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Abstract: The notion of single-valued neutrosophic composite relation was redefined by S.Dey and
G.C.Ray in the year 2022. In this article, we investigate some basic properties of the redefined
neutrosophic composite relation.

Keywords: Neutrosophic set; Single-valued neutrosophic set; Single-valued neutrosophic relation;
Redefined neutrosophic composite relation.

1. Introduction

The concept of neutrosophic set was introduced by Smarandache [13,14] in the 1990’s.
Afterwards many researchers [7,8,11,12,15] studied and developed it. Since its inception, the
neutrosophic set has garnered significant interest from researchers worldwide due to its flexibility
and effectiveness. It has proven to be not only valuable in the advancement of science and technology
but also applicable in various other fields. For instance, works[1,2,6,18,19] on medical diagnosis,
decision-making problems, image processing, social issues etc. had also been done in a neutrosophic
environment.

In 2010, Wang et al.[16] further developed the notion of a single-valued neutrosophic set. Salma
et.al. [9,10] added the thinking of neutrosophic relation and studied some of its properties. Building
upon these concepts, Yang et al.[17] in 2016 introduced single-valued neutrosophic relation and
investigated some properties. Taking the concept forward, Kim et al.[5] generalized the notion of a of
single-valued neutrosophic relation from a set X to a set Y. The authors also introduced the
composition of two neutrosophic relations and throughly examined various properties associated
with it.

More recently, in 2022, S.Dey and G.C.Ray [3] introduced a novel definition for the neutrosophic
composite relation of two single-valued neutrosophic relations. In this article, we aim to explore and
investigate some properties related to the redefined neutrosophic composite relation.

2. Preliminaries

In this section we confer some basic concepts which will be helpful in the later sections.
2.1. Definition: [13] Let X be the universe of discourse. A neutrosophic set A over X is defined as
A = {{x,T3(x),I4(x), F4(x)): x € X}, where the functions 7,74, F, are real standard or non-standard
subsets of ]70,17[, i.e,, 7;: X > ]70,1*[[1: X > ]70,17[[F4: X > ]70,1*[ and -0 < T, (x) + J,(x) +
Fa(x) < 3+,
The neutrosophic set A is characterized by the truth-membership function T, indeterminacy-
membership function J,, falsehood-membership function F,.
2.2. Definition:[16] Let X be the universe of discourse. A single-valued neutrosophic set (SVNS, for
short) A over X is defined as A = {{x,T;(x),J,(x), F4(x)): x € X}, where T,,7,,F, are functions
from X to [0,1] and 0 < T, (x) + T, (x) + Fu(x) < 3.
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The functions 7,74, F4 denote respectively the degrees of truth-membership, indeterminacy-
membership, falsehood-membership of the element x € X in A.

The set of all single-valued neutrosophic sets over X is denoted by N (X).

2.3. Definition:[4] Let A,B € NV (X). Then

i.  (Inclusion): If T3(x) < Tz(x),T4(x) = Tg(x), Fa(x) = Fg(x) for all x € X then A is said to be
a neutrosophic subset of B and which is denoted by A € B.
ii.  (Equality):If AS B and B € A then A = B.
iii. (Intersection): The intersection of A and B, denoted by ANB, is defined as ANB =
{0 Ta () AT (), Ta(x) V I (x), Fa(x) V Fp(x)): x € X}
iv. (Union): The union of A and B, denoted by AUB, is defined as AUB = {(x,T;(x) vV
Tp (%), T4 () A Jp (%), Fa(x) A Fp(x)): x € X}
v.  (Complement): The complement of the NS A, denoted by A°, is defined as A° =
{0 Fa(x), 1 = 7,(x), h(0)): x € X}
Vi. (Universal Set): If T;(x) =1,9,(x) =0,F,(x) =0 for all x €X then A is said to be
neutrosophic universal set and which is denoted by X.
vii.  (Empty Set): If T3(x) =0,9,(x) =1,F4(x)=1 for all x€X then A is said to be
neutrosophic empty set and which is denoted by @.

2.4. Definition: [4] Let A,B € N (X) and {4;:i €A} € N (X), A is an index set. Then the following
hold.
i. AUA=Aand ANA=A

ii. AUB=BUAand ANB=BnNA
iii. Au@=Aand AUX=X
iv. An@=0and ANX=A4
v. AnBnNnC)=AnB)NC and AUBUC)=(AUB)UC
vi. (A9 =4
vii. (AUB)° =A°NB° and (ANB)¢ = A°UB°
viil.  (Ujea A1) =Njep A7 and (Niea A1) =Vjen Af
ix.  BU(Niea4)) =Niea (BUA)
X. BN (Uiep A;) =Vien (BN A))

2.5. Definition: [5] Let X,Y,Z be three ordinary sets. Then R is called a single-valued neutrosophic
relation (SVNR, for short) from X to Y if it is a SVNS in X XY having the form R =
{0, ), T, ), In(x,¥), Fr(x, ¥)): (x,y) € X XY}, where Tr:X XY = [0,1],T5: X XY - [0,1], Fr: X X
Y - [0,1] denote respectively the truth-membership function, indeterminacy-membership function,
falsity-membership function.

In particular, a SVNR from from X to X is called a SVNRin X.

The empty SVNR and the whole SVNR in X, denoted by @y and Xy respectively, are defined as
By = {{((x,¥),0,1,1): (x,y) € X x X} and Xy = {((x,¥),1,0,0): (x,y) € X x X}.
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The set of all SVNRs from X to Y is denoted by SVNR(X X Y) and the set of all SVNRs in X is
denoted by SVNR(X).

2.6. Definition: [5] Let R € SVNR(X x Y). Then
i.  The inverse of R, denoted by R7?, is a SVNR from Y to X defined as R™*(y,x) = R(x,y)

foreach (y,x) eY x X.
ii. =~ The complement of R, denoted by R¢, is a SVNR from X to Y defined as T3 (x,y) =
Fr(x,¥), Ig(x,y) = 1 = Ip(x,y), Fg(x,y) = Tr(x,y) foreach (x,y) € X XY.

2.7. Definition: [5] Let R,S € SVNR(X x Y). Then
i. R is said to be contained in S, denoted by RCSS, if Tp(x,y) < Ts(x,y),Ir(x,y) =

Is(x,y), Fr(x,y) = Is(x,y) foreach (x,y) € X XY.

ii. R issaid tobeequal to S, denotedby R =S5,if RS S and S SR.

iii. =~ The intersection of R and S, denoted by RN S, is defined as RN S = {{(x,y), Tp(x,¥) A
Ts(, ), Ir(, y) VIs(x,y), Fr(x, y) V Fs(x,¥)): (x,y) €X X Y}

iv. The union of R and S, denoted by RUS, is defined as RUS = {((x,y),Tr(x,¥) V

T5(x,¥), Ir(x,y) AJs(x,¥), Fr(x,¥) AFs(x,¥)): (x,¥) € X XY}

2.8. Definition: [5] Let X,Y,Z be three ordinary sets. Also let R € SVNR(X X Y) and S € SVNR(Y X
Z). Then the composition(max-min-max composition) of R and S, denoted by S ¢ R, isa SVNR from
X to Z defined as
Seo R ={((x,2),Ts.r(%, 2), Isor (%, 2), Fsor (%, 2)): (x,2) € X X Z},

where

Tsor (%, 2) =Vyey (Tr(x,¥) AT5(v,2)),

Jsor(X,2) =Nyey (Tr(x,¥) V Is(y, 2)),

Fsor(X,2) =Ayey (Fr(x,y) V Fs(y, 2)).

2.9. Definition:[5]

i. The single-valued neutrosophic identity relation in X, denoted by Iy, is defined as : for each
xy)eXxX , T,(xy)=17,%xy)=0F,(xy) =0 if x=y and T, y) =
0,7,(,y)=1,F,(xy)=1if x #y.

ii. ~ ASVNR R in X issaid to be reflexive if for each x € X, Tp(x,x) = 1,9z(x,x) = 0, Fr(x,x) =
0.

iii. =~A SVNR R in X is said to be symmetric if for each (x,y) €X XX, Ti(x,y)=
Te, %), Ir(x,y) = Ir (¥, ), Fr(x,¥) = Fr(y, x).
iv. A SVNR R in X is said to be transitive if R o R € R, i.e., R? C R.

2.10. Proposition:[5] Let X be an ordinary set and R € SVNR(X). Then R is symmetric iff R™! = R.
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2.11. Definition:[3] Let X,Y,Z be three ordinary sets. Also let R € SVNR(X X Y) and S € SVNR(Y X
Z). Then the redefined neutrosophic composite relation of the SVNRs R and S, denoted by S <R, is
aSVNR from X to Z defined as

SR = {((x,2), Tsr (%, 2), Tsor (%, 2), Fsor (%, 2)): (X, 2) € X X Z},

where
_ TR(x.Y)+T5(¥.2)
T5or(X,2) =Vyey e —
_ JIR(xY)+Is(y.2)
Jsor (X, Z) =Nyey B
FRxY)+Fs(y.2)
Fsor(x,2) =Ayey - 5,

2.12 Example: Let X = {a,b},Y = {p,q},Z = {u,v}. Also let R € SUNR(X xY) and S € SVNR(Y x Z)
be given by the Table-1, Table-2.

Table-1
14 q
(0.6,0.1,0.2) (0.1,0.2,0.7)
(0.5,0.6,0.7) (0.3,0.2,0.1)
Table-2
u v
(0.5,0.3,0.2) (0.6,04,0.3)
0.9,0.1,0.2) (0.2,0.5,0.4)
Then by using the definition 2.11, we have
Teor (@, 10) =Vyer TR(a.y);LTS(y.u) _v {0.6;—0.5'0.1;—0.9} — 0.55.

Tour(a, 1) =Ayer IR(@)+HIsyw) _ /\{0'1+0'3 ’ 0.220.1} — 015,

2 2

TR(a,y)-;-Ts(y,u) = A {0.2-;-0.2’ 0.7-;-0.2} = 0.20.

Fsor(a,u) =Ayey

Similarly proceeding for the pairs (a,v), (b,u), (b,v), we get the redefined neutrosophic composite
relation S o R € SVNR(X X Z) as shown in the following Table-3.

Table-3
SoR u v
a (0.55, 0.15, 0.20) (0.60, 0.25, 0.25)
(0.60, 0.15, 0.15) (0.55, 0.35, 0.25)
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Main Results: In this section we study the properties of redefined neutrosophic composite relation.

3.1. Proposition: Let X,Y,Z be three ordinary sets. Also let R,S € SVNR(X XY) and P € SVNR(Y X
Z). Then
i. Po(RUS)=(PoR)U(PoS).
ii. RES=>PoRCPoS.
iii. (PoR)'=R1lopl

Proof:
i Clearly Po(RUS),(P°R)U(PoS) € SVNR(X xZ). Let (x,z) € X X Z. Then

_ Trus(x,¥)+Tp(¥.2)
Tporus) (X, Z) _y\E/Y B e—

= v TRCY)VIs(x,¥))+Tp (.2)
yEY 2

—v [TR(X.y)+TP(y.Z) v TS(X'Y)"'TP()’:Z)]
yEeEY 2 2

— [y\E/Y TR(vaV):TP(J/vZ)] v [y\E/Y Ts(X.JI)JZrTP(y.Z)]

= Tper(X,2) V Tpos (%, 2)

= Tperyu(pos) (x,2)
Similarly we can show that Jp,rus)(%,2) = Jperyucpos)(%,2) and Fporus) (X, 2) = Fporyucpos) (X, 2) -
Therefore Po (RUS)=(PoR)U (PoS).
ii. Clearly PoR,P oS € SVNR(X X Z). Let (x,z) € X X Z. Then

TR(Y)+Tp(¥.2) Ts(x,y)+Tp(¥,2)
< ~+“RcSl="1T,
2 _y\E/Y > [ R CS S] Pos(x, Z).

Tpop(x,2) = V
ror(12) =V,

Therefore, Tp.r(x,2) < Tp.s(X,2).
Similarly we can show that Jp.z(x,2) = Jp.s(x,z) and Fp.p(x,w) = Fp.s(x, 2).

Hence PoR S PoS.

iii.  Clearly PoR € SUNR(X xZ) and (PoR)™,R"*o P71 € SVNR(Z x X). Let (z,x) € Z x X.
Then

:T(PoR)_l(Z' X) = g—;’OR(x' Z)

— TR(x.¥)+Tp(¥,2)
yEY 2

—v Tp-1(r.X)+Tp-1(2,y)
yEY 2

= TR_loP_l (Z, x)
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Similarly we can show that J(p.p)-1(2, %) = Tg-1,p-1(2,x) and F(p.p)-1(2, %) = Fp-1,p-1(2, X).

Therefore (PeR)"! =R 1op™1,

3.2. Remark: Redefined neutrosophic composite relation is not commutative. We shall establish by

the following counter example.

Let X ={a,b},Y ={p,q},Z = {u,v}. Also let R € SVNR(X XY),P € SVYNR(Y x Z). Obviously PoR €
SVNR(X X Z) and RoP € SVNR(Y xY). Therefore PoR # R o P.

3.3. Remark: Redefined neutrosophic composite relation is not associative. We shall establish by the

following counter example.

Let X={a,b},Y ={p,q},Z ={u,v},W ={x,y}. Also let R € SVNR(X xY),P € SVNR(Y XxZ) and
Q € SVNR(Z x W) be given by the following Table-4, Table-5, Table-6.

Table-4
R p q
a (.6,.1,.2) (.1,.2,.7)
(.5,.6,.7) (.3,.2,.1)
Table-5
P v
D 5,.3,2 (.6,4,.3)
q (.9,.1,2) (.3,2,.1)
Table-6
X y
(.5.4,2) (.5,.3,1)
% (.8,2,.1) (.3,.6,4)

Then by using the definition 2.11, we find the redefined neutrosophic composite relations P o R €

SVNR(X X Z),Q o P € SYNR(Y X W),Q o (PoR) € SVNR(X X W), (Q o P) o R € SUNR(X X W)
shown in the following Table-7, Table-8, Table-9, Table-10.

Table-7
PoR u v
a (.55,.15,.20) (.60,.25,.25)
(.60,.15,.15) (.55,.35,.25)
Table-8
QoP x y
p (.70,.20,.15) (.50,.40,.25)
(.70,.25,.15) (.70,.30,.20)

as
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Table-9
Qo (PoR) x y
a (.475,.225,.225) (.475,.225,.225)
(.475,.225,.225) (.475,.225,.225)

Table-10
(QoP)oR x y
a (.65,.15,.175) (.55,.25,.225)
b (.60,.225,.125) (.50,.25,.15)
We see that Ty.p.ry(a,x) = 0.475 and Ttgeryer(@, x) = 0.65 . Since Tgepory(@, X) #

Tiqoryor(a,x),50 Qo (PoR) # (QoP)eR.

3.4. Remark: Redefined neutrosophic composite relation is not distributive over intersection. We shall
establish by the following counter example.

Let X ={a,b},Y ={p,q},Z ={u, v}, W ={x,y}. Also let R,S € SVNR(XXY),P € SVUNR(Y XZ) be
given by the Table-11, Table-12, Table-13.

Table-11
R q
a (.6,.1,.2) (.1,.2,.7)
(.5,.6,.7) (.3,2,.1)
Table-12
S p q
a (.8,.7,.3) (.2,.0,.7)
(.7,2,.3) (.5,.6,.4)
Table-13
P u v
p (.5,.3,.2) (.6,4,.3)
q (.9,.1,.2) (.3,2,.1)

Then by using the definition 4(")@, we find the SVNRs R NS € SVNR(X XY),Po(RNS) € SVNR(X X
Z),PoR€ESVNR(X XZ),PoSESVNR(XxZ)and (PoR)N(PoS) € SVNR(X XY) as shown in the
following Table-14, Table-15, Table-16, Table-17, Table-18.
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Table-14
PoR u v
a (.55,.15,.20) (.60,.25,.25)
(.60,.15,.15) (.55,.35,.25)
Table-15
PoS u v
a (.65,.05,.25) (.70,.25,.30)
(.70,.25,.25) (.65,.30,.30)
Table-16
RnNnS p q
a (.6,.7,.3) (.1,.2,.7)
(.5,.6,.7) (.3,.6,.4)
Table-17
Po(RNS) u v
a (.55,.15,.25) (.60,.35,.30)
(.60,.35,.30) (.55,.50,.40)
Table-18
(PoR)YN(P-YS) u v
a (.55,.05,.20) (.60,.25,.25)
(.60,.15,.15) (.55,.30,.25)

From the Table-17 and Table-18, it is easy to see that

Ipernsy(@,u) = .15

and 7(P°R)n(pos)(a, u) =.05.

Therefore Po (RNS)# (PeR)N (P oS).

3.5. Proposition: Let X be an ordinary setand R,S € SVNR(X x X).If R,S arereflexivethen SoR is
reflexive.
Proof: For any two elements x,y € X, we have

TR(x.Y)+Ts(v.x)

Teop(X,x) = V
or (0, 2) = v, EEE

— [ Vv TR(x,y)-;-Ts(y,x)] [TR(x,x);Ts(x,x)]
VEX

=[]V M] \% [2](': R and S are reflexive)
VEX 2 2

— [ Vv TR(x,y)-;-Ts(y,x)] Vv 1 — 1
VEX
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Again

IR(x,y)+Is(y.x)

Jeon(x,x) = A
or (6, 2) = A HEEE

— [ A XR(x,y)g—js(y,x)]A[JR(x,x);JS(x,x)]
VEX

=[A M]" [?](': R and S are reflexive)

VEX 2

— [ A 7R(x:y);7$(y:x)]/\0
VEX

=0

Similarly we can show that Fs.p(x,x) = 0.

Therefore, S o R is reflexive.

