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Abstract 

     This paper proposes a bi-level linear programming problem with linear 
constraints, in which the linear objective functions are to be maximized with 
different rough goals, the suggested approach in this paper is mainly based on the 
iterative goal programming method of Dauer and Krueger to develop the optimal 
solution of the bi-level decision- maker, then we uses the concepts of tolerance 
membership function technique to generate the optimal solution for this problem. 
An auxiliary problem is discussed as well as an example is presented.  

     Keywords: Bi –level programming, rough programming, goal programming.     

 

1 Introduction 
 
Rough set theory has been proposed by Pawlak in 1982, the aim is to maximize or 
minimize an objective function over certain set of feasible solutions. But in many 
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practical situations, the decision maker may not be in a position to specify the 
objective and/or the feasible set precisely but rather can specify them in a rough 
sense ([12], [13]). 
 
Rough set models based on incomplete systems [23], covering rough sets, rough 
fuzzy sets and fuzzy rough sets ([9], [10]), Rough set theory has been proven to be 
an excellent mathematical tool dealing with vague description of objects ([3], [7], 
[8], [16], [20][25]). 
 
Bi-level programming is a powerful and robust technique for solving hierarchical 
decision making problem. It has been applied in many real life problems such as 
agriculture, bio-fuel production, economic systems, finance, engineering, banking, 
management sciences, and transportation problem ([1], [15], [17], [18], [21]). 
 
Goal programming is one powerful tool that has been proposed for the modeling, 
analysis and solution of multi-objective optimization problems [6]. Dauer and 
Krueger in [4] suggested an iterative goal programming approach for solving 
multi objective nonlinear programming problems [2].  
 
In [5] Emam proposed a bi-level integer non-linear programming problem with 
linear or non-linear constraints, and in which the non-linear objective function at 
each level are to maximized. It proposed a two planner integer model and a 
solution method for solving this problem. In [19] Saraj and Safaei used the global 
criterion method, to solve the bi-level programming by an interval approach on 
using Karush-Kuhn-Tucker (KKT) conditions, and global criterion method 
converts to a single objective. 
 
Since Pawlak proposed the concept of the rough set, it has rapidly developed and 
been applied in many fields. Pawlak and Slowinski applied the rough set approach 
to multi-attribute decision problems [14]. Xu and Yao discussed a class of linear 
multi-objective programming problems with random rough coefficients and gave 
a crisp equivalent model [22]. Youness applied the rough set to the classification 
of the feasible area in mathematical programming and called it Rough 
programming [24].  
 

2 Problem Formulation and Solution Concept 
 
Let �� ∈ ��� , (
 = 1,2) be a vector variables indicating the first decision level’s 
choice and the second decision level’s choice,�� ≥ 1, (
 = 1,2). 
 
Let F�: ��� → ��� , (
 = 1,2) be the first level objective functions, and the second   
level   objective   functions, respectively. Let the first level decisions maker and 
second level decisions maker have ��  and �� objective function, respectively.  
 
Therefore, the bi-level linear programming problem contains rough parameters 
may be stated as follows: 
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First Level Decision Maker 
  max��  F�(�, ξ) = max�� �f��, … , f�"�#,                                                                       (1) 

 
Where �� solves 
 
Second Level Decision Maker 
 max�$  F�(�, ξ) = max�$ �f��, … , f�"$#,                                                                       (2) 

 
Subject to 
 
                % ∈ &,                                                                                                                  (3) 
 
                & = '((��, ��)|*�(��, �� () ≤ y, 
 = 1,2, … -,( 
 
                                               (��, �� ≥ 0/. 
Where 
 

f01 = 2 ξ01�1
�

34�   , 
 = 1,2, … , �5. 
 &is the bi-level linear constraint set.1F  and 2F are linear functions contains rough 
parameters with definite goals.  
 
