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Abstract Thus far, many methods have been suggested to
solve the fuzzy linear programming (FLP) problems with
interval type-2 fuzzy numbers (IT2FNs) ambiguous of kind
Vagueness (uncertainty at the satisfaction level of the
objective function and constraints), while studies on
models of the interval type-2 FLP problems with uncer-
tainty of kind Ambiguity in which all or part of the
parameters are ambiguous (all or part of the coefficients in
FLP problem are IT2FNs) are very limited. In this paper,
first, an interval type-2 FLP problem with uncertainty of
kind Ambiguity was considered generally and all the
coefficients in the problem were interval type-2 triangular
fuzzy numbers. Next, a method for solving it based on the
nearest interval approximation was proposed. Finally, the
method was illustrated using some numerical examples.

Keywords Best—worst cases (BWC) - Fuzzy linear
programming (FLP) - Interval linear programming (ILP) -
Interval type-2 fuzzy number (IT2FN) - Membership
function (MF)

1 Introduction
Many real-world problems are modeled as optimization

problems, which are often ambiguous in all or part of their
parameters. These uncertainties can occur in different parts
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of the optimization model ambiguous of kinds of Vague-
ness and Ambiguity. The modeling of Vagueness represents
uncertainty at the satisfaction level of the objective func-
tion and constraints and that of Ambiguity represents
uncertainty at the coefficients in the problem.

After expression of the theory of type-1 fuzzy sets in
1965 and type-2 fuzzy sets in 1975 by Zadeh [23, 24],
another kind namely: the interval type-2 fuzzy set, was
defined [14, 18]. The type-2 fuzzy sets are complex, and
computational operations are more difficult than the
interval type-2 fuzzy sets. Also, the interval type-2 fuzzy
sets present more information and uncertainties than the
type-1 fuzzy sets. Hence, the interval type-2 fuzzy sets are
preferable to other types of fuzzy sets for modeling opti-
mization problems.

Thus far, the idea of using the interval type-2 fuzzy sets
in modeling FLP problems has been more considered
[5-12, 17, 25]. For example, Figueroa [11] enhanced the
Zimmermann method [27] to solve the interval type-2 FLP
problem in which right-hand side values in it are presented
by membership functions (MFs). Moreover, he proposed
many different methods for modeling and solving the
interval type-2 FLP problem obscure of kind Vagueness by
displaying uncertainties by the MFs [6—12]. In these works,
the MFs are applied to represent uncertainty at the satis-
faction level of the objective function and constraints.
Also, Golpayegani et al. [12] presented a new way in two
special cases of interval type-2 FLP problem.

Recently, some ranking functions for solving interval
type-2 FLP problem with uncertainty of kind Ambiguity
were introduced [15-17, 19, 20, 25] in which, by replacing
the crisp numbers by the IT2FNs in problem, they are
converted to the linear programming problem. In this
paper, one new technique was proposed to solve a FLP
problem with uncertainty of kind Ambiguity and all the
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coefficients in the problem are interval type-2 triangular
fuzzy numbers.

2 Preliminaries

In this section, some concepts and prerequisites are intro-
duced to express the proposed method. It should be noted
that the symbols defined here are used to describe the
method and solve numerical examples.

Definition 1 A type-1 fuzzy set, A, which is concerning
with a unique variable, x € X is a generalization of a crisp
set. It is defined in the source X and characterized by the
MF 4 (x) that replaces values in the range [0,1]. Such a set
can be showed as:

A ={(xmy(x)] ¥V x € X},

type-1 MF, u,(x) is bound to be among 0 and 1 for all
x € X, and is a two-dimensional function [15-17].

Definition 2 A type-1 fuzzy set, A by the MF p,(x),
defined on the set of the real numbers is called a type-1
fuzzy number when, sup,.g fi4(x) = 1, that is, the type-1
fuzzy set A is normal, u, {Ax; + (1 — A)x2} > min{uy, (x1),
Ua(x2)}, for all A € [0, 1], that is, the set A is convex and
U4 (x) is a continuous function by intervals [15-17].

