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Abstract

The primary focus of this paper is to present an estimation of fuzzy system
reliability for a stress-strength model that accounts for uncertainty in the
parameters of the distribution function. A drawback of existing methods
in the literature is that they do not consider data uncertainty or fuzziness
when estimating system reliability. To obtain a more realistic estimation, it
is necessary to incorporate the uncertainty present in real-world scenarios.
In this work, we incorporate both a distortion function and data fuzziness to
estimate system reliability using the stress-strength model, resulting in a more
practical approach. We estimate reliability using a suitable distortion function
with fuzzy parameters. Specifically, Power, Dual Power, and Piece-wise Type
II distortion functions are considered in conjunction with a standard exponen-
tial lifetime distribution. Additionally, we obtain a system reliability estimate
under a dynamic stress-strength model using a power distortion function with
a fuzzy parameter. Several numerical examples are computed to illustrate
our approach to fuzzy system reliability estimation. To demonstrate practical
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application, an illustrative example using simulated estimates is presented for
a real-life problem, the stress-strength reliability of reinforced concrete roofs.
Finally, a discussion compares the proposed method to an existing method
using numerical values.

Keywords: Stress-strength model, distortion function, membership func-
tion, fuzzy reliability estimation.

1 Introduction

In today’s competitive world, especially in manufacturing industries, human
thinking and reasoning frequently involve fuzzy information. This infor-
mation originates from inherently vague human concepts, as our systems
are often unable to answer many questions of practical importance with
precision. Fuzzy set theory has been able to provide solutions to many of
these real-world problems. The word “fuzzy” means “vagueness”; this occurs
when the boundary of a piece of information is not precise. Zadeh [17, 18]
developed some basic set-theoretic concepts of fuzzy sets and introduced the
concept of fuzzy set theory. Zadeh [19] developed the probability measures of
fuzzy events. In 1993, Cai et al. [3] developed fuzzy system reliability based
on fuzzy state assumption and probability assumption. Singpurwalla and
Booker [10] introduced the membership functions and probability measures
of fuzzy sets. The concept of stress-strength reliability was introduced by
Birnbaum [1] and later developed by Birnbaum and McCarty [2].

Most of the authors in the literature assumed that stress and strength
random variables are independent. Domma and Giordano [4] proposed a
copula approach in order to take into account the dependence between X and
Y. Rao et al. [11] estimated the multicomponent stress-strength reliability
of a system when strength and stress variates are drawn from an expo-
nentiated Weibull distribution. Later Zhang [20] proposed a stress-strength
time-varying correlation interference model for structural reliability analysis
using copulas.

Yazgan et al. [16] have studied the reliability of the stress-strength model
in the presence of the fuzziness when the stress and strength variables have
weighted exponential distribution with the common shape parameter. Wu [14]
proposed a possible attempt on how to apply the fuzzy sets theory to Bayesian
system reliability assessment. Taheri and Zarei [12] proposed a new Bayesian
approach to system reliability analysis that was developed in the vague
environment. Pakdaman and Ahmadi [8] estimated the system reliability in
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a stress—strength model when the distributions of the stress and the strength
random variables are replaced by two distorted distributions. Also studied the
conditions to increase the reliability under several distortion functions. The
fuzziness in the data is not taken into consideration in their work.

Gaidai et al. [5] introduced a methodology notable for its ability to study
the reliability of high-dimensional nonlinear dynamic systems. Their study
analyzed both a synthetic wind speed dataset and simulated energy harvester
dynamic time series. Luo et al. [7] proposed a highly efficient structural
reliability analysis method that couples an active Kriging algorithm with the
conjugate first-order reliability method. Shi et al. [9] proposed a novel graph-
based neural network framework for accurately and efficiently estimating
survival signatures and network reliability. The method incorporates a novel
strategy to aggregate feature information from neighboring nodes, effectively
capturing the response flow characteristics of networks. Xu et al. [15] pro-
posed a bivariate Wiener model to capture the degradation patterns of two
key performance characteristics of permanent magnet brakes and introduced
an objective Bayesian method to analyze degradation data with small sample
sizes.

The following research gaps were identified through a review of the
literature.

