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The Steps of Fuzzy DEMATEL Method
Step 1: Generate the fuzzy direct- relation matrix
In order to identify the model of the relations among the n criteria, an n × n matrix is first generated. The influence of the element in each row exerted on the element in each column of this matrix can be represented a fuzzy number. If multiple experts' opinions are used, all experts must complete the matrix. arithmetic mean of all of the experts' opinions is used to generate the   direct relation matrix z.


The table below indicates the direct relation matrix, which is the same as pairwise comparison matrix of the experts.
The direct relation matrix
	
	U
	T
	P
	L
	M
	N
	E
	J

	U
	(0.000,0.000,0.000)
	(0.250,0.500,0.750)
	(0.000,0.250,0.500)
	(0.500,0.750,1.000)
	(0.250,0.500,0.750)
	(0.500,0.750,1.000)
	(0.250,0.500,0.750)
	(0.250,0.500,0.750)

	T
	(0.250,0.500,0.750)
	(0.000,0.000,0.000)
	(0.500,0.750,1.000)
	(0.250,0.500,0.750)
	(0.250,0.500,0.750)
	(0.500,0.750,1.000)
	(0.000,0.250,0.500)
	(0.250,0.500,0.750)

	P
	(0.250,0.500,0.750)
	(0.250,0.500,0.750)
	(0.000,0.000,0.000)
	(0.500,0.750,1.000)
	(0.000,0.250,0.500)
	(0.250,0.500,0.750)
	(0.250,0.500,0.750)
	(0.250,0.500,0.750)

	L
	(0.250,0.500,0.750)
	(0.500,0.750,1.000)
	(0.000,0.000,0.250)
	(0.000,0.000,0.000)
	(0.250,0.500,0.750)
	(0.000,0.250,0.500)
	(0.500,0.750,1.000)
	(0.500,0.750,1.000)

	M
	(0.500,0.750,1.000)
	(0.250,0.500,0.750)
	(0.000,0.250,0.500)
	(0.250,0.500,0.750)
	(0.000,0.000,0.000)
	(0.500,0.750,1.000)
	(0.000,0.250,0.500)
	(0.250,0.500,0.750)

	N
	(0.250,0.500,0.750)
	(0.000,0.250,0.500)
	(0.500,0.750,1.000)
	(0.250,0.500,0.750)
	(0.000,0.000,0.250)
	(0.000,0.000,0.000)
	(0.250,0.500,0.750)
	(0.000,0.250,0.500)

	E
	(0.000,0.250,0.500)
	(0.250,0.500,0.750)
	(0.500,0.750,1.000)
	(0.250,0.500,0.750)
	(0.500,0.750,1.000)
	(0.250,0.500,0.750)
	(0.000,0.000,0.000)
	(0.500,0.750,1.000)

	J
	(0.500,0.750,1.000)
	(0.000,0.250,0.500)
	(0.500,0.750,1.000)
	(0.000,0.250,0.500)
	(0.250,0.500,0.750)
	(0.000,0.250,0.500)
	(0.250,0.500,0.750)
	(0.000,0.000,0.000)




The following table shows the fuzzy scale used in the model.
Fuzzy Scale
	Code
	Linguistic terms	
	L
	M
	U

	1
	No influence
	0
	0
	0.25

	2
	Very low influence 
	0
	0.25
	0.5

	3
	Low influence 
	0.25
	0.5
	0.75

	4
	High influence
	0.5
	0.75
	1

	5
	Very high influence 
	0.75
	1
	1




Step 2:  Normalize the fuzzy direct-relation matrix
The normalized fuzzy direct-relation matrix can be obtained using the following formula:
   

where


The normalized fuzzy direct-relation matrix
	
	U
	T
	P
	L
	M
	N
	E
	J

	U
	(0.000,0.000,0.000)
	(0.043,0.087,0.130)
	(0.000,0.043,0.087)
	(0.087,0.130,0.174)
	(0.043,0.087,0.130)
	(0.087,0.130,0.174)
	(0.043,0.087,0.130)
	(0.043,0.087,0.130)

	T
	(0.043,0.087,0.130)
	(0.000,0.000,0.000)
	(0.087,0.130,0.174)
	(0.043,0.087,0.130)
	(0.043,0.087,0.130)
	(0.087,0.130,0.174)
	(0.000,0.043,0.087)
	(0.043,0.087,0.130)

	P
	(0.043,0.087,0.130)
	(0.043,0.087,0.130)
	(0.000,0.000,0.000)
	(0.087,0.130,0.174)
	(0.000,0.043,0.087)
	(0.043,0.087,0.130)
	(0.043,0.087,0.130)
	(0.043,0.087,0.130)