Now, going back to the bi-level multi-objective linear programming problem 
contains rough parameters. We can write an associated goal programming for this 
problem with(�� + ��)  goals as follows: 
 
[First Level Decision Maker] 
 
                     Achieve 7��(�, ξ) = 8��,  
 
                     Achieve 7��(�, ξ) = 8��,                                                        (4) 
                             . 
                             . 
                             . 
                     Achieve7���(�, ξ) = 8��� , 
 
                     Where2x solves 
 
[Second Level Decision Maker] 
 
                     Achieve 7��(�, ξ) = 8��, 
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                     Achieve 7��(�, ξ) = 8��,                                                        (5) 
                             . 
                             . 
                             . 
                     Achieve7��$(�, ξ) = 8��$ , 
 
Subject to  
   % ∈ &.                                                                                 (6) 
 
Where 8��� , 8��$ are scalars and represent the aspiration levels associated with 
the objectives of the First level decision maker and Second level decision maker, 
respectively. 
 

3 The Transformation of Random Rough Coefficient 
[22] 
 
To convert the bi-level multi-objective linear programming problem with random 
rough coefficient in the objective functions into the respective crisp equivalents 
for solving a trust probability constrains, this process is usually hard work for 
many cases but the transformation process is introduced in the following theorem.  
 
Theorem 1: Assume that random rough variable 9̅;<= is characterized by 9̅;<=(>)~@�9<=(>), A<B#, where 9<=(>) CD9<=(>)E�F� = �9<�(>), 9<�(>), … , 9<�(>)#GH is 

a rough variable and A<B is a positive definite covariance matrix. It follows that 9<(>)G% = (IJ, KL, I9, ML) (where c ≤ a ≤ b ≤d) is a rough variable and 
characterized by the following trust measure function: 
 

ΤN'c<(λ)Τx ≥ t/ =
QR
RS
RR
T 0                                        if d ≤ t,d − t2(d − c)                                  if b ≤ t ≤ d,12 Cd − td − c + b − tb − aH                  if a ≤ t ≤ b,12 Cd − td − c + 1H                         if c ≤ t ≤ a,1                                        if t ≤ c.

( 
 
Then, we have ΤN'λ|ΡN'c<(λ)Τx ≥ f<(x)/ ≥ δ</ ≥ γ<  if and only if 
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QRS
RT b + R ≤ f< ≤ d − 2γ<(d − c) + R                                                             if b ≤ M ≤ d,

a + R ≤ f< ≤ d(b − a) + b(d − c) − 2γ<(d − c)(b − a)d − c + b − a + R             if a ≤ M ≤ b,c + R ≤ f< ≤ d − (d − c)�2γ< − 1# + R                                                  if c ≤ M ≤ a,f< ≤ c + R                                                                                                if M ≤ C.
( 

 
Where M = f< − ∅]�(1 − δ<)^�_V<a� and R = ∅]�(1 − δ<)^�_V<a�, and Φ is the 
standardized normal distribution and δ< , γ< ∈ I0,1L are predetermined confidence 
levels. 
 
To proof theorem 1 above, the reader is referred to [22]. 
 
3.1 The Equivalent Crisp Problem of Bi-Level Rough Linear 
Problem 
 
The equivalent bi-level multi-objective linear programming problem equivalent to 
the bi-level multi-objective linear programming problem contains rough 
parameters with definite goals in objective functions may be stated as follows: 
 
[First Level Decision Maker] 
 max ��  h�(�) = max��  �h��, … , h�"�#, 
 
[Second Level Decision Maker] 
 max�$  h�(�) = max �$ �h��, … , h�"$#, 
 
Subject to 
              % ∈ &, 
 
               & = '((��, ��)|*�(��, �� () ≤ y, 
 = 1,2, … -,( 
 
                                              (��, �� ≥ 0/. 
 
Where ℎ�, ℎ�are the objective functions of the first level decision maker (FLDM), 
and second level decision maker (SLDM). 
 
Definition 1: For any %�(%� ∈ &� = '%�|(��, ��) ∈ &/) achieves the first level 
decision maker goals with under attainment or over attainment, if the decision-
making variable %�(%� ∈ &� = '%�|(��, ��) ∈ &�/) achieves is the second level 
decision maker goals with under attainment or over attainment, then (��, ��) is a 
feasible solution of the rough goal bi-Level multi-objective linear programming  
problem. 
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Definition 2: If (%�∗, %�∗) is a feasible solution of the rough goal bi-Level multi-
objective linear programming  problem, such that the first level decision maker 
achieves all goals; so (%�∗, %�∗) is the Pareto optimal solution of the rough goal bi-
Level multi-objective linear programming  problem. 

