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ABSTRACT

This paper focuses on the solution of fully fuzzy multi-level
linear programming (FFMLLP) Problem, where all of its
decision parameters and variables are fuzzy numbers. An
algorithm depending on the fuzzy decision approach and
bound and decomposition method will be developed to find a
fuzzy optimal solution for the problem under consideration.
The main results obtained in this paper will be clarified by an
illustrative numerical example.

Keywords
Multi-level programming; Fuzzy decision approach; Bound
and decomposition method; Fuzzy linear programming.

1. INTRODUCTION

The linear programming in which some parameters are fuzzy
numbers is called fuzzy linear programming (FLP). The FLP
was formulated firstly by Zimmermann ™. Thereafter, many
researchers studied several types of the FLP problems and
introduced a variety of algorithms for solving these problems
(21141 Al the previous works based on changing the FLP into
the corresponding crisp linear programming and then find its
fuzzy optimal solution.

The FLP in which all decision parameters and variables are
fuzzy numbers is called fully fuzzy linear programming
(FFLP)®IEIM p_ pandian ® introduced the level-sum method
to compute an optimal fuzzy solution to FFLP problem which
based on the multi-objective linear programming and the
simplex method.

M. Jayalakshmi and P. Pandian ©! proposed a bound and
decomposition method to find an optimal fuzzy solution for
the FFLP problem. The introduced method decomposed the
FFLP problem into three crisp linear programming with
bounded variables constraints and then found the fuzzy
optimal solution by solving these problems independently and
by using its optimal solutions.

In the field of mathematical programming, decentralized
planning problems with multiple decision makers were solved
in multi-level or hierarchical decision making organizations
through developing multi-level optimization programming
techniques. These techniques became more important for the
decentralized organizations, where each unit or department
independently seeks its own interest, but is influenced by the
actions of other units.

Multi-level programming (MLP) problem is a sequence of
multiple optimization problems in which the constraint area of
one is decided by the solution of other decision makers. The
sequence of the play is very important and the decision of the

upper-level limitations affects the decision of the lower-levels
[101[11]

Fuzzy programming approach implies that the upper level
decision maker defines his/her objective functions and
constraints with possible tolerances. This information is
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delivered to the lower level decision maker who defines
his/her objective functions and constraints, taking goals of the
upper level decision maker into consideration. In the decision
process, the lower level decision maker solves a fuzzy
programming problem with the set of constraints on an overall
satisfactory degree of the upper level decision maker. If the
suggested solution is not satisfactory to the upper level
decision maker, the upper level decision maker must update
his/her former objective functions and constraints as well as
his/her corresponding tolerances, also the lower level decision
maker must do the same until a satisfactory solution is
reached .

M.S. Osman et al.*? proposed a three-planner multi-objective
decision-making model and solution method for solving the
three-level  non-linear  multi-objective  decision-making
(TLNLMODM) problem. This method used the concept of
tolerance  membership ~ function and  multi-objective
optimization at every level to develop a fuzzy Max-Min
decision model for generating satisfactory solution for
(TLNLMODM) problem.

0. M. Saad and M. S. Hafez ™ introduced a fuzzy approach
for solving the bi-level integer linear fractional programming
(BLILFP) problem. At the first phase of the solution
algorithm and to avoid the complexity of non-convexity
nature of the constraints, the cutting-plane algorithm was used
to construct the convex hull equivalent to the original set of
constraints, and then the Charnes & Cooper transformation
was used to obtain the integer solution which convert the
BLILFP problem to an equivalent bi-level linear
programming (BLLP) problem. At the second phase, a
membership function was constructed to develop a fuzzy
model for generating the optimal integer solution for the bi-
level integer linear fractional programming problem.

O. M. Saad and O. E. Emam™ focused on a solution
approach of bi-level integer linear fractional programming
problem with individual chance constraints (CHBLILFP). The
basic idea of this approach was to convert the probabilistic
nature of this problem into a deterministic bi-level integer
linear fractional programming BLILFP problem.

E. A. Youness, O. E. Emam and M.S. Hafez ™! presented an
algorithm for solving bi-level multi-objective fractional
integer programming problem with fuzzy numbers in the
constraints (FBLMOFIPP) based on Taylor series and the
Kuhn Tucker conditions.

