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Abstract. This paper, the rough bilevel nonlinear programming problem
(RBNPP) is discussed taking into consideration which level is more important
than the other. BNPP is transformed into a crisp unconstrained programming
problem. A trust-region method is used to ensure the global convergence of the
algorithm. The mechanism of solving RBNPP is presented. There are many
situations of roughness in these problems are discussed. The solution procedures
for solving all roughness situations are introduced based on the new proposed
methodology. The definitions of solutions are defined in all different situations.
Also, we show the definition of the fully optimal solution of the BNPPs. Finally,
numerical examples are given to show solution procedures of a RBNPP based on
the new methodology.

1. Introduction

Bilevel problems (BLP) are one of the most interesting branches of mathematical programming
programs see e.g., [1, 2].

Karush-Kuhn-Tucker (KKT) approach [3] is an interesting method to deal with BLP. The
lower level is replaced by its the KKT-conditions. The objective function of the 2nd level
sometimes is very important and must be satisfied first. So, a new methodology treats BLP
depend on which level is important to decision maker (DM) . If the 1st level superior, then the
2nd level programming problem is replaced with its KKT conditions. Otherwise, if the 2nd level
is superior, the 1st level is replaced with its KKT conditions. So, the suggestion here is solving
BLP twice, one as 1st level is superior and the 2nd level is superior. If the solution of both is the
same, the full optimal solution of BLP is gotten. This suggestion is very important in real
applications.

Moreover, from a topological viewpoint, BLP are more complicated than standard finite
programming. The feasible set of a BLP may for example not be closed [4]. So, this paper used a
numerical approach combines the penalty method with trust region method to solve the
modified BLP. This problem converted to an unconstrained programming problem. The
decisions in real-world situations are always made based on imprecision (incomplete)
information. There are many approaches are used to deal with incomplete information like
fuzzy [5], rough [6,7] ...etc. These approaches based on the kind of approximation which is
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convenient and enough for making good decisions. Rough set theory (RST) is one of the most
interesting approaches to deal with vagueness and imprecision [8].

The rough programming problems are presented in [9-13]. It is divided into three types
based on where roughness is found. The aim of the present article is presenting a procedure for
treating BLP with different roughness situations. The definitions of solutions are defined in all
situations. The effectiveness of our technique is shown and presented by different examples.

2.Bilevel problem Formulation

BLP have the following form:
minfo(ny)i (1)

S.T:
gu,(x,y) <0,i=12,..,m
myin fL (X, }’)
S.T:
ng(x,y) <0,j=12,..,m,
where, fi;(x,v) ,f1.(x,¥), gy (x,y),and, g; (x,y) are continuous and differentiable functions.
Different approaches are suggested to solve BLP, [11, 14, 15]. The conventional solution
approach transformed BLP to programming problem. Assume that the 1st level superior , the
2nd level programming problem is replaced with its KKT conditions [16, 17]. This approach is

used to convert BLP to NPP which solved by using a numerical method. The KKT conditions of
the 2nd level for BLP are:

Vyf(y) +uvy,g,(x,y) =0,
9,069 <0, 2)
ungj(x,y) =0,j=1,...,my,
uj > O,j = 1,...,m2,
where u € R™2 is a Lagrange multiplier vector, see [15]. Then, Problem (1) is :
min - fy(x,y)
s.t. gyulx,y) <0,
Vyfi(6y) +Vyg.(x,y)u =0,
g,(xy) <0,
ujﬁL]_(x,y) =0,j=1,...,my
uj = O,j = 1,...,m2.

(3)

Now, in case of the 2nd level is suporior, problem (1) is:

min i (x,y)
x'y

s.it. gu(xy) <0,
Vifu(x,y) + Vegy(x, y)u =0,
gy(xy) <0,
WGy, (6y) =0i=1,..,m
uj=0,j=1,...,my.

