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Abstract Nowadays Geometric Programming (GP) problem is a very popular problem in many fields.
Each type of Fuzzy Geometric Programming (FGP) problem has its own solution. Sometimes we need
to use the ranking function to change some part of GP to the linear one. In this paper, first, we propose
a method to solve multi-objective geometric programming problem with trapezoidal fuzzy variables,
then we use ranking function to sole one type of fuzzy geometric programming problem called
Monomial Geometric Programming problem with respect to Trapezoidal fuzzy numbers. At the end,
with an example we show how FGP is used in our real life. To illustrate the method, we use numerical
examples.
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1 Introduction

Nowadays the fuzzy set theory is popular in many fields. One of these is fuzzy geometric
programming problem that is applied in engineering system and science management. For the
first time, Tanaka, et al. proposed the fuzzy mathematical programming problem [1].
Afterwards, Zimmermann [2] proposed the first formulation of Fuzzy Linear
Programming(FLP) problem.

Geometric programming is a type of nonlinear programming problem. In fact geometric
programming is mostly an extension comprehension of linear programming applications and
is naturally classified in many types of nonlinear sets. In the beginning, GP was applied in
engineering and sciences. At first the most applications of geometric programming were in
chemical and mechanical engineering, statistics and probability, economics, wireless
networking, etc. [3-5].
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Nowadays, fuzzy geometric programming (FGP) is very important in fields such as
engineering, statistics, economic and management. Many authors in such fields have been
focusing on the different types of FGP to propose and develop the best method to solve the
FGP problem and find the optimal solution and optimal value.

Zadeh [6] presented the parameters by fuzzy numbers. Lin and Chern [7] proposed the
algorithm for the type of network flow that arc lengths have fuzzy numbers to finding the
most vital arcs. Hernandes, et al. [8] considered a generic algorithm by using any fuzzy
numbers ranking index on the decision-maker.

In [9], Mahdavi, et al. proposed ranking order between fuzzy numbers, then improved a
dynamic programming approach for the fuzzy shortest chain problem. For more information
see [10]. Amit Kumar [11] proposed a new method based on which the decision maker
obtains the fuzzy shortest path between each node and source node and use ranking function
for comparing paths.

There are several kinds of fuzzy geometric programming problems. For solving each of
them first we should classified them. In this paper, a method is proposed to find the optimal
fuzzy solution and optimal fuzzy value of multi-objective geometric programing problem
with respect to trapezoidal fuzzy numbers. Cao [12] defined the method to solve primal
geometric programing problem and the variables on trapezoidal fuzzy numbers. In this paper
we extend this method to compute the optimal solution of fuzzy multi-objective geometric
programming problem.

In one example, we use ranking function to change fuzzy numbers to real numbers
[10,13] to compare them and then computing the optimal solution. Also in one of the
examples we illustrate that we deal with fuzzy geometric programming problem in a real
world scenario.

The rest of this paper is organized as follows: Section 2 reviews some basic definitions of
fuzzy numbers and trapezoidal fuzzy numbers arithmetic and introduces ranking function and
platform index 7 . In Section 3 we review some main theorems and definitions and introduce
monomial GP and multi-objective GP. In Section 4 we deal with presenting a method to solve
multi-objective geometric programming and illustrate it by using examples and explain some
applications of FGP. The conclusions are discussed in Section 5.

2 Preliminaries

In this section we review some basic and necessary definitions and theorems.
Definition 2.1. [12] The subset A4 in set X defined as A= {(u;1 (x),x) |xe X}, where

p;(x) is a real number which belongs to the closed interval [0,1]. u,(x) is degree of
membership x in 4 and u; (x)
1y X—[0,1]
x—> - (x)

is a membership function in fuzzy set A4 .