 
4 A Goal Approach for the Bi-Level Multi-Objective 
Linear Programming Problem   
 
To solve the bi-level multi-objective linear programming problem with definite 
goals, one first get the optimal solution of the first level decision maker with 
definite goals, and the second level decision maker should get his optimal solution 
with definite goals, as follows:  
 
4.1 The First Level Decision Maker  
 
First, the first level decision maker solves the following problem: 
 
Achieve (ℎ��(%), … , ℎ���(%)) = (8��, … 8���),                                                  (7) 
 
Subject to  
              % ∈ &. 
 
Where 8��, … , 8��� are scalars, and represent the aspiration levels associated with 
the objectives, ℎ��, … , ℎ���, respectively. 
 
We consider the following bi-level multi-objective linear programming problem 
associated to the first goal as:  
 P��:                       MinimizeD�� = d��] + d��j ,                                                         (8) 
  

   Subject to ℎ��(%)+ M��] − M��j = k��, 
 % ∈ &, 
 M��] , M��j ≥ 0. 
 
 
Where M��]   and M��j  are the under attainment and over attainment, respectively, of 
the first goal and  d��] X d��j = 0. 
 
Then the attainment problem associated with the second goal is equivalent to the 
optimization problemm�� , where: 
 m��:                        Minimize D�� = d��] + d��j ,                                                             (9) 
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                             Subject to ℎ��(%) + M��] − M��j = k��, 
 ℎ��(%)+ M��] − M��j = k��, 
 M��] + M��j =  n��∗ , 
 x ∈ G, 
 M�p] , M�pj ≥ 0. 
 
The optimal solution of the first level decision maker %∗ = (%�q , %�q). 
 
4.2 The Second Level Decision Maker  
 
Second, in the same way, the second level decision maker independently solves: 
 
Achieve(ℎ��(%), … , ℎ��$(%)) = (8��, … 8��$),                                                 (10)           
 
Subject to  
              % ∈ &. 
 
Where 8��, … , 8��$ are scalars, and represent the aspiration levels associated with 
the objectives, ℎ��, … , ℎ��$, respectively. 
 
The second level decision maker will do the same action as the first level decision 
maker till he obtain his optimal solution %∗ = (%�r, %�r). 
 

5 Fuzzy Approach of Bi-Level Linear Programming 
with Rough Parameters Problem    
 
Now the solution of the first level decision maker and second level decision 
maker are disclosed. However, two solutions are usually different because of 
nature between two levels goals. The first level decision maker knows that using 
the optimal decisions x�s as a control factors for the second level decision maker 
are not practical. It is more reasonable to have some tolerance that gives the 
second level decision maker an extent feasible region to search for his/her optimal 
solution, and reduce searching time or interactions.  
 
In this way, the range of decision variable x� should be around x�s with maximum 
tolerance t� and the following membership function specify x�as: 
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µ(x�) = t��]���u]v�#v�                          x�s − t� ≤ x� ≤ x�s,
���ujv�#]��v�                         x�s ≤ x� ≤ x�s − t�. (                                      (11) 

 
Where X�s is the most preferred solution; the (X�s − t�) and (X�s + t�) are the 
worst acceptable decision; and that satisfaction is linearly increasing with the 
interval of wX�s − t� , x�y and linearly decreasing withwx�, X�s − t�y, and other 
decision are not acceptable. 
 
First, the first level decision maker goals may reasonably consider h� ≥ h�s is 
absolutely acceptable and  h� < h�{ = h��x�|, x�|# is absolutely unacceptable, and 
that the preference with Ih�,{ h�sL is linearly increasing. This due to the fact that the 
second level decision maker obtained the optimum at�x�|, x�|#, which in turn 
provides the first level decision maker the objective function values h�{ , makes 
any h� ≥ h�{ = h�(x�|, x�|) unattractive in practice. 
 
The following membership functions of the first level decision maker can be 
stated as: 
 

µ̀Ih�(x)L = QS
T 1                         if h�(x) > h�s,��(�)]��{��u]��{                         if h�{ ≤ h�(x) ≤ h�s,0                          if h�{ ≥ h�(x).