Definition 3 The a-cut of a type-1 fuzzy number A is a
set defined as A, = {x € Rlu,(x) >a} = [A(2),A(x)],
where  A(x) = inf{x € Rluy(x) >a}, A(x) = sup{x €
Rlus(x) >o}, where inf and sup are the greatest lower
bound and least upper bound, respectively. For example the
a-cut of a type-1 triangular fuzzy number A is shown in
Fig. 1.

Definition 4 The core of a type-1 fuzzy number, A is a set

defined as Core(A) = {x € R|u,(x) = 1} [13].

Definition 5 A type-2 fuzzy set, A, is defined as A =
{((x,u), pi(x,u))Vx € X,VueJ, C[0,1]}, and 0<
wi(x,u) <1, where J, is the primary membership of

aceR

a A(a) 5 A(a) a

Fig. 1 The o-cut of a type-1 triangular fuzzy number A

x. When the elements of a type-2 fuzzy set A are contin-
uous, A can be represented as:

F(L”)
Ty (s, "5
xeX Juel, ()C, M) xeX X ’

where [ [ denotes the union for all x and u in feasible
region. For discrete spaces, [ is replaced by
[18, 20, 25].

Definition 6 In definition 5, when p;i(x,u)=1,Vx€
X,ueJ, C[0,1],A is called interval type-2 fuzzy set.

Definition 7 Uncertainty in the primary memberships of

a type-2 fuzzy set A consists of a bounded region called the
footprint of uncertainty, that is, FOU=U,cxJ, . The foot-
print of uncertainty of A is bounded by two MFs: a lower
MF (LMF) u N and an upper MF (UMF) 7;. Thus, an

interval type-2 fuzzy set is bounded by two type-1 fuzzy
sets. Moreover, the interval type-2 fuzzy set is called the
IT2FN when its UMF and LMF are type-1 fuzzy numbers.

It is noteworthy that A has embedded type-1 fuzzy sets (A.)
as well; therefore, there is an infinite amount of A, enclosed

into the footprint of uncertainty of A [15-20].

Definition 8 The core of the IT2EN A = [A,A] is
Core(A) = [min Core(A), max Core(A)] when
¢ # Core(A) C Core(A), where ¢ is the empty set and j;

and fi; are lower and upper MFs of A, respectively.

Definition 9 Interval type-2 triangular fuzzy number, A is
defined on interval [d, d], its lower MF and upper MF take
the value equal to A€ [0,1] in a and h € [0,1] in @,

the interval type-2 triangular fuzzy number, A is notated as

A=(A,A) = <(Q,Q,Q,h), (5,6,5,%)) and its MFs are:

xX—a _
h—— d<x<a
a—d
— a—x
HA(X) T\ h= a<x<a
A a a a
0 x<d,x>a,
and
_x—a _
h—=  G<x<a
a—ada
ni(x) = —E_X =
:u'A() h7 - 5§x§a
a—a
0 x<da,x>a
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a

Fig. 2 The interval type-2 triangular fuzzy number A = (A,A)

A graphical representation of the interval type-2 triangular
fuzzy number, A defined over a € R, its footprint of
uncertainty, Core(A ) and A,, is shown in Fig. 2 [16, 17].

In the following, the concept of the nearest interval
approximation of the type-1 fuzzy numbers was intro-
duced, that is, a type-1 fuzzy number approximated with a
closed interval. Then, in particular, this concept was used
for a type-1 triangular fuzzy number and the closed interval
was found for it.

