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Abstract: In this article, we presented the notion of M-parameterized N-soft set (MPNSS) to assign
independent non-binary evaluations to both attributes and alternatives. The MPNSS is useful for
making explicit the imprecise data which appears in ranking, rating, and grading positions. The
proposed model is superior to existing concepts of soft set (SS), fuzzy soft sets (FSS), and N-soft sets
(NSS). The concept of M-parameterized N-soft topology (MPNS topology) is defined on MPNSS
by using extended union and restricted intersection of MPNS-power whole subsets. For these
objectives, we define basic operations on MPNSSs and discuss various properties of MPNS topology.
Additionally, some methods for multi-attribute decision making (MADM) techniques based on
MPNSSs and MPNS topology are provided. Furthermore, the TOPSIS (technique for order preference
by similarity to an ideal solution) approach under MPNSSs and MPNS topology is established. The
symmetry of the optimal decision is illustrated by interesting applications of proposed models and
new MADM techniques are demonstrated by certain numerical illustrations and well justified by
comparison analysis with some existing techniques.

Keywords: M-parameterized N-soft set; M-parameterized N-soft topology; algorithms; TOPSIS;
MADM

1. Introduction

The information in various complex real life problems is generally imprecise, ambigu-
ous, and imperfect. Fuzzy modeling and fuzzy decision making are very helpful to capture
these uncertainties. Conventionally, the information about an alternative is considered
by the crisp numbers or linguistic numbers. The researchers have introduced various
mathematical models to handle such realistic issues. Zadeh [1] innovated fuzzy set theory,
rough set theory introduced by Pawlak in (1982) [2] and soft set theory established by
Molodtsov [3] are powerful tools towards uncertainties. These theories are independent
generalizations of classical sets or crisp sets. The notion of intuitionistic fuzzy set (IFS)
innovated by Atanassov [4] is the extension of fuzzy set(FS) and a Pythagorean fuzzy set
(PFS) established by Yager [5,6] is the expansion of IFS.

Soft set is the parametric representation of objects of universe that provides the
binary evaluation to the objects. Numerous researchers have studied soft set to handle
uncertainties. Fatimah et al. [7] invented the idea of N-soft set (NSS) to handle situations
when non-binary assessments are expected to demonstrate the objects real importance.
Recently, Riaz et al. [8] innovated the concept of N-soft topology (INS-topology) and
its applications to MAGDM. Akram et al. [9,10] extended this concept to fuzzy N-soft
sets (FNSSs) and hesitant N-soft sets (HNSSs) for MAGDM applications. Akram and
Adeel [11] established the TOPSIS method for MAGDM with interval-valued hesitant
fuzzy N-soft sets.
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Some researchers established various hybrid mathematical structures of soft sets
(see [12-18]). Soft topology on soft sets was proposed by Cagman et al. [19], and Shabir and
Naz [20]. Riaz and Tehrim [21] introduced bipolar fuzzy soft topology on bipolar fuzzy
soft sets and developed an important application in medical diagnosis. Soft set theory and
fuzzy set theory have been studied for decision-making and modeling uncertainties in
recent decades (see [22-31]). Garg and Arora [32,33] introduced Dual hesitant fuzzy soft
aggregation operators and Generalized intuitionistic fuzzy soft power aggregation operator.
Pamucar and Jankovic [34] presented an application of the hybrid interval rough weighted
Power-Heronian operators. Riaz et al. [35] introduced hesitant fuzzy soft topology and its
applications to MADM. Riaz et al. [36,37] introduced soft rough topology and soft multi
rough topology with new properties and applications to MADM. The concept of linear
Diophantine fuzzy Set (LDFS) introduced by Riaz and Hashmi [38]. Kamaci [39] introduced
new algebraic structures of LDFSs.

In N-soft set environments, the ranking, rating. or grading is assigned to alterna-
tives/objects only. Meanwhile, there is a lack of independent non-binary evaluations to the
attributes which may effect the decision analysis phenomena. To enhance the significance
of attributes there is a need for non-binary grading positions given to the attributes. The
main objective of this study is to handle these difficulties with M-parameterized N-soft set
(MPNSS) and MPNS topology. The proposed model of MPNSS is very helpful to assign
independent non-binary evaluations to both attributes and alternatives. Additionally,
this model is useful for developing strong MADM techniques to select most convincible
alternative and make a robust optimal decision.