3.6. Remark: Let X be an ordinary set and R,P € SVNR(X). If R,P are symmetric then P o R may
not be symmetric. We shall establish it by a counter example.
Let X = {a,b}. Alsolet R,P € SVNR(X) be given by the Table-19 and Table-20.

Table-19
R a b
a (0.6,0.1,0.2) (0.5, 0.6, 0.7)
(0.5,0.6,0.7) (0.3,0.2,0.1)

Table-20
P a b
a (0.5,0.3,0.2) (0.6,0.4, 0.3)
(0.6,0.4, 0.3) (0.2,0.5,0.4)

Tr(a,y)+Ts(y,b) —v {0.6+0.6 0.5+o.2} - 06
2 2 '

Then %oR(al b) =VyEX

0.5+0.5 0.3+0.6

108 008 = 05,

and TPOR (bl a) =VJ’€X TR(b‘y):TS(y’a) =V {

We can see that Tp.z(a,b) = 0.6 # 0.5 = Tp.z(b, a). Therefore P o R is not symmetric.

3.7. Proposition: Let X be an ordinary set and R,S € SVNR(X X X) are symmetric. Then SoR is
symmetriciff SoR =RoS.

Proof: Since R and S are symmtric, so R~ =R and S~ =S [by 2.10]. First suppose that SeR is
symmetric. Then SoR = (SeR)™* =R 10571 = R0 S. Conversely suppose that SoR = R o S. Then
(SeR)™*=R1'oS'=RoSjie, SoR issymmetric.
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3.8. Proposition: Let X be an ordinary set and R € SVNR(X X X) be transitive. Then RoR is
transitive.

Proof: Since R is transitive, so R o R € R, i.e., R> € R. Now

Tp2(x,y)+T52(v.2)
To2,p2(X,2) = V R RS
r2.gr2 (X, Z) yex >

Tr(x.Y)+TR(Y.2)
yEX 2
= JTrer(X,2)
= Tr2(x,2)
Similarly we can show that Jgz,z2(x,2) = Jg2(x,2z) and Fgz,z2(x,2z) = Frz(x, z). Therefore R o R* C

R?.Hence R?, i.e., RoR istransitive.

3.9. Proposition: Let X be an ordinary set. If R € SVNR(X) is transitive R™! is also transitive.

Proof: Since R is transitive, so R e R € R. Now

To-1(x,¥)+Tp-1(¥.2)
To-1,p-1(x,2) = Vv B—— R "~
i (x,2) =y

— v ROX)+TR(EZY)
yEX 2

= Tror(2, %)

< Tr(z,x)

= Ty-1(x,2)
Similarly we can show that Jg-1,3-1(x,2) = Jg-1(x,z) and Fgp-1,z-1(x,z) = Fp-1(x,z). Therefore
R1oR™1c R™! andso, R! is transitive.
3.10. Remark: Let X be an ordinary set and R,S € SVNR(X). If R,S are transitive then RU S and
R NS may not be transitive. We shall establish it by a counter example. Let X = {a, b}. Alsolet R,S €
SVNR(X) be given by the Table-21 and Table-22.

Table-21
R a b
a (0.8,0.5,0.4) (0.6,0.4, 0.5)
(0.7,0.6,0.2) (0.7, 0.6, 0.3)

Table-22
S a b
a (0.7,0.4,0.2) (0.4, 0.6, 0.4)
(0.5,0.4,0.3) (0.5,0.4,0.4)

Clearly R and S are transitive.

Then the relations RUS and RN S are as given in Table-23 and Table-24.
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Table-23
RUS a b
a (0.8,0.4, 0.2) (0.6,0.4, 0.4)
(0.7,0.4, 0.2) (0.7,0.4,0.3)
Table-24
RNS a b
a (0.7,0.5,0.4) (0.4, 0.6, 0.5)
(0.5, 0.6, 0.3) (0.5,0.6,0.4)
Now,
Tr(a,y) + T5(y, b) 08+ 0.6 0.6+ 0.7
T(Rus)o(Rus)(a: b) =Vyex £ 2 > =v { 2 , 2 =107
Tr(@,Y)+Ts(v.,b 0.5+0.7 0.5+0.5
and T(Rns)o(Rns)(a: b) =Vyex REINHE0 )=V { ;r ’ ;r }=0.6.

We can see that Tigysyorus)(a,b) = 0.7 > 0.6 = Tpys(a,b), i.e. (RUS)o(RUS)<E RUS. Therefore
R U S isnot transitive.

We can also see that Tigngyerns)(b,a) =0.6>0.5="Tzns(b,a), ie. (RNS)e(RNS)LRNS.

Therefore R NS is not transitive.

3. Conclusion

In this article, we have investigated various properties in connection with redefined
neutrosophic composite relation. Our investigations into the neutrosophic composite relation provide
valuable insights and pave the way for further advancements in the field of neutrosophic algebra. We
anticipate that the findings presented in this study will serve as a significant resource for researchers
and scholars, enabling them to build upon our work and contribute to the ongoing development and
exploration of neutrosophic algebra.
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Abstract: This paper presents a novel approach to landslide susceptibility assessment in the Qena
Governorate, Egypt, integrating the neutrosophic Multi-Criteria Decision-Making (MCDM) method,
the Potentially All Pairwise RanKings of all possible Alternatives (PAPRIKA), and the ArcGIS
weighted overlay technique. The research focuses on the quantification and prioritization of eight
criteria: slope, aspect, proximity to road, soil type, proximity to river, land cover, elevation, and
Lithology. These factors are evaluated under the uncertainty and indeterminacy of the neutrosophic
environment by employing the PAPRIKA method. The results of the analysis are visualized and
interpreted using ArcGIS weighted overlay, offering spatially explicit insights into the landslide-
prone areas. This study's outcomes could significantly contribute to the overall understanding of
landslide hazards in Qena, promoting better hazard management and mitigation strategies. The
results of the study demonstrated varying levels of landslide susceptibility within the study area: 2%
of the area was identified as having Very High Susceptibility, 17% presented High Susceptibility, 28%
had Moderate Susceptibility, 44% indicated Low Susceptibility, 8% showed Very Low Susceptibility,
and 1% with Practically No Susceptibility. These findings can aid local authorities and policy-makers
in prioritizing areas for mitigation efforts based on their susceptibility to landslides. The study also
incorporates a sensitivity analysis, exploring ten different scenarios to ensure the robustness and
reliability of the results. In the first scenario, we adhere to our initial criteria weights to represent the
current situation. In the second scenario, all criteria are accorded equal significance to check the
model's steadfastness when no one criterion outweighs another. Scenarios three to ten each elevate
the weightage of one criterion, allowing for a comprehensive understanding of each individual
criterion’s influence on the decision-making process. This systematic alteration helps pinpoint the
salient features driving landslides and aids in fortifying our mitigation strategies.

Keywords: Neutrosophic Set; Geographic Information System; PAPRIKA; Multi-Criteria Decision-
Making; Qena.

1. Introduction

Landslides represent a significant natural hazard that have the potential to cause substantial
socio-economic harm and loss of life, particularly in areas characterized by challenging terrain and
environmental conditions [1]. Notably, the Qena Governorate of Egypt is one such area that has been
recurrently plagued by such events. As it encompasses a mix of various topographic and
environmental features, this region has witnessed a rise in landslide incidents over the past decades
[2]. The aftermath of these landslides often leads to severe economic implications, including the
destruction of infrastructure, loss of arable land, and disruption of communication routes, thereby
causing profound socioeconomic setbacks for the local inhabitants [3]. Moreover, there's a profound
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impact on the life of the local population, often leading to forced displacement, immediate danger to

personal safety, and lasting trauma. As such, mitigating the frequency and intensity of these hazards

becomes an issue of utmost importance. Furthermore, the complexities involved due to the various

intrinsic and extrinsic factors contributing to landslide occurrences implicate the need for a

comprehensive, integrated multi-criteria assessment method. This would not only enable predicting

areas with high susceptibility but also aid in drawing effective mitigation strategies, consequently
contributing toward a safer and economically stable Qena region.

Traditional solutions to predicting and managing landslide hazards generally revolve around a
blend of geotechnical measures, engineering solutions, and land-use planning strategies [4, 5]. Some
of these approaches include mechanical stabilization measures, such as building retaining walls and
terraces, redirecting landslip flow paths, and slope degrading. Land-use strategies revolve around
preventing infrastructural development in landslide-prone areas [6]. While these solutions can be
effective, they often come with high implementation costs and feasibility issues, particularly in
regions with complex socio-economic and environmental conditions. Additionally, conventional
methodologies that aim to predict landslide-prone zones often rely on simple statistical models or
deterministic methods. These methods use geological, topographic, and meteorological data to
estimate landslide susceptibility. However, they often fail to adequately account for uncertain or
indeterminate information and the inherent subjectivity in human decision-making, thereby reducing
the overall accuracy of susceptibility maps. Furthermore, there is a limitation in their ability to
quantify landslide hazards in a highly efficient, refined manner due to the lack of comprehensive
integration of various environmental factors contributing to landslides. Hence, there is a pressing
need for an approach that overcomes these shortcomings and enhances the understanding and
prediction of landslide hazards.

To address the limitations of existing approaches, the focus of this study is to adopt an innovative
approach involving the application of the neutrosophic Multi-Criteria Decision-Making (MCDM)
method. This method allows for a more nuanced interpretation of landslide hazards by effectively
capturing, representing, and processing uncertain, incomplete, and indeterminate information
inherent in the decision-making process. The advantage of using the neutrosophic MCDM method
lies in its ability to handle uncertainties and ambiguities, which is a common challenge in the
environmental sciences. Besides, the integration of this method with the "Potentially All Pairwise
RanKings of all Possible Alternatives" (PAPRIKA) method allows for a simplified, user-friendly, and
easily understandable decision-making process. The proposed solution also integrates the use of the
ArcGIS weighted overlay, aiding in the unification and management of diverse geographic data for
hazard mapping, thus refining the analysis of landslide susceptibility zones. Consequently, it
provides improved strategies for hazard mitigation and land-use planning, thereby assisting efforts
in controlling landslide hazards in the Qena Governorate. In summary, the proposed neutrosophic
MCDM approach using neutrosophic PAPRIKA and ArcGIS weighted overlay offers a more
comprehensive, effective, and economically viable solution for landslide risk prediction and
mitigation in Qena Governorate, transcending the limitations inherent in traditional methodologies.
1.1 Study Aims and Objectives
The specific aims and objectives of this study are as follows:

e Todevelop a comprehensive evaluation model for landslide susceptibility using the neutrosophic
MCDM method integrated with PAPRIKA and ArcGIS weighted overlay. This model is intended
to overcome the limitations of existing approaches, providing not only a more accurate
understanding of landslide hazards but also more effective strategies for mitigation.

e To evaluate this model's effectiveness using eight predetermined evaluation criteria. These
criteria include geological, hydrological, and environmental factors known to influence landslip
occurrence such as slope gradient, slope aspect, elevation, lithology, land cover, distance from
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roads, distance from rivers, and soil type. These were specifically chosen because they represent
the key factors that contribute to landslide susceptibility.

To test the models against actual observed landslide events in the Qena Governorate to verify
their predictive capability and accuracy.

To ultimately inform better land-use planning strategies and mitigation measures that can
enhance community resilience against landslide hazards in the Qena Governorate of Egypt.

To conduct sensitivity analysis that serves as a vital step to ascertain how different values of
inputs in a given quantitative model influence the outputs. This step enables us to robustly
evaluate landslide susceptibility under various scenarios, thereby contributing to our
overarching objective of devising effective, scenario-specific mitigation strategies.

In the end, the objective is to provide a practical, cost-effective, and technologically innovative

solution for mitigating landslide hazards. This approach has the potential to improve current

prediction methods and inform land-use planning strategies, thus managing and reducing the risk of

landslides in the Qena Governorate, as well as other regions facing similar hazards.
1.2 Contributions of this Study
This study carries several significant contributions:

It proposes a novel, integrated approach to landslide hazard mitigation, combining the
neutrosophic MCDM method with PAPRIKA and ArcGIS weighted overlay. This
multidisciplinary approach brings together insights from environmental science, geographic
information science, and decision theory to provide a more comprehensive solution to landslide
hazard management.

By employing the neutrosophic MCDM method, the study contributes to a more nuanced
understanding of the complex, uncertain, and often ambiguous nature of landslide hazards. This
method presents a way to navigate these uncertainties, thus enhancing the accuracy of landslide
susceptibility modelling.

This work introduces a practical utilization of the PAPRIKA method in environmental science,
demonstrating its value in simplifying complex multi-criteria decision-making processes.

It offers an advance in geospatial analysis for landslide hazard by showcasing the utility of
ArcGIS weighted overlay in combining diverse geospatial data for hazard mapping.

Notably, by testing the model against actual observed landslide events in Qena Governorate, it
provides tangible evidence of the model's effectiveness, contributing to future research and
practice in landslide hazard mitigation.

The study ultimately encourages better informed, more sustainable land-use planning and policy
decisions, contributing to enhanced community resilience and safety in landslide-prone areas.

1.3 Structure of the Study
This study is methodically organized in the following manner:

Introduction: This section provides the background and context of the study, presenting the
research problem and the proposed solution using a Geographic Information System (GIS)-based
neutrosophic MCDM Approach.

Literature Review: It summarizes the relevant previous research in the field, highlighting gaps
that this study aims to fill.

PAPRIKA: This section provides a basic pseudocode representation of the traditional PAPRIKA
method to demonstrate its logic and operation.

Neutrosophic PAPRIKA: Presents a thorough discussion about the neutrosophic PAPRIKA
approach and its innovative application for landslide mitigation.

Methodology: It outlines the step-by-step flowchart followed in this research, detailing the
creation of the evaluation model using the neutrosophic MCDM method, PAPRIKA, and ArcGIS
weighted overlay.
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e Case Study Application and Discussion: This section applies the methodology to an actual case
study of landslide hazard in Qena Governorate of Egypt, accompanied by a thoughtful discussion
of the results.

e Sensitivity Analysis: An analysis is conducted to establish the robustness of the model,
investigating how slight variations in input parameters affect the results.

¢ Conclusions: Renders a summary of the study's main findings, the implications for the field, and
suggestions for future research.

¢ References: Cites all sources and previous works referenced throughout the study.

This structured approach ensures a comprehensive presentation of the research undertaken and

facilitates a coherent presentation of its findings.

2. Literature Review

Landslides are geological phenomena characterized by the mass movement of rock, debris, or
earth down slopes due to gravitational forces [7]. According to the International Association of
Engineering Geology and the Environment (IAEG), landslides can be classified along two
dimensions: their mechanism of movement and the type of material involved [8]. The three
fundamental mechanisms include fall, topple, and slide, with composite movements often observed.
The type of material can range from rock to soil and in between. This classification helps experts
predict potential landslide events and devise appropriate responses [9].

The understanding of landslides has significantly evolved over time. In the early stages,
landslides were perceived as random natural disasters that pose uncontrollable risks [10]. With
advancements in geotechnical and geological understanding in the mid-20th century, researchers
started to delve into the mechanics and triggers of landslides. Significant works by researchers like
Terzaghi (1950), who introduced the concept of effective stress and its impact on soil shear strength
[11], and Skempton (1977), who developed the concept of pore pressure and its pivotal role in
landslide occurrence, have laid the foundation for our modern understanding of landslides [12].

Landslides generally occur due to a combination of natural and anthropogenic factors [13].
Natural factors include geomorphology (for example, the shape and structure of land), geology (the
type of rock or soil, its condition, and water content), climate (specifically, prevailing weather
patterns and incidents of heavy rainfall), and seismic activities (such as earthquakes and volcanic
eruptions) [14]. Anthropogenic, or man-made factors, tend to exacerbate the vulnerability of areas to
landslides [15]. These factors include deforestation, which reduces the water-holding capacity of the
soil, and over-exploitation of land resources. Uncontrolled urban development and unregulated
mining activities can also destabilize slopes and amplify the risk of landslides [16, 17]. In many
instances, it is a combination of these factors that eventually trigger a landslide, which makes their
prediction and prevention a complex task. These complexities further underline the need for an
advanced and sophisticated approach like the neutrosophic MCDM for landslide hazard mitigation.
The field of landslide research is rich with numerous notable studies. A seminal work in this regard
is by Aleotti and Chowdhury (1999), who employed Fuzzy Logic to evaluate the uncertainties in the
spatial prediction of landslides [18]. This study underscored the importance of accounting for
uncertainty in landslide research and further paved the way for the application of advanced decision-
making frameworks in this domain. Another pioneering study by Guzzetti et al. (1999) utilized GIS
to map landslide susceptibility across Italy and demonstrated the powerful potential of GIS in
landslide research [19]. Similarly, a more recent study conducted by Wang et al. (2020) used machine
learning algorithms in GIS for landslide susceptibility modeling, revealing a new frontier in the
application of artificial intelligence in landslide research [20]. Hungr et al. (2014) comprehensively
reviewed and synthesized various quantitative risk assessment tools for landslide hazards, providing
a reference point for future methodological development [21]. These studies are instrumental in

Nabil M. AbdelAziz and Safa Al-Saeed, Mitigating Landslide Hazards in Qena Governorate of Egypt: A GIS-based
Neutrosophic PAPRIKA Approach



Neutrosophic Systems with Applications, Vol. 7, 2023 17
An International Journal on Informatics, Decision Science, Intelligent Systems Applications

augmenting the existing knowledge and developing more sophisticated landslide mitigation
strategies, including the application of the neutrosophic MCDM approach.

