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Abstract- The consumption of products derived from coffee bean has been increasing rapidly. With this situation of the coffee 
industry, size and brand varieties of coffee market have been increasing too. Companies diversify the characteristics of the 
industrial coffee machines wide range to cater for demands of people in one machine. However, in most of countries, the coffee 
machine companies do not have sales network and cannot provide technical support. All of these factors may raise the prices of 
the industrial coffee machines and the price factor is not enough for the decision of the right coffee machine selection by itself 
like all other electronic devices. At the same time, intensive usage may cause extra costs for the companies with the shortening 
of machine life unless necessary and sufficient technical support is provided. Supplying sensitive and perishable parts of the 
machines on time is an important factor that affects the cost and the benefit of the company for purchasing. Some of other basic 
technical characteristics which determine the price of the coffee machine are number of the groups, water capacity, water 
pressure, cream quality, produced material, energy usage etc. All of these factors make decision making of the coffee machine 
selection harder. To this end, we will propose a Fuzzy Analytic Network Process (F–AHP) approach to select the most 
appropriate industrial coffee machine. Both initial costs and later costs are reduced as much as possible with selecting the best 
and the most appropriate equipment(s). 
 
Index Terms- Analytic Hierarchy Process, Fuzzy Logic, Group Decision Making, Industrial Coffee Machine. 
 
I. INTRODUCTION 
 
Reducing the costs as least as possible is crucial for the 
persistence and profitability of the companies. 
Selecting the cheapest products reduce the costs at the 
beginning but it will be able to cause extra costs with 
breakdowns and technical requirements in the future 
periods. So, while selecting a technical equipment, 
price factor should not have to be considered solely. 
Therewithal, both technical details and after-sales 
support have to be considered. While considering all 
of these factors for an equipment, making the right 
decision manually is getting harder and wrong 
decisions may be taken unconsciously. Especially, 
buying an equipment with high initial prices may bring 
an end for a company if the equipment selection 
decision is improper.  
The rest of the study is as follows. In the second 
section, a literature review for the Fuzzy AHP is given 
briefly. Fundamentals of fuzzy logic and triangular 
fuzzy numbers are explained in the third section.  After 
the fuzzy logic, proposed Fuzzy AHP method is also 
presented in the third section. In the fourth section, the 
proposed F–AHP is applied to industrial coffee 
machine selection process and the fifth section is 
conclusions.  
 
II. LITERATURE REVIEW 
 
Because of the difficulties of selecting the best 
equipment, various multi criteria methods are chosen 
for equipment selection in the literature. Fuzzy multi 
criteria methods are common for the problems which 
have more than one decision maker. Evaluations are 
done with linguistic scales by the decision makers at 

