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FUZZY RELIABILITY APPRAISAL OF COMPLEX
STRUCTURES USING MULTI-VALUED NEUTROSOPHIC
SET
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ABSTRACT. One of the most vital areas of reliability engineering is re-
liability modelling. Here the reliability of a system’s components is rep-
resented by a multi-valued neutrosophic fuzzy number. In this study, a
novel method was developed for estimating fuzzy reliability using multi-
valued neutrosophic set theory. This method models uncertainty and
ambiguity in real-world circumstances. The suggested approach can be
more flexible and intelligently analyse the reliability of fuzzy systems.
The suggested method compares several complicated systems with the
help of the score function. The score function can aid the decision-maker
in making decisions more effectively in decision-making problems.
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1. INTRODUCTION

Zadeh [32] was the first who gave the idea of fuzzy set (FS) for handling
uncertainty. Since then, the various extensions of FSs have been applied in
different realistic problems under uncertain environment. In spite of that,
there exist some real-life problems (like when given data is in interval form)
that cannot be handled by only using a fuzzy set. This concept of interval-
valued fuzzy set (Zadeh, 1975) was used in many techniques for handling
data in the form of intervals or lower and upper limits. Atanassov [1] has
given the idea of an intuitionistic fuzzy set (IFs) in which both membership
and non-membership grades are associated with each element of the given
data [2]. But for getting better results in various real-life fields and for han-
dling ambiguous data in multi-criteria decision-making (MCDM) problems,
one of the new extensions is the Neutrosophic set (NS), which was intro-
duced by [21], [22], [23], [24], [25], [26]. NS handles such types of data where
uncertainty and ambiguity are present in real-world problems. Joshi B.P.
et al. [8], [9], [10] utilised different generalisations of FS to tackle MCDM
problems.

On the other hand, Neutrosophic set [20] theory plays a key role in the
field of management, engineering, and reliability estimation because the am-
biguity is present everywhere in many realistic situations. An extension set
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consisting of data in interval form named the interval neutrosophic set (INS)
was proposed by Wang et al. [28], [29]. When the operations and compari-
son techniques of single-valued neutrosophic sets were extended to multiple
values, the aforementioned ambiguity still existed in the data set. So Wang
et al. [30] introduced the theory of multi-valued neutrosophic sets (MVNS).
Subsequently, Peng et al. [19] used the concept of MVNS in the area of
decision-making problems, including engineering, management, reliability
assessment, etc.

In order to handle fuzzy data, the existing reliability finding techniques
fall short. For handling this situation, Chen [5], Pei et al. [18], and Onisawa
et al. [16] used fuzzy numbers and their operations for reliability estima-
tion. After that, several researchers proposed different methods related to
fuzzy set theory. For instance, Verma et al. [27] introduced a method for
dynamic reliability estimation using a special type of fuzzy number as a tri-
angular fuzzy number. Kumar D. et al. [11], [12] used dual hesitant fuzzy
set and rough fuzzy set for reliability evaluation. After that, K. Mintu et
al. [15] used a Pythagorean fuzzy set for reliability estimation. Jakkula et
al. [7] have done the different reliability characteristics of LHD (Lord Haul
Dumpers). Das et al. [6] , Kumar et al. [14], and Paramanik et al. [17] have
analysed system reliability with various techniques. Later on, Bhadauria et
al. [4] and Kumar et al. [13] appraised the reliability of complex units using
score and accuracy functions under a fuzzy environment. An approach of
reliability optimisation of redundant systems was given by Gao et al. [31]
and Azhdari et al [3].

In civil engineering, the reliability of structures (such as bridges, dams,
and buildings) often involves uncertain material properties, fluctuating load
conditions, and varying environmental factors (e.g., seismic activity, wind
loads). A multi-valued neutrosophic set can be used to assess the reliability
of these structures by considering three factors:

Truth (T): The degree to which the material or structural component meets
the required safety standards.

Indeterminacy (I): The uncertainty or lack of complete knowledge about
the system, such as unknown material defects, variations in load conditions,
or environmental factors. Falsity (F): The degree to which failure is likely,
given the uncertainties.

For example, in the design of a bridge, MVNS can model the reliability of its
materials (steel, concrete), environmental factors (rain, earthquakes), and
load conditions (traffic), allowing engineers to identify critical points where
reinforcement is needed, or failure is likely.