This paper is organized as follows: it begins in Section 2 by
formulating the model of a fully fuzzy multi-level linear
programming problem. Section 3 involves the concept of
bound and decomposition method for solving a FFMLLP
problem. Fuzzy decision approach for MLLP problem is
introduced in section 4. An algorithm followed by a flowchart
to find the fuzzy optimal solution of the proposed problem is
introduced in Section 5 and Section 6. In Section 7, it gives an
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illustrative numerical example to clarify the results. Finally,
Summary and concluding remarks are reported in Section 8.

2. FULLY FUZZY MULTI-LEVEL

LINEAR PROGRAMMING PROBLEM

Fully fuzzy multi-level linear programming (FFMLLP)
problem may be formulated as follows:

I:lSt Ievel] :
n

max F = X & ® X,
x L LU

where iz S 5(3, ..., X[y solves,
I:an Ievel:l :

5 n
maxF, = > §:: ® X,
)~(2 2 j:]_g” J

where )?3 »-+» Xy solves,

|: th ]
m~ level |:

- n _
max Fy, = _Zldij ® X
J:

Xm j‘
where im+1’ ..., Xy solves, (l)
subject to

.20 (j=12..n). (2)

j
Where ij,(j:1,2,...,n

N—

be fuzzy variables indicating the

ith decision level choice (i=1,2,...,m).The parameters
CijoGijo i aand Br.(j=1.2...n)(i=1,2,...m),

(r =1,2,..., k) are fuzzy numbers.

2.1 Definition
A triangular fuzzy number é:(91,92,93) where 0y, 0,

03 € R and its membership function uy (x) is defined as:

x—el

— ,0,<x<80

0- -0 vl 2°

2771

X-0
Jies (x)= 3 ,623x£93, (3)
0 0,-0

2773

0 otherwise.

2.2 Definition™

Let 0=(6,0,,6;) and S =(p,, B, ;) are two triangular

fuzzy numbers, then the basic arithmetic operations will be
defined as follows:

(i) Addition:
B = (91+[31,62 +By.04 +[33).
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(if) Subtraction:
0 = (0, -B3.05 85,05 -By ).
(iii) Scalar multiplication
K = (kel,kez,ke3), ifk >0,
K = (kes,kez,kel), ifk <0.

(iv) Multiplication:
G80 = (046,059,053 ) 01 >0,

0P = (91[33’9252,63133),91 <0,05 >0,

000 = (043.085.03h; )05 < 0.

Let the parameters IN:I , )”(j, Eij , arj and br ,
(i=1.2,...m),(j=12....n) (r=1.2....k)  be the
triangular fuzzy numbers (uil,ui 2,Ui3),

(cgi2). i ity (o o o)
respectively. Then the Problem (1)-(2) can be rewritten for
+th

I level in the following form:

.th n

[I Ievel]: xir,n?,( | (uil’uiZ'uiS) = jgl(rij'sij’tij)®(xj’yj’Zj)’

(i=1.2..m), @)

Where(xj,yj,zj)solves (j :i+1,...,n),

subject to
n
jgl(afj’bfj’cfj)®(xj'yj’zj) <(pr.drahr),
(r=12,..,k), )

X} ¥j2j20,(j=1.2,..m).

By using the arithmetic operations which obtained in
Definition 2.2, then Problem (4)-(5) is decomposed into the
following form:

|:ith Ievel:|:
n

n;(i}x ujy = jéllowervalueof((rij,sij,tij)®(xj,yj,z]-)), (i =1,2,..., m),
no .

n;/e:x ujp = jglmlddlevalueof((rij,sij,tij)®(xj,yj,zj)), (1 =1,2,..., m),
n

mz?x Ujg = J_E‘lupperValueof((rij,sij,tij)®(xj,yj.zj)). (i =12,..., m),

where(xj,yj,zj)solves (j:i+l,.4.,n)4 (6)

subject to
n

G :{jéllowervalueof((a”—,b”—,crj)®(xj,yj,zj))Spr, (r =1,2,..., k),
n .
jélmlddlevalueof((arj,brj,crj)®(xj,yj,zj))s ar» (r: 1,2,,“,k),
n
J_gluppervalueof ((arj,brj,crj)®(xj,yj,zj))s hr. (r=12...%),

xj,yj,szO(j:1,2 ..... n)} @)
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3. BOUND AND DECOMPOSITION
METHOD FOR TREATING FFMLLP