One of the applications of every existing defuzzification
methods is to solve single- or multi-objective type-1 and
interval type-2 FLP problems. In the general interval type-2
FLP problems, all coefficients and numbers used are
interval type-2 fuzzy numbers. So far, many methods, such
as ranking or ordering methods and approximation tech-
niques are proposed to solve the FLP problems, and each
method has its own advantages and disadvantages; hence, it
would be a difficult task to decide which one is the best.
Thus, the decision maker should choose the defuzzification
method for any particular problem, each time. In fact, well-
defined methods that are more preferable than many
existing methods are sought. Fuzzy set theory allows one to
effectively model and transform imprecise information.
However, sometimes a given interval type-2 fuzzy set has
to be approximated by a crisp one. If a defuzzification
operator such as ranking or ordering methods which
replaces an interval type-2 fuzzy set by a single number is
used, too many important information are generally lost.
Since an interval approximation is an extension of
approximation as a crisp number and it is more acceptable,
if an interval type-2 fuzzy set is replaced by a closed
interval, less significant information is lost. The distinction
among defuzzification methods is only possible by count-
ing the number of proven well-defined properties for them.
In this paper, the proposed technique is based on the
nearest interval approximation which possesses many
desired properties like continuity, monotonic and linearity
[13].
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Suppose A is a type-1 fuzzy number and [A(a), A(a)] is
its a-cut. The closed interval C(A) = [C, C] is the nearest

interval approximation to A, where C = fo a)do, C =

fo o)der [13].

Theorem 1 The nearest interval approximation for the

type-1 triangular fuzzy number A = (d,a,d) is [452,444].

Proof The MF of the type-1 triangular fuzzy number
A can be described in a following manner:

xX—da

= i<
40 =75 =7
1 xX=a
Ha(x) =

M-S a<x<a

X) = a<xsa
Ha i—a -
0 x< >a

The set of the a-cuts of a type-1 triangular fuzzy number
A is obtained as [A(x),A(a)] = [d@+ «(@ — a),d + a(a—
a)]; thus, with the help of the nearest interval approxima-
tion concept for it, the proof can be completed as follows:

CA) = /OIA(oc)doc,/olz(oc)dfx]

-/ i+ ol — @)z, / -+ ala— )

LJO 0
fa+aa+a
2 2

O

In the general ILP problem, all the parameters (the
objective function, technological coefficients and the
resource values) are closed intervals. Therefore, the ILP
problem can be modeled as follows:
z=Xg; Gl
st Zlag, aglx < [by, bil, i=1,2,...m (1)

ZO; j:1727'”ana

max Cjs

where ¢;, ¢, b;, bi,a a; and @;; are real numbers.

Many methods have been introduced to solve the ILP
problem [1-4, 21, 22, 26]. As a basic method, we introduce
the best—worst cases (BWC) method [21] which solves it
with the conversion of the ILP problem into the two sub-
models, namely the best and the worst sub-models. Infact,
the BWC method was proposed to solve ILP model (1) by
formulating two sub-models as the best sub-model:
max{z| Za;x; <b; ,Vx; >0} and the worst sub-model:
max{z| Xa;x; <b;,Vx; > 0}.
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Theorem 2 The objective function value of any arbitrary
characteristic model of ILP model (1) belongs to the
interval of the objective function values of the BWC method
[21].

Next, an IT2FN becomes an interval number with the
proposed technique based on the nearest interval approxi-
mation, and the interval type-2 FLP problem becomes an
equivalent problem, that is, the ILP problem. Hence, to
solve the interval type-2 FLP problem, the equivalent
problem obtained by the proposed technique was con-
structed and solved, and can easily be solved with BWC
method for ILP problems.

3 The FLP Problem with IT2FNs

In this section, an interval type-2 FLP problem with
uncertainty of kind Ambiguity was first considered which
all the coefficients in it were of interval type-2 triangular
fuzzy numbers. Then, the middle model was introduced
and solved by replacing the Core of the interval type-2
triangular fuzzy numbers instead of themselves in the
problem. Moreover, it was transformed into the FLP
problem with characteristic type-1 fuzzy numbers and with
the help of the nearest interval approximation, it was
converted into the ILP problem. Finally, the optimal
solution and the optimal value were obtained by using the
BWC method twice. In the following, the proposed method
is described step by step in details:

Consider the interval type-2 triangular FLP problem
with uncertainties in right-hand sides of the constraints and
the coefficients of both objective function and constraints
as follows:

max Z = Zé,-xj
st. Tag <b, i=12,...,m (2)
x; >0, j=12,...,n,

where &, b; and G;; are IT2FNGs.