(4)

Remark:
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It is preferred to solve both problems (4) & (5) and compare the solutions of both problems. If
the solutions of problems (4) & (5) are the same, then the full optimal solution is found. The best
one or give all solutions to DM that choose the suitable solution. This idea is shown in examples
1 &2.
Definition 1:
The optimal solution of problem (1) is said to be full optimal solution if the optimal solution of
problem (4) & problem (5) is the same.
Let us describe the methodelgy that combine the penenlty method with trust region

method on solving one of the reduced poblems . The problem (4) can be summarized as:

min  fy (%)

s.t. D.,(x)=0,e€E,

Di(x) <0,i €1,

where ¥ = (x,y,))T,E ={1,...,L+m,},  ={1,...,U+ 2L}, and E NI = @. Suppose that
fu(x), D.(%) for all e € E, and D;(x) for all i € I are at least twice continuously differentiable
functions.
Motivated by the active-set mechanism in [2], a 0-1 diagonal matrix Z(x) is defined, whose
diagonal entries are
1 if i€ E,
z;(x) =41 if Di(x)= 0 for alL i€ I,
0 if Di(x) < 0 for alL i€ I

The equality constrained optimization (ECO) problem is Prpblem (6) by using Z ()
min  f; (%)
s.t. P)TZ(x)P(x) =0,

where P(X) is the vector function; for more details see[22]. A penalty method ([13], [14]), is
used to make the above problem into unconstrained problem.

min  fy (%) +§ Il Z(x)P(x) 112
s.t. X € RMatMasL,

where p € R is a positive parameter.
The first-order necessary condition for the point x, to be a local minimizer of Problem (8)
is
Viefy(x.) + pVP(X.)Z(%.)P(x,) = 0. (8)
If the point X, meets the first-order necessary conditions of Problem (6) [20], then it
satisfies the condition (9) of Problem (8) but the converse is not necessarily true. The proposed
algorithm shows that if X, interpolates the first-order necessary condition of Problem (8), then
it also achieves the first-order necessary conditions of Problem (6). The suggested trust-region
for solving to combine the sequential quadratic programming (SQP) method with the trust-
region idea [21]. This method for Problem (8) is
min  qi(si) = fu, + Vf3,s + 55 His + 251l Z (P + VPs) 112
sit. s IS 6,
where the radius of trust-region is 6, >0, and the Hessian of fy(x;) , Hxor an
approximation to it. fy, = fy(Xx), Px = P(Xx), Vfy, = Vfu(Xx), VP, = VP(Xy), Z = Z(Xx) and
so on. The trust-region algorithm solved problem (4) as follows.

(5)

(6)

(7)

(9)
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The trial step s; is esitmated by using A conjugate gradient method [22] . It is perffered
when the Hessian is indefinite or in large-scale problems.
The subproblem (10) is solved by :

Algorithm 1 : (Evaluate s;,)
Step 1.Set 0 = 5o € R™M1 272wy = —(Vfy, + px VP ZyPy), and vy = wy,.
Step 2.Forj=1,...,(n; + n, + my) do
Compute By, = Hy, + py VP, Z, VPE.

Tw:

Compute c; = \
p J vaij

Compute y; such that || s; + y;v; l|= k.
lfvaBkvj < 0, then set s, = s; + y;v; and Stop.
Else, setsj,q = s; + ¢;vj and

Wiy = W — ¢jBrv;.

o
If \:/H < &, set s, = 541 and Stop.
0

T
Compute q; = % and the new direction is
Vjiy1 = Wjy1 t q;V;.
The following merit function is tested s, is accepted or not
(% pr) = fu(Fi) + 21 Z(®)P(F) 1% (10)
An actual reduction Ared,, and a predicted reduction Pred,, in the merit function is used to
test X1 = Xy + S, takes as a next iterate or not. Ared,; (11) is evaluted as follows
Aredy, = fy (%) — fu(Xr+1) + % [ ZyPi 12 =N Zyp1 Prcsr 17], (11)
and Predy, is defined as
Predy = q(0) — qx(sk) (12)
= —VfJ sk — %s,{Hksk + % [l Zi P 12 =1l Zi (P + VP si) 112]. (13)

Algorithm 2 : (Test s;, and update , 6, algorithm)

Choose 0 <71 <13 <1, 8max > Omin,and 0 <n; <1 < n,.

__ Aredy
Letr, = Predy

While r, < 74, or Pred;, < 0.
Seté, =71 Il s |ll.
Evaluate a new s;.
Ifty <1, <71, thensetiy,,; = X + Sk.
Ok +1 = max(Sy, Smin)-
End if.
Ifr, = 1,, then set X, .1 = Xj + g
Ok +1 = Min{Smayx, max{Smin, 726k }}-
End if.
A scheme suggested by [22] wupdated the parameter p; > 0 which presented in the

following algorithm.