Definition 2.2. We denote the trapezoidal fuzzy number as A= (a”,a",a,a) and show the set
of all trapezoidal fuzzy numbers with F(R).
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Definition 2.3. [12] Fuzzy number A= (a”,a",a,a) is said to be a trapezoidal fuzzy number
if its membership function defined as follows

0 ;o x<a ,x>a
x—a _
- ; a <x<a’
y (x): a —da
4 1 ;at<x<a
a—x _
— ; as<x<a
a—a

Definition 2.4. The equation

Min g (x)= iaOkaf’O“ (1)

k=1 I=

J; m
st g (x)=Ya, [ <1, (1<i<p)
I=1

k=1 =

m
1

x>0,
called the fuzzy posynomial geometric programming problem, where x = (x,,x,,...,x,)" is a
m-dimensional variable vector and g, (x);(0<i<p), is fuzzy posynomial of x, i.e., @, >0 is
a constant, a,, is an arbitrary real number, x, is a positive variable and < is fuzzified
version of < .

Definition 2.5. [12] Let A=(a ,a",a,a) and B=(b,b",b,b)are two trapezoidal fuzzy
numbers. The arithmetic operations properties on trapezoidal fuzzy numbers are denoted as
follows:

1) A+B=(a +b ,a" +b",a+b,a+b),

2) cZO,CeR;cﬂz(ca’,ca*,cg,cE),

3) ¢<0,ce R;cAd = (ca,ca,ca”,ca’),

4) A-B=(a —b,a"-b,a-b",a-b"),

5) gl>0,l§>0;glxl?:(afbf,cfbﬂgé,ﬁl;).

Definition 2.6. [12] Assume that x,” and x," are left and right endpoints of an interval, then,

for X, arbitrary belongs to a closed value interval [x, ,x,”] whose degree of accomplishment
is determined by

0 ;X S X,
_\"
X, — X,
~ _ i li . +
:u(ﬁ (xl[) - + _ > X < Xy < Xy (2)

' X =Xy

. +

1 5o Xy > X
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Where n denotes a natural number.

Definition 2.7. [12] Assume that X, =(X,,X,;,...,X,)i=12,..,N). Divide the set of real
natural numbers {1,2,...,n} into two distinct groups of odd numbers and even numbers,
mutually exclusive subsets 7'(—) and 7'(+). To each partition associate a binary multi-index

0 ; peT(+)

. Wecall T' a platform index.
1 5 peT(-)

r=(1,1,..,T,) defined by ¢, ={

2.1 Ranking Function
A current method for comparing fuzzy numbers is to use ranking function (see [14,15]).

Definition 2.8. [10] (Ranking Function) We call R:F(R)— (R) a ranking function that
maps fuzzy numbers of F(R) into real numbers R by natural ordering.

Suppose that 2[1,212 € F(R), we define the orders with respect to ranking function R as
follows:

Note. It is obvious that R is linear function such that R (cgl1 + ;12) =cR (;11 ) +R (;12 ) , where
ceR.

Remark 2.1. [11,16] Suppose that A=(a",a",a,a) is a trapezoidal fuzzy number. Ranking

function is defined on A as follows
R(&):Cl +a +a+a '
4

3 Main Definition and Theorem

Definition 3.1. We call

j(()./') m )
Min ¢ (F)=SalT[E*, (1<j<n) 3)
k=1 =1
J; m
st. g (%)= ][5 <8, (I<i<p)
k=1 =1
>0,

a multi-objective geometric programming with trapezoidal fuzzy variables where

X= (il,iz,. X, )T signifying a m-dimensional fuzzy variable vector, B=px1, B ==1,
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X, =(x;,x+ X, )?,) and 1—(1 1,1 l)are trapezoidal fuzzy numbers, g(() ( )and g ( )are

i ol o

fuzzy posynomial of Xand «,, is an arbitrary real number.

Theorem 3.1. Suppose that the multi-objective FGP problem with trapezoidal fuzzy variables
are the same as in (3), then it can be turned into a multi-objective FGP with a platform index
T.

Min g (z(T))= ZaOkH( )“w, (1<j<n) (4)

k=1 I=1

st. g (z(T))= ZalkH(zl N <1, (1<i<p)
«(1)>0.