To facilitate our discussion, the classification of the paper is presented as follows: In
Section 2, a few basic concepts of soft set, NSS, and FPSS are given. In Section 3, the notion
of M-parameterized N-soft set (MPNSS) is introduced. The concepts of empty, universal,
bottom weak complements, top weak complements, weak complements, restricted inter-
section, and extended union of MPNSSs are presented. In Section 4, the construction of
MPNS topology is defined on MPNSS by using MPNS-power whole subsets, extended
union and restricted intersection of MPNSSs. Several key properties of MPNS topology, as
well as their implications, are well identified. In Section 5, MPNS topology- based MADM
methods and their corresponding Algorithms 1 and 2 are developed to estimate the losses,
formed extensive damage, displaced and affecting several people in the most affected
districts in Sindh province, south-east Pakistan, during historical flooding of August 2011.
Section 6 develops and illustrates a robust MADM method of TOPSIS with MPNSSs and
MPNS topology using a numerical illustration. Finally, in Section 7, we summarize the
findings of this research study.

2. Preliminaries

In the section presented, we discuss some rudiments of soft set (SS), N-soft sets
(NSS), fuzzy soft set (FSS) and FP soft sets (FPSS) that are helpful in understanding the
contributions in rest of the paper.

Definition 1 ([3]). Suppose A be the universal set, Y # © be the class of decision variables or
parameters, and ACY. A soft set (SS) defined on A is a set of order pairs, denoted by (€, \) and
can be represented as,

(€.2) = {{p.€(p)) : p € Ae(p) € 2"}

where € : A — 2\ is a set valued mapping. In short, (€, ) can also be denoted as €.

Definition 2 ([7]). Let A be the universe of discourse, Y # O be the collection of decision variables
or parameters. Suppose ) = {0,1,2,--- ,N — 1} is the grading set, where N € {2,3,-- - }. The
N-soft set (NSS) over A is formalized by €y = (€,Y, N) where € : Y — 29 in such a manner
that for every p € Y there exist a specific (€,3,(8)) € Ax $foralli € A, p €Y.
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Definition 3 ([7]). Let €y be NSS defined over A. The weak complement of NSS (€y), specified
as €§; = (€°,Y, N), where €5, (0)M&N(p) = O, foreachp €Y.

Definition 4 ([7]). Let €y be NSS defined over A. The top weak complement of NSS (€y) is a
NSS, defined by &\; where

Py JN=1 ifén(p) <N-1
ete) = {0/ if €y(p) =N-1'

Definition 5 ([7]). Let €y be NSS defined over A. The bottom weak complement of NSS (€y) is
defined by €%, where

by _ )0 if En(p) >0
evle) = {Nl, if en(p) =0

Definition 6 ([40]). Let A be the collection of universal elements, 2/ is the aggregation of subsets
of A, 'Y is the collection of decision variables and 8 be fuzzy set over Y. A Fuzzy Parameterized soft
set (FPSS), denoted by € on the universe A is defined as,

Cq= {<”Rp@, €ﬁ(p)> cpEY, Calp) €2%, pualp) € [0,1]}/

where €g : Y — 2/ is a set valued mapping and pg : Y — [0,1] is called membership function.

3. M-Parameterized N-Soft Set (MPNSS)

Fatima et al. [7] presented the idea of NSS as an extension of SS to cope up with
situations in which non-binary assessment is required. This section is devoted to the
establishment of M-parameterized N-soft set (MPNSS) which is superior than NSS and SS.
For M = 2 MPNSS becomes NSS and for M = N = 2 it reduces to SS.

Definition 7. Let A be the universe, ACY is a collection of attributes. Consider two different
sets for grading or rating H = {0,1,2,--- N —1} and ® = {0,1,2,- - - M — 1}, where M, N €
{2,3, - }. Then the M-Parameterized N-soft set (MPNSS) over A, designated as AY} or A(M, N)
and defined by

AM _ {<I)\5(]5]), {(¢& Iaj(ffi))}> (T, (8) €M, TA(E) €ER, 5 €A GEN, i€ N}

Table 1 gives the matrix representation of MPNSS as follows.

Table 1. Matrix representation of A%I .