Traditional methods of landslide susceptibility mapping have included deterministic and
statistical models. While deterministic models focus on a specified set of physical variables (e.g., slope
stability or shear strength), statistical models apply past landslide data to identify and analyze trends.
For instance, Guzzetti et al. (1999) employed a traditional deterministic method to produce a map of
landslide susceptibility for Italy, incorporating variables such as slope angle and climatology [22].
The resultant map was used in planning developments and managing natural hazards. However,
these traditional models have limitations. They often rely heavily on specific physical parameters
making it difficult to account for variations in local environmental conditions and human activity.
They are also predicated on the availability of accurate historical landslide data, a criterion that is not
always met, especially in regions where landslides are less frequent. More worryingly, traditional
models are usually unable to effectively project future landslide events, making it challenging to
predict when and where landslides might occur next. Their failure to accommodate uncertainty
further hampers their effectiveness. Given these concerns with traditional models, it is critical that
we explore improved methods for landslide susceptibility mapping. Advanced methodologies, like
the one this paper presents, could potentially overcome these limitations and provide a more
accurate, comprehensive, predictive tool for landslide risk assessment and mitigation.

GIS have revolutionized the field of environmental studies, offering a robust tool for spatial data
analysis and representation. Literature reflects numerous applications of GIS in this field, particularly
in hazard or susceptibility mapping. A clear example is illuminated by Carrara et al. (1991), who
applied GIS techniques for landslide susceptibility mapping in Italy [23]. Their work set a precedent
for the integration of GIS in environmental hazard management. Landslide hazard mapping, along
with other forms of environmental susceptibility mapping, would benefit significantly from these
GIS capabilities. Yet another compelling application is found in the work of Casagli et al. (2023). They
used RS techniques to predict landslide susceptibility — a feat unachievable without GIS technology.
However, while the utility of GIS in hazard mapping is well-documented, its scope is seldom fully
realized due to inherent complexities in environmental systems. Also, the existing GIS-based models
often fall short on adequately handling uncertainties in spatial data and employ static modeling
approaches. As such, more advanced, dynamic, and inclusive GIS-based models, like the one
proposed in this paper, are required for a comprehensive understanding and prediction of
environmental susceptibilities. The neutrosophic MCDM approach could be instrumental in
addressing these existing gaps.

MCDM involves navigating complex decision-making scenarios involving multiple, often
competing criteria. The neutrosophic set theory, introduced by Smarandache (1999), extends fuzzy
sets and introduces the concept of indeterminacy, providing a more flexible and inclusive model for
decision-making [24]. In neutrosophic MCDM, decisions can be evaluated based on truth-
membership (T), indeterminacy-membership (I), and falsehood-membership (F) functions, allowing
for the accommodation of vagueness, ambiguity, and uncertainty in parameters. This approach can
prove beneficial when exact data isn't available or when decisions have to be made considering
various conflicting criteria. An application of neutrosophic MCDM can be seen in the study by Biswas
et al. (2019), where it was used for socioeconomic development ranking [25]. Their work highlighted
the robustness and flexibility of the neutrosophic MCDM, particularly when dealing with
unstructured and indeterminate information. However, its application in environmental science,
specifically in landslide susceptibility mapping, is relatively unexplored. Given its potential to
address uncertainties and incorporate multiple criteria in an inclusive and flexible manner, the
neutrosophic MCDM holds promise in enhancing the precision and applicability of landslide
susceptibility mapping. The use of neutrosophic MCD), in conjunction with GIS techniques, as
proposed in this paper, represents a novel approach to landslide hazard mitigation.
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The PAPRIKA Method: The acronym PAPRIKA stands for Potentially All Pairwise RanKings of
all possible Alternatives, a multi-criteria decision-making method developed by Hiroshi and Eichler
(2008) [26]. The method is known for its simplicity and intuitive appeal. It is used to derive a ratio
scale on criteria by comparing pairs of alternatives that differ in at most two factors. Belton and
Stewart (2012) emphasized that the PAPRIKA method's advantage lies in its ability to handle complex
decisions involving multiple criteria in a simple, hierarchic, and comprehensible way [27].
PAPRIKA’s successful applications are numerous, but its integration with neutrosophic principles is
still uncommon in literature. The fusion of PAPRIKA's simplicity with the inherent ability of
neutrosophic MCDM to handle uncertainty and fuzziness could indeed provide a powerful tool for
landslide susceptibility mapping. However, further research is needed to establish this approach's
efficacy and reliability.

Egypt’'s topography, geology, and climate make it prone to various natural hazards, including
landslides [28]. According to data from the Egyptian Geological Survey and Mining Authority
(EGSMA), the country has experienced several significant landslide events, particularly in
mountainous and hilly regions. Qena is one of the 27 governorates of Egypt, located in the south,
known for its unique geographical characteristics. The area is characterized by its steep slopes, loose
soil composition, and high rainfall during certain seasons, which all contribute to its landslide
susceptibility. Moreover, rapid urbanization and human activities, especially in the form of
unregulated construction on steep hillsides, have further aggravated the situation. There is a
substantial body of literature on landslides in Egypt. However, a comprehensive review indicates
that there's a relative dearth of literature on the application of modern decision-making models like
MCDM, and especially, neutrosophic-based approaches in assessing landslide susceptibility in Qena.
Therefore, the proposed approach of applying GIS-based neutrosophic MCDM using the PAPRIKA
method for landslide mitigation in Qena represents a valuable contribution to the field.

While extensive research has been conducted on mitigating landslide hazards, particularly in
areas like Qena Governorate with unique geographical attributes, a gap remains in applying more
contemporary decision-making models in this context. Notably, most studies dominated by
traditional and statistical likelihood approaches have limited abilities to handle complex uncertainties
inherent in environmental and geographical data. Furthermore, despite the recognized advantages
and potential of the PAPRIKA method in multi-criteria decision-making, its integration with the
neutrosophic principles in the context of landslide mitigation is still uncommon. This is evidenced by
the limited examples in the existing literature. Therefore, the current study intends to bridge this gap
by proposing an innovative GIS-based neutrosophic MCDM approach leveraging the PAPRIKA
method's benefits. This new approach is expected to offer a more systematic and robust tool to assess
landslide susceptibility, thereby enhancing the current mitigation strategies in Qena Governorate,

Egypt.

3. PAPRIKA

Here is a simple pseudocode that outlines the PAPRIKA method:

// Input: Decision criteria and alternatives.

ALGORITHM PAPRIKA_Method(decisionCriteria, alternatives)

BEGIN

// function, evaluatePair(), to conduct pairwise comparisons

FUNCTION evaluatePair(alternativel, alternative?2)

BEGIN

ASK the decision-maker to compare alternativel and alternative2

STORE the preference by the decision-maker
RETURN preference

END FUNCTION
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/[ function, rankPairs(), to sort comparisons.
FUNCTION rankPairs(pairs)
BEGIN
FOR each pair in pairs
CALL evaluatePair() for each pair
STORE results of each evaluation with its corresponding pair
SORT pairs based on results with most preferred at the top and least preferred at the bottom
RETURN most and least-preferred pairs
END FUNCTION
//function, interpolatePoints(), to establish additional ranking points.
FUNCTION interpolatePoints()
BEGIN
RETRIEVE most and least preferred pairs using rankPairs()
FOR each pair between the most and least preferred pairs
CALCULATE interpolation
STORE interpolated points in points set
RETURN points set
END FUNCTION
//function, sortFurther(), to rank remaining comparison pairs.
FUNCTION sortFurther(remainingPairs)
BEGIN
RETRIEVE reference points by using interpolatePoints()
FOR each pair in remainingPairs
COMPARE pair using evaluatePair() with reference points
RANK pair based on comparison with reference points
RETURN ranked remaining pairs
END FUNCTION
//function, calcWeights(), to assign weights to criteria.
FUNCTION calcWeights(criteria)
BEGIN
DECLARE a list weights
FOR each criterion in criteria
CALCULATE the difference between the two extreme points of that criterion
STORE this difference to weights
RETURN weights
END FUNCTION
// function, rankAlternatives(), to score and rank alternatives.
FUNCTION rankAlternatives(alternatives, criteria)
BEGIN
RETRIEVE weights by calling calcWeights(criteria)
FOR each alternative in alternatives
CALCULATE score of alternative by using weights
STORE the score of each alternative
RANK alternatives based on their scores
RETURN ranked alternatives
END FUNCTION
//Final rankings of alternatives for decision making.
OUTPUT final rankings of alternatives for decision making.
END PAPRIKA_Method
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4. Neutrosophic PAPRIKA

The PAPRIKA method under a neutrosophic environment follows the same basic steps as classic
PAPRIKA, but they are adapted to suit the indeterminacy of neutrosophic decision-making.
Step 1. Identify a panel of experts most suitable for the problem domain.
Step 2. Expert consultation.
Define the criteria suitable for the problem using expert consultations. Each criterion represents a
different aspect of the problem you're trying to solve.
Step 3. Assign neutrosophic values for criterion evaluations
The expert assigns a neutrosophic set to each criterion for evaluation. Using the scale shown in Table
1 demonstrates a neutrosophic set that includes three parts - truth, indeterminacy, and falsity.

Table 1. Linguistic variables for determining likelihood of criteria and decision maker's confidence.

Linguistic terms for likelihood (L, M, U) Decision maker's confidence degree (DM)

Absolutely unlikely {((0,0,0)) Absolutely unsure (0,1,1)
Presumably unlikely ((0,0,2)) Unsure (0.25,0.75, 0.75)
Somewhat likely ((1,2,4)) Somewhat confident (0.45 ,0.60,0.60)
Moderately likely ((2,4,6)) Moderately confident (0.50,0.50,0.50)
Likely ((4,6,8)) Confident (0.75,0.20,0.20)

Very likely {(6,8,10)) Very confident (0.85,0.15,0.15)
Absolutely likely ((8,10,12)) Absolutely confident (1.00,0.00, 0.0)

Step 4. Compute average to aggregate experts opinions.
Letj represents the criterion index, k is the expert index, n is the number of experts, and AggID|j]
is the aggregated importance degree for criteriaj.

ComputeSumlID[j], shown in Eq. (1) which is the sum of importance degree for criterion j across all
experts:

SumID[j] = Y (ID_kj) forall k in Experts (1)
Then, compute the aggregated score for each criterion, marked asAggID[j] in Eq. (2):
AggID[j] = SumID[j]/n forall j in criteria 2)

Step 5. In order to rank main criteria the score function shown in Eq. (3) is used.

Let B"1 = (B1,B2,B3); nB™1,0B"1,aB"1 be a triangular neutrosophic number then the score function
equals

SB1 = 1/2 * (B1 + 2B2 + B3) * 2 + nB"1 — 6B™1 — aB'1 3)
Step 6. Calculate criteria weights using the traditional PAPRIKA method.

5. Methodology

The methodology of the study began with the identification of the problem, specifically,
landslide susceptibility in the Qena Governorate. This fed into an extensive data collection and
analysis phase, which incorporated landslide inventory data and relevant environmental and
topographical factors. These criteria were then evaluated through a neutrosophic MCDM process,
ranking the varying factors according to their contribution to landslide risks. The resulting composite
was integrated through the Weighted Overlay Analysis in ArcGIS, combining the data layers with
assigned weights. Following this, the neutrosophic PAPRIKA method was deployed to prioritize the
areas that needed urgent attention. The culmination of these procedures was visually represented in
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a Landslide Susceptibility Map. This map was then used to devise suitable mitigation strategies,
making the findings of the study practical and implementable. Throughout the methodology, the
researched also conducted a sensitivity analysis involving ten separate scenarios to test the robustness

and reliability of the model. The study flowchart shown in Figure 1.
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Figure 1. Study Flowchart.
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5.1 Study Area

Qena Governorate is located in the southern part of Egypt, and it covers an area of about 10798
km? as shown in Figure 2. It is geographically positioned between latitudes 25.5° and 26.6° N and
longitudes 32.2° and 33.2° E [29]. Qena is characterized by its rugged and hilly terrain, interrupted by
desert plains [30]. The region is significantly influenced by the course of the Nile River, which cuts
across it and contributes to its varied topography [31]. Enhanced by its positioning between the Nile
and the Eastern Desert, Qena experiences a desert climate with hot summers and moderate winters.
The geographic attributes of Qena, along with the complex geology and presence of vulnerable
populations and infrastructure, pose significant landslide risks [32]. These systemic factors, therefore,
justify Qena as an ideal field for the proposed research on mitigating landslide disasters. It offers a
distinctive chance to explore how GIS-based neutrosophic MCDM methods can be employed to
enhance existing landslide mitigation strategies.

Figure 2. Study Area.

5.2 Data Collection and Processing

This study encompasses eight distinct criteria integral to understanding landslide triggers and
susceptibility. These criteria, along with their detailed descriptions and sources, are extensively laid
out in Table 2. Further the classified spatial representation of these criteria, illuminating their specific
geographic distribution, is visualized in Figure 3. The hierarchical structure of the neutrosophic
Preference Ranking Interactive Multi-criteria Analytic (n-PAPRIKA) problem, instrumental in our
analysis, can be visualized in Figure 4. This Figure delineates the interconnections and dependencies
among the various factors considered in the n-PAPRIKA problem, consequently aiding in a more
comprehensive understanding of the landslide mitigation approach we have adopted.

Nabil M. AbdelAziz and Safa Al-Saeed, Mitigating Landslide Hazards in Qena Governorate of Egypt: A GIS-based
Neutrosophic PAPRIKA Approach



Neutrosophic Systems with Applications, Vol. 7, 2023 23

An International Journal on Informatics, Decision Science, Intelligent Systems Applications

Table 2. Study criteria, description, and source.

Criteria Relevance to Study Source
Steeper slopes are typically more
Slope (C1) P P yp. Y Slope tool ArcGIS
prone to landslides.
Higher elevations may have increased .
DEM (C2) USGS Earth Explorer website

landslide susceptibility.
Certain soils (e.g., sandy or clay-rich

Soil Type (C3)  soils) can be particularly susceptible to FAO Soil Portal website

landslides.
o Areas close to rivers can be more The Egyptian National
Proximity to . . ) .
River (C4) susceptible due to erosion and Authority for Remote Sensing
iver
increased water saturation and Space Sciences (NARSS)
Land Cover Vegetation can stabilize soils and United Nations Land Cover,
(C5) reduce landslide risks. Egypt (Africover, FAO)
The direction a slope faces can
influence its moisture levels and the
Aspect (C6) . Aspect tool ArcGIS
freeze-thaw cycle, both factors in
landslide risk.
o Construction and maintenance of The Egyptian National
Proximity to . i i
Road (C7) roads can destabilize slopes and Authority for Remote Sensing
oa
increase landslide risk. and Space Sciences (NARSS)
i The type of bedrock can greatly impact =~ USGS World Geologic Maps
Lithology (C8)

landslide susceptibility.

Nabil M. AbdelAziz and Safa Al-Saeed, Mitigating Landslide Hazards in Qena Governorate of Egypt: A GIS-based
Neutrosophic PAPRIKA Approach



Neutrosophic Systems with Applications, Vol. 7, 2023 24

An International Journal on Informatics, Decision Science, Intelligent Systems Applications
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3.3 Land Cover 3.4 Lithology
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3.5 Proximity to River 3.6 Proximity to Roads

3.7 Slope 3.8 Soil Type

Figure 3. Classified Spatial Maps of the criteria.
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Figure 4. Hierarchy of the N-PAPRIKA MCDM problem.

5.3 Panel of Experts

The panel of experts for examining the mitigation of landslide hazards in Qena Governorate
using a GIS-based neutrosophic MCDM approach includes the following;:
El. Geologist: Geologist is vital as they understand the processes causing landslides and can provide
valuable data about the geological properties of local areas.
E2. Civil Engineer (Geotechnical Specialist): Provide insights on infrastructure vulnerability and the
effectiveness of proposed landslide mitigation strategies.
E3. Emergency Manager /Disaster Risk Reduction Expert: Professional that can identify vulnerable
populations and infrastructure in Qena, and propose measures to increase resistance against
landslides.
E4. Urban Planner or Local Government Official: Provide details about local zoning codes and land
development plans for future prevention of landslide-prone areas.
This multidisciplinary panel would aid in creating comprehensive, evidence-based solution for
landslide mitigation in the Qena Governorate.

Case Study: Results and Discussion

1. After selecting the group of experts and the criteria appropriate for the study. The expert’s panel
begins to evaluate the main criteria using the linguistic variables shown in Table 1. The
evaluations of the expert panel are available in Table 3.
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2.

3.

Since group expert opinions are being assessing the criteria aggregation of the opinions is
necessary as shown in Table 2.

Table 3. Experts evaluations and ranks of the main criteria.

Criteria Aggrgg;itrelidolriéperts Score Function Cllii:rell;a
Slope (C1) ((24,32,40), (3.45,0.5,0.5)) 11.87 1
DEM (C2) ((16,24,32), (2.75,1.2,1.2)) 4.7 4
Soil Type (C3) ((22,30,38), (3.35,0.55,0.55)) 10.63 2
Proximity to River (C4) ((12,20,28), (2.5,1.4,1.4)) 2.83 5
Land Cover (C5) ((10,18,26), (2.25,1.7,1.7)) 1.275 6
Aspect (C6) ((9,16,24), (2.2,1.8,1.8)) 0.81 7
Proximity to Road (C7) ((8,14,22), (2.15,1.9,1.9)) 0.42 8
Lithology (C8) ((20,28,36), (3.1,0.85,0.85)) 7.93 3

After opinion aggregation, score function shown in Eq. (3) is used to compute criteria ranks.

Applying the PAPRIKA method for criteria (C1 to C8) based on their ranks:

C1
C2
C3
C4
C5
Ccé6
c7
C8

Calculate Minimum-to-Preference Point Distances (MPP): The distance is the difference between
the least preferred level and the ranking. Here, since the ranks themselves act as the preference
point, the MPP distances are:

=8

Il
Ul R N W A O

Normalize the Distances: Divide each MPP distance by the sum of all MPP distances to calculate
the weights for each criterion. Sum all distances (C1 to C8) as shown in Eq. (4):

Sum = 4+1+3+8+6+4+5+2 = 33 (4)

The weight of each criterion is calculated as follows:

W(C1) = 8/33 ~ 0.242
W(C2) = 4/33 ~ 0.121
W(C3) = 6/33 ~ 0.182
W(C4) = 4/33 ~ 0.121
W(C5) = 3/33 ~ 0.09
W(C6) = 2/33 ~ 0.06
W(C7) = 1/33 ~ 0.03
W(C8) = 5/33 ~ 0.152
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These weights reflect the relative importance of each criterion as informed by the decision-maker's
ranking and are shown in Figure 5.