PROBLEM

To find the crisp model for the (FFMLL [) problem (6)-(7),
the bound and decomposition method™ was used. It
decomposed the Problem (6)-(7) into three crisp multi-level
linear programming (MLLP) problems with bounded
variables constraints where these problems are solved
separately and by using its optimal solutions.

sth
Construct the decomposed problems for the | level as
follows:

0] The middle multi-level problem (MMLP) of the
+th
I Jevel:

(MLLPP)M :

n
max ujp = jglmiddlevalueof((rij,sij,tij)@(xj,yj,zj)), (i=12...m),
I

whereyjsolves (j:i+l,...,n),
subject to
n
jglmiddlevalueof(( i ” I’])®( PpYj? J)) qr> (r:1,2 ..... k),
Xjpyjpz ( ) (8)
(i) The upper multi-level problem (UMLP) of the
+th
I Jevel:
(MLLPP),, -

n;;iixu Z uppervalueof((r” Sijs t”) (xj,yj,zj)), (1=1,2 ,,,,, m),
wherezj solves (j=i+1,m,n),

subject to

n
J_Eluppervalueof(( ” ”) (x yj,zj))shr (r:1,2 ,,,,, k),

n * .
jzjluppervalueof((IJ i’ ) (x Yj? J)) (1:1,2 ..... m),

xj,yj,zjzo(j=1,2 ,,,,, n). ©)

(iii) The lower multi-level problem (LMLP) of the
+th
I level:

(MLLPP)L :

n
n;(e:x ujp = jélluwervalueot ((r” sIJ tu) (xj,yj,zj)),(l =1,2,..., m),
wherexj solves (J = i+1,..4,n),

subject to

n
J_Ellowervalueof(( i ” ”) (x yJ J)) pr (r:1,2 ,,,,, k),

) (X Vjpr J)) up (i=1.2..m).

ijyJ- (j:l,Z ,,,,, n),

xj,yj,szO(j:LZ ,,,,, n). (10)

n
2. lower value of ((
=t

*
where uiz,(i =l,2,...,m) are the optimal values of the
objective function in the middle multi-level problem (8) for

-th
the I level.
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3.1 Definition™

Ifx and x(jjl_(j=l,2,...,n)are the optimal

0
M %ju
solutions for every level of the Problems(MLLPP)M,
(MLLPP)U and (MLLPP)L ((8)-(10)) respectively, then
)”(?=(X(J-)L,X(J-)M jU) ( 1,2,. n) are the optimal
fuzzy solutions for every level in the Problem (4)-(5).

4. FUZZY DECISION APPROACH FOR

MLLP PROBLEM

The solution of MLLP problem by adopting is based on the
multi-planner Stakelberg™®™' and the fuzzy decision model
[18]. Firstly, find an acceptable satisfactory solution to the
FLDM and then give the decision variables and goals of the
FLDM with some leeway to the SLDM for him/her to seek
the satisfactory solution. Then the SLDM give the decision
variables and goals with some leeway to the TLDM for
him/her to seek the satisfactory solution. And so on to the

th
M™ Jevel and to set the solution which is closest to the
satisfactory solution of the FLDM,

Build the membership functions of the fuzzy set theory [18]
+th
forthe I LDM as follows:

,..* ~ -
where K and K (i=1,2,...,m) are the individual best

fuzzy solutions and the individual worst fuzzy solutions
respectively of Problems (6)-(7). Such that

E = maxE (), F —mmF() (i=12...m). (12)

Find the fuzzy solutions of the | LDM problem by solving
the following Tchebycheff problem 7 (19;

maxi.;, (i=1,2,...m),

subject to

w(B)27p (i-1,2m),
e G,

X- e[o,l], (i=1.2...m). (13)

><l

Let Xi =(xi1,xi2,xi3),(i=1,2,...,m), then solve the

three decomposed Tchebycheff problems for all decision
makers problem. Then the fuzzy solutions are determined

XIOX'JFI(X'J)(FM .om),(j=1.2,..,n) at each

level.
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4.1 Definition[*®!

For any

%; (ii G, :{ii,(i:1,2,...,m-1)‘(il,XZ,...,in)eG})
. jth -
given by the 1" LDmMm, (i = 1,2,.4.,m-1) . If the decision

making variables

(ik €Gp = {ik,(k = m,m+1,...,n)|(>zl,>22,...,>zn)eG})

ik,(k = m,m+1,...,n), is the fuzzy optimal solutions of

the mth LDM, then (il,iz,___,in) is the feasible fuzzy

solution of FFMLLP problem.

