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Abstract
Type-2 (T2) fuzzy variable is a measurable map from a fuzzy possibility space to Euclidean space.
This note discusses fuzzy arithmetic about the linear combinations of common T2 fuzzy variables. Under
appropriate assumptions, we obtain some useful results about the representation of secondary possibility
distributions, which have potential applications when we apply T2 fuzzy theory to practical decision
making problems.
c 2014 World Academic Press, UK. All rights reserved.
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1

Introduction

Type-2 fuzzy set was first proposed by Zadeh [11, 12] to overcome the difficulty of determining the crisp
membership function of a fuzzy set. Recently, fuzzy possibility theory was developed by Liu and Liu [6] with
the intention of adopting a variable-based approach to handling type-2 fuzziness. Fuzzy possibility measure,
type-2 fuzzy variable, type-2 possibility distribution and secondary possibility distribution are fundamental
concepts in fuzzy possibility theory. This theory has now been further developed by a number of researchers
[1, 3, 5, 10]. Besides, many interesting applications of T2 fuzzy theory can be found in the literature, such
as portfolio optimization [2, 9], data envelopment analysis [7, 8], and transportation problem [4]. In the
application areas mentioned above, the linear combinations of T2 fuzzy variables are often used to build
practical optimization models, but their secondary possibility distributions haven’t been well-established so
far. In this note, we resolve this issue for common T2 fuzzy variables, including T2 normal, gamma, trapezoidal
and triangular fuzzy variables.

2

Sum of T2 Fuzzy Variables

In this section, we adopt the concepts and notations documented in [5] and the references therein.
If we denote µ(x) = exp{−(x − µ)2 /(2σ 2 )}, x ∈ <, then a type-2 fuzzy variable η̃ is called normal if its
secondary possibility distribution µ̃η̃ (x) is the following regular triangular fuzzy variable (µ(x) − θl min{1 −
µ(x), µ(x)}, µ(x), µ(x) + θr min{1 − µ(x), µ(x)}) for any x ∈ <, where µ ∈ <, σ > 0, and θl , θr ∈ [0, 1] are
two parameters characterizing the degree of uncertainty that η̃ takes the value x. For simplicity, we denote
the type-2 normal fuzzy variable η̃ with the above second possibility distribution by ñ(µ, σ 2 ; θl , θr ), whose
principle possibility distribution is denoted as n(µ, σ 2 ).
The first result is about the linear combination of T2 normal fuzzy variables, which is stated as:
Theorem 1. Let η̃i = ñ(µi , σi2 ; θil , θir ) be a T2 normal fuzzy variable defined on a fuzzy possibility space
2
(Γi , Ai , P̃osi ) for each positive integer i ≤ n. Suppose the principle
Pn possibility distributions n(µi , σi )’s
are mutually independent, and xi ’s are real numbers.
Then η̃ =P i=1 xi η̃i is the T2 normal fuzzy variPn
n
able ñ(µ, σ 2 ; θl , θr ), where the parameters µ =
x
i=1 i µi , σ =
i=1 xi σi , θl = max1≤i≤n θil and θr =
min1≤i≤n θir .
2
Proof. Since the principle possibility distributions
Pn n(µi , σi )’s are mutually independent, for any nonzero
real numbers xi ’s, the linear combination η̃ = i=1 xi η̃i has principle possibility distribution n(µ, σ 2 ) with
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Pn
Pn
parameters µ = i=1 xi µi , and σ = i=1 xi σi . Furthermore, for any z ∈ <, there exist real numbers zi ’s
Pn
such that z = i=1 zi and P̃os{η̃ = z} = minni=1 P̃osi {η̃i = zi }. Therefore, by the independence of regular
fuzzy variables P̃osi {η̃i = zi }’s, we have θl = max1≤i≤n θil and θr = min1≤i≤n θir . The proof of theorem is
complete.
If we introduce the following three real-valued functions r1 (x; θl ) = r2 (x) − θl min{1 − r2 (x), r2 (x)},
r
r2 (x) = (x/(λr)) exp (r − x/λ), and r3 (x; θr ) = r2 (x) + θr min{1 − r2 (x), r2 (x)}, then a type-2 fuzzy variable ζ̃ is called gamma if its secondary possibility distribution µ̃ζ̃ (x) is the regular triangular fuzzy variable
(r1 (x; θl ), r2 (x), r3 (x; θr )) for any x ∈ <+ , where λ > 0 (r is treated as a fixed positive constant), and
θl , θr ∈ [0, 1] are two parameters characterizing the degree of uncertainty that ζ̃ takes the value x. For
simplicity, we denote the type-2 gamma fuzzy variable ζ̃ with the above second possibility distribution by
γ̃(λ; θl , θr ), whose principle possibility distribution is denoted as γ(λ).
Theorem 2. Let ζ̃i = γ̃(λi ; θil , θir ) be a T2 gamma fuzzy variable defined on a fuzzy possibility space
(Γi , Ai , P̃osi ) for each positive integer i ≤ n. Suppose the principle P
possibility distributions γ(λi )’s are mutun
ally independent, and xi ’s are nonnegative
real
numbers.
Then
ζ̃
=
i=1 xi ζ̃i is the T2 gamma fuzzy variable
Pn
γ̃(λ; θl , θr ), where the parameters λ = i=1 xi λi , θl = max1≤i≤n θil and θr = min1≤i≤n θir .
Proof. For each positive integer i ≤ n, let ζi be the gamma fuzzy variable associated with principle possibility
distribution γ(λi ). By supposition,
ζi ’s are mutually independent gamma fuzzyP
variables. Therefore, for any
Pn
n
,
(x1 , x2 , . . . , xn ) ∈ <+
x
ζ
is
the
gamma
fuzzy
variable
γ(λ)
with
λ
=
n
i=1 i i
i=1 xi λi . It is evident that
Pn
distribution of ζ̃. As a consequence, for any z ∈ <, there exist real
i=1 xi ζi is the principle possibility
Pn
numbers zi ’s such that z = i=1 zi and P̃os{ζ̃ = z} = minni=1 P̃osi {ζ̃i = zi }. By the independence of regular
fuzzy variables P̃osi {ζ̃i = zi }’s, we have θl = max1≤i≤n θil and θr = min1≤i≤n θir , which complete the proof
of theorem.
Let ri ∈ <, i = 1, 2, 3, 4 with r1 < r2 ≤ r3 < r4 , and
 x−r1
 r2 −r1 ,
1,
µ(x) =
 r4 −x
r4 −r3 ,