4 B Weights N
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5 1
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Slope DEM (C2)Soil Type Proximity Land Aspect Proximity Lithology
(C1) (C3) to River Cover (Ce) toRoad  (C8)

(C4) (C5) (C7)
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Figure 5. Weights of the main criteria.

The weighted average Tool in ArcGIS plays a pivotal role in our study by enabling us to allocate
appropriate weights to each criterion, reflecting its relative significance in landslide occurrence. The
integration of Criteria Weights and geographic features through this approach facilitates a nuanced
computation of areas predisposed to landslides a process captured in Figure 6. These visual insights
thus underscore the spatial heterogeneity of landslide vulnerability across the Qena Governorate. The
classified susceptibility resulting map classified into the following classes:

e Very High Susceptibility: Areas with steep slopes, certain soil types - clay-rich or sandy soils,
high elevations, near rivers, with certain types of bedrock, high levels of human activities like
road construction, and sparse vegetation.

e High Susceptibility: Areas with moderately steep slopes, near rivers, higher elevations, certain
risky soil types, and lesser vegetation.

e Moderate Susceptibility: Areas with moderate slopes, some distance from rivers, middle range
elevations, mixed soil types, and light to moderate vegetation.

e Low Susceptibility: Areas with gentle slopes, further from rivers, lower elevations, stable soil
types, and substantial vegetation.

e Very Low Susceptibility: Areas with very gentle slopes, far from rivers, at the lowest elevations,
with stable types of soil, and dense vegetation.

e DPractically No Susceptibility: Areas with flat terrain, far from rivers, at the lowest elevations, with
highly stable soil types, dense vegetation, and little to no human activity.
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Figure 6. Classified Susceptibility Map.

7. Sensitivity Analysis
Sensitivity analysis holds significant importance to this study because it provides insightful
details regarding the robustness of our model and the impact of individual parameters on landslides
susceptibility. By analyzing how variations in input parameters influence the model outcome, it
enables us to discern critical parameters and more accurately predict potential landslide-prone areas.
The current study scenarios are as follows:
e  Scenario 1: maintain the obtained criteria weights. This is the base scenario, reflecting the existing
situation without any modifications.
e Scenario 2: Assign equal weights to each criterion. This scenario checks the robustness of the
model when all criteria have equal significance.
e  Scenarios 3-10: Increase the weight of each criterion (C1 to C8 consecutively) by 20% individually.
These scenarios help understand the influence of each criterion on the overall decision-making
process.

The detailed scenarios can be shown in Table 4. Classified sensitivity analysis maps shown in Figure
7.

Table 4. Sensitivity analysis scenarios.

Scenario # Description
S1 Original obtained criteria weights
S2 Equal criteria weights
S3 Slope Criteria (C1) +20%
S4 DEM Criteria (C2) +20%
S5 Soil Type Criteria (C3) +20%
S6 Proximity to River Criteria (C4) + 20%
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S7 Land Cover Criteria (C5) +20%

S8 Aspect Criteria (C6) +20%

S9 Proximity to Road Criteria (C7) +20%
S10 Lithology Criteria (C8) +20%
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Figure 7. Classified sensitivity snalysis Maps.

The sensitivity analysis results in Figure 8 demonstrate that there are significant variations in the
susceptibility categories across the different scenarios. Scenario 2, for instance, reveals a larger
percentage of areas with High Susceptibility (43%) and Moderate Susceptibility (48%) than most
others, implying more vulnerability to landslides under the conditions of that scenario. Conversely,
Very Low Susceptibility is absent, which may indicate extreme risk conditions. In contrast, Scenarios
4 and 5 depict a comparatively higher percentage of areas with Very Low Susceptibility (42% and
34% respectively), suggesting less vulnerability to landslides under those conditions. Overall, most
of the scenarios indicated Moderate to High Susceptibility, highlighting the need for prioritized and
bespoke mitigation strategies. Also, the variation in susceptibility across scenarios underscores the
importance of considering multiple future scenarios in vulnerability assessment for more robust
mitigation planning.
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Figure 8. Susceptibility classes for sensitivity analysis.

8. Conclusion

In conclusion, this study puts forth a robust method for mitigating landslide hazards in the Qena
Governorate using a GIS-based neutrosophic MCDM approach, employing the neutrosophic paprika
and ArcGIS weighted overlay. Through the rigorous application of sensitivity analysis and careful
consideration of multiple criteria, we identify potential landslide-prone areas in the region. This
research serves as a substantial contribution to the field, providing a framework for similar studies
focused on landslide hazard mitigation using GIS technologies and neutrosophic decision-making.
Regarding future research directions, it would be beneficial to validate and refine this model with
new and updated datasets as they become available. Future studies might also consider additional
criteria or alternative decision-making methods to cater to the complex and dynamic nature of
landslides. A greater focus on integrating local community inputs and incorporating socio-economic
considerations could also offer further depth and applicability to these models.
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Abstract: Neutrosophic Dombi fuzzy graph is an advancement of the Dombi fuzzy graph and
intuitionistic Dombi fuzzy graph. In this paper, we have initiated a new concept of the Fermatean
neutrosophic Dombi fuzzy graph. Further, we identified a few products of the direct, cartesian,
composition of Fermatean neutrosophic Dombi fuzzy graphs. Also, we examined the related
proposition with suitable illustrations with graphs.

Keywords: Neutrosophic Graphs; Neutrosophic Fuzzy Graph; Neutrosophic Fuzzy Edge Graph;
Neutrosophic Dombi Fuzzy Graph; Fermatean Neutrosophic Dombi Fuzzy Graph.

1. Introduction

In 1965, Zadeh [17] developed the idea of a fuzzy set and the term degree of membership to
address imprecision. Using the degree of non-membership in the fuzzy set idea as an independent
variable, Antanassov [5] proposed intuitionistic fuzzy sets (IFS) in 1983. Florentin Samarandache
created a neutrosophic set with a degree of indeterminacy in 2005 [15] by utilizing the concept of
intuitionistic fuzzy sets. The neutrosophic sets are defined by truth, indeterminacy, and false
membership function.

In many fields, including geometry, number theory, topology, optimization, and computer
science, graph theory is utilized to solve combinatorial problems. A graph is made up of nodes and
arcs. Fuzzy logic is an extension of classical logic, where each and every item has a different grade of
membership. The concept of fuzzy graphs was first introduced and explained by Kaufmann in 1975
[10]. IFS relationships and intuitionistic fuzzy graphs were discussed in 2006 by Shannon
andAtanassov [14]. Neutrosophic graphs were first developed by Ghoei and Pal[8], and they are used
to model a variety of real-world problems.

The Dombi operator with relevant parameter was inaugurated by Dombi [7] in 1982, and the
concept of the Dombi fuzzy graph was developed by Ashraf et al. (2018) [4]. The Dombi operator is
crucial in simulating and resolving numerous problems encountered in everyday life. In order to take
use of this advantage, Mijanur Rahman Seikh and Utpal Mandal (2021) [11] applied Dombi operations
to intuitionistic fuzzy graphs and created a multiple attribute group decision-making problem. The
neutrosophic Dombi graph was invented and refined by Tejindarsingh lakhwani, Karthick [16].In
addition to proposing Pythagorean neutrosophic fuzzy graphs using the Dombi operator, Ajay et
al.[1] presented an innovative concept of a Pythagorean neutrosophic fuzzy graph. In this research,
we introduced a new emergent notion of the Fermatean neutrosophic Dombi fuzzy graph using the
Dombi operator. the primary consideration, In Section 2, we developed and remembered the
fundamental concepts and notions used in this part. In Section 3, we described the new concepts of
Fermatean neutrosophic Dombi fuzzy graphs and establish their proposition with relatable
illustrations and graphs.
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2. Preliminaries

2.1. Definition: Let ¥, be anon-empty set. A fuzzy set A* in 9jis distinguished by its membership
function a,,(9p):~[0,1]and pup(n) isinterpreted as the degree of member of elementn” in a fuzzy
set N*, for each n* € Jp It is clear that N* is determined by the set of tuples of N¥=
{(n“,aMD (ﬁD)'n# € ﬁD}'

2.2. Definition: An intuitionistic fuzzy set (briefly IFS) N is an object of having the form
Ar={<n*",a, (9p), By, (Op)> : n* € Ryn} where the functions a,, (95):=~[0,1] and B,,(I5):=[0,1]
denote the degree of membership and the degree non-membership of each element n* € 9pto the set
G respectively, and 0< a,,(9p)+B,,(¥p) <1 for each n* € ¥p. Denote by IFS(Ryx), The set of all
intuitionistic fuzzy sets in Jp. An intuitionistic fuzzy set G* in 9, is simply denoted by = NH=<nH,
@, (9p), By, (9p)> instead of denoting A¥= {(n*,a,, (Ip), By, (Op)) : n* € Ip}.

2.3. Definition Let 9, be a non-empty set. A Neutrosophic set (NS) A* in Upis characterized by a
truth-membership function a,,, an indeterminacy-membership function §,,, and a falsity -
membership functiony,, , is a,,(¥p), By, Op), ¥y, (Ip) are real or non-standard subsets of] 07,1*[on
Ip.

ie)a,, (9p):9p = 107,17[

ﬁyD(ﬁD): 9p = 107, 17[

ny(ﬁD):ﬁD - 107, 17[

2.4. Definition: A fuzzy graph of the graph D*=(¢p,Sp) is a pair of D =(up,vp ), Where up — [0,1]
is a fuzzy set on ¢p and v, :@pX¢@p — [0,1] is a fuzzy relation on ¢, such that v, (n,t)<

Up (M)A pp (1),Y(,H)E @pXp.

2.5.Definition: A binary function ¥ :[0,1]X[0,1] — [0,1] is known as triangular norm (t-norm) if
for all n,t,s € [0,1], it satisfied the following conditions

(1)  (Neutral property or boundary condition) #(n,1) =n

(2)  (commutativity) #(n,t) = #(t,n)

(3)  (associativity) #(n,(t,s)) = #(n,t)s)

(4)  (monotonicity) #(n,t) <#(s,d) if n< s and t< d

2.6.Definition: A binary function M :[0,1]X[0,1] — [0,1] is known as triangular conorm (t-
conorm) if and only if there exists a t-norm 7 for all #(n,t) € [0,1]X[0,1]
M (n,t)=1-F(1-n,1-t)
Preferred options for t-norms are:
e The minimum operator M (n,t)=MIN(n,t)
e The product operator P(n,t)=nt

1

1-n\19 | 11—t 3'6>0
(5] +H(Fn03

e The dombi’s t-norm,

Preferred options for related t-conorms are:
e The maximum operator M *(n,t)=MAX (n,t)

D. Sasikala and B.Divya, A Newfangled Interpretation on Fermatean Neutrosophic DOMBI Fuzzy Graphs



Neutrosophic Systems with Applications, Vol. 7, 2023 38

An International Journal on Informatics, Decision Science, Intelligent Systems Applications

e The Probabilistic sum P*(n,t) =n+t-nt

1
LD

e The Dombi’s t-conorm ,0 >0

-5

(5]

_nt
n+t—-nt

One more pair of F-operator is #(n,t)

P(n,t)=%_;tm,which is obtained by substituting § =1 in dombi’s t-norm and t-conorm. Also

" < M(nt) and M*(nt) < < priy t),

n+t-nt 1-nt

P(n,t)<

2.7. Definition: A dombi fuzzy graph with a countable set ¢pas the elementary set is a pair
D=( pp,vp )where up —[01] is a symmetric fuzzy on ¢, such that g¢p(nt) <

@p(M)¢p(t)
ep(M)+ept)—ppM)ep(t) ’

vn,t€Eqpp.

2.8. Definition: Let D*=(¢p, gp) be a crisp undirected graph contain no self loop and parallel edges.
Let up = (a#Dlﬁ#D,y#D)such that a,, :9p — [0,1],B,, :9p = [0,1],v,, :9p = [0,1] &, : ¥p — [0,1],
By, : 9p = [01] ,¥y,: 9p = [0,1] Here a,,,a,, - The membership function, B,,,B,, — The
indeterminacy function, y,,,7, — The falsity function in the neutrosophic dombi fuzzy graph,
6r € 9pXIp Then the neutrosophic dombi fuzzy graph, D = (¢p tip, vp)

App (Mg, (t)
appM+ap, (O)-ap,M)ap, )

ag, (nt) < vV nt € gp

Bup (M Byp, ()
Bup MW +Byup, O=Bup (MByp, ) 7

Be, (nt) < v nt €gp

Yvp M +ryp (O—2yyp MWyy, (O
1= yyvp My )

Yo, (nt) < , Vnt €gp

3. Fermatean Neutrosophic Dombi Fuzzy Graph

3.1 Definition: A fermatean neutrosophic dombi fuzzy graph is defined [its indicated by FNDFG]
with a finite elementary set Ypof its order pair d= (¢p,p) where ¢p:9p = [0,1].Here we consider,
Up = (a(pDﬁuD’va) such that a,, : 9,-[01] , B, : 9 —-[01] , n, : 9p-[01],
a9y = [0,1] , Bu,: 9p —~ [0,1] , 1%, 9p = [0,1] Here a,,,a,, - The membership function,
Bup By, = The indeterminacy function, y,,,¥, = The falsity function in the Fermatean
neutrosophic dombi fuzzy graph, ¢r € X9, Then the fermatean neutrosophic dombi fuzzy graph,
d=(¢p,Hp,Vp)

App(M)app (t)
a.. (nt) < #p- 9D ,Vnte
SD (nt) app M) tapn ()—apn (Mg, (t) Sp
t
B, (nt) < Pup Whup © , Vnt €y

Bup M+Bup (O)=Bup MBup ()

Yvp (n)‘H’vD (t)_ZVvD (n)YvD ®
1-vvp (n)YVD ®

Yep (nt) < , Vat€g, And 0<a, ® (mt)+ B, ° Mty 1y, @mt) <2 ; 0<

a,, 2(mt)+y,, 3(nt) < 1;0< B, *(nt)< 1.
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31 Example: Define a graph D=( ¢p,5p ). Here ¢p ={ nyny;nynyansng }  and
Sp={niny, nyNg, NyNz, NyNs, N3Ny, N3Ng, NyNs, NsNg }.Let @, and 6, be fermatean neutrosophic dombi

fuzzy graph vertex set and fermatean neutrosophic dombi fuzzy edge set specified on ¢p,sp

respectively.
n4(0.6,1,0.7)
(0.5,0.5,0.7) (0.5,0.6,0.7)
g 1n3(0.9,0.6,0.4)
n<(0.8,0.5,0.6) _8
S 2 ©S
o ~ ~
© o
w o
© ©
~ o
n,(0.8,0.5,0.7) n,(0.8,1,0.4)
(0.5,0.4,0.8) (0.5.0.7.0.8)
n4(0.6,0.7,0.8)
Fermatean Neutrosophic Dombi Fuzzy graphs
M M2 M3 N4 M5 T NNz MiNe MaN3 Nafls M3Ng M3Me MaMs Mshe
0.6°08°09’06°08"0.8 052’052’ 073" 066 056’073’ 052’ 0.66
_ N nz M3 Mg M5 M — |z Mife MaMz TaMls TM3Ms M3Ne MaNs Nshle
Op = 071’06’ 1’05’07 50~ | 707 " 041’ 06 ' 05 ' 06 ' 037’ 05 ' 033
M1 Nz N3 M4 M5 Me MiNy NN NNz MNalls N3Ny N3Ng NyNs Nshg

08’04’0407’ 0.6 0.7 082’086 062" 071" 075’075’ 0.79 " 0.79

Definition 3.2: Consider, {, ={nt,@; (nt), u, (nt),v¢, (nt), nt € gp} be a fermatean neutrosophic
dombi fuzzy edge setin D:
e The order of O, is established by p(0p) =[¥nep Dy Xnep Uy » Zinep Vol from illustration 3.1,
order of D, p(0Op) =1[3.44.3,2.9]
e The size of O, is symbolized by ps(0p)=[Xnep D (nt), Xnep ke (ML), Xneyp ve(nt)] from
illustration 3.1, order of D,ps(0p) =[5.33,4.71,6.95]
e The degree of vertex n€ ¢, is denoted by dijits described by
dJDN=[dJ% n), iy, n), diy,, (n)],where

%ppMapp®)
op Mg, O)-apyMapy®) ’

dJ(Z)(p (n)=2n,t¢ne¢ ®g (nt) =Zn,t¢ne¢ p

Z BﬂD (n)BuD (t)
WEERER g () +Bup (O)=Bup (B, &
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Yvp MW +yyp (O—2yy, (M yy, (0
1-yyp MWy, ()

Zn,t::nap

From illustration 3.1,dsp,=| o777  Ters ' 1o’ Taa’ T1r

2.54’2155"2125"2.4° 229’ 2.4

e The Total degree of vertex n € ¢, is specified by T[ dyp, lits explained by
T[dpy =g, (), oy, (M), dyy,, ()], where

Apn(M)apn(t)
Tds = t)= 0D
° I ]% (W)=Lntenep O (M)=Xin,t2nep appM+agy, (O-ap, (MWap, () 0oy (M)

Bup MBup (£
HD HD LQ({J/,LD (Tl),

Zntznep s (M) =Zntancy Bup MW+Bup O-Bup (M Bup ©)

Yvp (n)+YvD (t)_ZVvD (n)YvD (t)L

Zn,t#nego ' Q)VD (n)

1- Yvp (n)YvD ®

from illustration 3.1, [Tds]p,=| soo o Tos T Ton S as

294’265’2725’ 28" 211 3.1

Definition 3.3: Let d = (@p,upvp) and F = (@, urvr) of the graphs D*=(¢p,qp) and F*=(¢r,Gr)
respectively and its established by the union of two fermatean neutrosophic dombi fuzzy graphare
D UF= (@p U @p, tup U g, vp U V).