* Existing models do not account for the inherent fuzziness and uncer-
tainty present in real-life data and distribution parameters.

* They fail to employ fuzzy distortion functions, which are necessary to
process such uncertain data and produce realistic reliability estimates.

Most of the research work in the aforementioned papers estimates system
reliability using stress-strength models without incorporating a distortion
function and fuzziness. These studies do not account for data uncertainty or
fuzziness, which is essential for realistic reliability estimation. This omission
represents a significant drawback in existing models. In this paper, we address
this limitation by proposing a stress-strength model that integrates both a
distortion function and data fuzziness, resulting in a more practical and
realistic approach to system reliability estimation.

The rest of this paper is organized as follows. Section 2 gives basic
definitions connected with fuzzy numbers and distortion functions. Section
3 deals with the estimation of reliability of the stress strength model using
the fuzzy power distortion function (where the parameter of the distortion
function is taken as fuzzy). Section 4 deals with the estimation of reliability
of the stress strength model using the fuzzy dual power distortion function.
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Section 5 deals with the estimation of the reliability of the stress strength
model using a piecewise-type distortion function, where we consider the
parameter of the distortion function as fuzzy. Section 6 deals with dynamic
stress-strength reliability using the power distortion function. An illustrative
example is discussed in Section 7. A comparison of existing results and new
results is given in section 8. Finally, The conclusions and future scope of
research are presented in Section 9.

Since existing methods in the literature do not consider data uncertainty or
fuzziness, we propose a new model that incorporates both. To obtain a more
realistic estimation, it is necessary to incorporate the uncertainty present in
real-world scenarios. In our work, we address this limitation by incorporating
both a distortion function and data fuzziness into the stress-strength model,
resulting in a more practical approach. System reliability is estimated using a
suitable distortion function with fuzzy parameters.

2 Some Basic Definitions

In this section, we present some important definitions that will be useful in
the following sections to understand the results obtained.

Fuzzy set theory is that it provides a mathematical framework for repre-
senting and reasoning with uncertainty, imprecision, and vagueness, concepts
that are pervasive in the real world but are poorly handled by traditional
binary logic.

Definition 2.1 (see [21]). A fuzzy set A defined on a set S is a mapping from
S to the unit interval [0, 1], denoted by

A={(z,pua(z)); =zeS}
where 114 () is the membership function of the set A.

Definition 2.2 (see [21]). For any « € [0, 1], an a-cut set of A, denoted by
Aq, is a classic set defined by

Aoy ={z € S,pa(z) > a}

Definition 2.3 (see [21]). A fuzzy set A, defined on R, is referred to as a
fuzzy number if it is normalized, convex, and piecewise continuous. From
this definition we immediately arrive at that Voo € [0, 1], the cut set A, of
fuzzy number A is an interval. Symbolically,

A= [af o] o <!
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Definition 2.4 (see [21]). If the membership function of fuzzy number A is
determined by

;x < ay
—a1)/(az —a1) ;a1 <z <ag
3—x)/(az —a2) ;a2 <z <as

;T > ag

,U,A(SU) = z,a1,a2,a3, < §R

°gT°

Then A is referred to as a triangular fuzzy number, denoted A = (a1, ag, as)

A distortion function is a mathematical tool that systematically modifies
a probability distribution to reflect risk preference or uncertainty. It trans-
forms objective probabilities into subjective measures, making models more
realistic for decision-making under real-world conditions.

Definition 2.5 (see [8]). A function ¢(u) is called a distortion function if the
following conditions hold:

(i) ¢(u) is a non-decreasing function on the interval [0, 1],
(i) ¢(0) = 0 and ¢(1) = 1,
(iii) Except for a finite number of points, ¢(u) = % (u) exists on the
interval [0, 1].