the decision making process and analysis in the multi 
criteria methods are executed with these linguistic 
scales according to their fuzzy numbers.  
F-AHP method is also applied for equipment selection 
problems in the companies commonly. Weck, Klocke, 
Schell and Rüenauver [1] applied F-AHP to evaluate 
production cycle alternatives in 1997. Three fuzzy 
result for the three alternatives are obtained at the end 
of the study and they are compared on a graphic.  
Monitto, Pappalardo and Tolio [2] used a F-AHP to 
evaluate the best automated manufacturing system as a 
real life problem in 2002.  Authors point to managing 
uncertainty and flexibilities with F-AHP in the study. 
Also in the study, they adverted that different 
assessment techniques may cause to different 
evaluation results. In 2004, Enea and Piazza [3] 
proposed a F-AHP approach with triangular fuzzy 
numbers for project evaluation. At the end of the 
analysis, the results of the study are also obtained with 
triangular fuzzy numbers and evaluated. Ayağ and 
Özdemir [4] introduced a F-AHP approach for 
machine tool selection problem in 2006. They evaluate 
three different alternatives with 19 criteria in the 
problem with using     cuts in the F-AHP.  Same 
year, Noorul Haq and Kannan [5] applied F-AHP to a 
supply chain model for a vendor selection. Huang, 
Chu and Chiang [6] introduced a F-AHP which is 
applied to government-sponsored research and 
development project selection in Taiwan in 2008. In 
2009, Cebeci [7] used a Fuzzy based AHP technique to 
evaluate Enterprise Resource Planning (ERP) system 
solutions for a textile company.  
Hsu, Lee and Kreng [8] applied F-AHP to determine 
the importance degree of each criterion in lubricant 
regenerative technology selection problem in 2010. 
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The best supplier for a washing machine company is 
selected with using Fuzzy based AHP method by 
Kilincci and Onal [9] in 2011. They calculated both 
the weights of criteria and alternatives by using the 
Fuzzy AHP approach. In 2012, Shaw, Shankar, Yadav 
and Thakur [10] determine the weights of criteria with 
F-AHP in a developing low carbon supply chain 
problem. Then, they used the weights in fuzzy 
multi-objective linear programming method for the 
solution of the problem. In 2013, Jain, Singh and 
Mishra [11] determined the weights and prioritization 
for supplier selection criteria in the context of Indian 
manufacturing industry with a F-AHP approach. 
Junior, Osiro and Carpinetti [12] used F-AHP for a 
supplier selection decision in 2014. In the study, they 
compared the obtained results with Fuzzy AHP and 
Fuzzy TOPSIS (Technique for Order Performance by 
Similarity to Ideal Solution).  
In the literature, fuzzy based multi criteria decision 
making methods are commonly used to evaluate the 
projects and equipment that have high costs and 
multiple subjective judgements. Deviations caused by 
subjective judgements and uncertainties can be 
reduced by using the fuzzy based methods. 
 
III. FUZZY AHP 
 
A. Fuzzy Logic 
Fuzzy logic was developed from fuzzy set theory 
which was firstly introduced by Zadeh [13] in 1965. 
Fuzzy logic allows us to deal with uncertainty and 
subjective judgements of experts.  
There are various fuzzy number types are used in 
literature and triangular fuzzy number is the most 
common one. Normally, a triangular fuzzy number is 
shown as  321 ,,~ aaaA  .  
Let  321 ,,~ aaaA   and  321 ,,~ bbbB   be two 
different triangular fuzzy numbers and operations on 
triangular fuzzy numbers are done by using the 
following equations [14]. 
 

 332211 ,,~~ bababaBA         (1) 
 

 332211 ,,~~ bababaBA             (2) 
 

 123 ,,~)1( aaaA           (3) 
 











123

1 1,1,1~
aaa

A             (4) 

 
 321 ,,~ akakakAk           (5) 

 
B. Fuzzy Analytic Hierarchy Process  
Fuzzy Analytic Hierarchy Process (F-AHP) which is 
basically similar with AHP was firstly introduced by 
Saaty [15] in 1979. In F-AHP, fuzzy sets and fuzzy 
numbers are used instead of crisp sets and crisp 

numbers. Pairwise comparisons are applied with 
linguistic scales and fuzzy numbers in F-AHP method. 
Triangular fuzzy numbers will be used for pairwise 
comparisons and calculations in this study and the 
scale is given in Table I.  
 

Table I 
Linguistic pairwise comparison scale 

 
 

The computational steps of proposed F-AHP approach 
is given in the following steps.  
Step 1: Defining the problem: Firstly, the problem and 
the variables in the problem set are defined.  
Step 2: Constructing the hierarchical structure: After 
defining the problem, alternatives and criteria, the 
hierarchical structure is constructed.  
Step 3: Making the pairwise comparisons: Depend on 
the problem, decision makers or experts make the 
pairwise comparisons both among the alternatives and 
among the criteria.  
Step 4: Aggregating the pairwise comparison 
matrices:  
Pairwise comparison matrices which is done by 
decision makers or experts are aggregated by using the 
geometric mean formulation like AHP but with fuzzy 
numbers.  

