
 
 

 

Available Online at http://jnrm.srbiau.ac.ir 

Vol.1, No.3, Autumn 2015 

 

 

 

 

A New Approach to Solve Fully Fuzzy Linear 

Programming with Trapezoidal Numbers Using 

Conversion Functions 
 

S.H. Nasseri* 

Department of Mathematical Sciences, University of Mazandaran, Babolsar, Iran. 

 
Received Summer 2015, Accepted Autumn 2015 

 
Abstract 

Recently, fuzzy linear programming problems have been considered by many. In the 

literature of fuzzy linear programming several models are offered and therefore some various 

methods have been suggested to solve these problems. One of the most important of these 

problems that recently has been considered; are Fully Fuzzy Linear Programming (FFLP), 

which all coefficients and variables of the problem are the same kind of fuzzy numbers. One 

of most common of them is the model in which all fuzzy parameters are discussed by triangle 

numbers. In this paper, we first define a fully fuzzy linear programming with trapezoidal 

numbers and then suggest a new method based on reducing the original problem to the 

problem with triangle number. Specially, a conversion function for converting two 

trapezoidal and triangular numbers to each other is offered. Finally, the mentioned method is 

illustrated by a numerical example. 
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1. Introduction 

Until now, most of the problems which have 

been studied in the field of fuzzy linear 

programming are the problems that some of 

their variables and parameters are fuzzy. 

Such as the value of right side (sources), 

target functions or decision variables. One 

of the most important of these problems that 

recently, has been considered, is Fully Fuzzy 

Linear Programming (FFLP), which in it all 

of problem’s coefficients and variables, are 

the same kind of trapezoidal fuzzy numbers. 

Some kinds of the models and also methods 

for solving these problems is given in [1, 2, 

3, 6]. Usually, a conversion function which 

is defined from the set of all trapezoidal 

numbers to the set of all triangular numbers 

suggest to solve these problems. Then using 

the nearest concept of estimation of 

triangular fuzzy number, the main problem 

converts to two auxiliary problems (max, 

min), that with solving these two problems, 

a response vector consist of symmetric 

triangular numbers will be attained. The 

response of maximization auxiliary problem, 

considered as center and the response of 

minimization auxiliary problem as the fringe 

of response. Finally, using a conversion 

function, we define a trapezoidal fuzzy 

number for each triangular fuzzy number 

that is determined by the process of solving 

the problem. 

2. Preliminaries 

In this section, some necessary backgrounds 

and notions of fuzzy set theory are reviewed 

[2]. 
 

2.1. Basic definitions and concepts 

Definition 2.1. A fuzzy set A~   is called a 

fuzzy number if it satisfies the following 

conditions: 

1. A~  is normal, that is, ( 1)~( Ahgt ). 

2. A~  is convex. 

3. There is exactly one Rx   with 

1)(~ xA , that is, )~(Acore x . 

4. The membership function )(~ xA , Rx , 

is at least piecewise continuous. 
 

The value x )~(Acore  which shows the 

maximum degree of membership 1)(~ xA  

is called the modal value of the fuzzy 

number A~ , in notational accordance with 

the value that occurs most frequently in data 

samples. The modal value may also be 

referred to as peak value, center value, or 

mean value, where the last two expression 

are preferably used for symmetric fuzzy 

numbers. 

The parametric form of fuzzy will be 
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showed as A~  = ))(),(( rArA , so that )(rA

and )(rA satisfy the below conditions: 

1. Function )(rA from left, constantly is a 

descending consistency. 

2. Function )(rA from right, constantly is an 

ascending consistency. 

3. .10),()(  rrArA  

4. .1,0,0)()(  rrrArA  
 

In literature of the theory of fuzzy sets, 

triangular fuzzy numbers and trapezoidal 

fuzzy numbers have many applications (see 

in [4, 5]). Hence, in this article we also 

consider them and briefly define here. 
 

Definition 2.2. We show each triangular 

fuzzy number â with )ˆ,ˆ,ˆ(ˆ  aaaa m , where 

)ˆ,ˆ(  aa is consisted of the support of 

triangular fuzzy number (Fig 1) â and mâ is 

its core. In this case, we can rewrite the 

triangular fuzzy number â  as )ˆ,ˆ,ˆ(ˆ maa 

, where mm aaaa ˆˆˆ,ˆˆˆ    . And its 

figure is like this [4] : 
 

We show the set of all triangular fuzzy 

numbers in an abbreviated form of )(RFt .   
 