µ(x) be the following function
if x ∈ [r1 , r2 ]
if x ∈ (r2 , r3 ]
if x ∈ (r3 , r4 ].

(1)

Then a type-2 fuzzy variable ξ˜ is called trapezoidal if its secondary possibility distribution µ̃ξ̃ (x) is the
regular triangular fuzzy variable (µ(x) − θl min{1 − µ(x), µ(x)}, µ(x), µ(x) + θr min{1 − µ(x), µ(x)}) for any
x ∈ [r1 , r4 ], where θl , θr ∈ [0, 1] are two parameters characterizing the degree of uncertainty that ξ˜ takes the
value x. For simplicity, we denote the type-2 trapezoidal fuzzy variable ξ˜ with the above second possibility
distribution by (r̃1 , r̃2 , r̃3 , r̃4 ; θl , θr ), whose principle possibility distribution is the function µ(x) defined in
Eq. (1).
For the linear combination of T2 trapezoidal fuzzy variables, we have:
Theorem 3. Let ξ˜i = (r̃i1 , r̃i2 , r̃i3 , r̃i4 ; θil , θir ) be a T2 trapezoidal fuzzy variable defined on a fuzzy possibility
space (Γi , Ai , P̃osi ) for each positive integer i ≤ n. Suppose the
possibility distributions of ξ˜i ’s are
Pnprinciple
˜
˜
mutually independent, and xi ’s are real numbers. Then ξ = i=1 xi ξi is the T2 trapezoidal fuzzy variable
(r1 (x), r2 (x), r3 (x), r4 (x); θl , θr ), where the parameters θl = max1≤i≤n θil , θr = min1≤i≤n θir , and
r1 (x) =
r3 (x) =

n
X
i=1
n
X


−
x+
i ri1 − xi ri4 ,

−
x+
i ri3 − xi ri2 ,

r2 (x) =
r4 (x) =

i=1

n
X
i=1
n
X


−
x+
i ri2 − xi ri3 ,
−
x+
i ri4 − xi ri1



(2)
(3)

i=1

−
with x+
i = max{xi , 0}, and xi = max{−xi , 0}.