Finally, in order to generate the satisfactory fuzzy solutions,
which are also optimal fuzzy solutions with overall
satisfaction for all DMs, solve the following Tchebycheff
problem:

maxa,

subject to

>8L(1=12,...m-1),

p'r:i (F)=5.G=1.2....m), (14)

T.>0,3i=1,2,..,m-1),

where § is the overall satisfaction, and | is the column
vector with all elements equal to 1s. And (i =1,2,...,m-1)

'T'i , are the maximum tolerances of the decision variables
Xj(i=1,2,...,m-1). The membership functions

- ) -th )
u'ﬁi (E).G=1.2...m) ofthe I" LOM, (i =1,2,....m)

are stated as follows:

Let
5= (8,.5,.85) and T = (T;1. Tjp. Tig ). = 1.2....m-1)
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and. By solving the three decomposition problems for each
level, if the FLDM is satisfied with solution then satisfactory
solution is reached. Otherwise, he/she should provide new
membership function for the control variables and objectives

to the ith LDM, (i :1,2,...,m) until a satisfactory solution
is reached.

5. AN ALGORITHM FOR SOLVING

FFMLLP PROBLEM

A solution algorithm to solve the (FFMLLP) problem is
described in a series of steps. This algorithm uses bound and
decomposition method for solving a (FFLP) problem and uses
Fuzzy programming approach to get a compromised solution
for the problem under consideration.

The suggested algorithm can be summarized in the following
manner:

Step 1: Formulate the FFMLLP problem go to step 2.

Step 2: Let all fuzzy variables and fuzzy coefficients are
triangular fuzzy numbers.

Step 3: Convert the FFMLLP problem as problem (4)-(5).
Step 4: Seti=1.

Step 5: Convert the I-LDM problem (4)-(5) into the non-
fuzzy model as problem (6)-(7) by using the arithmetic
operations on fully fuzzy and by the bound and decomposition
method .

Step 6: Calculate the individual best and worst solutions for
the decomposed problems of the I-LDM problem.

Step 7: Build the membership function of the I-LDM problem
as problem (11).

Step 8: Use the arithmetic operations on fully fuzzy and by
the bound and decomposition method ™ to find the fuzzy
solution of the Tchebycheff problem of the the I-LDM
problem as problem (13).

Step 9: If i=n, go to step 10, otherwise, i=i+1, then go to step
5.

Step 10: Seti=1.

Step 11: Define the value of the control decision variables
and the maximum tolerance for the I-LDM.

Step 12: Build the membership function of the I-LDM as
problem (15).

Step 13: If i=n-1, i=i+1, then go to step 14, otherwise, i=i+1,
then go to step 11.

Step 14: Build the membership function of the the I-LDM as
problem (15).

Step 15: Formulate a Tchebycheff problem for all decision
makers problem as (14).

Step 16: Use the arithmetic operations by the bound and
decomposition method to find the compromise solution of the
Tchebycheff problem for all decision makers.

Step 17: If § < 0.5, where § is the overall satisfaction , then
increase the tolerance and go to step 11, otherwise go to step
18.

Step 18: The compromise solution of the problem is obtained
and & is overall satisfaction for all decision-makers.

6. AFLOW CHART FOR SOLVING
FFMLLPP

21



International Journal of Computer Applications (0975 — 8887)
Volume 155 — No 7, December 2016

Formulate FFMLLP problem

Convert FFMLLP as problem
(4)-(5)

!

Seti=1
v

Convert I-LDM into non-
fuzzy problem by bound and
decomposition method

y

Calculate best and worst
solutions for 1-LDM problem

v

Build membership
function for I-LDM

Y

Find fuzzy solution of Tchebycheff
problem for I-LDM problem

i=i+l

Seti=1

Define control decision variables and
tolerance for I-LDM

No " X
izi+1 Build membership
function for I-LDM

iZit1 Build membership
function for I-LDM

v

Formulate Tchebycheff formula for all
decision makers

No

Increase Find compromise solution
of Tchebycheff problem

yes

Compromise solution is obtained
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7. NUMERICAL EXAMPLE

