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STATISTICAL DISTRIBUTIONS AND RELIABILITY FUNCTIONS
WITHTYPE-2 FUZZY PARAMETERS

ROZKLADY STATYSTYCZNE | FUNKCJE NIEZAWODNOSCI
O PARAMETRACH ROZMYTYCHTYPU-2

Type-2 fuzzy sets were initially given by Zadeh as an extension of type-1 fuzzy sets. There is a growing interest in type-2 fuzzy set
and its memberships (named secondary memberships) to handle the uncertainty in type-1 fuzzy set and its primary membership
values. However, arithmetical operators on type-2 fuzzy sets have computational complexity due to third dimension of these sets.
In this study, we present some mathematical operators which can be easily applied to type-2 fuzzy sets and numbers. Also, math-
ematical functions of type-2 fuzzy numbers are given according to their monotonicity. These functions are adapted to reliability
and distribution functions of the random variables with the type-2 fuzzy parameters. These functions are applied to Exponential,
Chi-square, Weibull distributions with respect to monotonicity of the parameters of these distributions.

Keywords: type-2 fuzzy number, type-2 fuzzy parameters, (o,p)-cuts, fuzzy probability distribution, fuzzy reli-
ability function.

Zbiory rozmyte typu 2 po raz pierwszy zaproponowat Zadeh jako rozszerzenie zbiorow rozmytych typu 1. Zbiory rozmyte typu 2
oraz ich funkcje przynaleznosci (zwane wtornymi funkcjami przynaleznosci) cieszq si¢ rosngcym zainteresowaniem, poniewaz
pozwalajg na modelowanie niepewnosci w zbiorze rozmytym typu 1 oraz wartosci pierwotnych funkcji przynaleznosci do takiego
zbioru. Ich wadgq jest ztozonos¢ obliczeniowa operatorow arytmetycznych wynikajgca z trojwymiarowosci tych zbioréw. W arty-
kule przedstawiono operatory matematyczne, ktore mozna z powodzeniem stosowac w odniesieniu do zbiorow i liczb rozmytych
typu 2. Podano réwniez funkcje matematyczne liczb rozmytych typu 2 zgodnie z ich monotonicznoscig. Funkcje te sq dostosowane
do funkcji niezawodnosci i rozktadu zmiennych losowych z parametrami rozmytymi typu 2. Mozna je stosowac¢ do opisu rozktadow
wyktadniczych, chi-kwadrat, oraz Weibulla w odniesieniu do monotonicznosci parametréw tych rozktadow.

Stowa kluczowe: liczba rozmyta typu-2, parametry rozmyte typu-2, (o, p) -ciecia, rozmyty rozktad prawdopodo-

bienstwa, rozmyta funkcja niezawodnosci.

1. Introduction

Fuzzy sets are useful and effective tools to model the uncertainty
problem in real-life applications. The most common fuzzy sets used
in these applications are known as type-1 fuzzy sets (T1FSs). Since
the membership degrees of T1FSs are crisp numbers, recently, type-2
fuzzy sets (T2FSs) are also preferred by many researchers to express
uncertainty in T1FSs. Zadeh [11] introduced T2FS as an extension
version of the conventional T1FS. Some important studies about
T2FSs can be given as Aisbett et al. [1], Hamrawi [3], Karnik and
Mendel [5], Wu and Mendel [9]. Furthermore, some applications of
T2FSs can be found in Tao et al. [6], Tiirksen [7], Wagenkneckt and
Hartmann [8], Wu and Mendel [10]. Also, basic operations on T2FSs
were studied by Blewitt et.al. [2], Karnik and Mendel [5]. However,
type-2 fuzzy numbers (T2FNs) are required to make theoretical infer-
ence about modelling uncertainty. In the literature, limited number of
studies can be found related to the operators on T2FNs, e.g., Kardan
et al. [4]. Mostly, it is difficult to use these operators on T2FNs due to
the computational complexity of T2FSs.

This study introduces practical and innovative solutions for ar-
ithmetical operations on T2FN using the (a, f)-cut definition. Thus,
type-2 fuzzy parameter-based distributions and reliability functions
are proposed with regards to their monotonicity. Therefore, we

present a novel perspective to perform various arithmetical operators
on type-2 fuzzy numbers. The basis of this perspective is structured
by an (a, f)-cut definition. This definition is derived from the type-1
operations on three type-1 membership functions (lower, upper and
type-1 membership functions) of T2FN. Some operations (such as
sum, subtraction, multiplication, division) for T2FNs are determined
using the (a, f)-cuts. Then, the membership functions of T2FNs are
structured by the (o, f)-cuts. Besides, we utilize this (o, f)-cut defini-
tion to form fuzzy function of T2FN under some assumptions. Finally,
we give some applications of probability distributions when some pa-
rameters of the distributions are the T2FNs.