3 Fuzzy Stress-Strength Reliability of a System Using
Power Distortion Function

In traditional reliability analysis, the effect of the environment is not consid-
ered. In general, reliability of the system is affected by environmental factors.
Hence, it becomes necessary to incorporate the influences of such factors
while estimating the system reliability. In this section, we assume that the
external factors have an impact on the original distribution of the system as
a distortion function. That is, under the presence of a distortion function, the
lifetime distribution is undergoing a change. Let ¢(.) be the corresponding
transformation such that F' and G change to F'* and G*, respectively, where
F* = ¢(F) and G* = ¢(G). Let the new random variables X* and Y* have
cumulative distribution functions F* and G*, respectively. Then, the stress-
strength reliability of the system under the transformation ¢(.) is given by
R=P(X*<Y"

Let the random variable Y represent the strength of the system with
cumulative distribution function G(y) = 1 — e~%¥, y > 0, and the random
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variable X represent the stress of the system with cumulative distribution
function F(z) =1 — e~ %% 2 > 0.

Now it is to be observed that the effect of the external factor modelled
by the distortion function ¢(.) need not be a simple real-valued function.
A large number of applications that come from areas such as applied prob-
ability and statistics, reliability, financial economics, insurance, and risk
management use reweighted probability distributions. Many methods can
be used to transform one probability distribution into another. In this paper,
we consider the distortion method of transforming probability distributions,
which is discussed by Pakdaman and Ahmadi [8]. The distortion function is
also widely used to price insurance risks and in risk management. Wang [13]
introduced the class of distortion function, which can be applied to both assets
and liabilities. The author recovers the risk-neutral valuation for options by
applying the distortion function to stock price distributions.Lin and Cox [6]
studied mortality-based securities, such as mortality bonds and swaps, and
priced the proposed mortality securities by distortion function. In all these
works, the parameter of the distortion function is a real variable, which, in
general, is under the randomness and uncertainty in the system. In other
words, the distortion force can not be considered as a constant force acting on
the system at any given time. Hence, one may not obtain the realistic results.
Hence, it is necessary to incorporate this vagueness in the parameters of the
distortion function. Therefore, we let the parameter of the distortion function
be a fuzzy parameter having some membership function.

Let ¢(u) = uP be the distortion function, where p = (a,b,c) is a
triangular fuzzy number with membership function given by

0, r<a
a:—a’ <z<b
b—a -
pole) =4 (1
, b<z<c
c—b
0, Tr>c

Then, the fuzzy reliability of the stress-strength model using the fuzzy
distortion function ¢(u) = uP (see [8] for more details about evaluation of
stress-strength reliability using distortion function) is given by

R*=P(X*<Y")
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1
— /0 S(F (G (u)))do(u)
1

[4

_ / 1= (1 — u)®Ppurdu @)
0

Letp = (a, b, ¢) be a triangular fuzzy number. We have chosen this simple
membership function to keep the problem simple and thereby pave the way
for easy understanding. One can choose the membership function depending
upon the form of the distortion function and the lifetime distribution of stress
and strength. A complicated form of membership function may lead to an
intractable reliability expression. As a next step, we estimate the a-cut of
fuzzy reliability from the a-cut of p. Let p, = [s, t] be the a-cut of p, where
s=a+a(b—a)andt = ¢ — a(c—b). For a real number p, we can evaluate
Equation (2). By taking p = s and p = t in Equation (2), we obtain R(«a)
and Ry («), respectively. That is, we have

1
Rs(a):/o [1— (1 =)/ sy Ly 3)

1
Ri(a) = /0 [1— (1 — )"/t du 4)

Observe from above a-cuts of reliability that as p varies from s to ¢,
reliability also varies from Rg(«) to R(«). Thus for a fixed «, the estimated
a -cut for stress-strength reliability is given by

Ry = [Min{Rs(c), Re(a) }, Max{Rs(cv), Re(c)}]. 3)

Note that when v = 1, the above Equations (3) and (4) reduce to a reli-
ability expression with a distortion function under stress-strength reliability,
which is given by

1
/ [1—(1-— u)el/ag]ppupfldu (6)
0

Note that, even though the choice of membership function is simple for
the parameter p in the distortion function, the integrals in (3) and (4) does
not have closed form expression. Hence, we resort to numerical integration
for plotting a— cuts of reliability. And use quadrature method available in
matlab for getting approximate integral value. Figure 1 shows the plot of
limits of « -cut of fuzzy reliability R* for different values of «. Next, study
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Figure 1 The fuzzy reliability R* under the power distortion function, for p = (30, 31, 32),
61 =9, and 62 = 4.