This study discusses the multi-valued neutrosophic set for assessing the
reliability of a system as a continuation of previous works. In this research,
we propose a novel method for the reliability of various complex structures by
using a multi-valued neutrosophic set in Section 2. This discussed technique
has been used to appraise the reliability of bridge configuration and their
components in Section 3. Here we used the definition of a score function for
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better comparison between multi-value neutrosophic fuzzy numbers. There
are few important illustrations that are considered to justify given invented
results in Section 4. In the end, the brief statement is given in the form of
a conclusion in Section 5.

2. PRELIMINARIES

Here, some basic information about fuzzy set, neutrosophic set and multi-
vauled neutrosophic set has been reviewed.

2.1. Neutrosophic Set ([21]). Suppose & be the universe. A neutrosophic
set (NS) A in § is characterized by a truth membership function Ty, a
falsity membership function F4 and an indeterminacy membership function
I4. Here Ty, 14 and F4 are real standard elements of [0,1]. It can be written

(1) A={<z,(Ta(x),1a(z), Fa(x)) >z € §,Ta,Ia,Fa €]0,1[}
where
(2) 0<Ta(x)+Ia(x)+ Fa(z) <3

2.2. Single valued neutrosophic set ([20]). Suppose X be a space of
points with generic elements in & denoted by xz. A single valued neutro-
sophic set A (SVNS) is characterized by truth-membership function 74 (z), a
falsity-membership function F4(x), and an indeterminacy-membership func-
tion I4(x). A SVNS A can be written as

(3) A={<z,(Ta(x),1a(z), Fa(x)) >z € &}

2.3. Interval valued neutrosophic set ([28]). Suppose & be a space of
points with generic elements in X denoted by x. An interval valued neu-
trosophic set A (IVNS) is characterized by an interval truth-membership
function Ty (x) = [T, TY], an interval falsity-membership function Fs(z) =
[FE, F{] and an interval indeterminacy-membership function 14 (z) = [I§,1Y],
For every point, © € &, Ta(x),La(z), Fa(z) € [0,1]. An IVNS A can be writ-
ten as

(4) A={<z,(Ta(z),Ia(z),Fa(z)) >z € &}

2.4. Multi valued neutrosophic set ([19]). Suppose X be a space of
points with generic elements in & denoted by x, then multi-valued neutro-
sophic sets A in X is characterized by a truth-membership function T4 (), a
falsity-membership function F4(x) and a indeterminacy membership func-
tion I4(x). Multi-valued neutrosophic sets can be depicted as

(5) A={<z,(Ta(x),1a(z), Fa(x)) >z € &}

and satisfies the condition
0<7,p,7< 1,0 <y +pT+77 <3, vinTa(z),p € Ia(z), 7 € Fa(x),n" =
supTa(a), p* = supla(x), 7" = supFa(z).

On another words, A =< Ta, s, F4 > is called as multi-valued neutro-
sophic number. If T4(x), I4a(z), Fa(x) has only one value, the multi-valued
neutrosophic sets is called as single valued neutrosophic sets. If Ty (z) = ¢,
the multi-valued neutrosophic sets is called as double hesitant fuzzy sets. If



632 Deepak Kumar and Pawan Kumar

Ta(z) = Fa(z) = ¢, the multi-valued neutrosophic sets is called as hesitant
fuzzy sets.

2.5. OPERATIONS ON MULTI VALUED NEUTROSOPHIC SET

([19]). Let A =< Ta(x),Ia(z), Fa(z) > and B =< Tg(x),Ip(z), Fp(z) >

are any two MVNNs. The operations for MVNNs are defined as follows.

(i)AC =< UTEFA{T} >

(i1) ADB =< Uy seTp ypeTs {7AtYB—Y4YB s UpsclappelpiPA-0BY, UrseFa rpeFp{TATE }
(i) A®B =< UnseTu ypeTs {vavB}, Upaela,ppelp {pa+pB—pa-ps}, Ur €Fa,rp€Fs {Ta+
TB — TATB}

2.6. SCORE FUNCTION OF MULTI VALUED NEUTROSOPHIC
NUMBER. Suppose A =< T4,14,F4 > be an MVNN, then (i) Score
function of MVNN A is defined as:

1
(6) 5(4) = 7IT I e OyeTapelarers (Vi — Pj — Th);
ATLATA
(ii) Accuracy function of MVNN A is defined as:
1
(7) H(A) = m%eTA,reFA (v — )3
ATl A

Here, y4 € Ta,pa € Ia,7 € Fa and l7,,l;,,lr, denote the number of
elements in T'a,la, F4 respectively.