Also (3) contains an optimal solution with trapezoidal fuzzy variables, which is equal to (4)
containing an optimal solution depending on a platform index 7.

Proof. Similarly to the proof of Theorem 7.8.2 chapter 7 in [12], (3) is turned into

J, (()j) m

: ) .
Min Zaéi)H(z, (T)) , (1<j<n)

k=1 =1

st. ;alkn( (T))%SI, (1<i<p)

z(T)>0, (1<1<m)

such that (4) can be found.
Since (3) is equivalent to (4), a parameter optimal solution to (4) depending on a platform
index 7' is equivalent to an optimal trapezoidal fuzzy one to (3).

Definition 3.2. We call

Min &, J& (5)
=1
st. a[[¥r<i,  (1<i<n)
>0,
a fully fuzzy monomial geometric programming, where )~c=()?1,)?2,... , X, )Tis a m-

dimensional fuzzy variable vector. Here X, =(x,7,x, ,X; X )1s a trapezoidal fuzzy number,
a. >0 is a coefficient fuzzy number, f >0 is a fuzzy number and @; is an arbitrary fuzzy

number.

Theorem 3.2. Any fuzzy posynomial geometric programming (1) can change into fuzzy
convex programming.

Proof. Let x; =e” for 1< j<m. Then
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Ji meoo U iz./ ity
zaik ij’kj =Zaik e’ =H, (Z) , 0<i<n. (6)
k=1 j=1 k=l

From [17] the conclusion of the theorem holds.

Remark 3.1. [12] Any fuzzy posynomial geometric programming problem (1) can turn into a
monomial fuzzy geometric programming problem.

Theorem 3.3. [18] Any monomial fuzzy posynomial geometric programming (5) can turned
into a fuzzy linear programming with the optimal solution

Min Ind,+»a,:z, , (7)
j=1
st. Indg+Ya;z <lni, (1<i<n),
j=1
z,>0.

4 The applications of geometric programming

In this section we investigate two different types of geometric programming problem with
trapezoidal fuzzy variables and numbers, and glimpse the algorithm considering to solve
them, then by presenting an example we show that how GP can be used in real world
scenario.

4.1 Multi-Objective GP

For a fuzzy multi-objective geometric programming (3) with trapezoidal fuzzy variables, the
objective functions can be weighted either before or after nonfuzzification or nonfuzzified.
Here we study the algorithm presented by [12] for FGP and then we solve the fuzzy multi-
objective GP by utilizing this algorithm.

A. Non-fuzzification steps

The steps of nonfuzzification applied to problem (3) is as follows:

T . . ~ -_— —
Let X, z()?,l,)?lz,...,)”c,p) be a trapezoidal fuzzy variable where X, =(x,i X X ,xh) for
(1<1<m,1<i< p). Arbitrary X belongs to the closed value interval [x,; ,X) ] , SO we choose

the degree of accomplishment in determined by membership function (2) , then by q;l ()Eh.) 2y,

we conclude:

— + — _ - + 7
Xy =X 2 W(xli Xy ):> X = X +Q/;(x” N )

I) For a given trapezoidal fuzzy variable X; , we partition natural number set {1,2,...,m} to

three exclusive sets:
1. For/=1,2,....M and any i :
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X, tX,
~ - + - ] i
Xy = Xy +</;(xli Xy )+ : -

2. ForI=M+1,M +2,...,2M and any i :

_ P .
X +Q/;(xli Xy )+lczi s J; =0,
%
_ LY — .
Xii +</;(xli Xy )_xli , =l

3. For [=2M +1,2M +2,....3M and any i :

X

_ P .
X +Q/;(xli Xy )_lczi » 7 =0,
%
_ LY = .
Xii +4/;(xli —Xy )+xli , Ji=l

Nonfuzzify variable x, .

X

3IM
1) Let z, =x, +Q/;(x; —X, ) Then under the platform index T, z, (T) =(z, +zx;3iM ),
i=1

X,

* . X —
where x, is Z—%  +x_ or £X, .