Op U Or=[20,upp Bopuop Yopuor]

tp Y tr={Qu 0 Bupupp Yipuue]

Vp U VF:[avDqu; ﬂVDUVF’ ]/VDUVF] such that

[auD](X): ifx € op — ¢r

[@,:100,ifX € o — @p
[a/.LDU/.LF](X) ={ bF
aup Q+au, -2au, au, X
“p KD KD [ JfX € @p N @p

1-app Wapy 00

[Bup100,if X € p — @F

_ [B}LF](X)' ifx € or —@p

Buponr] (00 Bup 00+Bup 00~2Bup 0By 00
1= Bup 00Bup 00

JifX € op N @p

[Vup] 00, if X € 05 — 95
[yMDUMF](X) = { [yﬂp](X):ifX € Or — Qp

y”'D (X)VuD (X) .
,ifx € n
kmD CO+Yup CO-Yup COYup @) X&¢p 0 Pr

[auD](nt), ifnt € Sp—GSF
[avDUVF](nt) = { [a#F](nt), ifnt € Sr—¢<p

ayp (nt)+avD (nt)—zavD (nt)avD (nt) .
1= ayp (n)ay, (nt) ifnt € 6p N p
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[Bu,](nt), if nt € g — g
[ﬂVDUvF](nt) = { [ﬁy.p](nt), ifnt € Sp—Sp

Bvp MO)+By, (n)=2By,, (M) By, (nt)
,ifnt€gp N
1= By, (n) By, (nt) 1rn Sp NGF

( [y,,,] (1), if nt € 6 — G5
) [, (nt), if nt € 5z — 5
[YVDUVF](nt) - { Yvp (nSV‘VD (nt)

,ifnt € N
Gap G070y (Do (D7vp (D) S0 (Y or

Where 0< a,, 3(nt)+f,, °(nt)+y,, 3(nt) < 2

Example 3.3: Let us consider D = (@p,upvp) and F = (@p, urvp) D*= (¢p,5p) and F*=(¢r,Sr)
separately. Here ¢, = { ab,c}, gz ={ab,bc,ca}, ¢r={b,c,d} ,sr={bc,cd,da}.Then the union of two
neutrosophic dombi fuzzy graphs,@p U ¢ is

(0.6,0.7,0.8) (0.8,1,0.4) (0.8,0.5,0.6)
. (0.6,0.7,0.8) (0.8,1,0.3)
[
(0.5,0.7,0.8) (0.5,0.7,0.8)
) ~
d o= o
2 v o E)
= o o N
e w > 8
d o
s 2 5 °
= K]
(0.7,0.3,0.6)
(0.7.0.3.0.6)
. o
(0.8,05,0.7) (0.6.1.0.4) 090604 (08103 (0.9.0.6.0.4)
D F D UF

Definition 3.4: Let D = (@p, upvp) and F = (@, ur vr) of the graphs D*= (¢p,Sp) and F*=(@g,Sr)
respectively and its established by the intersection of two fermatean neutrosophic dombi fuzzy graph
dNFis

dnF= (@p N Br,up N up,vp Nvp).Here,

Bp N Br=[@0pn0p Bopnog: Yopnor]

i N U=l p0pp Bup o Yupour)

Vp N VE=[y ;v Byp v Yupovg ] Such that

_app Q+ay, CO—2au, Wau, G0

* [@upnpel (X) = D00 JifX € op N op
_ Bup GO+Bup 00-2Bup GOBup X .
[Bupnuel(X) 1= By 0Bup 00 Jif X € @p N g

V;I.D (X)Vp.D (X)
Yup CO+Yup C0=Yup QOVup &)’

Viupnupl(X) = ifx € pp N @p
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_ayp, (nt)+avD (nt)—ZavD (nt)avD (nt)
1-ayp, (nt)avD (nt)

° [a‘VDﬂ‘VF](nt) 1] lf nt gD n gp

_Byp (6)+Byy, (nD)=2By,, (nD)Byy, (nt)
1= Byp, (D) Byy, (nt)

[Bypavel(nt)

,ifnt € ¢p Ngp

YVD (nt)YVD (nt)
Yvp (MO+yy, (MD=yyp (Dyy ) (1) ’

[Y‘VDO‘VF](nt) = lfnt € gD n gF

Example 3.4: Let us consider the two neutrosophic dombi fuzzy graphs D = (@p,upVvp) and
F=(@r, up vp)D™= (¢p,sp) and F*=(¢f,sr) separately. Here ¢, = { a,b,c}, 5r ={ab,bc,ca}, ¢r={b,cd}
,sr={bc,cd,da}.Then the intersection of ¢, N @p is

Definition 3.5:[Direct product] Let @; be a fermatean neutrosophic fuzzy subset of ¢, and g; be a
neutrosophic fuzzy subset gpof ¢;=1,2,3.The direct product of fermatean neutrosophic dombi fuzzy
graph. d = (@p, up vp) and F = (@r, ur vr) D*=(¢p,Sp) and F*=(@r, §r) separately is established by dXF
is

dXF= (BpXOp, upXup, VpX V).

(i.e) PpXPr=l[ap,x0s Bopxor Yopxor]

U X =[x up Bupxup Yupxus)

VDXVF=[avDXVF'ﬁvDXvFvvaXvF] such that

$Spxr =M ng), (0, t2): X € pp,nyt; € GptU{(ny, 2), (N2, 2) : My, € Gp, 2 € @} such that,

for all (ny,n,) € PpXxQr,

agp (n1)“®p (n2)

agp, (M) +ag, (n2)-ag, (nagy (n2)

" gy xer (M1 N2)=

Buup (1) Byup (n2)
ﬁuD (n1)+ﬁup(n2)_BuD (X)Bup(nz)

ﬁﬂDXﬂF(nl' nz) =

_Yvp M)+ (M2)-2yyp (Mg (12)
y‘UD (nl)YVF (nZ)

)
]/VD XVvp (nl' ny)

Sag), (nqtq) Sag (natz)

’ t,tp) = ’
(Spx5r)(n1, 1) (61, E2) Sagy, (n1t1)+§a¢F (nztz)—CamD (nqtq) Sagy (natz2)

SBup (M1t1) Spyp (N2t2)

SBup (Mt (M2t2)=sp,  (M1t1)sp, . (natz)

Syvp (Mat1) Syyp M2t2) =Gy (M1t1) Gy, (N282)

1=Syyp (M1t1) Syy (n2t2)
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For all n,t; € ¢p,n,t, € ¢p

Example 3.5: Consider two neutrosophic dombi fuzzy graphs d = (@p, up vp) and
F=(®r, upve).Here @p={abl,@r={xy,2},5p = {ab}, gr={xy,yz} where

_ { a b } ={ x y z } _ { ab }
#p (0.6,0.7,0.8)’ (0.8,0.5,0.7) Pr (0.6,1,0.7)(0.9,0.6,0.4)’ (0.8,1,0.4) /Sp (0.5,0.4,0.8))’

Xy yz
(0.5,0.6,0.7)”(0.7,0.6,0.5)

¢p={ }. Then we have

(@px@r)(ab) =(0.5,0.4,0.8), (ppxr)(xy)=(0.5,0.6,0.7), (@px¢r)(y,2)=(0.7,0.6,0.5),
(ppx@r)(a,x)=(0.4,0.7,0.8), (¢px@r)(a,y)=(0.5,0.4,0.8), (@pxpr)(az)=(0.50.7,0.8)
(@pxr)(b,x)=(0.5,0.5,0.8), (@px¢@r)(b,y)=(0.7,0.4,0.7), (@px¢r)(b,z)=(0.6,0.5,0.7)
(Spxsr)(a, x) (b, ¥)=(0.4,0.3,0.8),(5pXSr)(a, ¥) (b, z) = (0.3,0.3,0.8),
(spxsp)(b, x)(a,¥)=(0.4,0.3,0.8), (spxsz)(b,y)(b,2)=(0.3,0.3,0.8).

Y(0.9.0.6.0.4)

(a,x)(0.4,0.7,0.8) (b,X)(0.5,0.5,0.8)

v)(0.5,0.4,0.8
x(0.6,1,0.7) 7(0.8,1,0.4) @y)( ) (by)(0.7.04,0.7)
D
(0.5,0.4,0.8)
®- -9
a(0.6,0.7.0.8) b(0.8,0.5,0.7)
(2.2)(0.5.0.7.0.8) (b,x)(0.6,0.5,0.7)
F
D X

Theorem 3.1: The direct product of two fermatean neutrosophic dombi fuzzy graph is a fermatean
neutrosophic dombi fuzzy graph.

Proof:

Let d and F be the fermatean neutrosophic dombi fuzzy graphs d = (@p, ttp vp) and

F = (@, ur vr) respectively .

Consider, for all n,t, € gp,n,t, € ¢r such that
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(SpXSF)(ny, ) (1, t2)
The direct product d XF=T[¢p(nt1),5r(n2t;)]

op (711)05®D (n2)
| app (711)+05®D (nz)—“q)D (n1)fl<z)D (n2)’ |
ﬁHD (n1)ﬁp_D (n2)
- ﬁHD (n1)+ﬁHD (le)—ﬁuD (le)ﬁuD (n2)’
Yvp (M) +yyp (2)=2yyp (M1)yyp (n2)
Yvp (M)vvp (n2)

(SpXSp)(ny, ) (1, t2)
(ppx@r)ag, (Nyny)(@pX@r)ag, (t1ts)
(ppx@p)ag, (nin,) + (@px@p)ag, (tity) — (Ppx@p)ag, (nin,) (Ppx@p)ag, (tit;)’
((PDX(PF)[”;LD (nan)((pDX(pF)ﬁup(tl t2)
(@px@pByu, (Miny) + (@pX@r)Bus(titz) — (Ppx@r)Buy (Min2) (@pX@r) By, (tity)’
(@ox@p) Yy, (1) (F@pXPR) Yy (E12) — 2(0pXPE) Yy, (M11)(PpXPE) Ao (t112)
1 — (@pX@p) Vv, (M) (@pXPr)ag, (E1t7)

Corollary 3.2: The product of two fermatean neutrosophic dombi fuzzy graph is the fermatean
neutrosophic dombi fuzzy graph

From the illustration 3.5

(ppx9r)(ax)=(0.4,0.7,0.8), (ppx¢@r)(b,y)=(0.7,0.4,0.7),(spxsr)(a, y) (b, z) = (0.3,0.3,0.8)

(5px5p)(a, ) (b, z) = (0.3,0.3,0.8)

(9px9Fp)ag, (N1n2)(PpXPF)apL(t1t2)
| (PoxeR)g), (1n2)+(@DXPF) Aoy (t1t2)=(PDXPF) gy, (N112) (PDXPF)App (t1l2) ’
_ (@px@F)Bup (M1n2)(@DXPF)Bup(t1tz)
_4 (@px@FBup (M112)+(PpXQF)Bup (E1t2)~(PDXPF) By, (M112)(PDXPF) Bup(t1ts)’
(@pxepR)yyp M1n2) (+@pXPR)VyE (t1t2)—2(9DXPF)Vvp (M1n2) (PDXPF)agE (t1t2)
1=(@pxPF)yvp (N1n2)(@pXPF)ag(t1ts)

=(0.34,0.34,0.86)
Therefore the product of two fermatean neutrosophic dombi fuzzy graph is fermatean neutrosophic

dombi fuzzy graph.

Definition 3.6:[Cartesian product] Let @; be a fermatean neutrosophic fuzzy subset of ¢, and g;
be a neutrosophic fuzzy subset gpof ¢;=1,2,3.The cartesian product of fermatean neutrosophic dombi
fuzzy graph.d = (@p, up,vp) and F = (@, pr,vr) D*= (¢p,sp) and F*=(¢p, ) separately is established
by d O F is defined as

dD F= (@p0@F, upOurp, vpOVp).

(i.)@p 00 r=[p, 007 Bopoor Yopoor]

U OUr=Qu o Bupoup Yupour]

VpOVp=[ay o By powe Yopove]

$por =1{(n,ny), (0, t5): x € @pnyt; € GplUf(ny, 2), (N3, 2) : NNy € Gp, 2 € PplU

{(ny, ) (8, t2):nyn; € 6, my # £}

For all (ny,n,) € ¢px¢@r such that,
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agp, (n1)ag, (n3)

app (1) +apg (n2)-ag, (n)agg (n2)’
Bup m1)Buy (n2)

Bup M)+Bup 2)=Bup (n1)Bup (n2)’

Yvp (1) +Yyp (N2)-2vy, (MY (n2)
Yvp M) Yvg (n2)

D) @pD@p(ng,ny) =

(PawD n) CawF (nztz)

‘Pozq)D (n)+§0l®F (nZtZ)_(paq)D (n) gqu (nZtZ) ’
Ppup W Spy, M2t2)
gy, MW+spy, (2t2)=¢p, (s, . (M2t2) ’
Prvp ) CVVF (nztz)—(Pva ) SYve (natz)

1_<Pva m) §va (nat2)

i) (5pOsp) (n,ny) (L, t;) =

For all n € ¢, and n,t, € ¢
Sagy, (nqtq) Sagp (nztz)

| Sag (n1f1)+§a0F (nzfz)—CaQD (natq) Sagy (natz) ’

SBup (M1t1) spy, . (N2t2)
O ny,n t ) t = )
(SpDSr) (n1,m2) (t, £2) {I SBup (n1f1)+§/3#p (nzfz)—%#D (n1tq) SBup (nat2)

| Syvp (M1t1) Syyp M2t2)=Gyy ) (M1t1) Sy, (N2t2)

1=Gpyp (M1t1) Sy, (M2t2)

For all n1t1 € CD,nztz € CF
Example 3.5: Consider two Fermatean neutrosophic dombi fuzzy graphs d = (@p, up,vp) and

F= (®F' ‘LI,F'VF).HEI'G (pD={X/y1Z}/ (pF={a/b}rgD = {Xy' yz }' SF= {ab}Where

x y z } _ { a b } _ { ab }
(0.7,0.6,0.5) ’ (0.8,0.7,0.5) * (0.9,1,0.6) Pr (0.7,0.8,0.5)’ (0.8,0.7,0.6))” SF (0.6,0.5,0.7)

¢p ={

_ xy vz
5o = {(0.6,0.5,0.7)' (0.7,0.7,0.7)}' Then we have

@p0r(xy)=(0.6,0.5,0.7), ¢p0¢r(y,z) = (0.7,0.7,0.7), pp0O¢r(a, b) = ((0.6,0.5,0.7),
@p0@p(x,a) = (0.5,0.5,0.7), pp,0¢r(x, b) = (0.6,0.5,0.7), o, D¢r(y,a) = (0.6,0.6,0.7),
@pD@r(y,b) = (0.6,0.5,0.7), pp,0¢r(z,a) = (0.6,0.8,0.7), pp0¢x(z,b) = (0.7,0.7,0.8),

(spOsk)(x,a)(x,b) = (0.47,0.37,0.76), (sp Osr) (v,a)(y,b) = (0.52,0.41,0.76)

(spOsk)(z,a)(z, b) = (0.56,0.5,0.79),(spO5r) (X,a)(y,a)=(0.47,0.44,0.76),

(spOsk)(y,a)(z,a)=(0.53,0.6,0.76),(spO5r) (X,b)(y,b)=(0.52,0.41,0.79)

(spOsr)(y,b)(z,b)=(0.6,0.53,0.79).

D. Sasikala and B.Divya, A Newfangled Interpretation on Fermatean Neutrosophic DOMBI Fuzzy Graphs



Neutrosophic Systems with Applications, Vol. 7, 2023

46
An International Journal on Informatics, Decision Science, Intelligent Systems Applications
a(0.7,0.8,0.5)
x(0.7,0.6,0.5)
[ ]
S
o
o
o
o
3
y(0.8,0.7,0.5)
®
2(0.9,1,0.6) b(0.8,0.7.0.6)
F
(x,a)(0.5,0.5,0.7) (v,2)(0.6,0.6,0.7) (2,2)(0.6,0.8,0.7)
—~ 4 4 |
» b(0.8,0.7,0.6) > b(0.8,0.7,0.6) o
° S 2
= 5 &
N o
2 o 3
2 > L
b(0.8,0.7,0.6) = b(0.8,0.7,0.6)
B » s
(x,0)(0.6,0.5,0.7) (v,0)(0.6,0.5,0.7) (z,0)(0.7,0.7,0.8)

DoF

Corollary 3.3: The Cartesian product of two fermatean neutrosophic dombi fuzzy graph is not
necessiarily to a fermatean neutrosophic dombi fuzzy graph.

From the graphd O F,
(gD DgF) (yla)(YIb)=(052/041/076)
(spOsE)(v,a)(y,b)

(ppD9r)agy (v,.0)(PpO@F)ag, (y.b)
(ppDPR)agy, (v,a)+(@pOPF)ag, (y,b)~(9pOPr)ag, (v,a)(PpDPF)ap,(¥.b) ’
3 (¢p09F)Bup (v,a)(@p0@F)Bup(v.b)
B (¢pD@R)Bup (,0)+H(@pO@E) By (v.0)~(9pD@F)Buy, (7,@) (@pOQF)Bup(v.b)’
(9pD@R)Yvp (V,.0)+(@pDPF)Yvp(V.D)—2(9p0@FR) Vv, (¥v,0)(9pO@F) AR (V,D)
1-(¢pO@F)Yvp (v.a)(@pDO@F)ag,(v.b)

=(0.42,0.375,0.72)
(5p06r)(y,a)(y,b)=(0.52,0.41,0.76)% (0.42,0.375,0.72)

D. Sasikala and B.Divya, A Newfangled Interpretation on Fermatean Neutrosophic DOMBI Fuzzy Graphs



Neutrosophic Systems with Applications, Vol. 7, 2023 47

An International Journal on Informatics, Decision Science, Intelligent Systems Applications

From the illustration, Cartesian of two fermatean neutrosophic dombi fuzzy graph is not
neutrosophic dombi fuzzy graph.