The minimized and maximized point of the Core of the
above interval type-2 triangular fuzzy numbers in problem
2 are equal; thus one middle model is solved as:

max 7 = X¢jx;
S.t. Zaijxj SE,’, i= 1,27 oM (3)
x; >0, j=12,...,n,

by solving linear programming problem 3, X;,,, and Z,,, are
obtained. Since an interval type-2 triangular fuzzy number
is composed of the infinite union of the characteristic type-
1 triangular fuzzy numbers, the traditional embedded type-
1 triangular fuzzy numbers are used for all the interval
type-2 triangular fuzzy numbers of problem 2. Therefore, it

is converted into the following characteristic type-1 trian-
gular FLP problem,

max z° = Xcjx;
s.t. Zagx; <bf, i=1,2,...m 4)
]207 j:1727"'7n7
where ¢¢ € FOU(&)), b¢ € FOU(b;) and af; € FOU ay) are
the embedded type-1 triangular fuzzy numbers.

Now, by using the nearest interval approximation of the
type-1 triangular fuzzy numbers of problem 4, it becomes
equivalent to the following ILP problem,

max z° = X[¢f, ¢]x;
st Zfag, aglg < (B¢, 6], i=1,2,...m (5)

x>0, j=12,....n,
where ¢ € [c],c]] & el ,],all € [az/’au]vaz/ € [a,a ;]
be [bl’bl] be [bl7bl]

Also, with Theorem 2, the best and worst sub-models of
the ILP problem 5 are obtained as follows:

max Z = Zé‘?xj

s.t. Zaxj<b i=1,2,...m (6)
x; >0, j=12,...n,
and
max = X¢x;
s.t. Zaxj<b i=1,2,...m (7)
x; >0, j=12,...n,
respectively.

It is clear that the problems 6 and 7 are ILP models.
Hence, their sub-models are obtained by reusing Theo-
rem 2 for them. The best-best and the best—-worst models
obtained for 6 are:

1. The best-best model
max 7 = Zgéx,-
s.t. Xa¢ xj<b cm (8)
x; >0, j=12,...n,

by solving linear programming problem 8§, )_Ej,,,,, and
Eopf are obtained.

2. The best—worst model

masz:Zc“?x,»
s.t. Zaxj<b i=1,2,...m 9)
j207 j:1a27"'7n1

by solving linear programming problem 9, X;, . and Z

]017 Zopt
are obtained. In addition, the worst-best and the worst-

worst models obtained for 7 are:
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3. The worst-best model

max £ = X¢/x;
i=1,2,....m (10)
j=12,...n,

e
~e
s.t. Xdgx; <b;,
.Xj 2 O,

by solving linear programming problem 10, x;,, and

Zopt

4. The worst-worst model

are obtained.

maxE:ZQ_ij
i=1,2,...m (11)
j=12,...n,

=€ ~e
s.t. Zagx; <b;,
Xj 2 07

also, by solving linear programming problem 11, X, and
Egpt are obtained.
Therefore, the interval type-2 triangular fuzzy numbers

Xjopt = ((-xjopt;-xjopta-ﬁjop[); (-Ejopnxjoptaxjopt)) and Zopt =

((Z’O,,,,Z(,,,,,gfom), (gopt,zop,,éopl)) are optimal solution and
optimal value for problem 2, respectively.

In recent decades, many ranking methods are defined to
solve FLP problems and all existing coefficients and
numbers in problem are of type-1 fuzzy numbers or
IT2FNs. In these ranking methods for each fuzzy number
in the problem, a crisp number is assigned, and the problem
becomes a crisp problem, which is simply solved, although
much information is lost from the main problem. More-
over, some approximation methods to solve FLP problems
are defined and all existing coefficients and numbers in the
problem are type-1 fuzzy numbers. These approximation
methods are the generalization of ranking methods,
because each type-1 fuzzy number is assigned by a closed
interval and the FLP problem is converted to an ILP
problem. So far, no approximation method for solving the
FLP problems in which each interval type-2 fuzzy number
in the problem is assigned to a closed interval, has been
presented; so, the proposed technique has a new and dif-
ferent nature. Therefore, it can be regarded as a general-
ization of previous modes.