III) Replace Z,(T ) instead of X,, then the trapezoidal fuzzy variables (3) is turned into a
determined variable (4).

IV) Figure out a sufficient solution to problem (4).

B) Direct primal algorithm
Nonfuzzify (3) into (4) before weighting the objective function in (4).
Give weight to u; (1< j<n) for n objective function.

Now in (4), g;(z(T)) =u, gél) (Z(T))+u2 g(()z)(z(T))Jr...Jrun gé") (Z(T)) , where u; is a
weighted factor satisfying 0<u, <1(1< j<n), and u, +u, +...+u, =1.

Put g, (Z(T )) for n objective function in (4), then it changes to a single objective parameter

geometric programming

Min  g,(z(T)) (8)
st. g (z(T))<1,  (1<i<n)
Z(T)>O.

And calculate it.

Note. A fuzzy acceptable solution of (3) behaves similar to single objective geometric
programming problem with respect to platform index 7', because the primal algorithm
approach to an approximate acceptable solution.
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Example 4.1. Find
Min g ()=%-1 , Min g’(3)=(%-1) 9)
s.. WFJXQ—%)SI,

%<2,

.5

X, < Z ,

% ,%,>0.

- e = - e = . .
Where X, =(x1 > ,gl,xl) and X, =(x2 , X, ,;cz,xz) are two trapezoidal fuzzy variables and

1= (1,1, 0, 0) , 2= (2, 2,0, 0) and % = (%,%, 0,0) are trapezoidal fuzzy numbers.

Suppose that x, and x, are trapezoidal fuzzy data as:

% D(x,x,1,0) 3)(x,x,2,1) 5)(x;,x,1.5,2)
DOGx,0505)  O06,x,2,2)  1(,x,L,2)

% 2(x,x,,1.512)  4)(x;,x,,0,1) 6)(x,,x;,1,2)
80,015 10)(5,%,0,00  12)(x5,x,2,1)

X, and x,should belong to close value intervals [1,2]and [i,%] respectively. From equation

(2) put n=1, then

—x -1 _
ler XI7=XI =x 1=y, (xl)zyl
x —x 2-1 # >
X2y +1
- xz_1 1 = X, 2y +l
X, —X, 4 ~ 2=/
= =x,——=Uu-(x,)> 4
x;_x; é_l 2 4 :u¢z( 2) 7/2
4 4

Itequalsto X, :x, >y, +1land %, :x, > 7, +%, where 7,,7, €[0,1]. So we have

5 D(r,+1,1,0) 3)(y, +1,2,1) 5)(y,+1,1.5,2)
7)(7,+1,05,0.5)  9)(7,+1,2,2) 1)(7,+1.1,2)

8 1 1 1

i D011 A+ 00 6) (7, +7:1.2)

8)(7#%,0,1.5) 10>(72+i,o,0> 12)(72%,2,1)

Now we should divide the data to three groups and also by the Definition (2.7), j, =1 for odd

numbers and j, =0 for even numbers.
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1. Numbers 1,4,7 and 10

3 3 3 1
71+E ’72+Za7/1+57 7/2+Z
2. Numbers 2,5,8 and 11
7 1
72+Z 771_1772+Za 71_1
3. Numbers 3,6,9 and 12
71+2 ’72_%771"'37 7/2_% .

So 7, and y, can be nonfuzzified as follows

3 3
;/1+5+;/1+5+;/1—1+;/1—1+;/1+2+7/1+3 6

7,+6
- =7, +1,
4l 6 6 71
+3+ +1+ —7+ +1+ —3+ 3 6 +§
72 4 72 4 72 4 72 4 72 4 72 4 72 4 l
7, ™ 5 =% —}/2+4.

1. - .. .
Replace y,+1and y, +Z instead of x; and X, in (9) respectively. So we have

Min g (y)=r, . Min P (r,)=7;
st. 7y, <1,

7, <1,

v <1,

V.YV, > 0.