2.7. SERIES SYSTEM. In the series system, the whole system fails only
if at least one of the units/ subsystems of the system fails (FIGURE 1).

---------------------

FIGURE 1. Series System

2.8. PARALLEL SYSTEM. Parallel system fails only if all the units/
subsystems of the system fails (FIGURE. 2).

Ry

FI1GURE 2. Parallel System



Fuzzy reliability appraisal of complex structures using multi-valued neutrosophic set 633

2.9. PARALLEL-SERIES SYSTEM. The combination where series net-
works are connected in parallel is called parallel-series system (FIGURE. 3).

F1GURE 3. Parallel- Series system

2.10. SERIES-PARALLEL SYSTEM. The combination where parallel
branches are connected in series is known as series-parallel system (FIGURE
4)'77

FIGURE 4. Series-Parallel system

3. Fuzzy RELIABILITY USING MULTI-VALUED NEUTROSOPHIC FUZZY
NUMBER (MVNN)

3.1. SERIES SYSTEM. Suppose n components combined in series man-
ner (FIGURE 1) and suppose R; = M; be the reliability of the ith(where
i=1,2,3,...... ,n) component (as a form of MVNN), then the reliability R,
of this combination is appraised as

Rs = ®;‘1:1Ri = ®?:1Mi

Rs=M @ My ® ... M,

Rs = U%ETi [Tz i, Upieli (Z?l pi_Z?:l,zj:Q PiPiy +Z?:1,i1:2,i3:3 PiPiy Pis
— (=) prpops - Pn) ) UTiEFi (Z?l pi_Z?:l,h:Q TiTiy +Z?:1,i1:2,i3:3 TiTiy Tia
it (_1)n+17—17—27—3 .. 'Tn> >

3.2. PARALLEL SYSTEM. Suppose n components combined in parallel
manner (FIGURE 2) and suppose R; = M; be the reliability of the i‘h
(wherei =1,2,3,...,n) component (as a form of MVNN), then the reliability

R, of this combination is appraised as
[ (&

Ry = @ R ) = @ M
(Ry)¢ = (M) @ (M2)* ® (M3)° ® ... @ (M,)°
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(Rp) = < UneFi (Z?—l Ti — Z?:l,i1:2 TiTiy + Z?:l,i1:27i2:3 TiTiy Tig
— o ()" Ty - 'Tn> Wpser 1Tz pis U e [T %'>
3.3. PARALLEL-SERIES SYSTEM. In FIGURE 3, suppose Rz be the

reliability of the 5 unit of the i*h branch (where j = 1 to m and i = 1 to
n), then the fuzzy reliability of the parallel-series system is appraised as

2 (ora)
Rys = @iy (®T:1sz)
(Rps) = @iy [M& SMI®-® M{"] C
(Rt =01y () (0) -+ ()]
Rp = @iy { U»YljeTiJ7/;{6[3,7—2eFZ,(i:l,Z...n),(j:l,2,4..m) (%’17%'277?, )
(S o] = S lpl e (1™l o)
c
(Z;”zl Tij — Z;”ﬁ . j 71 o () FLEL 2 sz) }
Ry = @it |:U’ngTf,pfGIg,TgGFZ,(i:l,?,...n)7(j:1,2,...m)(Z;llTijizj ji=1T T+
o (S L), () (01 ~-/JZ-”)]
Ury]ETJ Jeld I ek (i=1,2,.m),(j=12,..m) { (Z;nzl - >t A (—)mlR T{”:

g mll 2 m
Yihe T e+ (1) TS - ~T2)-

(
( ;nh 17'7JL7'7]L1+"'+(—1)m+17',1l7'7%...7'gl) },
{ (007 ) = = (pip? o) (ol PF P
.o (=) (pipd p1)(p%p%---pén)---(p%p%n-p?)},
{Z L) = X (VA (A
i