Algorithm 3 :
Compute Predj, given by (15).
If Predy 2|l VP Zi Py | min{ll VP, Z, Py |, 8} (14)
Set pgt1 = P-

Else, set py4+1 = 20k
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End if
The stopping criteria when either || Vfy, | +Il VP Zy Py II< & or |l s II< &, for some
tolerances 0 < & and 0 < ¢,.

The steps of suggested mehod:
Algorithm 4

Step 0: Given %, € R(™+m2+M2)  Choose 0 < &1, 0 < &,, Ty, Tp, 11, and 7,, such that
0<1;<7,<1 and 0<n; <1<7n, Choose Onyin, Omax, and &, such that
Omin < 8¢ < Omax- Setpg = 1.Setk = 0.

Step 1: If || Vfy, Il +1l VP Zy Py I< &, then stop the algorithm.

Step 2: Using Algorithm (1) to compute sj.

Step 3: If || s, lI< &, then the algorithm stops.

Step 4: Set fk+1 = fk + Sk-

Step 5: Compute Z, 1 given by (8).

Step 6: Test the step and update using Algorithm (2).

Step 7: Update p,, using Algorithm (3).

Step 8: Set k = k + 1 and go to Step 1.

3. Numerical examples
The idea of the new methodology can be presented in the following examples:
Example 1:
min fy = x3x, + x5
1
S.T: X1 + 2x2 + X3 < 6,
x2 +x, + (x3 —1)%2 < 6,
X1 > 0

min x; + x% + x5 + 2
X2,X3

S.T X1 + x5, + 3x3 < 10,
—x1 + x5+ 2x3 < 2,
X, 20,x3 20
By using the reduction formulas, and solving them using algorithm 4 the optimal solution of
problems (4)&(5) is
x1=0,x,=0,x3 =0.
Example 2:
min fy = (x; — 3)2 + x, + (x5 — 2)?
X1,X2
S.T: X, +x3—2x3+6>0,
X, +x,+x3—9<0,
x1=20,x,=20
min f, = x; = 3x; + (x5 — 5)2
3
S.T: X+ 2x, + x5 <12,
x3=0
By using the reduction formulas the problem is transformed to a single programming
problems, and solving them using algorithm 4 the optimal solution of problems (4)is
(3.25,4.368,0.224), fy = 7.514, f; = 12.766. And The solution of problem by using problem
formulation (5) is (3,0,3),fy = 0, f; = 7. As shown the solution from formulation problem (4) is
better than the solution found from problem(5).
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4. Rough bilevel nonlinear programming problem:

RBNPP consist of two levels, namely, the 1st and/or 2nd levels each having its rough function
and/or constraints are rough set is presented as:

mxinf(](x, J’)
S.T: x € gy(x,y)
(15)
myinfL(xr }’)
ST:  yeg(xy) B
Where' zu(x»)’) < fU(xry) = fu(xry) riL(x'y) =< fL(x'y) =< fL(xry)'gU(xry) c gU(x'y) c
g(](x:y) ,QL(x;J’) c gL(ny) c gL(ny)' and ]_CU(x,y),]_CU(x,y),zL(x,y),]_”L(x,y) JQU(ny)'
9y(x,¥),9.(x,¥),,and g, (x,y) are functions at least first continuously differentiable functions.

The solution procedure and solution definitions of different situations of roughness in BLP
are presented.

4.1 RBNPP when roughness on the constrains only:
RBNPP. is RBNPP are deterministic is defined:

mxinf(](x, J’)
S.T: x € gy(x,y)
(16)
myinfL(xt J’)
S.T: y € g.(x,y)

Where' gU(x'y) c gU(xry) c EU(X, }’) 'QL(x'y) c gL(xry) c EL(X»)’)' and fU(xry)'fL(x'y)
,QU(x, ), gy, (x, y),gL (x,y), and g, (x,y) are functions assumed to be at least first continuously

differentiable functions. The classical idea divided the problem into four subproblems and
solved them individually as shown in table 1.
Table 1. RBNPP when roughness on the constrains and objective function is deterministic

