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Abstract. Most of previous works on fuzzy linear regression concentrated on minimizing 

a function of spreads of fuzzy numbers, and did not take to account the centers of them, 

which may be important for decision maker. In this paper a goal programming approach 

is proposed in which both spreads and centers of fuzzy data are considered in the model. 

In contrast to the most of previous methods, handling both symmetric and asymmetric 

trapezoidal and triangular fuzzy data is another feature of proposed approach. 
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1. Introduction 

   Fuzzy linear regression (FLR) introduced by Tanaka et al. [4] in 1982, and developed 

rapidly through past three decades. Some authors (e.g. [2,4]) used mathematical 

programming (include linear and non-linear programming), and some others (e.g. [1,3]) 

used least-squares method to calculate regression coefficients.  

In this paper, a goal programming (GP) approach is presented to calculate the coefficients 

of FLR model with crisp input and trapezoidal (triangular) fuzzy output. A trapezoidal 

fuzzy number, say A
~

 in denoted by A
~

= ),,,( UL aa  where La ( Ua ) is lower (upper) 

middle point and  (  ) is left(right) spread of A
~

. If La = aaU  , A
~

 is a triangular 

fuzzy number and denoted by A
~

= ),,( a . 

2. Proposed approach 

   Suppose the given inputs are positive crisp numbers ijx   and the observed responses are 

trapezoidal fuzzy numbers iy~ ( ),,, iiiUiL rlyy , i=1,2,…,n,  j=1,2,…,p (n is the number 

of observations and p is the number of independent variables). Assume that the FLR 

coefficients are jA
~

= ( ),,, jjjUjL aa  ,   j=0,1,…,p.  Consider the FLR model as: 

                                  ppxAxAAY
~~~~

110   =


p

oj

jj xA
~

                                                (1)  

where 10 x . To estimate jA
~
’s, we try to close the lower middle points, upper middle 

points, left spreads, and right spreads of observed response iy~  to those of estimated 

response iY
~




p

oj

ijj xA
~

, respectively, i , as much as possible. This can be done by 

solving the following GP model:  

    Min  )(
1
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n
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     s.t.   
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                           i=1,2,…,n,                                          (2) 
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0

                         i=1,2,…,n,                                         (3) 
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0

                                i=1,2,…,n,                                          (4) 
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j

iiririjj rpnx
0

                                i=1,2,…,n,                                         (5) 

              0. ikik pn                                                 i=1,2,…,n,   rlULk ,,,                  (6) 

              jUjL aa ,  unrestricted,   0, jj  ,          j=0,1,…,p.                                           (7)   

In above model, for each i, iLn  and iLp are the negative and positive deviations between 

the lower middle points of estimated and observed response, respectively. Also, iUn  and 

iUp , iln  and ilp , and  irn  and irp   are similar deviations between the upper middle 

points, left spreads, and right spreads of them, respectively. 

The above GP model has some interesting feature:  I) The constraints (6) can be removed 

and solved the obtained LP model by available LP solvers. II) For symmetric data, the 

constraints (4) and (5) are equivalent. So one of them can be removed and solved a 

smaller model. III) For triangular data, jUjL aa   and iUiL yy  . So the constraints (2) and 

(3) are equivalent. Therefore one of them can be removed. IV) The constraints (2), (3), 

(4), and (5) are independent. Hence, the above GP model (and its relative LP model) can 

be decomposed to four separated GP (LP) models. This reduces the number of constraints 

of GP (LP) model by a noteworthy amount.  

The results of some numerical examples and simulation studies showed that the proposed 

approach is better than several previous methods, according to a criterion of goodness. 

3. Conclusion 

      A goal programming approach for evaluation of fuzzy linear regression model is 

proposed in this paper. The proposed approach introduces a goal programming model for 

calculating the regression coefficients. The proposed model is separable. So it can be 

decomposed to some smaller models, which is very useful especially when the number of 

observations is large. Furthermore, the proposed approach can handle both trapezoidal 

and triangular fuzzy numbers easily. Numerical results show better fitness of our model 

to the given data, in comparison with several previous ones. 
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