Definition 2.3. We show each trapezoidal 

fuzzy number a~  with )~,~,~,~(~  aaaaa UL  

where 

 UL aa ~,~  is the core of trapezoidal fuzzy 

number (Fig 2) a~  and )~,~(  aa is the 

support of fuzzy number a~ . Thus, we may 

rewrite the trapezoidal fuzzy number a~  as 

)~,~,~,~(~ UL aaa  , where 

.~~~,~~~ UL aaaa     And its figure 

is like this [4] : 

We represent the set of all trapezoidal fuzzy 

numbers in an abbreviated form )(RF . 

 

 
Fig 1. Triangular fuzzy number 

 

 
Fig 2. Trapezoidal fuzzy number 
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Remark 2.4. For each trapezoidal fuzzy 

number x~ , we say 0~~ x , if there are 0h

and 0a as  hhaax ,,,~   and  hhaa ,,,

will be shown by 0~ . It is worth mentioning 

that 0~  is equal with [0, 0, 0, 0]. We can 

easily see that, if yx ~~  then 0~)~~(  yx . If

0~~ x , then we say that x~ is a trapezoidal 

fuzzy number equal with 0. Similarly define 

as triangular zero. 
 

3. Fully fuzzy linear programming 

problem 

A Fully Fuzzy Trapezoidal Linear 

Programming (FFTLP) problem is defined 

as follows: 

0~~
)1(~~~..

~~max





x

bxAts

xc

 

 

where all elements of xAb ~,~,~ and c~ are 

belong to )(RF . 

Note that the problem of fully fuzzy 

triangular linear programming defines such 

as below [2]: 

0̂ˆ
)2(ˆˆˆ..

ˆˆmax





x

bxAts

xc

 

 

where all elements of xAb ˆ,ˆ,ˆ and ĉ are 

belong to )(RFt . 
 

3.1. Conversion function from trapezoidal 

fuzzy number to triangular 

In this part, by introducing a function T, we 

intend to transform each trapezoidal fuzzy 

number 

to a triangular fuzzy number; it means that: 

T: )(RF   )(RFt . In this case, if )(~ RFa 

then T )(ˆ)~( RFaa t . 

)3()ˆ,ˆ,ˆ(ˆ)~,~,~,~(~  mTUL aaaaa 
 

where 
mULm aaaa ˆ)~~(ˆ),~~(ˆˆ   and 

.
2

~~
ˆ

UL
m aaa 
  

The following figure explores the mentioned 

concept. (Fig 3) 

 

 
Fig 3. A transformation of the trapezoidal fuzzy number to the triangular fuzzy number 
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3.2.Nearest symmetric triangular 

defuzzification (N.s.t) 

Here, we state the concept of the nearest 

symmetric triangular defuzzification which 

is given in [2]. 
 

Definition 3.1. If we suppose that t , is a 

symmetric triangular number, its parametric 

form will 

be as  ,,0 xt  that centrality in 0x and 2  

borders, such as below: 

  ),())(),((, 0000  xRxrxxt 
where 10,,0  rRx  . 

Note that we show the set of all the 

symmetric triangular fuzzy numbers with

..ˆ TS  
 

Definition 3.2. If we suppose that t , is an 

asymmetric triangular fuzzy number, its 

parametric 

form is such as below: 

.0)0(,0)0(

,)1()1()ˆ(

),,,(ˆ

ˆˆˆˆ

ˆˆ







t
R
tt

L
t

t

R
t

L
tt

ctwtCw

tttcoreC
wwct





 

 

Those are respectively, the center and the 

left and right fringe of asymmetric triangle 

fuzzy number, as: 

.10,,

,

,)(

ˆˆˆ

ˆˆˆ

ˆˆˆ







rRwwc

rwwct

rwwcrt

L
t

R
tt

R
t

R
tt

L
t

L
tt

 

The symmetric triangular fuzzy number is a 

special form of asymmetric triangular fuzzy 

number, 

where . L
s

R
s ww  

 

We show the set of all asymmetric triangular 

fuzzy numbers with ..ˆ. TSA  
 

Definition 3.3. The dominant relations on 

the set of asymmetric triangular fuzzy 

numbers will be 

defined such as below: 






















.0),,,(

,0,),,(ˆ.3

).,,(ˆˆ.2
.,

,ˆˆ.1
.,),,(ˆ

),,(ˆ

11

111

212121

2121

21

222

111

KKwKwKc
KKwkwkc

tK

wwwwccut
wwww

ccut
RKTSAwwcu

wwct

R
l

L

RL

RRLL

RRLL

RL

RL



 

Definition 3.4. If ))(),((ˆ rtrtt  and 

))(),((ˆ ruruu  , then ))(),((ˆ rhrhh  where  

)}()(),()(),()(),()(min{
)}()(),()(),()(),()(max(

rurtrurtrurtrurth
rurtrurtrurtrurth




 

For example; the multiplication of two 

asymmetric triangular fuzzy numbers is such 

as below: 

))1()1()1(

,)1()1()1((ˆˆ
2

ˆˆˆˆˆˆˆˆ

2
ˆˆˆˆˆˆ

rwwCrwrwccc

rwwcrwrwcccut
R
u

R
tu

R
t

R
utut

L
u

L
tu

L
t

L
tu




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Definition 3.5 Suppose that, û  is a  

triangular fuzzy number in the parametric 

form as ))(),(( ruru . 