This paper is organized as follows: Section 2 provides mathemati-
cal background of type-2 fuzzy sets and numbers, (¢, f)-cut definition
of T2FN, fuzzy function of T2FN with its monotonicity. The applica-
tions based on the statistical distributions and reliability functions of
T2FN are given in Section 3. Conclusion is drawn in Section 4.

2. Methodology

In this section, we give a brief overview of type-2 fuzzy sets and
fuzzy numbers. Also, we propose some arithmetical operators on
type-2 triangular fuzzy number (T2TFN) using (a, f)-cuts which are
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easily obtained by operators on type-1

Table 1. The type-1 membership functions of T2ZTFN

fuzzy number, fuzzy function of T2TFN
with its monotonicity. o\~
LMF(B), B

2.1. Type-1andType-2 Fuzzy Sets

UMF(E), B TIMF(B), B

A fuzzy set, B, in a universe of dis-
course X is defined as B = {(x,up(x)),;x €
X}, where up : X — [0,1] and up(x): the

0,x<ay, and x 2 a,,

0,x<a1 and x> axn

0, x< a9 and x > ay,

membership value of x € X in the fuzzy u(x)= 4, o<x<a p(x)= XA i <x<a p(x)= Yo . <x<a
set B. The well-known issue is the type-1 - a-ap, =12 a—aiil a—ay
fuzzy sets (T1FSs) are often represented o —x am —x _ don — X

20
by crisp numbers ranging from [0, 1]. =L~ a<x<ay, - _a,aﬁxﬁazz p _a,anSazo
Zadeh [11] defined the concept of a 4y ~4 2 20
type-2 fuzzy set (T2FS) as an extension
version of an ordinary fuzzy set, i.e., y
T1FS. AT2FS, B, is defined as in (1):

i e e

B=[ yhues. M (o) /), J,cl0.1] (1)

where J: primary membership function (u € J, <[0,1]), n-(x,u):
secondary membership function and0<p_(x,u) <1, ” denotes
B

union overall admissible domain values x and u. Interval T2FS
(IT2FS) is a special case of the T2FS where all u_ (x,u) =1 in (1).
B

The footprint of uncertainty (#OU) is obtained from union of all
primary memberships as shown in (2):

FOUB)=[ _J, )

FOU is bounded by two type-1 membership functions (type-1

MFs): i) lower MF 1 (x) and ii) upper MF p_(x) as shown in (3):
B B

FOU(B)= [ (). (x)] 3)

2.2. Type-2Triangular Fuzzy Numbers

In this study, particularly, we utilized T2TFNs to define some pa-
rameters of the probability distributions. A T2TFN, B , as an exten-

sion version of type-1 triangular fuzzy number B TI1TEN), and its

type-1 MFs are illustrated in Fig. 1.
T2TFN has three membership functions as shown in Fig. 1: 1)

Lower membership function (LMF) of B i1) Upper membership func-
tion (UMF) of Band iii) Type-1 membership function (TIMF) of

B The notations of these functions are given in Table 1.

2.3. (a, B)-Cuts of Type-2 Triangular Fuzzy Numbers

In this section, we present (a, f)-cut definition of a T2TFN. We
perform arithmetical operations on T2TFNs using (o, f)-cuts.
a-cut of a TITFN B=(a;paay) is defined as

B, = {Vx 1S U| Up (x) > a}. Lower and upper a-cut of a TIFN B can

be written as follows:

u (x) a0 () NG, (x)

TIMF(B), B

umr (8),8

Fig. 1. T2TFN and its type-1 membership functions
ayp(a)=a +(a—ay)a ay(a)=ay—(ay-a)a
Therefore, B, can be represented as follows:
By =[ayg(a).az () .o €[0,1]

Definition 2.1. ((a, p)-cut of T2TFN) Based on a-cuts of T1FNs,

(a, p)-cut of a T2TFN B on R can be given as in (4), where
a,fe[0,1]:

(3] =[[a,(@.B).a02(c.) [, (. 0) @2 (@.8)]] @

Here,
a,,(@.B)=a (@) +B(ag (o) - (a)) 3)
F12(0B) = i3 () Blang ()~ 13 (@) ©
a, (. ) =ay (a)+B(ax (o) - az (@)) ™
an (. B)=ay (@) +B(ax(a) - (a)) ®)