4 Numerical Examples

In this section, two examples are presented for illustration
and checking the efficiency of the proposed method. In the
first example, the FLP problem with interval type-2 sym-
metric triangular fuzzy numbers (which is the simplest
problem of its kind) is considered and then, it is solved

@ Springer

with full details, step by step. In the next example, the
assumption of symmetry was excluded and the new FLP
problem is completely analyzed. Finally, in both examples,
the optimal solution and optimal values are obtained as
interval type-2 triangular fuzzy numbers.

Example 1 Consider the FLP problem with the interval
type-2 symmetric triangular fuzzy numbers as:
max 7 = CN]XI + 52)(2
s.t. dpx + dnx, <b

~11 1 ~12 2501 (12)
X1 + dnxy < by

x1,x 20,

All the IT2FNs in problem 12 were considered as the
characteristic type-1 fuzzy numbers, and with the help of
their nearest interval approximation, problem 12 was
converted into the following ILP problem:
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max z¢ = rl ta a+t Cl] [Q to ot CZ} X The optimal solution rounded in three decimal places was
2 2 obtained as: Ty = 1.519, Xop = 2.370 and Z,,; = 9.389
- Alopt . s N2opt . Zopt . .
ot dpy +an an +an X4 dip +ap dip+an It is clear that all of the coefficients in problems 14 and
o 2 ’ 2 2 ’ 2 15 are intervals. Hence, the best and worst models, 14 and
by +by by +b bl + @y oy + oy 15, are ILP problems. Again, Theorem 2 was applied for
X < ) > ) ) X1 them, and the sub-models of the best and worst models are
obtained as:
[dzz _; an 7a22 —; 522} X < by _; by 7 by ; by 1. The best—best model
x1,x2 >0, max Z = <Cl ;Cl)xl + (62—502))62
(13) _ _ =
_ .= _ di +an diptdn) b1 + by
where éj S [é éj] d’] S [Clu, U] b S [b b,‘], éj € [éj,éj], s.t. 2 X1+ 2 2= 2
&ife[lj’al]] b E[b,,b} =~ _ = _ s =
- dy +a dyp +a by +b
With Theorem 2, the best sub-model will be: (21221))61 + ( 2 ) 22>X2 < 2 > 2
max 5 — (6‘1 ;-Cl)xl + (02;02>x2 x1,X2 >0,
. _ That is,
6111+£111 6112+L112 <b1+b1 -
=7 (14) max Z = 2x; + 4x,
6121 + ani 5122 + arn - l;z + 52 s.t. 0.5x; 4+ 3x, <13 (17)
NS5 3x1 + 1.5x, < 16
xl,x2>0 X],X2ZO,
where ¢ € [¢;, &), ay € [dy, d;), b; € [b,,b] 2. The best—worst model
and the worst sub-model is as follows: e +é &+ 6
_ (a+a &+ 6 maxg:( 2 >X'+( 2 )xz
max Z = > X; + ) X2 N _
dy +an dpp +an by + b
o _ A _ - ~ Lt |/ <
ot <a11 +a11>x1 n (6112 +a12>x2< by + by & ( 2 >XI i < 2 >x2_ 2
. 2 o 2_ (15) dy +an X4 dy +an x<§2+52
(dzl + a2]>x1 n (dzz + llzz))c2 < by + by 2 ! 2 =2
2 2 -2 x1,%2 >0,
x1,x%2 >0, .
B That is,
whe?e “ e.[c.j’g.j}’ dj € ay g, bi € i, ). max Z = 1.75x; 4 3.5x,
Since minimized and maximized points of the Core of N
the above interval type-2 triangular fuzzy numbers in s.t. 0.75x +3.5x, <12 (18)
problem 12 are equal, one middle model is solved as: 350 + 2 <14
max Z = ¢1X| + Caxp x1,x2 >0,
s.t. x4 anxs <b 3. The worst-best model
X1 + anxy < b max s (GLT G n Hto
xlv'xZZOa wi= 2 e 2 2
That is, (é 1 t+a > <Q12 + a12>x2 < é] + by
2 2 - 2
max Z = 1.5x; + 3x; A i
dyy +an dy +an b, + by
s.t.oxp +4x <11 22 <
41 225_ <12 (16) ( 2 ) ( 2 R
Mt Lon s xi,x3 >0,
X1, X2 2 07
That is,
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max = 1.25x; +2.5x,
s.t. 1.25x; +4.5x, <10
4.5x1 4+ 3x, <10
x1,x2 >0,