the changes of the stress strength reliability of the system under the distortion
function ¢. And examine the difference R* — R. Figure 2 shows the limits of
a -cut of fuzzy reliability difference from original reliability. That is, we have
plotted Rs(«) and R;(«) for various values of . In Figure 2 shows the graph
of difference between a-cuts of fuzzy reliability R* and original reliability R
without distortion function, which is given by

01
PX <) =l

It is noted from the graph that the minimum difference is about 27%,
whereas the maximum difference is about 28% for various values of « in
[0, 1]. Hence, the incorporation of vagueness has a significant advantage in
improving the reliability estimate. However, we note that this improvement
also depends upon the choice of membership function and the form of dis-
tortion function as well. In the following section, we explore this possibility
by considering the dual power distortion function and the piecewise type II
distortion function.

Note that for = 1, p = 31 (when p is a real number), our reliability
under stress-strength relation with power distortion function is given by
0.9717. Observe that this reliability belongs to (0.9715, 0.972).
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Figure 2 The difference R* — R for various « values, when p = (30, 31, 32), 6; = 9, and
0 = 4.

4 Fuzzy Stress-Strength Reliability Based on Dual Power
Distortion Function

In this section, we study the application of the dual power distortion function
to evaluate the stress-strength reliability of a system. Let the random variable
Y represent the strength of the system with cumulative distribution function
Gly) =1- e~%Y y > 0 and the random variable X represent the stress of
the system with cumulative distribution function F(z) = 1 — e~ %% 2 > 0.

Let ¢(u) = 1 — (1 —u)P be a dual distortion function, where p = (a, b, ¢)
is a triangular fuzzy number with membership function given by

(0, r<a
2:—(1’ a<z<b
—a
pp(z) = c— 1 7
— b<zx<ec
c—b
0, T >c

\

Then, as usual, the fuzzy reliability under the stress-strength model
(see [8]) is given by

R*=P(X* <Y¥)
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1
- /O (F (G (u)))de ()
_ ! —u p—1 —u <%p)+ﬁ*1 w
- [ (s wrt s )a

Spip
p(l —u)%="
= |-l-uwf+ =
9,0t D
N 01 + 65
=P(X<Y)=R. 8

Observe that this new reliability R* under the dual power distortion
function is the same as the original reliability 2. Therefore, there is no change
in reliability when this distortion function is considered while keeping the
membership function for p as triangular. Hence, in Section 5, a reliability
expression by using a piecewise type Il distortion function is presented.

5 Stress Strength Reliability Using Piecewise Type Il
Distortion Function

In this section, a piecewise type II function is taken as the distortion function.
Let random variable Y represent the strength of the system with cumulative
distribution function G = 1 — e~%¥, 4 > 0, and let the random variable
X represent the stress of the system with cumulative distribution function
F=1-—e¢%" 2>0.

Again, as discussed in previous sections, the effect of external factors
need not be expressed in a single real-valued function, and hence we let the
parameter of the distortion function be fuzzy. Let ¢(u) = min{}, 1} be the
distortion function, where p = (a, b, ¢) is a triangular fuzzy number. Then for
a real number p > 1, we have

U
P(u) = — )
(u) .
and for a real number p < 1,

o (u) :min{z,l} — (10)

e
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Now for a real number p > 1, the fuzzy reliability of the stress-strength
model (see [8]) is given by

R*=P(X* <Y"
/¢ H(w))) dé(u)
1 [ 91+1 | (11)
*72
0

291+92

Now take p = (a, b, c) as a triangular fuzzy number. Estimate the a-cut
of fuzzy reliability from the a-cut of p as follows. Let p, = [s, t] be the a-cut
of p where s = a + a(b — a) and t = ¢ — ac — b). For a real number p,
we can obtain a value of the integral in (11). By taking p = s and p = ¢ in
Equation (11), we obtain values Rs(«) and R;(«), respectively, for various
choices of . That is, we have

16

R(0) = 351 (12)
16

Ri(o) = 5 (13)

Note that as p varies from s to ¢, reliability also varies from R(c)
to Ri(«). Then for the a-cut of p, the corresponding a-cut of reliabil-
ity will contain values that lie between Rg(«) and R;(«). Thus for a
fixed o, we estimate the a-cut for stress-strength reliability as R, =
[Min{Ry(a), Ri(a)}, Maz{Ry(a), Ri(a)}].