In this case, for gaining a symmetric 

triangular fuzzy number, which is close to 

ˆu, the following function must be 

minimized: 


 





1

0 1

0

2
0

2
0

2

)4(.))(],[)((

))(],[)((
]),[,ˆ(

drrxsru

drrxsru
xsuD







If ],[ 0 xs be the minimizer of ]),,[,ˆ( xsuD
then ],[ 0 xs is a non-fuzzy (crisp) from û to 
the center of 0x and fringe of  . Therefore, 
we have for the minimize of :]),[,ˆ( xsuD  

)5(0]),[,ˆ(

0]),[,ˆ(

0











x
xsuD

xsuD






 

So, from solving the previous equation, we 

have: 









1

00

1

0

)7())()((
2
1

)6()1))(()((
2
3

drrurux

drrruru  

The nearest crisp number is asymmetric 

triangular to û  to the center of 0x  and 

tolerance of  . As you know, in section (3), 

a function was introduced that the 

conversion possibility of a trapezoidal fuzzy 

number to a triangular fuzzy number has 

been prepared. Here, first we show that how 

each problem of triangular fully fuzzy linear 

programming (as it has verified in (2)) 

turned to two problems of linear 

programming. Then, we show that, using 

function (3) we can turn the problem (1) to 

the problem (2). Now by using the method 

of nearest triangular estimation, we solve the 

obtained auxiliary problem, and then gain to 

an estimation from of the solution of the 

main problem using this response. 

Therefore, we consider the following 

problem which is consisted of symmetric 

triangular fuzzy numbers similar to the 

problem which is discussed in [3]. 

 

tsNc

c
cCCts

CC

xx

xx

bbxxAA

xxcc

..ˆ),(

),(

)8(),(),)(,(..
),)(,(max

ˆˆ

ˆˆ

ˆˆˆˆˆˆ

ˆˆˆˆ












 
We can see that the previous problem is a 

problem of Multi Objective Linear 

Programming (MOLP) that for maximizing 

of the objective functions in problem (8), we 

offer the maximization of problem for center 

and as minimizer problem for limits. 

 





 sx
XF

ˆ
)9()(max 0  












aC

sx
xF

xcˆˆ

1

)10(ˆ
)(min

 

where 

 ...,0,| tsNxwcbxAxs L
xx


   
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That the core (center) response has ordinal 

priority rather than limits or tolerance 

response that a is an optimum value of 

target function (9). The final condition in 

(10) for this reason is considered that the 

optimum response (10) be set up in (9). 

.0,0

0
2
1

2
1

8
3

2
1

2
1

8
3

2
1

2
1

)11(
4
1

4
1

6
1

4
1

4
1

6
1

4
1

4
1..

6
1

4
1

4
1

6
1

4
1

4
1max

ˆˆ

ˆˆ

ˆˆˆˆˆˆ

ˆˆˆˆˆˆˆˆ

ˆˆˆ

ˆˆˆˆˆˆ

ˆˆˆˆˆˆˆˆ

ˆˆˆˆˆˆ

ˆˆˆˆˆˆˆˆ








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
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L
x

R
x

L
Ax

L
b

R
b

L
x

l
A

L
Ax

L
xA

R
x

R
A

R
Ax

R
xA

L
b

R
bb

L
x

L
A

L
Ax

L
xA

R
x

R
A

R
Ax

R
xAxA

L
x

L
C

L
cx

L
xc

R
x

R
c

R
cx

R
xcxc

ww

wC

wwwwwC

wCwwwCwC

wwC

wwwCwC

wwwCwCCCts

wwwCwC

wwwCwCCC

In this case, the problem of (9) and (10) will 

be rewrite such as below: 

.0
6
1

4
1

4
1

6
1

4
1

4
1..

8
3

2
1

2
1

8
3

2
1

2
1min

ˆ
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
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,
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1
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3

2
1
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3
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1

2
1

)12(
4
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1
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ˆˆˆ
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wwwwwC

wCwwwCwC

wwC

As, a is the optimum value of objective 

function (11). 

If problem (11) had a unique response

),( ˆˆ xxC  , then one part of optimum answer 

(8) has attained. 

If problem (11) had an alternative answer, 

),( ˆˆ xxC  is the optimum answer of (8), also 

if the optimum answer be problem (12). 