Definition 3.7: [Fermatean neutrosophic dombi fuzzy edge graph]

D*is defined the fermatean neutrosophic dombi fuzzy edge graph if a neutrosophic fuzzy fuzzy by a
truth-membership function, an indeterminacy-membership function, and a falsity - membership
function is attached from (0,1) to each edge of the fermatean neutrosophic dombi fuzzy edge graph
D*of a graph d and each vertex ¢ is crisply ind.

Theorem 3.2: The cartesian product of two fermatean neutrosophic dombi fuzzy edge graph is a
fermatean neutrosophic dombi fuzzy graph

Proof:

Let d and F be the fermatean neutrosophic dombi fuzzy edge graphs d = (@p, up,vp) and F = (@, i vr)
D*=(¢p,sp) and F*=(¢p, ¢r) separately Then the Cartesian product J4OF

Consider,

i)For all n € ¢p,n,t, € gp such that

(SpOsE) (1, nz) (1, t2)= Tlep (n),6r(n2t2)1=T[1,5k(N2t,)]

(SpOsE)(n,nz) (1, t7)

agp, p(M)aggs(natsz)
| @op #M+agps(natz)-ag, 9Maggpsnata)” |
< Bup 9By s(natz)
= | Bup 9+ Bug s(natz)=Bup ¢ (W) Bug s(nztz)’
Yvp ¢ +yyp ((M2t2)—2vy, @MYy s(n2tz)
Yvp @MYy s(natz)

agp, (n2)age (t2)
agpy (n)+apL(t2)—ap, (n2)agp(tz) ’
_ Bup (n2)Buy (t2)
Sr(nztz)= Bup M2)+Bup (62)~Bup n2)Buy (t2)”
Yvp (M2)+Yyp(t2)=21 (M2)Vvp (t2)
Yvp M2y (t2)

(epO@FR)ag, (Mnz)(@pOPF)ap,(ntz)
(ppOYR)ag, (nn2)+(@pOer)ap, (Nt2)~(pOYr)ag, (nn2)(@pDPF) g, (nt2) *
_ (@p0QF)Bup (n2)(PpDYF)Bup(nt2)
") (9p00R) By (MN2)+H(PpOYR)Bup(Mt2)~(@pDPF) By, (n2)(@pDPF) By (nit2)’
(9pD@R)Yvp (MN2)+(PpOPF)YyE(Mt2)—2(@pDPF)Yyp (NN2)(PpOYF)agy (n,t2)
1-(¢pDYF)Yvy (Mn2)(@pOYF)ag,(ntz)

@
Forall n € gp,n,t, € ¢x
i) Now consider n,t; € gp ,z € @p

(SpOsk) (n4,2)(t1,2) =Tlsp(n1te),9r(2)]
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ag, (n)ag, (t1)

agp () + ag, (t1) — ag, (n)ag, (t)
Bup, (1) By, (E1)

By (1) + By (1) — Buy )Py, (1)

Yop () + 14, (81 — 215, ()Y, (81)
Yo ()Yyp, (1)

sp(nity) <

(9pDYFR)ag, (n1,2)(PpOPF) AL (t1,2)
| (po@F)agy, (n1,2)+(@p0PF)agL(t1,2)~(PDOPFI A, (M1,2) (PDOPF) Ay (£1.2) ’
B (ppB@F)Bup (11,2)(PpDPF)Bup(t1,2)
") (9p00R) By (n1,2)+(@DOYF) Buy (t1,2)~(PDD@F)Bup (11.2)(PpO@F) Buy (t1,2)”
(9pBYR)Yvp (M1,2)+(@pOYR)YvE(t1,2)-2(9pOPF) Vv (N1,2)(PDOPF)Ag (t1,2)
1-(¢pOYr)Yvp (n1,2)(9pDYF)ag, (t1,2)

(2)
For all nt; €gp and z € ¢@p

From (1) & (2)

Every Cartesian product of two fermateanneutrosophicdombi fuzzy edge graph is a
fermateanneutrsophicdombi fuzzy edge graph.

Definition 3.8: [Composition or Lexicographic product]: Let @; be a fermatean neutrosophic fuzzy
subset of ¢, and ¢; be a fermateean neutrosophic fuzzy subset of ¢;=1,2,3.The composition of
fermatean neutrosophic dombi fuzzy graphs d= (®p, upvp) and F = (@, urve) D*= (¢p,sp) and
F*=(¢p, gr) separately is established by d oFand it is defined as

doF= (@p © @r, Up © pp, vp © vp).Here,

@p © O =[a®D°®F'ﬁ®D°®F’y®D°®F]

Hp ° “F=[aMD°MF' 'B#D"#F' yﬂD°ﬂF]

Vp °Vp =[“vDovF, .BVDovF' VvDovF]

$ por=1{(Mnz), (0, t5): x € pp,nyny € GpiU{(ny, 2), (N2, 2) © MyNy € Gp, Z € PpiU

{ (n,n2) (1, t2): 4, € Gp,, My # B3}

agy, (n)agy (n2)

agp, (n)+ag, (n2)-ag, (n)agy (n2)’
ﬁ#D (nl)BuF (n2)

Bup m)+Bup M2)—Bup (n1)Bup (n2)

Yvp (M) +yyp (M2) =2y, (M) yvy (M2)
Yvp M)yvg (n2)

D(@p ° @r)(ny,ny) =

For all (ny,n;) € ¢p ° ¢ such that,

i1)(Sp ° 5r) (M, n3) (L, t3)
‘Pocq)D (D] CaQ)F (nat2)

‘PaQ)D (n)"'gaoF (nztz)_‘PaoD () §a®F (natz) ’
Ppup M sy, (M2tz)
Py, M5, (M2t2)=9g, (Mg, (Matz) ’
Pyvp MW Sy (M2t2) =Py, ) (M) Sy, (Mat2)

1_‘P)/VD n) Syvp (natz2)

Forall n € ¢, and n,t, € ¢
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agp(2agy (nity)
| @oF D+agp, (t)-agp (Dag, (n1t1) ’
ﬂl"F(z)ﬁl‘D (nqtq)
Bup(@+Bup, (n1t)~Bugp(@Byy, (n1ty)’
Ywp(@+yvp (n1t1)—2yyp @y (N1t1)
YVF(Z)VVD (nqtq)

i)(Sp o Gr) (ny,2)(t1,2) =

ii) (Sp °Sr) (N4, m3)(Eq, t5)

agp (N2)Agp (t2)§a0D (n1t1)

|( age (n2)agy (t2)+ag, (fz)CaQD (nit)+agg (M2)Say, (Nit)ap; (M2)ag, (tz)ga@D (n1ty) ’
_{ Bup(m2)Bugp(t2)sp,  (n1t1)

Brir M) Brag () B ()5 (MaE0)+ B (1255, (162)~2Byag () Brag (02)55,0 (matn)”
Ywp(M2)Vvp(t2)+vvp (fz)Cva (n1t1)+YvF(n2)§va (nltl)_ZVvF(nZ)VvF(tZ)Cva (n1t1)

1-yyr (M2 Vv (t2)5y,,, (N1t1)
F F D

For all n1t1 € gD,nz * tz

Example 3.6: Consider two Fermatean neutrosophicdombi fuzzy graphs d= (@p, 1ip vp) and
F= (®F, up,vr)-Here @p={xy,z},@r={abl,sp = {xy,yz},¢r= {ab}where

_ { x y z } _{ a b } _{ ab }
% (0.7,0.6,0.5) ’ (0.8,0.7,0.5)’ (0.9,1,0.6) Pr (0.7,0.8,0.5)” (0.8,0.7,0.6) /SF (0.6,0.5,0.7))

Xy yz
(0.6,0.5,0.7)” (0.7,0.7,0.7)

sp ={ }, .Then we have

©p ° Pr(xy)=(0.6,0.50.7), @po°@r(y,z) =(0.7,0.7,0.7), ¢y ° pr(a,b) = (0.6,0.5,0.7),
@p ° @r(x,a) = (0.5,0.5,0.7), ¢p © @r(x,b) = (0.6,0.5,0.7), pp ° pr(y,a) = (0.6,0.6,0.7),
@p ° p(y,b) = (0.6,0.5,0.7), pp ° pr(z,a) = (0.6,0.8,0.7), ¢p ° ¢r(z,b) = (0.7,0.7,0.8),
(sp ° gr)(x,a) (x,b) =(0.47,0.37,0.76), (Sp © sr)(y,a)(y,b) =(0.52,0.41,0.76),
(sp °sp)(z,a)(z, b) = (0.56,0.5,0.79), (sp °sr) (x,a)(y,a) = (0.47,0.44,0.76),
(Sp ° 5p)(y,a)(z,a)=(0.53,0.6,0.76), (Sp ° §r)(x,b)(y,b)=(0.52,0.41,0.79),
(Sp © 5r)(y,b)(z,b) = (0.6,0.53,0.79), (5p ° sr)(x,a)(y,b) =(0.29,0.27,0.82),
(Sp © 5r)(y,a)(z,b)=(0.32,0.32,0.82),(sp ° 5r)(x,b)(z,a)=(0.29,0.29,0.82).
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®

S

o

[=)

o

©

>
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Y
5 09108 b(0.8,0.7,0.6)
F
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= >
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(= (<
w o
_5‘ ©
= g
(xb)(0.6,0.50.7 (v:0)(0.6,0.5,0.7) (2,0)(0.7,0.7,0.8)

D oF

Corollary 3.4: The composition of two fermatean neutrosophic dombi fuzzy graph is not necessarily
to a fermatean neutrosophic dombi fuzzy graph. (sp ° 5¢)(y,a)(z,a)=(0.53,0.6,0.76)
Edge product of (y,a) and (z,a) is

_[ 0.6X0.6 0.6X0.8 0.7X0.7
0.6+0.6—(0.6X0.6) ’ 0.6+0.8—(0.6X0.8) ’ 0.7X0.7—(0.7X0.7)

[-(042,052,0.82)

(0.53,0.6,0.76)%(0.42,0.52,0.82)

Theorem 3.4: The Composition of two fermatean neutrosophic dombi fuzzy edge graph is a
fermatean neutrosophic dombi fuzzy graph.

Proof:

Let d and F be the fermatean neutrosophic dombi fuzzy edge graphs d = (®p, up,vp) and F = (@, ir vr)
D*=(¢p,sp) and F*= (@r, 5r) separately Then the Composition product d oF
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Consider, For all n € ¢p,n,t, € ¢z such that
(Sp ° sp) (M, n2) (M, t2)= Tl@p (n),Sr(N2t2)1=T[1,55(n2t2)]
(Sp °sp)(nny) (M, ty)

agp (M)aggs(nats)
| @op #+agps(natz)-agy, pMapps(nats)’ |
<T Bup ¢(M)Buy s(natz)
T | Bup ¢ +Bup s(at2)—Bup (M) Pup s(naty)’
Yvp @MW +¥yp ((M2t2) =21y @MYy s(n2t2)
Yvp ¢ (M)yyg s(nzt2)

agp, (n2)agy (t2)
agp, (2)+agpp(ta)-agy (2)agg(t2) ’
Bup (n2)Bup (t2)
Bup M) +Bup (¢2)~Byup, (n2)Bup (¢2)”
Yvp (M2)+Yyp(t2)-21p (M2)Vy (t2)
Yvp M2y (t2)

Sr(naty)=

(¢pepr)agy, (Mn2)(Ppe@F)ag, (ntz)
| @peer)agy, (un2)+(@pe¢r)aes(Mt2)=(9po@F) g, (Mn2)(@pe@F)dgL(Mt2) ’
_ (@D°¢F)Bup (Mn2)(Pp°PF)Buy(tz)
) (@pe@R)Bup (n2)+H(@poPF)Bup(Mit2)—(PDe@F)Bup (n2)(Pp@r) By (nit2)’
(@p°@R)yvp (MN2)+(@po@F)YyE(Mt2)—2(9p°PF)Yvp (NN2)(@peYFr)ag, (n.t2)
1=(¢p°@r)yvp (Mn2)(Ppo@r)ag,(nt2)

Forall n € gp,n,t, € ¢x

i) Now consider n,t; €, ,z € Qg

(Sp °SF) (n4,2)(t4,2) =T[sp(N1t1),@r(2)]

ag, () ag, (t1)
ag, () + ag, (t1) — ag, (n)ag, (t;)
Bup (1) By, (£1)
Bup (1) + Bupy (61) = Bup (M) Byy, (81D
Yvp () + 13, (61) — 21, ()Y, (E1)
Yvp (M) Vo, (t1)

Sp(nity) <

(ppewr)ag, (11,2)(PpPF)ap,(t1,2)

(ppopr)agy (11,2)+(@peYr)ap, (t1.2)~(9pe@Fr)ap, (M1,2)(Pp@Fr)ap,(t1.2) ’
(Pp°PF)Bup (n1,2)(PD°PF)Bup(t1.2)

(@p°9F)Bup M1,2)+(@poPr)Bup (t1,2)~(@p°PF)Bup M1.2)(@poPF)Bup(t1,2)’

(@po@R)vvp (M1,2)+H(PDPF)Vvp(t1.2)=2(@D°PF)Yvp (N1,2) (PDPF) g (t1,2)
1=(@pe¢r)Yvp (N1,2)(PpoPF)ag, (t1,2)

For all n,t; € ¢p and z € g

Now consider nyt, € gp,n, = t,.

(Sp °5r) [(n1,n2) (81, 62)] =T[T(@r(n2), 9r(t2),5p(M1t1))]
=TI(T(1,1),5, (n121)),(T(0,0),6y,(11))

= TI(T(L,0), T(L,0))(T(Spp, (M1t1),Gvp (N11))

)
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(ppopr)ag, (N1.n2)(PpoPF)ap, (t1tz)
(Ppopr)agy (n1,n2)+(@powF)ag,(t1,t2)~(@po@F) g, (N1,n2)(@DoPR) gy (t1.t2)
< @p°¢r)Bup 1) (Ppo9F)Pppttnts) 5)
=) @pe@R)Bup (M1n2)+(Ppo@F) Bup (t1.62)~(PD°@F) Bup (N1.12)(PDo@F)Bup(t1.t2)’
(@p°9R)Yvp (N1,12)+(@D°PF)Yvp (t1,t2)=2(@D°@F)Yvp (N1,12)(@DePF)Ap; (t1,t2)
1=(¢p°@F)Yvp (M1.12)(@p°@F)agy (t1,t2)

From (3), (4) & (5)
Every Composition of two fermatean neutrosophic dombi fuzzy edge graph is a fermatean

neutrsophic dombi fuzzy edge graph.

4. Conclusion

Dombi neutrosophic fuzzy graph is more and more interesting by researches. There are many
theoretical and applied results on neutrosophic fuzzy graphs that are built and developed. The
concept of neutrosophic graphs can be used in many applications like decision-making problem,
transportation, and computer networks. In this paper, we have introduced Fermatean neutrosophic
Dombi fuzzy graphs and then we presented and studied some of its properties. Also, we investigated
the relationship between the other existing Dombi neutrosophic fuzzy graphs. This shall be extended
in the future to investigate the operations of the strong,semi-strong, complement of Fermatean
neutrosophic Dombi fuzzy graphs with few real-life applications with relatable illustrations.
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Abstract: This paper presents an introduction to many novel types of sets, including py strongly
dense sets, uy strongly nowhere dense sets, uy strongly first category sets, and py strongly
nowhere residual sets. The features of these sets are briefly elucidated. In addition, by the use of these
techniques, we have successfully obtained the highly Baire space py, and it is imperative to elucidate
its inherent features.

Keywords: py Strongly Dense; puy Strongly Nowhere Dense; py Strongly First Category Sets.

1. Introduction

The idea of fuzziness introduced by Zadeh has had a significant influence on several disciplines
within the realm of mathematics. The concepts introduced by C.L. Chang [1] were subsequently
integrated, resulting in the development of fuzzy topological spaces. This fusion of ideas included
the principles of fuzziness inside the framework of topological spaces, establishing the foundation
for the theory of fuzzy topological spaces. The discovery of intuitionistic fuzzy sets was attributed to
K.T. Attanasov [2], who, in collaboration with Stoeva [3], further extended this study by introducing
a generalization known as intuitionistic L-fuzzy sets. Smarandache [7] focused his research on the
concept of indeterminacy and introduced the concept of neutrosophic sets. Subsequently, the
neutrosophic topological spaces were introduced by A.A. Salama and Albowi [13] by the use of
neutrosophic sets. The authors [12] developed a novel concept called py TS, which involves the
construction of Generalised topological spaces via the use of neutrosophic sets. This approach was
inspired by previous studies in the field. The notion of Baire space in uyTS was introduced by the
authors, and in this study, we further explore the robust properties of uy Baire space.

2. Necessities

Definition 2.1 [4-10, 14]: Let X be a non-empty fixed set. A Neutrosophic set [NS for short] A is an
object having the form A = {(x, s (x), 04(x), ya(x)): x € X} where p,(x),04(x) and y,(x) which
represents the degree of membership function , the degree of indeterminacy and the degree of non-
membership function respectively of each element x € X to the set A.