(                   (12) 

 
Second, the second level decision maker goals may reasonably consider the h� ≥ h�| is absolutely acceptable and h� < h�{ = h2(x1F , x2F)  is absolutely 
unacceptable, and that the preference with Ih�,{ h�|L is linearly increasing. In this 
way, the second level decision maker has the following membership functions for 
his/her goal: 
 

µ̀Ih�(x)L = QS
T 1                               if h�(x) > h�| ,�$(�)]�${�$�]�${                               if h�{ ≤ h�(x) ≤ h�|,0                                if h�{ ≥ h�(x).

(        (13)    

 
Finally, in order to generate the satisfactory solution, which is also a Pareto 
optimal solution with overall satisfaction for all decision-makers, we can solve the 
following Tchebycheff problem. 
 
                               -J% �,                     (14) 
 
                               Subject to (%�s + ��) − %��� ≥ �, 
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%� − (%�s − ��)�� ≥ �, 
 

µ̀Ih�(x)L ≥ �, 
 

µ̀Ih�(x)L ≥ �, 
 (��, ��) ∈ &, 
 �� > 0 , � ∈ I0,1L. 
 
Where � is the over all satisfaction. 
 
If the first level decision maker is satisfied with solution then satisfactory solution 
is reached. Otherwise, he/she should provide new membership function for the 
control variable and objectives to the second level decision maker, until a 
satisfactory solution is reached. 
 

6 Numerical Example 
 
To demonstrate the solution method for bi-level multi-objective linear 
programming problem under random rough coefficient in objective functions can 
be written as: 
 
[1st Level] 
 maxF� 7��(%)  =  �� + �� + ��, 
 maxF� 7��(%)  =  a��� + a��� + a���, 
 
Where %� solves 
 
[2nd Level] 
 maxF$ 7��(%)  =  �� + �� + ��, 
 maxF$ 7��(%)  =  a��� + a��� + a���, 
 
Subject to  

ΤN'>| ΡN'���� + ���� + ���� ≥ ℎ�/ ≥ ��/ = 8�� 
 

ΤN'>|ΡN'a����� + a����� + a����� ≥ ℎ�/ ≥ ��/ = 8�� 
 

ΤN'>|ΡN'���� + ���� + ���� ≥ ℎ�/ ≥ ��/ = 8�� 
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ΤN'>| ΡN'a������ + a������ + a������ ≥ ℎ�/ ≥ ��/ = 8�� 
 �� + �� +  �� ≤ 1000, 
 2�� +  �� + �� ≤ 2000, 
 4�� +  2�� + �� ≤ 9000, 
 �� ≥ 0, �� ≥ 0, �� ≥ 0. 
 
Where a = (a�, a�, a�) = (1.5,0.5,1.5),  and assume that the rough parameters are 
defines as: 
 ��~@(��, 1), with �� = (I2,3L, I1,4L),       ��~@(��, 4), with �� = (I1,2L, I0,3L), 
 ��~@(��, 1), with �� = (I4,5L, I3,6L),       ��~@(��, 2), with �� = (I3,4L, I2,5L), 
 ��~@(��, 1), with �� = (I2,3L, I0,3L),       ��~@(��, 4), with �� = (I1,2L, I0,3L), 
 ��~@(��, 4), with �� = (I1,2L, I0,3L),       ��~@(��, 1), with �� = (I2,3L, I0,3L), 
 ��~@(��, 2), with �� = (I2,3L, I1,4L),  ���~@(���, 1), with ��� = (I0,1L, I0,2L), 
 ���~@(���, 1), with ��� = (I3,4L, I2,5L),   ���~@(���, 1), with ��� =(I0,1L, I0,3L), 
 
Let  ��  =   ��  =  0.4, thenФ]�(1 − ��) =  0.26. 
 
Now by using theorem 1, the equivalent crisp problem which equivalent to bi-
Level multi-objective linear programming problem under rough parameters in 
objective functions with definite goals, as follows:-  
 
[FLDM] 
 

Achieve ℎ�� = D1.6�� + 0.6�� + 3.6�� + 0.26^��� + 4��� + ���E = 8��, 
Achieve ℎ��  = D3.9�� + 0.3�� + 0.9 �� + 0.26^2��� + ��� + 4���E = 8��, 
 
Where %� solves 
 
[SLDM] 
 

Achieve ℎ��  = D0.6�� + 0.6�� + 1.6�� + 0.26^4��� + ��� + 2���E = 8��, 
Achieveℎ�� = D0.6�� + 1.3 �� + 0.9 �� + 0.26^��� + ��� + ���E = 8��. 
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                       Subject to  % ∈ & = '  �� +   �� +  �� ≤ 1000, 
                                                     2�� +   �� +  �� ≤ 2000, 
                                                     4�� +  2�� + �� ≤ 9000, 
                                                       �� ≥ 0, �� ≥ 0, �� ≥ 0/. 
 
