical instruments with score 0.4159 with the lowest preference for investment. It 
can be said that risk and return both are the main principles of decision making for investment and always the 
highest return based on the minimum risk is the best criterion for investment [5]. 
 
Discussion: 
 The necessity to achieve the economic development in developed and developing countries caused that 
some institutions to direct the investments in economic development of the countries in the form of the banks 
and development organizations are created. 
 The development banks to achieve the industrial development and economic development in the 
undeveloped countries or less developed countries had important role. Thus, they were developed at world level 
to be used as a tool to the economic development plans of the countries in the world. The aim of industry and 
mine bank in accordance with article (4) of the constitution Iran, was using the capabilities of development-
investment banking operation to develop the economy and provide good ground for the participation of non-
state sector by all the regulations including the inputs, processes and good tools in industry, mine, new 
technologies and services. 
 To fulfill the mentioned aim, the first the most important mission is the investigation of industrial-mine 
designs for giving loan for optimum allocation of the resources and supervising the implementation of the plans. 
Indeed, the selection and prioritization of the related industries with the industry and main bank for investment 
are the most sensitive decisions that ever been taken [6]. 
 Due to the uncertainty of the decision factors under real conditions, besides using fuzzy logic by MATLAB 
software, the present study prioritized the industry risk and ranked decision making complex process. 
 It is obvious that prioritization of the existing risks in industries cause that the investments are occurred in 
the designs and industries with the lowest risk. Thus, prioritization of the industry risks causes that the decision 
makers identify the direction of the decisions based on the existing risks. The successful investors are the ones 
who accept the acceptable level of risk and they know that they cannot experience reliable results and more 
return at the same time. They know that uncertainty conditions don’t mean the negative conditions. Indeed, it 
can be said that based on the issue, if uncertainty condition leads into positive achievement, its selection is 
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reasonable. For example, in stock market, the uncertainty conditions don’t mean price reduction. The increase of 
price is also possible in this market[7]  
 The important point is considering risk as the important criterion for decision making of the investment and 
the investors that without considering risk make investment put themselves at loss conditions. The fluctuations 
are also before investment, before any measurement, they should be aware of risk identification criteria. Thus, 
comparative studies were done interviewing with the industry experts to ask for their comments about the risk 
evaluation criteria in the industry and weight of the indices. It was agreed that in the issues in which the existing 
knowledge has no exact response for them, the best method is referring to the experts of that issue. As the views 
of the experts are presented as verbally, by the aid of fuzzy approach and triangular fuzzy number, the verbal 
terms were turned into computable numbers and they were prioritized by fuzzy TOPSIS method. 
 
Conclusion: 
 The results of the study are used as the guidance for organized investment with the aim of increasing 
earnings and optimal use of the existing resources. It is recommended to investigate the effective factors in 
investment risk with considering the direct and indirect costs in long-term, mid-term and short-term planning. 
The present study applied triangular fuzzy approach in all the stages. This study can be done by trapezoidal 
fuzzy number. To determine the weight of the indices, entropy and fuzzy averaging were used and besides the 
methods used in this study, we can use weight simple set, ELECTRE, Linmap or Permutation in further studies. 
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