4. The worst-worst model

That is,
max Z = x; + 2x,
s.t. 1.5x; +5x, <9
Sx1 +3.5x <8
x1,%x >0,

(20)

by solving the four above linear programming problem,
their optimal solution and optimal value rounded in three
decimal places are:
Xiop = 3454, X20p = 3.758,Z0ps = 21.939, %,,,,, =
2.326, Xy, = 2.930,2,,, = 14.326,
Eiope = 0.909,%,,,, = 1.970
Xoopr = 1.671,Z0p = 3.772,
respectively. Therefore, by applying the defined method
in the present paper, optimal solution and optimal value,
rounded in three decimal places, for problem 12 are
obtained as the following interval type-2 triangular fuzzy
numbers:

= 6.061, %1,y = 0.430,

? gopt

Fropr :((0.9097 1.519,2.326), (0.430, 1.519, 3.454)>7
Bropr :((1.970, 2.370,2.930), (1.671,2.370, 3.758)),

Zopt :((6.061, 9.389, 14.326), (3.772,9.389, 21.939)).

Example 2 Consider the following FLP problem with the
interval type-2 triangular fuzzy numbers:

max Z = C1X; + Caxo
S.t. d]])(] + 612)62 S b]
a1 X1 + dxpxy < by

x17x2207

where

@ Springer

& :((0.5, 12,3),(0.2,1.2, 3.2))

(1,3.65,3.7), (0.95,3.65,3.8))

(2,3,6), (1,3,7))
(by,b1,by), (Zl,El,Zl)),
(0.9,2.7,2.9), (0.7,2.7,4))

(da1, @21, 4dy), (02175217521)),

(0.6,1.85,2), (0.55,1.85,2.5))

(dyp, G2, dy), (a2, G2, 522)) ,

(
(
(@
n=(0s
~(ta
2 =(
= ((@,a12,an), (@,a12,an) ),
=
=
2 =(
=
2 =(
=
2=

(1.5,4.75,5.75), (1.25,4.75,6))
:((22752352)7 (22752752)>~

The traditional embedded type-1 triangular fuzzy numbers
were used for all the interval type-2 triangular fuzzy
numbers of problem 21. Thus, problem 21 can be con-
verted into the following characteristic type-1 triangular
FLP problem:

max z° = X¢jx;
s.t. Zagx; <Dbf, i=1,2, (22)
xj Z 0 .] = 15 27

where  ¢¢ = (c%, ¢, ¢?), at =

J IRRTAN] ij
(aU,aU,aU) are the embedded type-1 triangular fuzzy
numbers.

Now, the nearest interval approximation of the above
type-1 fuzzy numbers was applied. Then, problem 21 was

reduced to the following ILP problem:

be = (b%,b%,b¢)  and

R R ]
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. ¢+ ¢ cl+c1 Gy +Cp cz+cz
max z" = |[——,———— , X2
2 2
{an +ap an +a11] [d 2 +ap a12+012]
S.t. X1 + X2

2 2 2 72
by +by by +b {dn +ay ay + a21]x
1

< ) b
- 2 2 2 2

52+52 524—52
2 72

dy +axn dn + axn
<
—&-[ 5 ) B ]xz_

-xl7x220a

(23)
where ¢ € [6,,G)), dy € [dy,d;), bi € b, b, ¢ € [6,¢),
&lfi € [ lj’alj] b € [blvb]