(N CPh, CP; CP,

min, fy (x,y)
S.T:g,(x,y) <0

min, fy (x,y)
S.T: gy(x,y) <0

minx fU (X, }’)
S.T:g,(x,y) <0

minx fU(xr }’)
S.T:gy(x,y) <0

miny fL (X, }’)
S.T:g,(x,y) <0

miny fL (X, }’)
S.T:g,(x,y) <0

miny, f; (x,y)
S.TigL(x,y) <0

miny, f; (x,y)
S.T:gL(x,y) <0

Let us show the procedure of solving RBNPP. at flowchart 1.
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Solve CP,
A is the optimal solution set

| a=tngyngey |
NO ¢ YES

A, =Ang(xy)
A3 =Ang,(xy)

YES NO
S =
YES

NO

Solve CP;

|

[

Figure 1. Flowchart 1 (Procedure solution for RBNPPF,)

Definition 2: The surely optimal solution set for RBNPP,. The optimal solution set 4; (Al =AN

Qu(x, y)N gL(x, y)) is the surely optimal solution set of the problem (16), if A; # @.

Definition 3: The surely optimal solution set to 1st level and possibly optimal solution to Z2nd level
for RBNPP, . A5 is the surely optimal solution set to 1st level and possibly optimal solution to
2nd level where 4j; is the optimal solution set of CP; if A3 # (.

Definition 4: The possibly optimal solution set to 1st level and surely optimal solution to 2nd level
for RBNPP.. The optimal solution set of CP, is A, is called the possibly optimal solution set to
1st level and surely optimal solution to 2nd level if A, # @.

Definition 5: The possibly optimal solution set for RBNPP,. The optimal solution set A, is the
possibly optimal solution set to 1st level and possibly optimal solution to 2nd level if

A4 =4 ngu(xry) ngL(xry)'All € Qu(x»y) ngL(x'y)'

Example 3:

min f; = 16x7 + 9x2
X1,X2

S.T:

(x1,%2) € gy(x1,X2)
min f, = (x; + x, — 5)?

X3

S.T

(x1,%2) € g1.(x1,%2)
where gy (x1,%2) S gy(x1,%2) € g, (x4, %2),

9y (1, x2) = {(x1,%;) € R?|=5x; + x, —1 < 0,x; = 0},

Gu (1, x2) = {(x1,x2) € R?|—4x; +x; < 0,21 = 0}.g, (%1, %2) € 9,01, %2) € g, (x4, %2),
9, (1, 22) = {(x1,%2) € R?|xy + 23 < 60,x, = 0},9,,(x1, %) =
{(x1,x3) € R?| 4x; + x, < 50,x, = 0}.
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The solution:
CPyis solved, A ={(7.2,12.8)}, A; = {(7.2,12.8)} which satifices the gy(x1,x,)& g (x1,x;)

constrains so the optimun values are f; = 2304, f;, = 0.

Example 4:
min f;(xq, X5, X3,%4) = (x; — 3)% + (x3 — 4x, + 1)% + x,
X1,X2

S.T:

(x1, X2, x3,%4) € gy (X1, X2, X3, X4)

}Cnixn fr(x1, %2, %3, %4) = (1 + 2x3)% + x5 — 3%,
344

S.T
(1, X2, X3, %4) € g1 (X1, X2, X3,X4)
where gy (x1, X2, %3,%4) S gy (X1, X2, X3,%4) S G, (X1, X2, X3, X4),

7 2%, + X, + x5 +x,—6>0
X1, X2, X3,%4) = (X1, %2, %3,%4) € R* 1T X2 T X2 4 >0, }
gU(1 20 X3, X4) {(1 20X3,X4) X1+ 25 + x5 + %4 — 30 < 0,2, = 0,2, = 0
3x; —2x, +x3 —2x,—6>0
X1, X2, X3, %) = (X1, X5, X3,%,) € R* 1 2 T X2 4 =0, }
QU(1 20 X3, X4) {(1 2, X3,X4) 2% +3x, +x3+x,—-30<0,x;, =20,x, =20

91(x1, X2, %3,%4) S g, (X1, %2, X3,X%4) S g (X1, X2, X3, X4),
_ 1
g, (%1, %2,%3,%,) = {(xl,xz,x3,x4) € R*|x; + Ex23 + 2x3+x7 <40,x3 = 0,x4 = O},

91 (x1, %2, %3,%4) = {(%1, X2, X3,%4) € R*|2x; + x5 + 4x3 + x5 < 40,x3 = 0,x, > 0}.