Note that when o = 1, the above Equations (12) and (13) reduce
to a reliability expression with a distortion function under stress-strength
reliability, which is given by

1o
p? 01 + 09

(14)

Now for p < 1, there are two possibilities depending on the value of p.
We discuss the following two cases.
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6
Case (i). If 1 — (1 —p)% > p,then 1 — (1 — )"/ < pfor0 < u < p.
Then fuzzy reliability of the stress-strength model (see [8]) is given by

R*=P(X"<Y")
/ H(F (G (u)))do ()
/ 6(1— (1 — w)™/%)dg(u)
_ - _u91/92 ”
- /O = (=)

)

1 1—pott 1
_P p+ 0

02

15)

2
Case (ii). if 1— (1—p)? < p, then 1—(1—u)?/?2 > pforu > 1—(1—p)ﬁ.

D
.3° kS

Let k = 1 — (1 — p)?, then fuzzy reliability of the stress-strength model
(see [8]) is given by

R*=P(X"<Y")
/ H(F (G (w)))do(u)

= [ 60— 0w o)
’ (16)

01

. oy
1—(1—u)? P
:/<2W2m+/m
0 p kD

0
1 1-k2t| 1
b= 1 | T2
By P

1
o+

+;@—M

Again, take p = (a, b, ¢) as a triangular fuzzy number. Estimate the a-cut
of fuzzy reliability from the a-cut of p as follows. Let p,, = [s, t] be the a-cut
of pwhere s = a+a(b—a) and t = ¢c—a(c—b). For a real number p, we can
get an estimate from Equation (15). Now taking p = s and p = ¢ in Equation
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(15), we get the estimated values, say Rs(«) and R:(«), respectively.

91

1 1-s)2 -1
Ri(a) = — |s+ (17
s(@) = 3 T )
o
1 1-n= -1
Ri(a)=— [t+—~1— —— (18)
t() t2 %+1

Similar to the case of p > 1, as p varies from s to ¢, reliability also
varies from Rg(«) to Ry(c). Then for the a-cut of p, the corresponding a-
cut of reliability will contain values that lie between Rs(«v) and R;(c). Thus
for a fixed «, an estimated a-cut for stress-strength reliability is given by
Rq = [Min{Rs(a), Ri(a)} , Maz{Rs(c), Re()}].

Note that when o = 1, the above equations (17) and (18) reduce to a reli-
ability expression with a distortion function under stress-strength reliability,
which is given by

1 (1—p)att_1
= lp+ 5 (19)
D o 1

It is to be noted that the most important advantage of using this distortion
function here is that the reliability expression in (15) has a closed form and
does not require numerical methods to evaluate.Expressions similar to (17)
and (18) for the a— cuts can be obtained under Case (ii) as well.

Figure 3 shows the plot of limits of a-cut of fuzzy reliability R* for
different values of «. That is, the plot of Rs(«) and R;(«) for various
values of a. Figure 4 shows the corresponding fuzzy reliability difference
from original reliability 2. From Figure 4, it is clear that the application of
the piecewise type II distortion function with the triangular fuzzy parameter
has led to significant improvement in reliability as compared to the ordinary
reliability estimate R. Observe that the maximum increase is about 63%.

Note that for « = 1, p = 0.85 (when p is a real number), our reliability
under stress-strength relation with dual power distortion function is given by
0.8997.

6 Dynamic Stress-Strength Reliability Using Fuzzy Power
Distortion Function

Assume that the stress and strength systems have lifetimes X and Y with
distribution functions F' and G, respectively. Assume that the systems started
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Figure 3 The fuzzy reliability R* under the piecewise type II distortion function, when
p=1(0.8,0.85,0.9),0; =4,and 6 = 9.

0Fslézzy reliability difference under piecewise type Il distortion function

— Upper limit
Lower limit | |

0.62 -

°
2

=
=

Reliability difference
=) o
w w
© ©

o
o
N

=
133
>

2

o

a
o

0.2 0.4 0.6 0.8 1
Alpha values

Figure 4 The fuzzy difference R* — R for different o values under the piecewise type II
distortion function, when p = (0.8,0.85,0.9), 01 = 4, and §2 = 9.

at time ¢ = 0, and they are alive at time ¢ > 0. In this section, we compute
the stress-strength reliability of the residual lifetime of the system.