(D) A (B ) - (A VZ‘)}

n 1.2
= Uyery et riers (im1.20m) (i=12.m) H im0 )
—Zifn:i(%- VoA (A

(=)™t )('V%vi--~v§")--~(vi7%-~-%’?)}a
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{ S (pip} o) = X (i} P (pd P} - i)
+o (=)™ (pind - p1)(ﬂ%pi'--p’g")'-~(p3,p%-~pnm)}7

{ (Z;ﬂﬂ - I At o (- "Tlm>
(Z;nﬂ - Y=t 4+ (CY) R Tén)

Z;-nzl ™ — 2%1:1 I 4+ (—1)m+irlre2 7'7’?) H

3.4. SERIES -PARALLEL SYSTEM. In figure 4, suppose R; be the

reliability of the i*® unit of j** branch (where 5 = 1 to m and i = 1 to n),
then the fuzzy reliability of the series -parallel system is appraised as

Ry = ®;n:1 [@?:1 Rﬂ
Ry = ®;n=1 [®?=1 sz}

Ry = &{h%@h?@---@hﬂ

Ryp = @izs |:U'nyTi],pZEIZ,‘ri]EFiJ,(i_1,2,...n),(j_l,Q,...m) { (Zzl i

"+(_1)n+17—1j7—g-'-7_7]TL>7(’Y'L‘1371'27'-~771' ) (pzpz : p;n)}:|

n 1_
P U'We TI plel! 7l eF! (i=12,..n),(j=1,2,..m) [{ (Zi:ITi

n 2 4. + (- 1)”+17'1427'i2 .. .7'12)

7.11 11 11

Y= T A (FY n-")},

(=) (p1ps - pi)(ﬂ?ﬁ%---pi)---(pi”pé”---p?)},

PO G LTI ATD B C7 £ SR CA N CY L ST

R
{ j= 1/7]102 j) Z?,ﬁ:l(ﬂ{/’%“ﬁ%)-(/’{l/’él---P#)
+
+

)" (g )RS R - (T -%T)H
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4. EXAMPLE

Suppose decision maker provide reliabilities of three components (as form
of MVNN) given as:
Ry = M; ={(0.1),(0.2,0.11),(0.3)}
Ry = My = {(0.5),(0.6),(0.4,0.1)}
Ry = M = {(0.2), (08), (0.1)}
Now, reliability of various structures is appraised as follows.

4.1. Series System. Suppose Rj, Ro and R3 are connected in series manner
(FIGURE 1). So, fuzzy reliability R, of this system is appraised by

Ry =®% R =®} M,

Rs; = {(0.01), (0.936,0.81), (0.622,0.433)}

So, by using (6) & (7)

S(Rs) = -0.4635

4.2. Parallel System. Suppose Ry, Ry and R3 are connected in parallel
manner (FIGURE 2). Therefore, fuzzy reliability R, of the system is ap-
praised by

Ry, = <®?:1 Rf) = <®?:1 Mf)

Rp = {(0.64), (0.096,0.053), (0.012,0.03)}
So, by using (6) & (7)
S(Rp) = 0.18125

4.3. Parallel-series system. Suppose R, Ry and R3 are connected in a
series manner to make single branch and these types of three branches are
connected in parallel manner (FIGURE 3). So, fuzzy reliability Rpg is
appraised by

Rps = {(0.28),(0.82,0.71,0.71,0.61,0.71,0.61,0.81,0.53),
(0.240,0.167,0.167,0.116,0.167,0.116,0.116,0.081) }

So, by using (6) & (7)

S(Rps) = -0.183125

4.4. Series-parallel system. Suppose Ry, Ry and R3 are connected in a
parallel manner to make single branch and these types of three branches
are connected in series manner (FIGURE 4). So, fuzzy reliability Rgp is
appraised by

Rgp = {(0.262), (0.262,0.226,0.226, 0.189, 0.226, 0.189, 0.189, 0.151),
(0.035,0.053,0.053,0.071,0.053,0.071,0.071,0.087) }

So, by using (6) & (7)

S(Rsp)=-0.0522937

By comparing all above results, it is clear that reliability is superior in
parallel structure (See FIGURE 5).