The solution:

we form problems CP;,CP,,CP; and CP, as tablel. First solve CP; problem, the solution is
A ={(3,0.25,0,6.08)}, fy = 7.08,f, = —8.99,4; = ®,A, = §,A; = @. Solve problem CP,, the
solution set is 4, = {(3,0.25,0,1.25)}, fy = 2.25, f, = 5.5. Solve problem CP;, the solution set
is A; = {(3,0.25,0,5.8296)}, fy = 6.8296, f, = —8.2388. The  solution set of CP,
= {(3,0.25,0,1.25)}, fy = 2.25,f, = 5.5. As we see in this example all problems are solved
because there is no cooperation with DM. If there is any cooperaton with DM, the number of
problem will be less than four problems.

4.2 RBNPP when roughness on the objective function only:
The second stuatition RBNPP, when roughness on the objective function and the constrians are
deterministic. RBNPP, can be defined as following:

mxinfU(xry)
S.T: gu(x,y) <0
(17)
myinfL(xry)
S.T: gr(x,y) <0

where, iU(x;y) = fU(x:)’) = ]_CU(X:)’) ;]_CL(x;)’) = fL(x;y) =< ?L(ny)l and ]_CU(x:}’);]_CU(x;)’):
fu(x, y),]_”L (x,y) ,gu(x,vy), and g;(x,y) are functions assumed to be at least first continuously

differentiable functions.
This problem can be also divided into four problems as shown in table 2. The solution
procedure for solving RBNPP,is presented in flowchart 2.
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Table 2. RBNPP when roughness on the objective function and the constrains are deterministic

FP, FP, FP; FP,
min, fy (x,y) min, fy (x, y) miny f,(x, ) min, ]_CU (x,y)
STgy(x,y) <0 ST:gy(x,y) <0 ST gy(x,y) <0 S.T:gy(x,y) <0
min,, E(x, y) min,, j_fL (x,v) miny, f1,(x,y) min,, ]_CL (x,y)
STg.(x,y) <0 ST:g,(x,y) <0 STg.(x,y) <0 S.T:g,(x,y) <0

Definition 5: The surely optimal solution set for RBNPP, .The optimal solution set B; = {(X,y) €
B|]_CU@, y) = fyand f,(x,y) = f,} is the surely optimal solution set of the problem (4), if
B # 0.

Definition 6: The surely optimal solution set to 1st level and possibly optimal solution to Z2nd level
for RBNPP, . The optimal solution set (B3) of FP; is the surely optimal solution set to 1st level
and possibly optimal solution to 2nd level if B; # @.

Definition 7: The possibly optimal solution set to 1st level and surely optimal solution to 2nd level
for RBNPP, .B, is the possibly optimal solution set to 1st level and surely optimal solution to
2nd level if B, # @ where B, is the optimal solution set of FP,.

Definition 8: The possibly optimal solution set for RBNPP,

By (Bs = (&) € BIfy@¥) = F . Fy &) # fu, L) = . fu®& ) # f,})is the possibly
optimal solution set to 1stlevel and possibly optimal solution to 2nd level.

Solve FP,
B is the optimal solution set

I

B, = (7)€ BIF,EY) = fyand AED) = i) |

NO YES
B, #0

B, = (&) e BIFEY) = f}
B, = () e BT,V =1}

YES
B; 0 Solve FPy

YES

Solve FP;

Solve FP, End

Figure 2. Flowchart 2 (The solution procedure for RBNPP, )
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Example 5:
min fy (X1, X2, X3, X4)
X1,X2
S.T:
2x; +x, +x3 +x, —6 =0,
X1+ 2xy +x3+x,—30<50,
x1=20,x,=20
min f},(x1, X, X3, X4)
X3,X4
S.T

Xy +%x§’ + 2x3 + x2 < 40,
x3=20,x,20
where iU(xl,xz,x3,x4) < fulxg, xz,x3,%4) < ]_CU(xl,xZ,x3,x4), j_fU(xl,xZ,x3,x4) =
(1 + 1% + (3 +2x2)% 424, fyy (1, 02, %3,%4) = (x1 = 3)* + (13 — 2%, + 1)* + x4,

fr(x1, %2, %3, %4) < fr,(x1, %2, %3,%4) < f (1, %2, %3, %4), [ (X1, %2, %3,%4) = (2%1 + 3x3)% + x5 +
X4, f1 (1, %2, X3, 04) = (21 + 2%3)% + x5 — 3%,

The solution: We form problems FP;, FP,, FP; and FP, as table 1. First solve FP;
problem, the solutionis B = {(3,0.25,0,6.08)}, f; = 6.33,f, = —8.73,B; = ®,B, = 0, B; = Q.
Solve problem FP,, the solution setis B, = {(3,0.25,0,6.08)}, fy = 6.33, f, = —8.73. Solve
problem FP;, the solution set is B; = {(3,0.25,0,6.08)}, f; = 6.33, f, = —8.73. The solution set of
FP,is {(0,0,0,0)},fy =1,f, =0.