Moreover, a;(a),@;(a),a;(a) can be represented as follows:
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glj(a):glj+a(a—glj),i:1, 2, j=12i#j; ©) ,ufﬂ(x):uﬂ(ffl(x)),
a;(a)=a;+a(a-a;), i=1,2; (10)

Hyp2(x) =t (JH (x))

g (a) —ap+a (a _ ao): fori=1,2 an Rule-2: Let f{x) be monotone decreasing function. Consider
=B = =

[a]a = [[gl . (a.B).a12 (a,ﬂ)};[gzl (a.B).an (a,ﬁ)ﬂ . The fuzzy

Note that, the initial constants a;;, @;, a;o are given in Table 1.

The fS-cuts fi rtical slice of T2TFN are illustrated in Fig. 2. .
¢ fr-cuts for vertical slice o are (fustrated In Hig function of [&]ﬁ is described as follows:
o

a_) b) -
" IS g)--eee- ; [_f(a)]i=[[f(szz(a,ﬂ)), f(g21(a,ﬂ))};[f(glz(a,ﬂ)),f(gll(a,ﬂ))ﬂ
. i ‘ ' ( ‘i It Kf(ﬁzz(a,ﬂ))‘ﬂz():x then @2 (a,0)=f"(x),
i : ' . ¢ ' & . »
0@ @u@h) a@ Guah) G 0@ E@h) G@ Falh) T 30{:;122(/’ (x)):uf”(x).

Fig. 2. The f-cuts of (a) LMF, (b) UMF of T2TFN

Similarly, the following membership functions are found:

=B
Finally, (o, )cuts of T2TFN ([B} shownasin Eq. 4J are 1
() e (4) Hflz(x)zﬂzl(f (x))’
found as in (12)-(13) for LMF and in (14)-(15) for UMF:

a, (a.B)=a; +a(a-a,)-B(1-a)(@;-ayp),  (12) “f'ZI(X):ﬂlz(fil(x))’
glz(a’ﬂ)zﬂlz+O‘(a_212)+[3(1_a)(912_010)9 (13) Hfzz(x):,u11(f71(x)),
221(05”3 ) =&y +a(“‘€21)+5(1_a)(921 —azo)> (14) Rule-3: Let f{x)be non-monotone function. However, consider that
_ f(x) is monotone function for each [d;,d;,;] , where
an(a,B)=an+a(a—ay)-p(l-a)(ay-ay). (15) —o<d <dy<...<d;<...<o. Accordingly, Rule-1 is applied to

Jtx) if f{x) is monotone increasing function at [ d;,d;,, ], Rule-2 is ap-

plied to f{x) if f(x) is monotone decreasing function at [ d;,d;,; ]. An
2.4. Fuzzy Function of Type-2 Triangular Fuzzy Number illustration of non-monotone function is given in Fig. 3.

In this section, we present how to determine fuzzy function of a A
T2TFN under some assumptions.

Definition 2.2. Let f{x) be a function of a variable X and X be a
type-2 fuzzy number. The following rules can be obtained for f{.) at
the point of X=a under the monotonicity of the function f.

Rule-1: Let f{x) be monotone increasing function.

Consider | | >
[5}5 :ng(a,ﬁ),glz(a,ﬁ)};[gﬂ(a,ﬁ)jzz(a,ﬂ)ﬂ.TheﬁJZZy di1 d; di+1

5 Fig. 3. An illustration of non-monotone function
function of [&J is described as follows:
o

; Definition 2.3. Let F/ (x; a) be distribution function with parameter-a
[f(d)lz :Hf(g“(a,ﬁ)),f(ﬁu(a,ﬁ))Hf(gﬂ (a,ﬁ)),f(azz (a,ﬁ))ﬂ~ defined by T2TFN. (a, ) -cut of the parameter-a ([5}5 ) is defined

as in (4). Then, reliability function with T2TFN-defined parameter (

f(gn(a,ﬂ))‘ﬁ =x then g“(a,O):f’l(x),an = #11(f71(x))fﬂf11(x)

Similarly, the following membership functions are found:

=0 R(x;a)) can be determined as in (16):

Hflz(x)zﬂn(f_l(x)), R(x;a)=1-F(x;a) (16)

270 ExspLOATACIA | NIEZAWODNOSC — MAINTENANCE AND RELIABILITY VoOL. 21, No. 2, 2019




SCIENCE AND TECHNOLOGY

The following rules can be obtained for whether R is monotone
by the parameter-a.