Now, similar to the development of fuzzy reliability expressions in pre-
vious sections, to incorporate the environmental factors, which affect the
system, we apply the power distortion function ¢(u) = uP as a distortion
function, where p = (a, b, ) is a triangular fuzzy number.

As usual in previous sections, let the random variable Y represent the
strength of the system with cumulative distribution function G(y) = 1 —
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e~%Y 4 > 0 and the random variable X represent the stress of the system
with cumulative distribution function F'(z) = 1 — e~%% 2 > 0. By referring
to the dynamic reliability of the stress-strength model in ( [8]), we define
fuzzy dynamic reliability of the stress-strength model, which is given by the
following:

B = /0 i’ (1 _E(G (- u>é<t>>)> do(u)

1= F(b)
T A Y
b\ e it pus (20)

1
= / (1 - (1- u)gl/'g?)ppup*ldu
0
=P(X*<Y*)=R"

In the above expression in (20), wehave F =1 — Fand G =1 — G.

Observe that the integral in (20) does not have a closed-form solution.
Hence, we apply the numerical integration technique. We employ the quadra-
ture method available in MATLAB for getting approximate integral value.
Figure 5 shows the plotting of limits of a-cut of fuzzy dynamic stress strength
reliability R* for different values of a. Figure 6 shows the corresponding
fuzzy reliability difference from original reliability R. Note that the dynamic
stress strength reliability without using the distortion function is given by the
following expression.

R(t) = P(X; <)
[t FGT(1 - (1 - w)G())
—/0 1-— 1= F{D) du

1 01 —0ot
- / 1— ef2 log((1—u)e™"2 )+91tdu
0

0110571 1)
(1—w) %
B e
02 0
1 + 02

=PX<Y)=R
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Fuzzy reliability under power distortion function
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Figure 5 The fuzzy reliability R* under the power distortion function, when p =
(45,46,47),t = 100, 0; = 5, and 62 = 2.

In the above expression in (21), wehave F =1 — Fand G =1 — G.

Therefore, it is observed that the dynamic version of the stress—strength
reliability is the same as the usual stress-strength reliability when exponential
distribution is considered.

Figure 5 shows the fuzzy residue reliability R* under the power distortion
function when p = (45,46, 47),t = 100, 6; = 5, and 6, = 2. Figure 6 shows
the fuzzy difference R* — R for different o values under the power distortion
function, when p = (45,46,47), t = 100, 6; = 5, and 0 = 2.

Note that for « = 1, p = 46 (when p is a real number), our dynamic
stress-strength reliability with power distortion function is given by 0.9907.

From Figure 6, it is observed that the minimum growth in residue
reliability after incorporating the fuzziness in the data is about 27%.

7 An lllustrative Example

In this section, the result obtained in Section 3 is evaluated using data
obtained from a simulation study. The stress strength data are presented in
Table 1. The fuzzy distortion function used was ¢(u) = uP, where p is a
fuzzy number. Practically, in a real-life situation, one can think of evaluating
the reliability of a reinforced cement concrete (RCC) roof, where the strength
of the concrete is the key factor that determines the duration of the RCC roof,
which can withstand the stress acting on it. Also, while evaluating the stress-
strength reliability of such a structure, external factors such as temperature
play a very important role in determining the reliability of the structure. In
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Figure 6 The fuzzy difference R* — R for different o values under the power distortion
function, when p = (45,46,47),t = 100,01 = 5 and 02 = 2.

Table 1 Simulated data

X 2.2540 1.0884  22.7004 0.9967 5.0413
25.7004  14.0618 6.6388 0.4776 0.3932
20.3237 0.3283 0.4816 7.9512 2.4507
21.4800 9.4965 0.9683 2.5623 0.4549

Y 68.1012 2.9901 15.1238  76.8071 42.1853
19.9163 1.4329 1.1795 60.9712 0.9850
1.4447  23.8535 7.3522  64.4401 28.4894
2.9049 7.6868 1.3646  13.9257  109.9652

this illustrative study, we can take the distortion function, ¢(u) = uP, acting
on the structure, which affects the reliability of the structure for a specified
duration of time. Note that the parameter p can be treated as a fluctuating
temperature in a given region where the building structure is constructed,
and then the temperature cannot be taken as a fixed real number in practice.
Hence, treating p as a fuzzy number makes sense in practice. Thus, using
simulated data presented in Table 1, we have obtained fuzzy reliability R*
for various values of a.