Then, calculating trust for every rough coefficients using trust measure function in 
theorem 1: 
 Tr '��/ = 0.9, Tr '��/ = 0.9 , Tr '��/ = 0.9, Tr '��/ = 0.9, Tr '��/ =0.9, Tr '��/ = 0.9, Tr '��/ = 0.9, Tr '��/ = 0.9 , Tr '��/ = 0.9, Tr '���/ =0.7 , Tr '���/ = 0.9, Tr '���/ = 0.6  
 
So, with trust more than or equal ∝ is 0.6 the equivalent crisp problem which 
equivalent to bi-Level multi-objective linear programming problem under rough 
parameters in objective functions. 
 
Now, we can write an associated goal programming for this problem with (��, ��) goals as follows:- 
  
[First Level Decision Maker] 
 max��  h�(��, ��, ��)

= maxF� �1.6�� + 0.6�� + 3.6�� + 0.26���� + 4��� + ���, 3.9��
+ 0.3�� + 0.9 �� + 0.26�2��� + ��� + 4����, 

 
Where �� solves 
 
[Second Level Decision Maker] 
 max�$  h�(��, ��, ��)

= max �0.6�� + 0.6�� + 1.6�� + 0.26�4��� + ��� + 2���, 0.6��
+ 1.3 �� + 0.9 �� + 0.26���� + ��� + ����, 

 
                      Subject to % ∈ & = '�� +  �� +  �� ≤ 1000, 
                                                     2�� +  �� +  �� ≤ 2000, 
                                                     4�� +  2�� + �� ≤ 9000, 
                                                       �� ≥ 0, �� ≥ 0, �� ≥ 0. / 
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1- First, the first level decision maker solves his/her Problem as following: 
 

Achieve 1.6�� + 0.6�� + 3.6�� + 0.26^��� + 4��� + ��� = 8��, 
Achieve 3.9�� + 0.3�� + 0.9 �� + 0.26^2��� + ��� + 4��� = 8�� , 
 
Subject to  
               x ∈ G. 
 
The aspiration levels of the goals are assumed to be k�� = 220,  k��, = 240, 
respectively. Then, the optimization problem associated with the first goal is 
formulated as follows: 
 m��:  �
�
-
�� n�� = M��] + M��j , 
         Subject to 

                       1.6�� + 0.6�� + 3.6�� + 0.26^��� + 4��� + ���+M��] − M��j = k��,                                
                        % ∈ &, 
                      M��] , M��j ≥ 0. 
 
The maximum degree of attainment of problem m�� is n��∗ = 0.0001 with the 
optimal solution �� = (45.5717,30,30) and M��] = 0, M��j = 0.0001. 
 
The attainment problem for goal 2 of the first level decision maker is equivalent to 
problemm��, where: 
 m��:  �
�
-
�� n�� = M��] + M��j  
         Subject to 

                  3.9�� + 0.3�� + 0.9 �� + 0.26^2��� + ��� + 4��� + M��] − M��j = k��, 
                  1.6�� + 0.6�� + 3.6�� + 0.26^��� + 4��� + ��� +M��] − M��j = 220, 
                  M��] + M��j = 0.0001, 
                  x ∈ G, 
                  M�p]  , M�pj ≥ 0. 
 
Therefore, the optimal solution of the model m�� is �� = (45.7385,49.9999,24.3159), M��] = 0, M��j = 0.0001,  M��] =0.0027  , M��j = 0  , so the optimal solution of the bi-level multi-objective linear 
goal programming model is given by %∗ which will be the optimal solution of the 
first level decision maker%∗ = (��, ��, ��) = (45.7385,49.9999,24.3159). 
 
 
2- Second, the second level decision maker solves his/her Problem as 
following: 
 

Achieve 0.6�� + 0.6�� + 1.6�� + 0.26^4��� + ��� + 2��� = 8��, 
Achieve 0.6�� + 1.3 �� + 0.9 �� + 0.26^��� + ��� + ��� = 8��, 
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Subject to  
               % ∈ &. 
 