With Theorem 2 the best sub-model is as follows:

max Z = a+a x; + G te X
2 ! 2 2

dp +an dip +ap by + b
£ | — e <
: ( 2 >+< 2 )xz— 2 (24)
do + an dy + an by + by
el T Te Zez T Tes < =7
(BT )+ (B3 )ms ™5
xl,x2>0

where ¢ € [¢;, &), ay € [dy, d;), bi € [b,,b]

and the worst sub-model is as follows:

max 7 = ata X + G2+ X
2 : 2 2
apn +an dip + an by + b,
Lt | — —_— <
“( 2 )*( 2 )”- 2 (25)

dz1 + ani axn + axn by + by
- = = == <
( 2 )xl + ( 2 )x2 - 2

xl,x2>0

where éj < [Ej,éj}, d,’j € [ wCllj] b c [b,,b]

Since minimized and maximized points of the Core of
the above interval type-2 triangular fuzzy numbers in
problem 21 are equal, one middle model can be solved as:

max 7 = 1.2x; + 3x,
s.t. 0.95x; +3.65x, <3
2.7x1 + 1.85x, <4.75
x1,% >0,

(26)

The optimal solution rounded in three decimal places was
obtained as Xi,,, = 1.456, X,y = 0.443 and Z,,, = 3.076.

Moreover, the best and the worst models, 24 and 25, are
ILP problems. Again, Theorem 2 was applied. Thus, the
sub-models of best and worst models are:

1. The best-best model

max Z = 2.2x; + 4x,
s.t. 0.7x; +2.3x, <5
1.7x1 + 1.2x, <5.375
x1,% >0,
2. The best—worst model
max Z = 2.1x; + 3.75x;
s.t. 0.725x; +2.325x, <4.5
1.8x; + 1.225x, <5.25
x1,X2 2> 0,
3. The worst-best model
max 7 = 0.85x; + 2x;
s.t. 1.275x; +3.675x, <2.5
2.8x; + 1.925x, <3.125
x1,x2 >0,

(29)

4. The worst-worst model
max Z = 0.7x; + 1.75x,
s.t. 1.475x; 4+ 3.725x, <2
3.35x1 +2.175x, <3
X1,% >0,

(30)

by solving the above four linear programming problems,
their optimal solution and optimal value, rounded in three
decimal places, are:
xl,,p, =2.072 xz,,,,t = 1.543 z(,,,,
2.030, 55, = 1.302,2,,, = 9.148,
Xiopr = 0.851, X,,,, = 0.385, 2

X20pt = 0.377, Zope = 0.942,

respectively. Therefore, by applying the defined method in
the present paper, optimal solution and optimal value,
rounded in three decimal places, for problem 21 are
obtained as the following interval type-2 triangular fuzzy
numbers:

10.732, %), =

= 1.493, X}y = 0.405,

Lopt

Fropr = ((0.851, 1.456,2.030), (0.405, 1.456, 2.072)),
Fropr :((0.385, 0.443,1.302), (0.377,0.443, 1.543)),

Zopt :((1.493, 3.076,9.148), (0.942, 3.076, 10.732)).

5 Conclusion

In this paper, the FLP problem with interval type-2 trian-
gular fuzzy numbers obscure of kind Ambiguity is con-
sidered, which all coefficients in it are interval type-2
triangular fuzzy numbers. Besides that, the nearest interval
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approximation of the type-1 triangular fuzzy number is
used to solve the FLP problem with interval type-2 trian-
gular fuzzy numbers. Each interval type-2 triangular fuzzy
number is composed of the infinite union of the charac-
teristic type-1 triangular fuzzy numbers. Therefore, with
the help of the nearest interval approximation, each interval
type-2 triangular fuzzy number in the problem is attributed
to an interval, and the FLP problem with interval type-2
triangular fuzzy numbers turns into the ILP problem, in it
all the coefficients are intervals. Then, with the BWC
method, the optimal value and optimal solution are
obtained. Here, an easy and useful way to solve the FLP
problem with interval type-2 triangular fuzzy numbers was
provided. This method can be generalized to the FLP
problem with interval type-2 non triangular fuzzy numbers.
Moreover, by replacing other solving methods of the ILP
problem with the BWC method, the proposed technique in
this paper to solve the FLP problem, can be examined with
IT2FNs obscure of kind Ambiguity, Vagueness and even
both of them. They may be considered as some new
investigation ideas for researchers and enthusiasts of this
topic.
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