This is a multi-objective geometric programming problem corresponding to platform index 7'
By using an objective-weighted method, an objective function is changed into

2 (%)= u g (¥)+u,gl” (¥). We attain g, () =u,y, +u,y3 . Suppose that u, = u, =% , SO

1 1
Min —;/1+—;/§

2 2
st. 7y, <1,
7, <1,
7, <1,
V.YV, > 0.
The optimal solution of above equation is y, =1,7, =1and the optimal value is g, (}/) =1, so

optimal solution to (9) is x; =2 and x, :% .

The optimal solution to (9) can be changed, because as we explained u, +u, =1, so u, and u,
can change.
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4.2 Monomial Geometric Programming

As we know, monomial GP is the type of geometric programming problem. Here by utilizing
Theorem (3.2) and Theorem (3.3), first we turn the GP problem into linear one and then by
keeping numbers in fuzzy form and using Definition (2.5) we find the equations and easily
solve them.

Example 4.2. Solve the fully fuzzy monomial geometric programming problem

Min )Elzx; ,

s.t. )Ef)?zz =
ﬁﬁ:ﬁ,
%,%,>0.

Where1=(1,2,1,1),2=(2,3,1,2),3=(3,4,2,3),8=(8,18,3,8),13 = (13,25,5,13) and
0=(0,0,0,0).

Solution.
By applying Theorem (3.3), we obtain

Min 2xZ +1xZ,,
st IxZ +2xZ, =8xl,
§><21+§><22 = 3x1,
z,%,>0.
Now substitute the values 1,2,3,8,13 and variables Z, =(zf,zl+,gl,31) and Z, =(z;,zz+,gz,22)
in the above equation.
Min (2,3,1,2)x(z 2.2, )+(L.2.1,1)x(2.2, 2,5 ),
st (L2.10)x(z,27.2.5 ) +(2.3,1,2)%(2.25,2,,5, ) = (8,18,3,8),
(2.3.1,2)x(z 2.2, )+(3.4.2.3)x(2,,2.2,.5 ) =(13,25,5,13),

z,2,>0.

Now by computing the above equation, we have:
Min  (2z, +z,,3z] +2z;,2 + 2,,2Z, + Z,),
s.. z, +2z, =8,

2z +3z; =18,

z+z =3,

z,+2z, =8,

2z, +3z, =13,

3z +4z; =25,

z,+2z, =5,
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2z,+3z, =13,

z,%,>0.
By solving equations, we obtain z; =2,z =3,z =1,z, =2 and z, =3,z, =4,z, =2,z, =3, s0
£=(23,1,2).5,=(3,4.2,3) and (22, +2, .32 +22.2,+ 2,25, +%, ) =(7.17.3,7).
Now 561* = (ez,eB,el,ez) and )~C; = (e3,e4,ez,e3) are the optimal solutions of the problem and

the optimal value is (e7,e17,e3,e7) .

4.3 Network Flow Problem

Network is a graph containing finite number of nodes and arcs, here arcs length has numerical
value. Network flow problem is usual in engineering and management. In real world
scenarios, the arcs length value is not crisp. Many authors proposed different solutions for this
type of problem. In this example we study the computation of the fuzzy shortest path between
source node and the destination node in network flow problem presented by [19] and [11].

(10,13,17,20)

2 6
(10,20, 20, 30) 52. 55. 60, 6! (50,70, 80, 100) <:::>

Fig. 1 Network flow with fuzzy arc lengths [12]

Both methods approached to 1-52—>3—>5—>6 and node 6 can labeled as
[(103,137,149,185),5].

5 Conclusions

In this paper we introduced multi-objective geometric programming with trapezoidal fuzzy
variables, then we applied this method to solve FGP corresponding to the platform index 7',
which was used on primal geometric programming with trapezoidal fuzzy variables by Cao
[12]. We construed a fully fuzzy monomial geometric programming problem with trapezoidal
fuzzy numbers by keeping fuzzy numbers in whole solution. Also by an example we
described FGP in a part of daily life in network flow problem.
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