D d
ijij aa  ~~          (6) 

D  is the number of decision makers, d
ija~  represents 

the thi  row thj column evaluation of decision maker 

d  and  ija~  represents the thi  row thj column result 
of the aggregated pairwise comparison matrix in (1). 
Step 5: Normalizations of the columns: Normalization 
for fuzzy numbers which was proposed by Wu and 
Lee [16] will be used in this step.  
 

   max
min/min  ijijij llxl       (7) 

   max
min/min  ijijij lmxm      (8) 

   max
min/min  ijijij lrxr       (9) 

where  ijijijij rmla ,,~   and    ijij lr minmaxmax
min   

Step 6: Calculating the fuzzy weights: Fuzzy weights 
are obtained by calculating the mean of the rows and 
calculation of the weights will be applied by using (10) 
for C  criteria.  

C

a
C

i
ij

1

~

             (10) 

Step 7: Priority weights: After calculating the weights 
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of the criteria and the weights vector of the alternatives 
for each criterion, priority weights for the alternatives 
are obtained by using (11).  




C

i
ijj aw

1

~            (11) 

Step 8: Defuzzification of the results: Results of fuzzy 
priority weight are defuzzified by using CFCS 
(Converting Fuzzy data into Crisp Scores) method 
[16] given below. 
 
First step of the defuzzification is normalization given 
in (7)–(9). 
Computing the left side (ls) and right side (rs) 
normalized values: 
 

 iiii xlxmxmxls  1/       (12) 
 iiii xmxrxrxrs  1/       (13) 

 
Computing the total normalized crisp values:  

    iiiiiii xrsxlsxrsxrsxlsxlsx  1/1  (14) 
 
Computing the crisp values:  

  max
minmin  iii xlz          (15) 

 
IV. INDUSTRIAL COFFEE MACHINE 
SELECTION 
 
The proposed F-AHP approach is applied to industrial 
coffee machine selection problem. A coffee house has 
five different brands’ coffee machine alternatives and 
want to select one of them for the coffee house. All of 
the five coffee machines are selected from different 
brands’ 3-group coffee machines. The names of the 
brands are hidden in the solution and “A i ” represents 
the thi  alternative.  
Evaluation criteria given in Table II are obtained by 
coffee machine experts and the owners of the coffee 
house who is the decision maker for this problem. 
After the calculations of the pairwise comparisons of 
the criteria obtained by the decision makers, fuzzy and 

crisp criteria weights given in Table III are obtained.  
 

Table II 
The evaluation criteria 

 
TABLE III 

The Weights of The Evaluation Criteria 

 
 
After determining the criteria weights, alternatives are 
evaluated among themselves according to each 
criterion. All of 12 evaluations are in the matrix form 
whose dimensions are . Because of this situation and 
fuzzy numbers, they take too much places to show. So, 
we give only the normalized fuzzy weight results for 
each criterion in Table IV which is the fuzzy decision 
matrix of the industrial coffee machine selection 
problem.  

 
TABLE IV 

Fuzzy Decision Matrix of The Industrial Coffee Machine Selection 

 
 

The next step is calculating the priority weights with 
using the values in Table IV and the weights of the 

evaluation criteria in (11). Obtained fuzzy priority 
weight results for the industrial coffee machine 
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alternatives are given in Table V.  
 

TABLE V 
Fuzzy Priority Weights of the Alternatives 

 
  
The last step of the calculations is defuzzification of 
the results according to Step 8 in Section III. 
Defuzzified and normalized priority weights for each 
alternative are given in Table VI. Results of the 
defuzzified priority weights show that the best 
alternative is the th4  alternative with the result of the 
highest priority weight. 
 

TABLE VI 
Defuzzified Priority Weights of the Alternatives 

 
 
CONCLUSION 
 
Group decision making process usually complicate to 
solve the problems. This study proposed a fuzzy 
analytic hierarchy process for industrial coffee 
machine selection problem is taken into consideration 
the evaluations of different experts and decision 
makers. The presented methodology can also be used 
for other equipment selection or multi criteria decision 
making problems. For further researches, the 
presented F-AHP methodology can also be integrated 
with other fuzzy multi criteria decision making 
methods to apply to various areas.  
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