Rule-1: Let R(x;a) be monotone increasing function by the param-

eter-a. If the parameter is defined as in (4) then:

[R(Xj)}z :[[Ru()‘;a;(o"ﬁ))’Rlz (X;a?(“,ﬁ))];[Rzl(X;“§(°°vﬁ))stz (W;(“,B))ﬂ

Here:

Ry (xa3(a.B))= R(X;gu(a’ﬂ))
R )~ (s
Rzl(xéa;(a’ﬁ)):R(x;gﬂ(a’ﬁ))

Ry (x:a5(et, B)) = R(x;gzz (a,ﬁ))

Rule-2: Let R(x;a) be monotone decreasing function by the param-

eter-a. According to T2TFN-definedparameter as in (4), reliability
function will be obtained as follows:

[R(x;?i)}z = [Riy (st B)). Ry (5300 B ) [ Ry (5500, B ) R (5501, B )
Here

Ry (x;a;(a,ﬁ)) = R(X;CZ:ZZ (a,ﬁ))
Ryy(x:a:(a.B)) = R(x;gﬂ(a,ﬂ))
Ry (was(a.B)) = R(X;EIZ(OL,[}))

Ry (xsa3(ex, B)) = R(x;gll(a,ﬁ))

Rule-3: Let R(x;a) be non-monotone function. However, consider

that R(x;a) is monotone function for each [d;,d;.;], where

—0<d <dy<...<d;<...<o. Accordingly, Rule-1 is applied to

R(x;a) if R(x;a) is monotone increasing function at [ d;,d;,; ], Rule-2

is applied to R(x;a) if R(x;a) is monotone decreasing function at
[disdis ).

Distribution function with T2TFN-defined parameter (F(x,;a)) can
be determined by definition 2.3. In this study, Matlab R2018b pro-
gramming language was used for the illustrations and calculations in
section 3.

3. Experimental Results

In this section, we demonstrate how to apply to the well-known
three probability distributions when some parameters of these distri-
butions are chosen as T2TFN.

3.1. Experiment-1

Let the distribution function of exponential variate X be as
F(x;a) and the parameter a be type-2 fuzzy number. The distribu-

tion function F (x;a) can be written as in (17):

F(x;a)=P(X<x)=1-¢ x>0 (17)

Thus, this distribution function is an increasing function accord-
ing to a. Therefore, the (a, ﬁ) -cut of distribution function F can be

written as in (18)-(21):

Fll(x;a;(a,ﬂ)) :F(x;gll(a,ﬁ)) = l—eixg“(a’ﬁ) ,  (18)
K, (x;a;((x,ﬂ)) = F(x;glz (a,ﬂ)) =1—e_xglz(“’ﬂ) , (19
F21(x;a;(a,ﬂ)) = F(x;g21 (a,ﬁ)) =1 —eixg”(a’ﬁ) . (20)

F, (x;a;(a,ﬁ)) = F(x;a:zz (a,ﬁ)) —1—e =P (1)

(a, ﬁ) -cuts for distribution function F of an Exponential variate

is illustrated in Fig. 4.

sl

Fig. 4. (a, [3) -cuts for distribution function F of an Exponential variate

The reliability function R for exponential distribution can be writ-
ten as follows:

R(x;a)=P(X>x)=e, x>0 (22)

It is easy to see that, R (x; a) is a decreasing function according to
parameter a . Therefore, in this case, the (a,f)-cut of reliability

function R(x;a) can be written as in (23)-(26):
Ry (x;a;(a,ﬂ)) = R(x;gzz (a,ﬂ)) = eixgzz(a’ﬂ) , (23)

Rpy(x;a:(a.B)) = R(x;g21 (a,/})) = o (@h) (24)

Ry, (x;a;(a,ﬁ)) = R(x;glz (a,ﬂ)) = e_xa:n(a’ﬁ) , (25)
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Ros(x;a(a B)) = R(w:q, (e, 8)) = e gy (@B) (g

(a, 15 ) cuts for reliability function R of an Exponential variate is

illustrated in Fig.5.

ikl

Fig. 5. (oc, B ) -cuts for Reliability function R of an Exponential variate.

3.2. Experiment-2

Let the distribution function of chi-square variate X be as F' (x; a)
and the parameter @ be type-2 fuzzy number (T2FN). The distribution
function F(x;a) can be written as in (27):

x4

J.tz ey

25r(5] 0
2

F(x;a):P(XSx)z 27)

Thus, this distribution function is an decreasing function accord-
ing to a. The (a,ﬂ) -cut of the parameter a is as in (4).