Consider the following example of fully fuzzy three-level
linear programming (FFTLLP) problem:

[ 2" Ievel]

n)g(azx F, =(4.7.9)%, +(6,10,12) %, +(3,8,11) X4,

where >?3 solves,

[Srd Ievel] :

i Fy = (7.10,12) %, +(5,9,11) %, +(10,13,16) X4

subject to

(1.2,3)% +(5.6,8)%, +(3,5,9) %5 < (20,25,50)

(4.8,11)%, +(1.3,6)%, +(2.3,4) %5 <(18,23,40)
(5.9.10) %, +(2,4,7)%, +(1,2,6) %5 <(27,32,55),

R =(u1,u2,u3),~2 =(“4'“5'”6)

(0119) (1 1) +(0:27)(13.95.22) +(259) (155.53).

where (xz Y9.29 ) s (x3, Y3, 23)solves,

[ 2" Ievel}

max  |Ug,Ug,Ug | =
) (116)

(4.7.9) (xp.1.21) +(810.12) (x.9.25) + (3:8.11)(x5.¥3.25).

where (x3, Y3.23 ) solves,

|:3rd Ievel:| :

max |U-,Ugq,Uqg )=
(X3,y3,z3)( 778 9)

(7.20.12) (xq. 1.7 ) +(5.912) (xp.¥2.25) #(10.13.16) (x5,y3.23).

subject to

(1.2.3)(xg.v1.21) +(5.6:8)(x2.¥2.25) +(35.9) (x3.v3.23) < (20.25.50),

(4.812)(x.v3.2 ) +(1.3.6) (x2.¥5.25 ) +(2.3.4) (x3.v3.25 ) < (18,23,40),

(5.9.10) (. y1.20) +(2:4.7) (x2.¥2.29) + (1:2.6) (xg.v3.23) < (27.92.55),
X1 X2:X3,¥1.Y2:Y3: 2,29, 23 20

By using the arithmetic operations in Definition 2.2 and the

bound and decomposition method[9], the decomposition

became non-fuzzy three- level linear programming problem as
follows:
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[1St Ievel] :

n;(axu1 =8Xq Xy +2Xg,
n;/zix u, =11y, +3y, +5y3,

mix Ug = 1521 + 7z2 +823,

where(x2 Yo, 22) , (x3, Y3 zg)solves,

[ nd Ievel]

n)1(axu4 = 4x1+6x2 +3x3,
2

n;éx Ug = 7yq +10y2 +8y3,

mz;x Ug = 921 +1222 +1123,

where (x3, Y3 23)solves,

[ 3 |eve|]

rT)1(ax ug = 7xl +5x2 +10x3,
3

max ug = 10y1 + 9y2 +13y3,
Y3

nggx Ug = 122l +1lz2 +1623,

subject to
G= {x1 + 5x2 + 3x3£20,
4x1 + Xy + 2x3 £18,
5xl + 2x2 + x3£27,
2y1 + 6y2 + 5y3£25,
8y1 + 3y2 + 3y3 £23,
9y +4y, + 2y3£32,
321 + 822 + 9z3£50,
1121 + 622 + 423 £40,
10z +7z, +623£55,
X1:X2:X3:¥1:Y2:Y3: 21,27, 23°0}
By applying the bound and decomposition method on the first
level problem, it will be decomposed into the following three
linear programming (LP) problems. Then the individual

optimal fuzzy solution can be obtained by solving these
problems.
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1.  The middle level problem (MLP) of the first level:

MLPY™ - max U, =11y, + 3y, +5ys,
Y1

subject to
2y1 + 6y2 + 5y3 < 25,
8y1 + 3y2 + 3y3 <23,
9y1 +4y, + 2y3 <32,
Y1.Y2:¥3 20.
The optimal solution y1 = 1.176, yy = 0, yg = 4.529 and
u, = 35.588.

2. The upper level problem (ULP) of the first level:
(ULP)1St ‘Max Uy = 152, + 72, +82
: Z 3 1 2 3

subject to
32l + 822 + 923 <50,
llz1 + 622 + 4z3 <40,
10z + 7z, + 624 <55,
1521 + 722 + 823 > 35.588,
2y 2 1.176,
232 4.529,

21,22,2320.

The optimal solution zy =1.839,z, =0,z5 =4.943 and
ug = 67.126.