3.3. The definition of conversion function 

of triangular to trapezoidal 

Here, by introducing of functionT  , we 

intend to convert every triangular fuzzy 

number to trapezoidal fuzzy number, it 

means that: )()(: RFRFT t   

iii

iii

i
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i

U
i

i
m
i

L
i

i
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xx
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niRbbR
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
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
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)13(ˆ~
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4. The nominal analyzing of problem 

Example 4.1. A steel mill, manufacture iron 

beams in shape of “I” in four sizes; small, 

medium, large, very large. The rough length 

of manufactured beams by machine, 

approximately in every 50 to 70 minutes, is 

like this: (Table 1) 
 

And also, the sale’s profit of each one is 

roughly 13, 10, 15 and 11 dollars 

respectively. Furthermore, machines, 

roughly in 1 hour, produce approximately 

500 and 600 foot of various sizes of beams 

respectively. The objective of scheduling the 

machines is maximization the profits. 

According to the viewpoint of the manager 

of the factory the fuzzy numbers with the 

following form: 
 

3~1 =(11, 15, 3, 0) 0~1 =(9, 11, 1, 2) 5~1 =(13, 

17, 2, 1) 1~1 =(10, 12, 0, 1) 

8~ =(7, 9, 1, 0) 2~1  (11, 13, 1, 1) 7~ =(6, 8,1,0) 

6~1 =(14, 18, 4, 2) 

4~1 =(12, 16, 0, 2) 8~1 =(17, 19, 3, 0)  

00~6 =(550, 650, 100, 190) 00~5 =(460, 540, 

90, 130) 

 

.
)190,100,650,550(

)130,90,540,460(~

,
)2,0,16,12()2,4,18,14()0,3,19,17)(0,1,8,6(
)1,3,16,14()0,3,17,13()1,1,13,11()0,1,9,7(~

,

)1,0,12,10(
)1,2,17,13(

)2,1,11,9(
)0,3,15,11(

~









































b

A

C

 

The above problem can be formulated as 

follows: 
 

0~~
)190,100,650,550(

~)2,0,16,12(~)2,4,18,14(

~)0,3,19,17(~)0,1,8,6(
)130,90,540,460(

~)1,3,16,14(~)0,3,17,13(

~)1,1,13,11(~)0,1,9,7(..

~)1,0,12,10(~)1,2,17,13(

~)2,1,11,9(~)0,3,15,11(max
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That under the function (3), turned to below 

data: 

.
)240,150,600(
)170,130,500(ˆ

,
)4,1,14()4,6,16()1,4,14)(1,2,7(

)2,4,15()2,5,15()2,2,12()1,2,8(ˆ

,
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)3,4,15(
)3,2,10(
)2,5,13(

ˆ


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

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Table 1 

Very large Large Medium Small product—machine 
5~1  5~1  2~1  8~  A 

4~1  6~1  8~1  7~  B 
 

 
 

 

Then the related fully fuzzy linear 

programming problems with triangular 

numbers is: 

0̂ˆ
)240,150,600(

ˆ)4,1,14(ˆ)4,6,16(
ˆ)1,4,18(ˆ)1,2,7(

)170,130,500(
ˆ)2,4,15(ˆ)2,5,15(

ˆ)2,2,12(ˆ)1,2,8(..
ˆ)2,1,11(ˆ)3,4,15(

ˆ)3,2,10(ˆ)2,5,13(max
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43
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








x

xx
xx

xx
xxts

xx
xx

Now, by solving the problems (9) and (10) 
we have the following results: 
The optimum answer of maximization 

problem is equal to maxa  = 606.187. 

The optimum answer of minimization 

problem is equal to mina  = 141.484. 

The answer of auxiliary problem is equal 

with â = (606, 141, 141) and 





















)0,0,0(
)0,0,0(

)0,0,01.26(
02.9,84.18,78.28(

x̂  

That is a symmetric triangular fuzzy 

number. Now, using the function (13), we 

convert the solution to trapezoidal fuzzy 

number. Thus we obtain the solution as 

follows: 

 





















)0,0,0,0(
)0,0,0,0(

)0,0,01.26,01.26(
9.5,7.15,8.31,7.28(

~x  

5. Conclusion 

In the common strategy for solving fully 

fuzzy linear programming usually, the 

authors had been used the classification 

functions to solve the problem of fuzzy 

linear programming. But, in this paper we 

use a new method without using any 

classification function and just by applying 

the most primarily fuzzy concepts to find the 

solution of the fuzzy programming problem. 

As well as the introduced functions in this 

paper, we can choose an appropriate fuzzy 

data for solving a fully fuzzy linear 

programming problem. We may use the 

mentioned approach in this paper for solving 

the models which is appeared in the real 

world when it consist of the trapezoidal 

fuzzy numbers in all parameters. 
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