	L
	(0.043,0.087,0.130)
	(0.087,0.130,0.174)
	(0.000,0.000,0.043)
	(0.000,0.000,0.000)
	(0.043,0.087,0.130)
	(0.000,0.043,0.087)
	(0.087,0.130,0.174)
	(0.087,0.130,0.174)

	M
	(0.087,0.130,0.174)
	(0.043,0.087,0.130)
	(0.000,0.043,0.087)
	(0.043,0.087,0.130)
	(0.000,0.000,0.000)
	(0.087,0.130,0.174)
	(0.000,0.043,0.087)
	(0.043,0.087,0.130)

	N
	(0.043,0.087,0.130)
	(0.000,0.043,0.087)
	(0.087,0.130,0.174)
	(0.043,0.087,0.130)
	(0.000,0.000,0.043)
	(0.000,0.000,0.000)
	(0.043,0.087,0.130)
	(0.000,0.043,0.087)

	E
	(0.000,0.043,0.087)
	(0.043,0.087,0.130)
	(0.087,0.130,0.174)
	(0.043,0.087,0.130)
	(0.087,0.130,0.174)
	(0.043,0.087,0.130)
	(0.000,0.000,0.000)
	(0.087,0.130,0.174)

	J
	(0.087,0.130,0.174)
	(0.000,0.043,0.087)
	(0.087,0.130,0.174)
	(0.000,0.043,0.087)
	(0.043,0.087,0.130)
	(0.000,0.043,0.087)
	(0.043,0.087,0.130)
	(0.000,0.000,0.000)




Step 3: Calculate the fuzzy total-relation matrix
In step 3, the fuzzy total-relation matrix can be calculated by the following formula:


If each element of the fuzzy total-relation matrix is expressed as   , it can be calculated as follows:


 


In other words, the normalized matrix the inverse is first calculated, and then it is subtracted from the matrix I, and finally the normalized matrix is multiplied by the resulting matrix. The following table shows the fuzzy direct-relation matrix.
The fuzzy total-relation matrix
	
	U
	T
	P
	L
	M
	N
	E
	J

	U
	(0.024,0.140,1.293)
	(0.060,0.203,1.303)
	(0.025,0.173,1.320)
	(0.104,0.255,1.442)
	(0.060,0.192,1.246)
	(0.103,0.254,1.433)
	(0.062,0.206,1.314)
	(0.065,0.220,1.408)

	T
	(0.066,0.220,1.405)
	(0.016,0.121,1.182)
	(0.105,0.247,1.385)
	(0.067,0.221,1.406)
	(0.054,0.187,1.238)
	(0.104,0.254,1.430)
	(0.020,0.167,1.275)
	(0.062,0.216,1.401)

	P
	(0.061,0.211,1.361)
	(0.059,0.197,1.262)
	(0.021,0.123,1.194)
	(0.103,0.249,1.397)
	(0.018,0.151,1.173)
	(0.059,0.208,1.352)
	(0.061,0.200,1.272)
	(0.065,0.214,1.363)

	L
	(0.066,0.214,1.372)
	(0.100,0.234,1.302)
	(0.029,0.135,1.254)
	(0.021,0.129,1.253)
	(0.065,0.196,1.221)
	(0.026,0.176,1.330)
	(0.099,0.234,1.311)
	(0.109,0.253,1.407)

	M
	(0.104,0.249,1.389)
	(0.056,0.193,1.251)
	(0.021,0.164,1.267)
	(0.063,0.211,1.354)
	(0.014,0.103,1.081)
	(0.104,0.248,1.381)
	(0.018,0.159,1.228)
	(0.059,0.208,1.350)

	N
	(0.054,0.182,1.201)
	(0.015,0.137,1.083)
	(0.096,0.216,1.194)
	(0.061,0.190,1.208)
	(0.011,0.090,0.999)
	(0.014,0.102,1.080)
	(0.057,0.178,1.128)
	(0.018,0.150,1.171)

	E
	(0.031,0.195,1.431)
	(0.061,0.209,1.352)
	(0.109,0.258,1.442)
	(0.066,0.227,1.462)
	(0.100,0.237,1.328)
	(0.066,0.226,1.453)
	(0.019,0.131,1.247)
	(0.107,0.265,1.496)

	J
	(0.100,0.241,1.349)
	(0.015,0.152,1.183)
	(0.097,0.232,1.298)
	(0.024,0.171,1.284)
	(0.055,0.182,1.166)
	(0.021,0.168,1.275)
	(0.056,0.190,1.226)
	(0.019,0.125,1.199)




Step 4: Defuzzify into crisp values 
The CFCS method proposed by Opricovic and Tzeng has been used to obtain a crisp value of total-relation matrix. The steps of CFCS method are as follows:




So that 




Calculating the upper and lower bounds of normalized values:




The output of the CFCS algorithm is crisp values.
Calculating total normalized crisp values:

The crisp total-relation matrix
	
	U
	T
	P
	L
	M
	N
	E
	J

	U
	0.337
	0.387
	0.367
	0.453
	0.37
	0.45
	0.39
	0.42

	T
	0.418
	0.303
	0.438
	0.419
	0.365
	0.45
	0.352
	0.416

	P
	0.404
	0.377
	0.308
	0.442
	0.325
	0.401
	0.38
	0.409

	L
	0.409
	0.413
	0.328
	0.323
	0.369
	0.371
	0.413
	0.448

	M
	0.44
	0.372
	0.352
	0.404
	0.273
	0.439
	0.339
	0.402

	N
	0.358
	0.3
	0.386
	0.366
	0.249
	0.273
	0.341
	0.327

	E
	0.4
	0.399
	0.455
	0.432
	0.418
	0.429
	0.32
	0.469

	J
	0.428
	0.328
	0.413
	0.361
	0.35
	0.357
	0.365
	0.311



Step 5: set the threshold value
The threshold value must be obtained in order to calculate the internal relations matrix. Accordingly, partial relations are neglected and the network relationship map (NRM) is plotted. Only relations whose values in matrix T is greater than the threshold value are depicted in the NRM. To compute the threshold value for relations, it is sufficient to calculate the average values of the matrix T. After the threshold intensity is determined, all values in matrix T which are smaller than the threshold value are set to zero, that is, the causal relation mentioned above is not considered.
In this study, the threshold value is equal to 0.380.38
All the values in matrix T which are smaller than 0.380.38 are set to zero, that is, the causal relation mentioned above is not considered. The model of significant relations is presented in the following table. 
The crisp total- relationships matrix by considering the threshold value
	
	U
	T
	P
	L
	M
	N
	E
	J

	U
	0
	0.387
	0
	0.453
	0
	0.45
	0.39
	0.42

	T
	0.418
	0
	0.438
	0.419
	0
	0.45
	0
	0.416

	P
	0.404
	0
	0
	0.442
	0
	0.401
	0
	0.409

	L
	0.409
	0.413
	0
	0
	0
	0
	0.413
	0.448

	M
	0.44
	0
	0
	0.404
	0
	0.439
	0
	0.402

	N
	0
	0
	0.386
	0
	0
	0
	0
	0

	E
	0.4
	0.399
	0.455
	0.432
	0.418
	0.429
	0
	0.469

	J
	0.428
	0
	0.413
	0
	0
	0
	0
	0




Step 6: Final output and create a causal relation diagram
The next step is to find out the sum of each row and each column of T (in step 4). The sum of rows (D)   and columns (R) can be calculated as follows:
 
 
Then, the values of D+R and D-R can be calculated by D and R, where D+R represent the degree of importance of factor i in the entire system and D-R represent net effects that factor i contributes to the system.
The table below shows the final output.
The final output
	
	R
	D
	D+R
	D-R

	U
	3.193
	3.174
	6.367
	-0.019

	T
	2.879
	3.162
	6.041
	0.283

	P
	3.047
	3.046
	6.093
	-0.002

	L
	3.2
	3.075
	6.274
	-0.125

	M
	2.719
	3.02
	5.739
	0.301

	N
	3.172
	2.6
	5.771
	-0.572

	E
	2.901
	3.322
	6.223
	0.422

	J
	3.202
	2.913
	6.115
	-0.288




The following figure shows the model of significant relations. This model can be represented as a diagram in which the values of (D+R) are placed on the horizontal axis and the values of (D-R) on the vertical axis. The position and interaction of each factor with a point in the coordinates (D+ R, D-R) are determined by coordinate system.

cause-effect diagram
Step 7: Interpret the results
According to the diagram and table above, each factor can be assessed based on the following aspects:
- Horizontal vector (D + R) represents the degree of importance between each factor plays in the entire system. In other words, (D + R) indicates both factor i’s impact on the whole system and other system factors’ impact on the factor. in terms of degree of importance, U is ranked in first place and L, E, J, P, T, N and M, are ranked in the next places.In this study, T, M, E are considered to be as a causal variable, U, P, L, N, J are regarded as an effect.

- The vertical vector (D-R) represents the degree of a factor’s influence on system. In general, the positive value of D-R represents a causal variable, and the negative value of D-R represents an effect. in terms of degree of importance, U is ranked in first place and L, E, J, P, T, N and M, are ranked in the next places.In this study, T, M, E are considered to be as a causal variable, U, P, L, N, J are regarded as an effect.

Cause-Effect diagram
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