3. The lower level problem (LLP) of the first level:
1st
(LLP) : rr;(alx up = 8x1 Xy + 2x3,
subject to
X1+ 5x2 + 3x3 < 20,
4x1 + X9 + 2x3 <18,
5x1 + 2x2 +Xg <27,
8x1 Xy + 2x3 < 35.588,
X1 <1.176,
Xg < 4.529,

X1, X9, X3 >0.

The optimal solution Xq = 1.176,x2 =1.047, Xg = 4.529
and up = 19.518.
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Similarly, do the same way on the SLDM and TLDM to have
the following results:

Table 1. The individual best fuzzy solutions of the
FFTLLP problem.

Individual best fuzzy solution

FLDM (i=1) | SLDM(i=2) | TLDM (i=3)
XI (118118184) | (151515) | (118177,184)
%,| (1.047,0,0) | (367,367,367)| (0,0,0)

x5| (453.4534%)

(0,0,0.375)

(453,453,4.94)

r:l* (1952,35.59,67.13)

(28.0, 47.17,61.63

(5352, 70.65,101.15)

Table 2. The individual worst fuzzy solutions of
the(FFTLLP) problem.

Individual worst fuzzy solution

FLDM (i=]) | SLDM (i=2) | TLDM (i=3)

x;| (0,0,1176) (0,0,15) (0,0,1.176)

;| (00,0) (0,0,3.667) (0.0,0)

%;| (0,0,4529) (0,0,0) (0,0,4.529)

£ (0.053882) | (0,0575) | (0,0,86588)
By using (11), build the membership function

n(%).(i =1.2.3) for the FLDM, SLDM and TLDM. Then

solve the following Tchebycheff problem for each level:
maxi.; (i =1,2.3),

subject to

Let Xi = (xil,xiz,km),(i = 1,2,3). Apply the arithmetic

operations in Definition 2.2 and the bound and decomposition
method™, then you get the following results:
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Table 3. The fuzzy solution of Tchebycheff problems at

each level
i ] A A E(x
i X X X Fi(xj
(i=123) (i=123) (j=123)
18.47,
118,1.18,) | (15,15, 0,0,
i=1 (1,1,1) ( J 3558,
184 15 1.18 6713
29.0,
367,367,) (0,0,0
i=2 (1,1,1) (0,0,0) ( ) a7,
3.67
61.63
53,52,
4.53,4.53, 0,0,
i=3 (1,1,1) [494 j ( j (4'53’4'53’] 7064,
: 0.375
4.94 1016

Finally, assume the FLDM control decision

xi = (1.176,1.177,1.839 ) with tolerance T, =(1,1,1) and the
membership function specify X and the SLDM control
decision Xg = (3.667, 3.667, 3.667) with tolerance

T2 :(5,5,5) and the membership function specify %,. By

using Equations (14) and (15), the TLDM solve the following
Tchebycheff problem:

maxs,
subject to
™ (xj)=5LG=1.2)
e (F)=5LG-1.2.3),
|
X € G,
'T'l,'T'Z >0,
§efo1].

Let 52(81,82,63). Use the arithmetic operations in

Definition 2.2 and the bound and decomposition method!®,
then solve the constructed three Tchebycheff problems.

Therefore, the compromise fuzzy solutions are
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X, =(1.338,1.338,1.338),
1.832,1.832,2.515),
0,2.266,2.548),

F, =(12.536,31.54.04,5859),
F, =(16.344,45.814,70.25),
F, =(18.526,59.326,84.489),
& =(0.5,0.500278,0.769569).

%, =(
=

3

8. CONCLUSION

This paper was focused on the solution of FFMLLP, where all
of its decision parameters and variables are fuzzy numbers.
An algorithm was depended on the fuzzy decision approach,
bound and decomposition method were developed to find a
fuzzy optimal solution for the problem under consideration.
The main results obtained in this paper were clarified by an
illustrative numerical example.

Finally, a numerical example was given to clarify the main
results developed in this paper.

However, there are many other aspects, which should be
explored and studied in the area of fuzzy multi-level
optimization such as:

1. A multi-level multi-objective integer programming
problem with fuzzy parameters in the objective
functions.

2. A multi-level multi-objective integer programming
problem with fuzzy parameters in the constraints.

3. A multi-level multi-objective integer programming
problem with fuzzy  parameters in both the
objective functions and constraints.
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