Proof. The proof of theorem is similar to that of Theorem 1.
As a corollary of Theorem 3, we have the following result about the linear combination of T2 triangular
fuzzy variables.
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Corollary 1. Let ξ˜i = (r̃i1 , r̃i2 , r̃i3 ; θil , θir ) be a T2 triangular fuzzy variable defined on a fuzzy possibility
space (Γi , Ai , P̃osi ) for each positive integer i ≤ n. Suppose the
possibility distributions of ξ˜i ’s are
Pprinciple
n
mutually independent, and xi ’s are real numbers. Then ξ˜ = i=1 xi ξ˜i is the T2 triangular fuzzy variable
(r1 (x), r2 (x), r3 (x); θl , θr ), where the parameters θl = max1≤i≤n θil , θr = min1≤i≤n θir , and
r1 (x) =

n
X


−
x+
i ri1 − xi ri3 ,

r2 (x) =

i=1

n
X
i=1

xi ri2 ,

r3 (x) =

n
X

−
x+
i ri3 − xi ri1



(4)

i=1

−
with x+
i = max{xi , 0}, and xi = max{−xi , 0}.

Acknowledgements
This work was supported by National Natural Science Foundation of China (No.60974134, No.61374184), and
the Training Foundation of Hebei Province Talent Engineering.

References
[1] Bai, X., and Y. Liu, Semideviations of reduced fuzzy variables: a possibility approach, Fuzzy Optimization and
Decision Making, vol.13, pp.1–24, 2013.
[2] Chen, Y., and Y. Liu, Value-at-risk criteria for uncertain portfolio optimization problem with minimum regret,
Journal of Uncertain Systems, vol.6, no.3, pp.233–240, 2012.
[3] Chen, Y., and L. Zhang, Some new results about arithmetic of type-2 fuzzy variables, Journal of Uncertain
Systems, vol.5, no.3, pp.227–240, 2011.
[4] Kundu, P., Kar, S., and M. Maiti, Fixed charge transportation problem with type-2 fuzzy variables, Information
Sciences, vol.255, pp.170–186, 2014.
[5] Liu, Y., Chen, Y., Liu, Y., and R. Qin, Fuzzy Optimization Methods with Applications, Science Press, Beijing,
2013.
[6] Liu, Z., and Y. Liu, Type-2 fuzzy variables and their arithmetic, Soft Computing, vol.14, no.7, 729–747, 2010.
[7] Qin, R., Liu, Y., and Z. Liu, Modeling fuzzy data envelopment analysis by parametric programming method,
Expert Systems with Applications, vol.38, no.7, pp.8648–8663, 2011.
[8] Qin, R., Liu, Y., and Z. Liu, Methods of critical value reduction for type-2 fuzzy variables and their applications,
Journal of Computational and Applied Mathematics, vol.235, no.5, pp.1454–1481, 2011.
[9] Wu, X., and Y. Liu, Optimizing fuzzy portfolio selection problems by parametric quadratic programming, Fuzzy
Optimization and Decision Making, vol.11, no.4, pp.411–449, 2012.
[10] Wu, X., Liu, Y., and W. Chen, Reducing uncertain information in type-2 fuzzy variables by Lebesgue–Stieltjes
integral with applications, Information, vol.15, no.4, pp.1409–1425, 2012.
[11] Zadeh, L.A., The concept of a linguistic variable and its application to approximate reasoning-I, Information
Sciences, vol.8, no.3, pp.199–249, 1975.
[12] Zadeh, L.A., The concept of a linguistic variable and its application to approximate reasoning-II, Information
Sciences, vol.8, no.4, pp.301–357, 1975.