The aspiration levels of the goals are assumed to be 8�� = 135, 8�� = 125 
respectively. Then, the optimization problem associated with the first goal is 
formulated as follows: m��: �
�
-
�� n�� = M��] + M��j , 
        Subject to 

                  0.6�� + 0.6�� + 1.6�� + 0.26^4��� + ��� + 2��� + M��] − M��j = 8��, 
                         x ∈ G, 
                         M��]  , M��j ≥ 0. 
 
The maximum degree of attainment problem m�� is n��∗ = 0 with the optimal 
solution % = (54.9969,44.9952,26.6205) and M��] = 0, M��j = 0. 
 
The attainment problem for goal 2 of the second level decision maker is 
equivalent to problemm�� , where: 
 m��: �
�
-
�� n�� = M��] + M��j , 
        Subject to 

                   0.6�� + 1.3 �� + 0.9 �� + 0.26^��� + ��� + ��� + M��] − M��j = 8��, 
                   0.6�� + 0.6�� + 1.6�� + 0.26^4��� + ��� + 2��� +M��] − M��j = 135,                  
                   M��] + M��j = 0, 
                   x ∈ G, 
                  M�p] , M�pj ≥ 0. 
 
Therefore, the optimal solution of the model m�� is � = (50.3748,36.0144,33.0098), M��] = 0, M��j = 0, M��] = 0.0026, M��j = 0 , so 
the optimal solution of the bi-level multi-objective linear goal programming 
model is given by%∗which will be the optimal solution of the second level 
decision maker %∗ = (50.3748,36.0144,33.0098). 
 
3- Finally, we assume the first level decision maker control decision x�s =45.7385  with the tolerance 5, the second level decision maker solves the 
following Tchebycheff problem as follows:  
 �J% �, 
Subject to % ∈ &, −�� − 5 � ≥ −50.7385, 
 �� − 5 � ≥ 40.7385, 
 D1.6�� + 0.6�� + 3.6�� + 0.26^��� + 4��� + ���E + 25.45518 � ≥ 245.45512, 
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�3.9�� + 0.3�� + 0.9 �� + 0.26�2��� + ��� + 4���� + 23.91089556 �≥ 263.9082316, 
 D0.6�� + 0.6�� + 1.6�� + 0.26^4��� + ��� + 2���E − 10.1100363 � ≥124.889988, 
 D0.6�� + 1.3 �� + 0.9 �� + 0.26^��� + ��� + ���E + 8.0484499 � ≥133.0459499, � ∈ I0, lL.   
 
Whose, optimal solution is: (��, ��, ��) = (45.9016,49.6429,30.000), � =0.9622 , ℎ� = (240.71811,247.26846), J�M ℎ� = (134.61826,138.3086) 
 
Overall satisfaction for both decisions makers. 
 

7 Summary and Concluding Remarks: 
 
This paper proposed a bi- level linear programming problem with linear 
constraints, in which the linear objective functions are to be maximized with 
different rough goals, the suggested approach in this paper was mainly based on 
the iterative goal programming method of Dauer and Krueger to develop the 
optimal solution of the bi-level decision- maker, then we used the concepts of 
tolerance membership function technique to generate the optimal solution for this 
problem.  
 

References 
 
[1] I.A. Baky, Solving multi-level multi-objective linear programming 

problems through fuzzy goal programming approach, Applied 
Mathematical Modeling, 34(9) (2010), 2377-2387. 

[2] F.B. Abdelaziz, Multiple objective programming and goal programming: 
New trends and applications, European Journal of Operational Research, 
177(3) (2007), 1520-1522. 

[3] Y. Cheng, D.Q. Miao and Q.R. Feng, Positive approximation and converse 
approximation in interval-valued fuzzy rough sets, Information Sciences, 
181(11) (2011), 2086-2110.  

[4] J.P. Dauer and R.J. Krueger, An iterative approach to goal programming, 
Operational Research Quarterly, 28(1977), 671-681. 

[5] O.E. Emam, A fuzzy approach for bi-level integer non-linear 
programming problem, Applied Mathematics and Computation, 
172(2006), 62-71.  