We observe from Table 1 that maximum likelihood estimation (MLE)
for the stress data X is estimated as 67 = 0.137212 and MLE for the
strength data Y is estimated as #o = 0.03628978. Next, estimated a—cuts
of fuzzy reliability of the stress-strength model using the power distribution
with parameter p = (16, 17, 18) are presented.
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Figure 7 The fuzzy reliability R* under the power distortion function, when p =
(16,17,18), 61 = 0.137212, and 62 = 0.03628978.

Figure 7 shows the graph of limits of a—cuts of fuzzy reliability R* for
different values of a.

When a = 1, we obtain real system reliability, which is estimated as
0.9962. We observed that the fuzzy reliability ranges from 0.9956 to 0.9966.
Consequently, the difference between the proposed method and the existing
reliability method ranges from a minimum of -0.0006 to a maximum of
0.0004. Therefore, the fuzzy reliability method provides a more informative
and realistic range of possible values, offering greater detail and a more robust
assessment than a single-point estimate.

8 Comparison of Results and Discussions

In previous sections, we have estimated stress-strength reliability under
various distortion functions with fuzzy parameters. In this section, we are
comparing the difference obtained in [8] and the difference of reliability using
the distortion function when the parameter is taken as fuzzy and without the
distortion function.

Case (i). System reliability under power distortion function. When we con-
sider the power distortion function with fuzzy parameter p = (30, 31, 32)
with 81 = 9 and 62 = 4. The difference R* — R is plotted in figure 2. When
we take p as the real number p=31 in the result obtained in [8], the difference
in reliability is obtained as 0.2794.
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It can be observed that Figure 2 gives more information about the differ-
ence. Also note that when v = 1, the difference R* — R is the same as the
difference obtained in [8].

Case (ii). System reliability under piecewise type II distortion function. When
we consider the piecewise type II distortion function with fuzzy parameter
p = (0.8,0.85,0.9) with 6; = 4 and 6, = 9. The difference R* — R is
plotted in Figure 3. When we take p as the real number p = 0.85 in the result
obtained in [8], the difference in reliability is obtained as 0.5920.

It can be observed that Figure 3 gives more information about the differ-
ence. Also note that when o = 1, the difference R* — R is the same as the
difference obtained in [8].

9 Conclusions

A significant drawback of existing methods in the literature is that they do
not consider data uncertainty or fuzziness when estimating system reliability.
To obtain a more realistic estimation, it is necessary to incorporate the
uncertainty present in real-world scenarios. In this work, we address this
limitation by incorporating both a distortion function and data fuzziness into
the stress-strength model, resulting in a more practical and realistic approach.
System reliability is estimated using a suitable distortion function with fuzzy
parameters. Specifically, we employ power, dual power, and piecewise type II
distortion functions to integrate the impact of external factors and uncertainty
into the original distribution. Additionally, we obtain a system reliability
estimate under a dynamic stress-strength model using a power distortion
function with a fuzzy parameter. Several numerical examples are computed to
illustrate our approach to fuzzy system reliability estimation. The advantage
of the proposed method is discussed using an illustrative example with sim-
ulated data, with reference to estimating the reliability of reinforced cement
concrete roofs. Furthermore, the difference between the estimated reliability
(incorporating fuzziness and a distortion function) and ordinary reliability
R is studied. It is noted that reliability experiences significant growth after
incorporating fuzziness and a distortion function. A limitation of this work is
the use of the exponential distribution, which may not be suitable for all real-
world data. Consequently, the results discussed here can be extended to more
general forms of distributions, such as the shifted exponential and Weibull
distributions. Furthermore, the results of this study can be extended to other
forms of distributions, such as the exponentiated Weibull distribution.
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