By using the (a, ) -cut of parameter a , the (e, 8) -cut of distri-

bution function F can be written as in (28)-(31):

van(@p)
Fy(na(.p))=F x;izz((x,ﬁ)) vy 1 [ L2
P o) ,
(28)
T 21(0‘ B) -1 —t/2
Flz(Xa((x [5)) an21(oc [3)) 2](<1l3) ,[ 2 o
2 [21(3 B)] ’
(29)
| . 512((1,[3)71
FZI(x a; (Oc [3)) F(x; alz(oc [3)) O j[ 2 e—t/zdt’
) 2 l—[alz(g,ﬁ)]o
(30)

4, (@.B)
1 x =11 =
Fy (x;a;((x,B)):F(x;g“((x,B)} ) r 2 e,

2%r §11(a’ﬁ) 0
2

(a, ﬂ) -cuts for distribution function £ of a Chi-square variate is

(€2))

illustrated in Fig. 6.

Fig. 6. (a,ﬁ) -cuts for distribution function F of a Chi-square variate

The reliability function R for chi-square distribution is an increas-
ing function according to parameter a.

a

a4
_r [t2 e (32)
221"(7

2

R(x;a)=P(X>x)=1—

Therefore, («, ) -cut of R can be written as in (33)-(36):

1 X -1
R(x;a;(a,B))= a,p)|=1- ¢ 2 24t
(i) =R (i, () =1~ [ (G,B)]g
2 =7
2

(33)

- 1 xw_l
Rlz(X;a;(a,ﬁ))=R(x;mz(a,ﬂ)):l—wt 2 gy,

2 2’ 1_,[1112((1, )]0
2

(34)

1 xﬂz](a’ﬂ)_l

R (x:ax(t.B)) :R(x;gZI(a,ﬁ)) =1-—

(35)
_ ) x a2(f) |
Rzz(x;a;(a,ﬂ))=R(x;azz(a,ﬂ))=l— ed 2 .
2 2 F[”zz(;z,ﬂ)]ﬂ
(36)
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(a,ﬁ) -cuts for reliability function R of a Chi-square variate is

illustrated in Fig. 7.

iRt
=
5 >

Fig. 7. (a, ,B) -cuts for Reliability function R of a Chi-Square variate

3.3. Experiment-3

Let the distribution function of Weibull variate Xbe as F (x; (a,(s ))

and the parameter a be type-2 fuzzy number. The distribution function

F (x; (a.0 )) can be written as follows:

F(x;(a,o-)) =P(X<x)= l—ei[ﬂ (37)

It is seen that, this distribution function is a decreasing function
according to parameter a. The (a, ﬂ) -cut of the parameter a is as in

(4).
In this case, the (e, ) -cut of distribution function F can be writ-
ten as in (38)-(41):

Fy(xa(a.B))= F(x;a:22 (a,ﬁ)) =1 —e[(m(a’ﬁ)] , (3%)

Flz(x;a;(a,ﬁ)):F(x;gzl(a,ﬂ))zl—e [221(0(’13)} , (39

By (vias(@.p)) = F (w12 (a. ) =1 —e_(““(“’ﬁ)] . (40)

Fo(was(ap)) = F (xa (. p))=1-¢ [%1(“”3)] SCY

(a, B ) -cuts for distribution function F' of a Weibull variate is il-

lustrated in Fig. 8.
The reliability function R(x:(a,0)) of Weibull distribution has

the following form:

R(x;(a,o)):P(X >x) =e_[§) (42)

e

Fig. 8. (a,ﬁ) -cuts for distribution function F of a Weibull variate

It is seen from (42) that the reliability function R(x;(a,cr)) is an
increasing function according to parameter @ . Therefore, (a, [3) -cut
of reliability function R can be written as in (43)-(46):

Ry (x;a;(a,ﬂ)) = R(x;g“(a,ﬂ)) =e [g”(a’ﬁ)j (43)

Rlz(x;a;(a,ﬁ))—R(x;alz(a,ﬁ))_e[“12(0‘43)] (a4)

R21(x;a;(a,ﬂ))=R(x;g21(a,ﬂ)):e [22‘ (45)

Ry (x:a5(et, B)) = R(x;gzz (a,ﬁ)) = e[azz(a’ﬁ)J (46)

(a,B) -cuts for reliability function R of a Weibull variate is il-
lustrated in Fig. 9.