4.3 RBNPP when roughness on the objective function and the constrians :

The third stuatition when rough on both the objective function level and the constrians. It can
divided into sixteen problems as showen in table 3. The sutiable solution procedure here, solve
problem P;, C is the optimal solution set and fy, f; are optimum values. Find C; = {(x,y) €

C|]_CU@, y) = fu (%) = fu (x,y) € {gu(x, y)Nn ' (x,¥)}}.1f C; # @, then is called the surely
optimal solution set of the problem (1) which contains all surely optimal solution. If C; = @, find
C; = (@) ECIf,@Y) = fu i@ = i, @M} € = C N gy(x,y) N g1 (x,) . If C; # B, we
will solve our problem as the procedure introduced in second situation. If C3 # @, we will solve

our problem as the procedure introduced in 1st situation. Or we can solve P; and P;4 problems
only because they give overall veiwe of the problem its optimu values varies.

Example 6:

min fy; (X1, X2, X3, X4)
X1,X2

S.T:

(X1, X2, X3, X4) € gy (X1, X2, X3,X4)

min f; (xy, X2, X3, X4)
X3,X4

S.T

(X1, X2, x3,%4) € g1 (X1, X2, X3,X4)
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where fiy (X1, X2, %3, X4) < fy(x1, %2, X3,%4) < ]_CU(xl,xZ,x3,x4),

fun, %z, X3,%4) = (xy + x4 + 12 + (x5 + x2)% fu (1, %2, %3, %4) = (%1 — 3)* +
(x3 — 2x, + 1) + x4,
9u(x1, %2, x3,%4) S gy (%1, X2, X3,%4) S G, (X1, %2, %3, %4),9; (X1, X2, X3, X4) =

3x; — 2%, + x5 —4x,+ 6 =0, }
X1 +xXy+x3+x,—30<0,x=20,x, =20
— 3 _ >

2%, + 33;::1+ xixi in 304;40161 > (())', X, > 0}’£L (1, X5, X3, X4) S
fr(x1,%2,%3,%4) S ]_CL(xl,xz,x3,x4),7L(x1,x2,x3,x4) = x5 + (2x1 + 3x3)% + x4,
fL (s, %2, X3, X4) = 23 + (g + 2x3)% — 324,91 (X1, X2, X3,%4) € g1, (%1, %2, %3,%4) €
§L(x1,xz,x3,x4),§L(x1,x2,x3,x4) =
{1, X2, %3,%4) € R*xy + %3 + x5 + x5 < 40,x3 = 0,x4 = 0},g, (1, X3, %3, %4) =

{(x1,%2,%3,%4) € R*|3xy + x5 + 4x3 + xZ < 40,x3 = 0,x4 > 0}.

Ju (X1, X2, X3, X4) =

{(xl»xz»x3»x4) € R*

{(xl»xz»x3»x4) € R*

The solution:we solve only P; and P;¢ problems as we discussed before to take overall
veiwe of the problem and its optimu values varies. If the DM sharing with the mathamtic the
solution, he guied the mathamtic to how to solve the problem.

Conclusion:
This paper introduced an interactive approach for RBNPP solution. A new methodology is
presented for solving BNPP taken into consideration which level is more important than the
other. This methodology converted BNPP to a crisp unconstrained programming problem. The
unconstrained programming problem is solved by a trust region penalty method. The solution
procedures are discussed. The definitions of all types of solutions are presented.
The significant contributions of this paper:
e Introducing an interactive approach procedure between the mathematics and DM for
solving RBNPP.
e Presenting an algorithm for solving BLP taken into consideration which level is more
important than the other.
e Presenting the solution procedures of solving different types of roughness in BLP.
e The definitions of all types of solutions for different types of roughness in this
problem are presented.
e For future work, this approach can be further expanded to treat the real problems
using artificial intelligent algorithms or any techniques that handle the multilevel
programming problems.
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