S(Rp) > S(Rsp) > S(Rps) > S(Rs) = R, > Rgp > Rpg > R
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Series Parallel
Parallel Series

Parallel

System

Series

F1GURE 5. Comparison of results

5. FAULT TREE ANALYSIS FOR THE RELIABILITY OF FIRE ALARM SYSTEM
USING MULTI- VALUED NEUTROSOPHIC FUZZY NUMBER

To demonstrate the proposed method for analysing the reliability of a fire
alarm system in a building under fuzzy environment, two models have been
taken which consists of smoke detector, wiring, alarm and power supply.
MODEL I
The fire alarm system in a building under fuzzy environment consists of four
components i.e., the smoke detector, wire, alarm, and power supply that are
connected in series. The effectiveness of each component determines the
overall dependability of the system. The entire fire alarm system will not
work if any one of its parts fails. In order to offer backup illumination in the
event of a power loss, the power supply is made up of two batteries, Bat-
tery 1 and Battery 2, which are connected in parallel. Reliability is ensured
because the lights will continue to run on the other battery even if one fails
(FIGURE 6).

Reliability of a fire alarm system

Reliability of power
supply.

FIGURE 6. Fault tree for fire alarm system: MODEL I

Let us consider the possible reliabilities in the form of multi-valued neu-
trosophic numbers such as R, Ry, Rq, Ry, , Rp, for smoke detector, wiring,
alarm, first and second battery respectively are as follows:
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R, ={0.1,{0.2,0.4},0.5}
Ry, = {{0.2,0.3,0.4},0.2,0.4}
R, ={0.5,0.6,{0.2,0.3}}
Ry, = {{0.1,0.2},0.4,0.6}
Ry, = {0.3,{0.2,0.4},0.5}

Then, the reliability for the top event i.e., fire alarm system of model I
can be calculated as:
RF:RS®Rw®Ra®Rp
Rp = R, ® Ry, ® R, ® (Rf, ® Rf))¢
Rp = {{0.0037,0.0044.0.00555, 0.0066, 0.074,0.088}, {0.76448, 0.78496, 0.82336,
0.83872}, {0.832,0.853}}
So, by using (6) & (7)
S(Rp) = —1.6.

MODEL II

Model 1T is identical to Model I, however the power supply has four bat-
teries instead of two that are connected in parallel manner (FIGURE 7).

Reliability of a fire alarm system

Reliability of
third battery
(Ry,)

FiGURE 7. Fault tree for fire alarm system: MODEL II

Let us consider the possible reliabilities in the form of multi-valued neutro-
sophic numbers such asR;, Ry, Rq, Ry, , Rp,, Ry, and Ry, for smoke detector,
wiring, alarm, first, second, third and fourth battery respectively are as fol-
lows:

Rs =1{0.1,{0.2,0.4},0.5}

R, ={{0.2,0.3,0.4},0.2,0.4}

R, =1{0.5,0.6,{0.2,0.3}}

Ry, = {{0.1,0.2},0.4,0.6}

Ry, ={0.3,{0.2,0.4},0.5}

Ry, ={0.1,{0.2,0.3},0.5}

Ry, = {0.6,0.1,0.2}

Then, the reliability for the top event i.e., fire alarm system of model II
can be calculated as:
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Ry :R5®Rw®Ra®Rp

= R, ® Ry ® R, @ (R ® R, ® R @ Rf)¢

= {{0.007732,0.007984,0.011598, 0.011976, 0.15464, 0.15968}, {0.7444096,
0.7446144,0.7448192,0.7452288, 0.8083072, @0.8084608, 0.8086144, 0.8089216},
{0.7672,0.7963} }

So, by using (6) & (7)

S(Rp)=—-14

Therefore, by comparing the score function for two models, it can be easily
concluded that the reliability of Model II is greater than that of Model I as
Model II consists of four batteries instead of two batteries as in model I.

6. CONCLUSION

Here, a new technique is proposed for appraising fuzzy reliability of given
complex structure under multi-valued neutrosophic fuzzy environment. It
is obtained from the results and the graph given in FIGURE 5 that the re-
liability is superior in parallel configuration which follow the basic fact that
reliability of parallel system always greater than series system. It is also
verified in section 5, where we have compared two models in which fuzzy re-
liability of model IT is better than model I. Here we have used advanced com-
parison method (using score function) to make a better comparison among
multi-valued neutrosophic fuzzy numbers. Finally, this new technique helps
for appraising reliability in many situations where vagueness, uncertainty
and ambiguity are present in provided data. In future, this method can be
used in many extensions of fuzzy set for reliability evaluation.
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