Fig. 9. (oc, B )—cutsfor Reliability function R of a Weibull variate

4. Conclusion

In this study, we presented (e, f)-cut definition of a T2TFN which
is easily defined by type-1 membership functions of the T2TFN.
Therefore, the computational complexity due to third dimension of
T2FSs was reduced by using this (a, f)-cut definition. According
to this definition, we proposed fuzzy function of T2TFN under its
structural rules: 1) monotone decreasing, ii) monotone increasing, iii)
non-monotone functions. We provided how to apply the (e, f)-cut to
some well-known statistical distributions and reliability functions,
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where the parameters are defined as T2TFN. The proposed T2TFN Acknowledgement
parameter-based distributions and reliability functions can be used for The authors would like to thank the anonymous reviewers for their
various application areas related to survival analysis, reliability-based helpful and constructive comments that greatly contributed to im-
system design, machine productivity. In future studies, the reliability proving the final version of the paper. They would also like to thank
function with type-2 fuzzy parameter, expressing by non-triangular the Editors for their generous comments and support during the
membership function, will be investigated. review process.

References

1.

w

10.

11.

Aisbett J, Rickard J T, Morgenthaler D. Multivariate modeling and type-2 fuzzy sets. Fuzzy Sets and Systems 2011; 163(1): 78-95, https://
doi.org/10.1016/j.fss.2010.10.001.

Blewitt W, Coupland S, Zhou S M. A novel approach to type-2 fuzzy addition. In 'Proc. FUZZ-IEEE 2007', London, 2007; 1456 — 1461,
https://doi.org/10.1109/FUZZY.2007.4295581.

Hamrawi H. Type-2 fuzzy alpha-cuts, PhD. Thesis. De Montfort University 2011.

Kardan I, Akbarzadeh-T M R, Akbarzadeh K, Kalani H. Quasi type 2 fuzzy differential equations. Journal of Intelligent & Fuzzy Systems
2017; 32(1): 551-563, https://doi.org/10.3233/JIFS-152470.

Karnik N N, Mendel J M. Operations on type-2 fuzzy sets. Fuzzy Sets and Systems 2001; 122(2): 327-348, https://doi.org/10.1016/S0165-
0114(00)00079-8.

Tao C W, Taur J S, Chang C W, Chang Y H. Simplified type-2 fuzzy sliding controller for wing rock system. Fuzzy Sets and Systems 2012;
207: 111-129, https://doi.org/10.1016/].fss.2012.02.015.

Tiirksen I B. Type-2 representation and reasoning for CWW. Fuzzy Sets and Systems 2002; 127(1): 17-36, https://doi.org/10.1016/S0165-
0114(01)00150-6.

Wagenknecht M, Hartmann K. Application of fuzzy sets of type-2 to the solution of fuzzy equations systems. Fuzzy Sets and Systems 1988;
25(2): 183-190, https://doi.org/10.1016/0165-0114(88)90186-8.

Wu D, Mendel J. Uncertainty measures for interval type-2 fuzzy sets. Information Sciences 2007a; 177(23): 5378-5393, https://doi.
org/10.1016/5.in5.2007.07.012.

Wu D, Mendel J. Aggregation using the linguistic weighted average and interval type-2 fuzzy sets. IEEE Transactions on Fuzzy Systems
2007b; 15(6): 1145-1161, https://doi.org/10.1109/TFUZZ.2007.896325.

Zadeh L A. The concept of a linguistic variable and its applications in approximate reasoning (I). Information Sciences 1975; 8(3): 199-249,
https://doi.org/10.1016/0020-0255(75)90036-5.

Tahir KHANIYEV

Department of Industrial Engineering

TOBB University of Economics and Technology
Sogutozu str., 06560 Ankara, Turkey

M. Bahar BASKIR

Department of Statistics

Bartin University

Kutlubey-Yazicilar campus, 74100 Bartin, Turkey

Fikri GOKPINAR

Department of Statistics

Gazi University

Teknikokullar str., 06500 Ankara, Turkey

Farhad MIRZAYEV

Department of Economic Cybernetics
Baku State University

Khalilov str. 23, AZ 1148 Baku, Azerbaijan

E-mails: tahirkhaniyev@etu.edu.tr, mbaskir@bartin.edu.tr,
fikri@gazi.edu.tr, farhad_1958@mail.ru

274 ExspLOATACIA | NIEZAWODNOSC — MAINTENANCE AND RELIABILITY VoOL. 21, No. 2, 2019