[6] O.E. Emam, On bi–level integer non-linear multi objective goal 
programming problem based on fuzzy approach, Modeling Measurement 
and Control, AMSE, 31(1) (Series D) (2010), 54-65.  



On the Solution of Rough Goal Bi-Level…                                                            73 

 

[7] A.A. Estaji, S. Khodaii and S. Bahrami, On rough set and fuzzy sublattice, 
Information Sciences, 181(18) (2011), 3981-3994. 

[8] F. Feng, Y.M. Li, V. Leoreanu-Fotea and Y.B. Jun, Soft sets and soft 
rough sets, Information Sciences, 181(6) (2011), 1125-1137. 

[9] Q. He, C.X. Wu and D.G. Chen, Fuzzy rough set based attribute reduction 
for information systems with fuzzy decisions, Knowledge-Based Systems, 
24(5) (2011), 689-696.  

[10] B. Huang, Graded dominance interval-based fuzzy objective information 
systems, Knowledge-Based Systems, 24(7) (2011), 1004-1012.  

[11] M.S. Osman, W.F.A. El-Wahed, M.K. El Shafei and H.B. Abd El Wahab, 
A proposed approach for solving rough bi-level programming problems by 
genetic algorithm, Int. J. Contemp. Math. Sciences, 30(2011), 1453-1465.  

[12] M.S. Osman, M.A. Abo-Sinna, A.H. Amer and O.E. Emam, A multi-level 
nonlinear multi-objective decision-making under fuzziness, Applied 
Mathematics and Computation, 153(2004), 239-252.  

[13] M.S. Osman, E.F. Lashein, E.A. Youness and T.E.M. Atteya, Rough 
mathematical programming optimization, A Journal of Mathematical 
Programming and Operations Research, 58(2009), 1-8.  

[14] Z. Pawlak and R. Slowinski, Rough set approach to multi-attribute 
decision analysis, European Journal of Operational Research, 72(1994), 
443-459. 

[15] C.O. Pieume, P. Marcotte, L.P. Fotso and P. Siarry, Generating efficient 
solutions in bi-level multi-objective programming problems, American 
Journal of Operations Research, 3(2013), 289-298.  

[16] Y.H. Qian, J.Y. Liang, W.Z. Wu and C.Y. Dang, Information granularity 
in fuzzy binary GrC model, IEEE Transactions on Fuzzy Systems, 19(2) 
(2011), 253-264.  

[17] E. Roghanian, S.J. Sadjadi and M.B. Aryanezhad, A probabilistic bi-level 
linear multi-objective programming problem to supply chain planning, 
Applied Mathematics and Computation, 188(2007), 786-800.  

[18] M. Sakawa, H. Katagiri and T. Matsui, Stackelberg solutions for fuzzy 
random two-level linear programming through probability maximization 
with possibility, Fuzzy Sets and Systems, 188(2012), 45-57. 

[19] M. Saraj and N. Safaei, Solving bi-level programming problems on using 
global criterion method with an interval approach, Applied Mathematical 
Sciences, 6(23) (2012), 1135-1141.  

[20] Z.H. Shi and Z.T. Gong, The further investigation of covering-based rough 
sets: Uncertainty characterization, similarity measure and generalized 
models, Information Sciences, 180(19) (2010), 3745-3763.  

[21] M.D. Toksari, Taylor series approach for bi-level linear fractional 
programming problem, Seluck Journal of Applied Mathematics, 11(2010), 
63-69. 

[22] J. Xu and L. Yao, A class of multi objective linear programming models 
with random rough coefficients, Mathematical and Computer Modeling, 
49(2009), 189-206.  



74                                                                                                      T.I. Sultan et al. 
                                                                                                     

  

[23] X.B. Yang, M. Zhang and H.L. Dou, Neighborhood systems-based rough 
sets in incomplete information system, Knowledge-Based Systems, 24(6) 
(2011), 858-867.  

[24] E.A. Youness, Characterizing solutions of rough programming problems, 
European Journal of Operational Research, 168(2006), 1019-1029.  

[25] X.Y. Zhang, Z.W. Mo, F. Xiong and W. Cheng, Comparative study of 
variable precision rough set model and graded rough set model, 
International Journal of Approximate Reasoning, 53(1) (2012), 104-116. 

 