Remark 2.2.[14] Every intuitionistic fuzzy set A is a non empty set in X is obviously on
Neutrosophic sets having the form A = {{u,(x),1 — py(x) + 04(x),v4(x)): x € X} .Since our main
purpose is to construct the tools for developing Neutrosophic Set and Neutrosophic topology , we
must introduce the neutrosophic sets 0y and 1y in X as follows:

0y may be defined as follows

(01)0y = {{x,0,1,1): xeX}

1y may be defined as follows
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(1)1, = {{x,1,0,0): xeX}
Definition 2.3.[14] Let A = {(u4,04,¥4)} beaNSon X , then the complement of the set A [ C(A) for
short] may be defined
(€1) C(A) = {(x,ya(x), 1 — a4 (x),a(x)): x € X}
Definition 2.4.[14] Let X be a non-empty set and neutrosophic sets A and B in the form A =
{(x, 1a(x), 04(x),ya(x)): x € X} and B = {(x, up(x), 05 (x),yp(x)): x € X} .
A € B may be defined as :
(A S B)ou,(x) < pg(x), 04(x) = 05(x),y4(x) Z yp(x) Vx € X
Proposition 2.5. [14] For any neutrosophic set 4, the following conditions holds:
Oy SA,
Ac1y
Definition 2.6. [14] Let X be a non empty set and A = {{x, u,(x), 54(x),y4(x)): x € X}
B = {(x, ug(x), 05(x),yg(x)): x € X} are NSs. Then A N B may be defined as :
(L) AN B = (x, s (x) A pp(x), 04(x) V 05(x), 7a(x) V v (x))
AU B may be defined as :
(1) AU B = (x, s (x) V pp(x), 04(x) A o (x),74(x) Ayp(x))
Definition 2.7[12]. A uy topology on a non - empty set X is a family of neutrosophic subsets in X
satisfying the following axioms:
(.uNl)ON € Uy
(,uNZ)Union of any number of uy open sets is |y open.
Remark 2.8.[12] The elements of uy are uy open sets and their complement is called uy closed sets.
Definition 2.9.[12]The py — Closure of A is the intersection of all py closed sets containing A.
Definition 2.10.[12]The py — Interior of A isthe union of all py open sets contained in A.
Definition 2.11.[13]. : A neutrosophicset A in uy TS (X,uy) iscalled uy dense set if there exists
no uy closed set Bin (X,uy) suchthat AcBcly
Definition 2.12.[13]. The uy Topological spacesissaid tobe uy Baire’s Spaceif py Int(U2; G;) =
Oy where G;'s are uy nowhere dense setin (X, uy).
Theorem 2.13.[13]: Let (X, uy) be a uyTS. Then the following are equivalent.
(1) (X, uy) is pyBaire’s Space.
(ii) py Int(4) = Oy, for all py first category setin (X, uy).
(iii) Uy CL(A) = 1y, uy Residual setin (X, uy).

3. uy o Nowhere Dense sets

Definition 3.1: A neutrosophic set A in X is called py o rare set if A is a py F, set such that
unInt(A)= Oy.

Definition 3.2 :A neutrosophic set A in X is called py o nowhere dense setif Aisa py F, set such

that pyInt(uy Cl1A)= Oy.

Remark 3.3 :If Aisa uyFs; setand py Nowhere dense setin X then A is py o rare set.

Example 3.4: Let X ={a} define neutrosophic sets Oy = {(0,1,1)} , A={(0.1,0.4,0.6)},B =

{(0.2,0.3,0.5)},C = {(0.6,0.6,0.1)},1y = {(1,0,0)} and we define a py TS py = {Oy, A, C}.Here Aand B

are |y 0 rare sets.
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Theorem 3.5: A neutrosophic set A in Xis py o rare setiff A is py denseand py Gs set.
Proof: Let Abe py o raresetin X.Then A is py F, setsuchthat pyInt(A)= Oy which implies us that
unCl(A)= 1y and A = U2, A, =N2; A; where A’s are py open sets.Therefore A is py dense and
iy Gs set in (X, py).Conversely,assume that A is py dense and py Gs set in (X, py). Then A =
Ni21 A = A = U2, Aywhere A;'s are py closed sets .From this we retrieve that A in (X,uy) is py Fs
and also pyCl(A)= 1y thatimplies pyInt(A)= Oy.From this we say that A is py o rare set.
Corollary 3.6: A neutrosophic set A in X is py o rare setiff py Ext (A) = Oy and A is py Gs set.
Proof: Let A be a uy o rare set in (X,py). Then A is py F; set such that py Ext(A) = Oy. Now
uy Ext (A) = py Ext(A) =0y and A=UZ,A =N2;A, where A €py open sets in (X, py).
Therefore, py Ext (A) = Oy and A is a py Gs set. Conversely, assume that py Ext (A) = Oy and A
isa py Gs setin (X,uy). Then A = N2, A, = A = U2, A; where A{'s is py closed sets in (X, uy) =
A in X is py F,s set. Also  py Int (A) = py Int(K) = py Ext (A) = Oy. Therefore, Ais py o Rare set.
Theorem 3.7: If a neutrosophic set in X is py o rare set then py border isasubsetof py frontier.
Proof: Suppose A in X is py o rare set then A isa uy F, set and py Int (A) = Oy that implies A
=U2; A; where Aj’s are py closed sets in (X, puy).Now py Br(A)=A — py Int (A) = A and py Fr(A)=
unCI(A) — py Int (A) = py Cl A. Henceforth py border is asubsetof uy frontier.
Theorem 3.8: If a neutrosophic set A in Xis uy o rare set then A is py strongly first category set.
Proof: Suppose A s py o rare set then Aisa py F, setand py Int (A) = Oy that implies us that A
= U2, A; where Aj’'s are py closed sets in (X, py) and pyInt(A) = Oy. We know that
U2, uy Int (A) € puy Int(U2, A;) =y Int (A) = Oy = py Int (A) = Oy, where A;'s is py closed sets.
We have if Ais py closed set with py Int (A) = Oy, then A is a py strongly nowhere dense sets. By
using this we get A;'s are py strongly nowhere dense sets and hence A =Uj2; A; where A;’s are py
strongly nowhere dense sets. Therefore then A is a py strongly first category set.
Remark 3.9: The converse of the above theorem not true. Let X = {a} define neutrosophic sets Oy =
{(0,1,1)},A = {(0.1,0.4,0.6)}, B = {(0.2,0.3,0.5)}, C = {(0.6,0.6,0.1)}, 1y = {(1,0,0)} and we define a py
TS py = {Oy, A, C}.Here Aand B are py o rare sets,{A,B,CD, Oy,A,B,CandD are py strongly
first category set.We can analyse that Cand D are py strongly first category sets but not py o rare
sets.
Theorem 3.10: Every py 6 Nowhere dense set is py o rare set.
Proof: Let A € X be a py 0 nowhere dense set. Then A is py F; set and py nowhere dense set.
Using theorem 2.3, Ais uy F; setand py Int (A) = Oy.Hence Aisa py o rare set.
Corollary 3.11: A neutrosophic set A in X is pyo rare set and py closed set then A is pyo
nowhere dense set.
Proof: Given that A in X is py o rare set and py closed set. Then A is py Fs set with py Int (A) =
Oy and py CI(A) = A, we know Let A S X. If py closed set with py Int (A) = Oy. Then A is py
nowhere dense set in pyTS.
Remark 3.12: Every py 0 nowhere dense set is py nowhere dense set but the reverse is not valid.
Example: Let X={a} define neutrosophic sets Oy ={(0,1,1)} , A={(0.1,0.4,0.6)},B=
{(0.2,0.3,0.5)},C = {(0.6,0.6,0.1)}, D = {(0.5,0.7,0.2)}1y = {(1,0,0)} and we define a py TS py =
{0y, A, B}.Here the py nowhere dense sets { C,D,0y,A,B} and the py nowhere dense sets {
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A,B}.From this we conclude that Every py nowhere dense set need not be pyo nowhere dense
set.

Theorem 3.13: If a neutrosophic set A in (X, py) is uy 0 nowhere dense set then A is py strongly
first category set.

Proof: We have “Every py ¢ nowhere dense setis py o rare set.” And “If A in (X,py) is py 0 rare
set then A is py strongly first category set.” Using these theorem’s, we get A is py strongly first
category set.

Theorem 3.14: If a neutrosophic set A in X is py 0 nowhere dense set then A is py dense set and
unGs setin (X, py).

Proof: Using Corollary 3.6 and theorem 3.5, py Ext (A) = Oy and A is pyGs set.

Theorem 3.15: If a neutrosophic set in (X, uy) is py 0 nowhere dense set then py border is a subset
of py Frontier.

Theorem 3.16: (i) Every subset of a py o rare setis py o rare set.

(ii) Every subset of a py 6 nowhere dense setis py 6 nowhere dense set.

Definition 3.17: A neutrosophic set A is said to be py o- category I set, if A =U{2; A; where A;’s are
Hy 0 rare set. Remaining sets are called py o category II sets. The complement set of py o first
category sets are named as iy 0 complement set.

Theorem 3.18: Every subset of py o category I setis py o category I set.

Theorem 3.19: If A is py dense and pyGs setthen A is py o category I set.

Theorem 3.20: If A is uy o category I setin X then A ©1 where 1 is a non-void py F; setin X.
Theorem 3.21: If A is uy o complement set in X then there exists a pyGs set B such that A € B.
Proof: Let A be py 0 complement setin X. Then A is py o first category set by using theorem 3.20,
we have there is a non-void py F, set B in X such that A € B. Hence A € B and B is a uyGs set.
Take A = B. Therefore we have A C B.

Theorem 3.22:

(i) Every uyo categorylsetisa py Fy set.

(ii) Every py o complement setisa pyGs set.

Definition 3.23: A neutrosophic set A is said to be py o-first category in pyTS if A =Uj2, A; where
Ay’s are py 0 nowhere dense sets. Remaining sets are py o second category set. The complement of
iy o first category set is named as py o residual set.

Theorem 3.24: Every subset of py o first category setis py o first category set.

Theorem 3.25: If A is py dense and pyGs set then A is py o first category set.

Theorem 3.26: If A is py o first category setin X then A € B where A isanon-void py F, setin X.
Theorem 3.27: If A is uy o residual setin X then there exists a uyGgs set B such that A € B.

Proof: Let A be a py o residual set in X. Then A is py o first category set by using theorem 3.24,
we have there is a non-void py F, set B in X such that A € B. Hence A € B and B is a uyGg set.
Take A = B. Therefore we have A C B.

Theorem 3.28:

(i) Every py o first category setis a py F, set.

(ii) Every py o residual setisa pyGs set.
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4. py B, Space and py o Baire Space
Definition 4.1: If py Int(U{2; A;) = Oy where Aj’s are py o rare set then X isa py B, Space.

Definition 4.2: If py Int(Ui2; A;) = Oy where A;’s are py 6 nowhere dense set then X is a puy By
Baire space.
Theorem 4.3: If py CI(N2; 8;) = 1y where §;’s are py dense set and pyGs set then (X, py) is a
un B Baire space.
Proof: Given that py CI(N{2;6;) = 1y which gives that iy CI(NZ, 8)) = Oy = py Int(U2, 8;) = Oy.
Take B; =85, Then py Int(U2,B;) =. Now §&;’s are py dense set and pyGs set in X. Then by
theorem 3.8 §, is a py o rare set and hence py Int(UZ2,B;) = 0y where Bj’s are py o rare set.
Therefore (X, uy) isa py B, Baire space.
Theorem 4.4: Let (X, py) be uyTS. Then the following are equivalent.

(i) (X, un) isa py B, Baire space.

(ii) Hy Int(8;) = Oy for every py o first category set in X.

(iii) Hy CI(8;) = 1y for every py o residual setin X.

Proof: (i)=(ii) Let §; be py first category set in X. Then §; = Uj2, 8; where §;’s are py o rare set
and py Int(§;) = py Int(Ui2, ;) since (X, py) isa py By space. py Int(8;) = Oy.

(ii)=(iii) Let 8; be py o complement setin X. Then §, is a py o first category set in X. From (ii),
wy Int(8;) = Oy = py CI(8,) = Oy. Hence py CI(8;) = 1y.

(iii)=(i) Let &; be py o first category set in X. Then § = U{2, §; where §;’s are py o rare set. We
have if § is py o first category set in X then § is py o residual set. By (iii) we get py CI(S) =1y
which gives uy Int(8) = Oy . Therefore py Int(8) = 0y and hence py Int(U{2,8;) = Oy where §;’s
are |y o rare set. Hence (X, py) isa py B, Baire space.

Theorem 4.5: If py Int(A) = Oy for each py F, set A in X then X isa py B, Baire space.

Proof: Let A be a py o first category set in X. Then A € B where A is a non-void pyF, set in
X = py Int(A) € py Int(B) = Oy and hence py Int(A) = Oy for each py first category set A in X. By
theorem 4.4 X isa uy B, Baire space.

Theorem 4.6: If py CI(A) = 1y for each pyGs set A in X then X isa py B, Baire space.

Proof: Let A be a uy o first category set in X. Then A € B where A is a non-empty py F; setin
X. Since B is a py F, set, A is py Gg set and then py CI(B) = 1y = py Int(A) = 0y.Now AS B =
py Int(A) € py Int(B) = Oy. Hence py Int(A) = Oy. By theorem 4.4, X isa py B, Baire space.
Theorem 4.7: If uy Int(U2; A;) = Oy, where Ay’s are py closed set and uy o rare set in X, then
(X, uy) isa py B, Baire space.

Proof: Given that py Int(Uj2, A;) = Oy, where A;’s are py closed setand py o rare set. By corollary
3.11, Ays are pyo nowhere dense sets. Therefore pyInt(Ui2;A;) =0y, where Ay's are pyo
nowhere dense set and hence (X, ) isa py B, Baire space.

Remark 4.8: Every py B, Baire spaceisa py Baire space if every py o rare setis py closed.
Theorem 4.9: Every py o Baire space ispy Baire space.

Theorem 4.10: Let (X, puy) be pyTS. Then the following are equivalent.

(i) (X,un) isa puy o Baire space.
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(ii) iy Int(A) = Oy for every py o first category set in X.
(iii) ty CI(A) = 1y for every py o residual setin X.

Proof: (i)=(ii) Let A be py o first category set in X. Then A= U2;A; where Aj’s are pyo
nowhere dense sets and py Int(A) = py Int(U2, A;) since (X, py) is a py o Baire space. py Int(A) =
Oy

(ii)=(iii) Let A be pyo residual set in X. Then A is a pyo first category set in X. From (ii),
uy Int(A) = Oy = py CI(A) = Oy. Hence py CI(A) = 1y.

(iii)=(@1) Let A be uy o first category set in X. Then 6A = U{2, A; where A{’s are puy 6 nowhere
dense sets. We have, if A is py o first category set in X then A is py o residual set. By (iii) we get
uy CI(A) = 1y which gives us that uy Int(A) = 1y . Therefore py Int(A) =0y and hence
my Int(U{2, A;) = Oy where Ay’s are py o rare set. Hence (X, py) isa py o Baire space.

Theorem 4.11: If py Int(A) = Oy, for each py F, set A in X, then X isa py o Baire space.

Proof: Let A be uy o first category setin X. Then A € B where B isanon-empty uy F, setin X.
= py Int(A) € py Int(B) = Oy and so py Int(A) = Oy for each py o first category set. By theorem
410 > X isa py o Baire space.

Theorem 4.12: If py CI(A) = 1y, for each pyGs set A in X, then X isa py o Baire space.

Proof: Let A be a uy o first category set in X. Then A € B where B is a non-empty uy F; set in
X. Since B is a uy F, set, B is py Gs set and then py CI(B) = 1y = py Int(B) = 0. Now AS B =
py Int(A) € py Int(B) = Oy. Hence py Int(A) = Oy. By theorem 4.10,X isa py o Baire space.

5. Conclusion

In this paper, we provide many new sorts of sets, including py strongly dense sets, py strongly
nowhere dense sets, |y strongly first category sets, and py strongly nowhere residual sets, as well
as a short explanation of the characteristics that distinguish each of these sets. In addition to this, with
their help, we were able to obtain the puy powerfully Baire space.
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Abstract: Stephens and Larson (1967) stated the sampling system as allotted grouping of two or three
sampling plans and the rules for switching between the plans for sentencing the lots of manufactured
products. Quick Switching System (QSS) by Romboski (1969) is a sampling system with reference to
Single Sampling Plan (SSP) involves Normal and Tightened plans by adopting a switching rule. QSS
provides quality protection and reduction in cost of inspection. The idea of Fuzzy Logic is adopted
in system to handle the situations of fraction non-confirming or uncertainty or vagueness present in
the parameters. The sampling plans based on Fuzzy Set Theory in literature is used for defuzzification
of fuzzy numbers to the interval sets, able to solve problem with certain values for upper and lower
limit of intervals. As one of expansion of Fuzzy Sets in this era, a new philosophy is stimulated as a
substantial new theoretical development is Neutrosophy Sets (NSs) and used for rise in sensitiveness
that makes flexibility in the plans and systems that can be applied in the manufacturing industries.
This paper enhances the determination of QSS using Neutrosophic Poisson distribution and
compared with the existing Fuzzy Poisson distribution through Operating Characteristic (OC)
curves.

Keywords: QSS, OC, SSP, Fuzzy Set, Neutrosophic Set, Poisson distribution.

1. Introduction
Quick Switching System detailed in this article consists of two sampling plans - Normal and
Tightened plans with a switching instantaneously between the two plans. Quick Switching System
starts with Normal Plan for the good quality period of smaller sample size to reduce the cost of
inspection and tightened plans is designed for a high level protection either by tightening the sample
size or the acceptance number. Accordingly, QSS is branded into two means
i) Acceptance Number Tightening - (n; cy , cp)

ii) Sample Size Tightening - (n, k; cp), k>1

Classical Acceptance sampling plans use certain mass quality metrics and quality specifications
that may not be certain in some real-world applications due to including uncertainties in any form.
Fuzzy Set (ES) theory defined by Zadeh (1965) and extended as an intuitionistic Fuzzy Set (IFS) by
Attanasov (1986) applied in all the fields of domain especially in medical and manufacturing
industries interms of cluster analysis, using similarity and distance measure approaches. However,
FSs are not considered to be suitable to deal with indeterminate and inconsistent information which
frequently exists in reality. As an advancement Samarandache (1996) introduced Neutroshophic
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Logic and Neutroshopic Set (NS) theory which is the generalization of intuitionistic Fuzzy Set. NS is
used to tackle uncertainty using the truth, indeterminacy and falsity membership grades which are
considered as independent. The paper focused on comparing Quick Switching Systems under Fuzzy
Logic and Neutrosophic Logic through Operating Characteristic (OC) curves of various acceptance
numbers and fixed sample size in order to provide high level of protection.

2. Literature Review

QSS were originally proposed by Dodge (1967) and later investigated by Romboski (1969) and
Govindaraju (1991). Based on Romboski’s study, Devaraj Arumainayagam (1991) has studied Quick
Switching System with reference to sampling plans like Single Sampling Plan, Double Sampling Plan
for both acceptance number tightening and sample size tightening, Taylor (1992) designed QSS with
Reduced and Tightened Sampling plans and evaluated with MILSTD 10E. Uma and Nandhinidevi
(2018) studied the determination of QSS using both fuzzy Binomial distribution and fuzzy Poisson
distribution with OC curves of various sample size and fixed acceptance number. Nandhinidevi and
Uma (2018) analysed fuzzy logic importance on QSS by attributes using the Poisson distribution.
Uma, Nandhinidevi and Manjula (2020) studied the impact of fuzzy logic on Quick Switching Single
Double sampling plan with the acceptance number tightening criteria.

Aslam (2019) initiated to study both attribute and variable acceptance sampling plans and
proposed a new attribute sampling plan by employing the Neutrosophic Interval method and the
Neutrosophic Binomial distribution is utilized for computing the lot acceptance, rejection and
indeterminate probabilities at various specified sample size and acceptance number parameters. Uma
and Nandhitha (2022) reviewed the significance of Neutrosophic set on Acceptance Sampling plans
(attribute and variable). Uma and Nandhitha (2023) have analyzed and evaluated the Quick
Switching System using Neutrosophic Poisson Distribution with respective OC curve and necessary
tables are constructed.

3. Quick Switching System
Dodge (1967) proposed a new sampling system consisting of pairs of normal and tightened
plans. The application of the system is as follows

e Adopt a pair of sampling plans, a normal plan (N) and tightened plan (T), the plan T to be
tightened OC curve wise than plan N.

e Use plan N for the first lot (optional): can start with plan T; the OC curve properties are the
same; but first lot protection is greater if plan T is used.

e For each lot inspected; if the lot is accepted, use plan N for the next lot and if the lot is rejected,

use plan T for the next lot’.

Due to instantaneous switching between normal and tightened plan, this system is referred as “Quick

Switching System “. The OC function of QSS-1 is derived by Romboski (1969) as

Pr
(1-Pn+PT)

R (p) = M

Conditions for Application

e The production is steady so that results on current and preceding lots are broadly indicative of
a continuing process and submitted lots are expected to be essentially of the same quality.

e Lots are submitted substantially in the order of production.
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e Inspection is by attributes with quality defined as fraction nonconforming.

Operating Procedure for QSS (n; cy , cp)

Step 1: From a lot, take a random sample of size ‘n’ at the normal level. Count the number of defectives
g

i) Ifd<cy , accept the lot and repeat step 1

ii) If d > cy, reject the lot and go to step 2.

Step 2: From the next lot, take a random sample of size n at the tightened level. Count the number of

defectives ‘d.

i) If d < cq, accept the lot and use step 1
ii) If d > cq, reject the lot and repeat step 2

Where cy , cp are the acceptance numbers in the Normal and Tightened Sampling plans

4. Preliminaries and Definitions
4.1 Fuzzy Set

Parameter ‘p’ (probability of a success in each experiment) of the crisp binomial distribution is
known exactly, but sometimes we are not able to obtain exact some uncertainty in the value ‘p” and
is to be estimated from a random sample or from expert opinion. The crisp Poisson distribution has
one parameter, which we also assume is not known exactly.

Definition 1: The fuzzy subset N of real line IR, with the membership function py: IR- [0,1] is a
fuzzy number if and only if (a) N isnormal (b) N is fuzzy convex (c)uy is upper semi continuous (d)
supp (V) is bounded.

Definition 2: A triangular fuzzy number N is fuzzy number that membership function defined by
three  numbers a; < a, < azwhere the base of the triangle is the interval [a,, a;] and vertex is at
X = az.

Definition 3: The a - cut of a fuzzy number N is a non-fuzzy set defined as N[a] =
{x € IR; uy(x) = a}.Hence Nl[a] =[Nt NY] where Nt = inf{x € IR; uy(x) = a}

NY = sup{x € IR; uy(x) = a}

Definition 4: Due to the uncertainty in the [;’s values we substitute I,a fuzzy number, for each [;
and assume that 0<l; <1 all i. Then X together with the [, value is a discrete fuzzy probability
distribution. We write p for fuzzy P and we have P({x;}) = I

Let A = {x; x;, ... x;} be subset of X. Then define:

P(A)a] = =t @

For 0 <a < 1, where stands for the statement “I; € k,[a],1 <i < n,Zle l[; = 1". This is our fuzzy
arithmetic.

Definition 5: Let x be a random variable having the Poisson mass function. If P(x) stands for the
probability that X=x, then
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e~Ax

P(x) =—;

For x=0,1,2, and A >0.
Now substitute fuzzy number A>0 for A to produce the fuzzy Poisson probability mass function. Let
P(x) to be the fuzzy probability that X=x. Then a —cut of this fuzzy number as

(©)

-Ayx
P(lal={*—=r e[« } (4)
For all a € [0,1]. Let X be a random variable having the fuzzy binomial distribution and P in the
definition 4 are small. That is all are p€ § sufficiently small. Then P[a,b] [«] using the fuzzy poisson
approximation.
Then

Plab][a]= x = ¥2-,

e~ Axx

©)

x!
4.2 Neutrosophic Sets

Type-1 fuzzy sets or classical fuzzy sets consider only the membership and only have u(x) €
[0,1] in the membership function. Since non-membership is states as 1- u(x), type-1 fuzzy sets are
only usable in complete information case. Intuitionistic sets (ISs) have functions for both membership
and non-membership. While pu(x) € [0,1] is membership function and 9(x) € [0,1] is non-
membership function, the condition 0 < u(x) + 9(x) <1 is satisfied (Atanassov, 2003). If the sum
of membership and non-membership values is less than 1, it means incomplete information (Wang
et al.,2005). NSs are the generalized form of ISs. It handles membership (truthiness), non-memership
(falsity) and indeterminacy cases independent from each other. This independency makes possible to
use inconsistent data in modelling (Smarandache, 2005). NSs can be formulated as in Eq. (5) (Wang
et al., 2010):

(t, i, f) = (truthiness, indeterminacy, falsity)

0<t+i+f <3, tif €[01] (6)

Truthiness, indetermin6cy and falsity values can be real numbers or interval-valued numbers. If
these are interval-valued numbers, the set is named as interval Neutrosophic set and it is represented
with three intervals. Summation of the biggest upper limits of these three intervals must between o
and 3 (Wang et al., 2005). Representation of interval NSs is shown in Eq. (6):

X = ([TxLTxu], [FxLFxU], [IxleU])
T, I.F. € [01]

0<sup T, +supE, +supl, <3 (7)

5. Construction of QSS using Fuzzy Poisson Distribution

If the size of sample be large and ‘p’ is small then the random variable ‘d" has a Poisson
approximation distribution with 4 = np.So, the probability for the number of defective items to be
exactly equal to ‘d’ is

-n d
P(d) = % and the probability for acceptance of the lot (F,) is:

P, =Pd<c)

_ c e_”pnpd
= Y=o dl
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Suppose that we want to inspect a lot with the large size of ‘N’, such that the proportion of damaged
items is not known precisely. So we represent this parameter with a fuzzy number p as follows:
P = (a1, az,a3),p € pl1],q € q[1],
P+g=1.

A single sampling plan with a fuzzy parameter if defined by the sample size ‘n’, and acceptance
number ‘c’, and if the number of observation defective product is less than or equal to ‘c’, the lot will
be acceptance. If ‘N’ is a large number, then the number of defective items in this sample (d) has a
fuzzy Poisson distribution with parameter 1 = fp. So the fuzzy probability for the number of
defective items in a sample size that is exactly equal to ‘d” is

P(d — defective)[a] = [P*[a], P![a]]

e~

Pa] =min {7 |3 € Aplal)

e~

PU[a] =max {% |A € fl‘ﬁ[a]}

and fuzzy acceptance probability is as follows:

Py ~{S5o0 |1 € Ala)} = [P*lal, PVla] ®)
PH[a] = min {50 " |2 € Aa]} )
PY[a] = max {Z§=O% |A € Z[a]} (10)

5.1 OC Band with Fuzzy Parameter

Operating characteristic curve is one of the important criteria in the sampling plan. By this curve,
one could be determined the probability of acceptance or rejection of a lot having some specific
defective items. The OC curve represents the performance of the acceptance sampling plans by
plotting the probability of acceptance a lot versus its production quality, which is expressed by the
proportion of nonconforming items in the lot. OC curve aids in selection of plans that are effective in
reducing risk and indicates discriminating power of the plan.

The fuzzy probability of acceptance a lot in terms of fuzzy fraction of defective items would be
as a band with upper and lower bounds. The uncertainty degree of a proportion parameter is one of
the factors that bandwidth depends on that. The less uncertainty value results in less bandwidth, and
if proportion parameter gets a crisp value., lower and upper bounds will become equal, which that
OC curve is in classic state. Knowing the uncertainty degree of proportion parameter and variation
of its position on horizontal axis, we have different fuzzy number (P) and hence we will have
different proportion (p) which the OC bands are plotted in terms of it.

6. Construction of QSS using Neutrosophic Poisson distribution

In this section, an attribute sampling plan having certain plan parameters and neutrosophic
defection status is offered based on Poisson distribution. Difference from classical acceptance
sampling plans is considering the indeterminacy case as a defection status.
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Formulation of single sampling plan based on Poisson distribution has two frequency values as
defect frequency Ar=n.P(F) and indeterminacy frequency A,= n. P(I). If the neutrosophic set A has
inconsistency, the probability values should be normalized by dividing each of them with total
probability to make
t+1+f=1. This normalization is offered by Smarandache [14].

The acceptance probability of lot (F,) is calculated as shown in Eq (11).

For normal single sampling plan, the Neutrosophic probability of acceptance is represented as ‘P,y’,

the rejection probability is represented as ‘P,5” and the indeterminacy probability is represented as

/7 ’

iN -

_ C 284 min(I,n— d)l e—(Ar+2
= X0 [Z o et (11)
—ar _
Zd cy+ 1 d' I:Z?=0di_!1 e (AI+AF):| (12)
Py = ?1+1 [me(Nn 0 2}]: —(Aﬁ/lp)] (13)
Py + Py + Py =1, total probability

Similarly, for tightened single sampling plan, the Neutrosophic probability of acceptance is
represented as ‘P,;’, the rejection probability is represented as ‘P,;” and the indeterminacy probability

is represented as

¥ 28 In—d)Ab  _
Py dTO dF'- [me( n-d) ll (AI+AF)] (14)
Zd - d' [Zn dlll —(/11+Ap)] (15)
8¢
Pir = T it [Z"”"(T" VI e “’””] (16)
Pyr + Pop + Pip =1 .uunnnn.... total probability

Therefore, the probability of acceptance ‘Pa‘is calculated using,

Pu(p) = ——@OT___ (17)

1- P(a)N+P(a)T

Where, P(q)y is the proportion of lots expected to be accepted using Neutrosophic Normal SSP.P4r
is the proportion of lots accepted to be accepted using Neutrosophic Tightened SSP.

Ilustration 1:

To illustrate the application capability of the proposed plans in real world, an example scenario
can be such that:

A company purchases tyres from a supplier to use it as an accessory of its products. Most of the
defects are considered as slight defect but some of the defects are not acceptable. The operator may
become undecided in some cases, the major customers choose and inspect 40 items of the available
product to buy them. If the number of non-conforming items in this sample equals three or two, the
customer will buy all the products.
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If the number of non-conforming increases, the customer will not buy them, Because of the
proportion of defective products has explained linguistically, a fuzzy number P"= (0,0.005,0.01) is
considered. Therefore, the probability purchasing would be described in the following:

In the normal plan n=40, Cn=3, P=(0,0.005,0.01) and in the tightened plan n=40, Cr=2, P=
(0,0.005,0.01) of acceptance of the system. Hence, Normal single sampling plan the
Pn = (1,0.9964,1) and tightened single sampling plan the Pr = [0.9920, 1] Then, the probability of
acceptance of the QSSFP (40;3,2) is Pa[0] =[0.9916, 1], that is it is executed that for every 100 lots in a

manufacturing process, 99 to 100 lots will be accepted.

Table 1. Probability of acceptance for QSSFP (n=40, CN=3, CT=2)

Li P QSS:P
0 [0,0.01] [1,0.9916]
0.01 [0.01,0.02] [0.9916,0.9446]
0.02 [0.02,0.03] 0.9446,0.8461]
0.03 [0.03,0.04] [0.8461,0.7078]
0.04 [0.04,0.05] [0.7078,0.5566]
0.05 [0.05,0.06] 0.5566,0.4175]
0.06 [0.06,0.07] [0.4175,0.3034]
0.07 [0.07,0.08] [0.3034,0.2163]
0.08 [0.08,0.09] [0.2163,0.1527]
[
[

0.09 [0.09,0.10] 0.1527,0.1073]
0.1 [0.1,0.11] 0.1073,0.0752]
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Figure 1. OC band for QSS using Fuzzy Poisson.

From the OC band, the systems are well defined since if the fraction of defective items is crisp,
reduce to classical plans. The uncertainty degree of a proportion parameter is one of the factors that
bandwidth depends on the band of the curve. The less uncertainty value results in less bandwidth,
and greater uncertainty values results in wider bandwidth. From this it is suggested that, can adopt
this system to predict the uncertainty level. Based on this system, one can achieve better outcome
with minimum sampling cost and time.
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Ilustration 2:

To illustrate the application capability of the proposed plans in real world, an example scenario
can be such that:

A company purchases tires from a supplier to use it as an accessory of its products. The tires can
have several defects having different importance levels such as cap ply defects and skim stock defects.
Some of the items can have multiple defects at the same time. Most of these defects are considered as
slight defect but some are not acceptable. The operator may become undecided in some cases the
items have multiple defects with multiple levels.

The agreement is made between the company and supplier depending on a quality level. The
supplier declares an item non defectiveness probability, an item indeterminacy probability, and an
item defectiveness probability for the incoming lots. The company controls the quality of the product
by applying Quick Switching System based on Neutrosophic Poisson Distribution.

Step 1. From the lot, take a random sample of size 'n (40)" at the normal level and count the number

of defective items that is ‘d” and indeterminate items ‘i’.

* a)lfd<Cn(3)andi<I(2), accept the lot and repeat step 1 for the next lot.

* b)Ifd>Cn(3), reject the lot and go to step 2.

* ) Ifd<Cn(3),i>I(2), the lot is indeterminate.
Step 2. From the next lot, take a random sample of size 'n (40)’ at the tightened level and count the
number of defective items 'd” and number of indeterminate items ‘i’.

* a)lfd<Cr(2),i<I(2), accept the lot and repeat step 1 for the next lot.

* b)If d> Cr (2), reject the lot and repeat step 2.

e ) Ifd<Cr(2),i>I (2), the lot is indeterminate,

Table 2. Probability of acceptance for QSSnP

N |n|o|er|I|P@S)|PE)|PI| Pav | Pw | Pn | Par P | Pr | QSS(Pa)
600 |30 |3 |2 ]2]095|005]|005|0779 | 0.057 | 0.164 | 0.6528 | 0.1902 | 0.154 | 0.747
600 |30 2 | 1|2]0.95]|0.04]|0.02]|0862|0.118 | 0.02 | 0.4502 | 0.4146 | 0.178 | 0.7653
600 |30 |2 | 1|2|083|003]|004|0781 | 008 |0.139 | 0.6788 | 0.2271 | 0.092 | 0.756
1200 (30| 3 | 2 |2 095 | 0.05 | 0.05|0.779 | 0.057 | 0.164 | 0.6528 | 0.1902 | 0.154 | 0.747
1200 (30| 2 | 1 |2 095 |0.05|0.05|0.683|0.173 | 0.143 | 0.4502 | 0.797 | 0.106 | 0.5868
1200 |40 | 3 | 2 [2]0.95 | 0.05 | 0.05 | 0.458 | 0.113 | 0.488 | 0.4575 | 0.2492 | 0.207 | 0.4575
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Figure 2. OC Surface for QSS using Neutrosophic Poisson distribution.

OC is formed as a surface depending on P(F), P(I) and Pa. The system has three possible outcomes:
accept, reject and indeterminate. According to figure, rejection is dominant to indeterminate case.
While C=I and P(F) =P(I), Pr is observed bigger than Pi.

7. Conclusion

In this article, Construction and designing of Quick Switching system QSSepand QSSne (n; Cn,Cr)
with reference to Single sampling plan using Neutrosophic Poisson Distribution is studied and
compared with Fuzzy Poisson Distribution for various Quality Characteristics. Both Fuzzy and
Neutrosophic concepts are applied in uncertainty environment where NSs include indeterminacy
term which is similar to human thinking. On comparison, it is concluded that QSS using
Neutrosophic Poisson distribution gives high probability of acceptance and well suited for
uncertainty environment than QSS Using Fuzzy Poisson distribution with the indeterminacy term.
As a future study, these plans and systems can be extended for other distributions for various
characteristic measures such as AQL, LQL, AOQL with NSs.
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