AAN/I % % v IA‘E‘SJ)
&1 Zs,(61) Zs,(1) s Zs,(81)
) Zs,(62) Zs,(62) e Z;,(82)
3 Z,, (&) T, (&) Z, (&)

Then MPNSS(A) represents the collection of all MPNSSs.
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Example 1. Let A = {{1,82, 3, 8a} be the collection of different cities of Pakistan and Y =
{61,082, -, 08} is a collection of attributes, where

01 = historical places, public parks, play grounds
0y = safe residential housing schemes

03 = beautiful shopping centers

04 = wonderful weather,

05 = cleanliness, wide roads, foot paths

d¢ = friendly and cooperative people

07 = high standard educational institutes

bg = rivers, canals, hills

The attributes can be evaluated with the scales as follows.

Extremly important = $OOOO means 5
Very important = OO means 4
Important = < means 3
Moderately important = <<y means 2
Slightly important = < means 1
Not important = e means 0

For alternatives, the evaluation scales are,

Higly recommended = t1tt means 4
Recommended = tt1 means 3
Moderately recommended = t1 means 2
Slightly recommended = t means 1

Not recommended = o means 0

According to comprehensive properties of the cities, the public give assessment scores to the eval-
uation attributes and cities, presented in Table 2 and matrix form of 6P6S-set is presented in

Table 3.
Table 2. Evaluation of data provided by public.
Y — 51 (52 (53 (54 (55 56 (57 58
Al QOO0 OO0 OO QOOO OOOOS O QOO0 OO
& T+ ° T+ T+t T+ 1+t ++ °
1) ++ ++tt 1t ° +t T+t . 1t
C3 Tttt Tttt ° ++ T tt T+t tt
N + +t tH+tt t . 1t 1t 1+

Table 3. Tabular representation of corresponding 6P6S (Ag).

A6 4 3 2 4 5 1 4 2

6 5 3 5 Ph 35 36 5 Js
& 3 0 3 5 3 4 2 0
& 2 5 4 0 2 5 0 3
& 5 4 0 2 1 2 3 2
& 1 2 5 1 0 3 4 3
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{ érl/ CZ/ 63/ §4/ } ’ { gl/ CZ/ 53/ 5412)}>r

)3,

{le (¢2,4),(¢3,0), (84,5 }>r<(5 {(21,5),(22,0),(83,2), (Cs,1 }>,
> <* {(21,4),(22,5),(23,2), (84,3 )}>,
) 3)})

{CL (82,2),(€3,1),(84,0)} ),
% { gl/ CZ/ §3r 64

4

; {(21,2),(22,0),(23,3),(Cs,4) } ),

Definition 8. Let A be universe, Y is the set of attributes and ACY. Then the empty MPNSS,
denoted by B or B(0,0), is defined as

0
0_ —_— . . . .
Fo = {<5]' {@0)}): ¥ ey, sien e,
that is, T)(6;) = 0 V6, € Yand T, (&) =0 V& € Aand s, €Y.

Definition 9. Let A be universe, Y is the set of attributes and AEY. Then the universal MPNSS,
denoted by SN ! or §(M — 1, N — 1) and defined as

M-1
Ml =3 (=, [(&, N=1)}): V5 €Y, & EA,ijeR,
= (M5 ) v e e i e
thatis, T)(6;) = M —1 V6, € Aand Z; (§i) = N —1 VG € A, 6, € A.

Definition 10. Let A be a set of universal elements and ACY is the set of attributes. The weak
compliment of MPNSS (AM) over A, indicated by (AN)¢ and described as

. Z5(s : : .
(A = {( Aéjf), (@ T5E))})  TE(@) €M, THG) € R, W8 €A, G e A iy ERY,

where

Z5(6))11ZA(5) =D V6, € A
I§](‘§i)'_|z(5,(§i) =Q V& EA

Example 2. Consider a 6P6S-set(A$) as given in Example 1. The weak compliment of A$ is given
in Table 4.

Table 4. Tabular representation of (A)¢.

6\¢ 3 1 5 3 2 4 2 1
(Ag)° & 5 & 5 5 A 5 %
3 2 1 1 1 5 3 5 4
& 1 0 3 2 3 4 1 5
& 3 2 1 3 0 0 2 3
& 0 3 0 4 2 2 3 1

Definition 11. Let A be universe and ACY is the collection of attributes. A top weak compliment
of MPNSS (AM) over A, identified by (AM)! and demonstrated as

. TiH(s . R .
(AMy = {{ Aé D, (@ T(€))}) 1 Th(E) € M, Ih(E) € R, V6 €N, G € A iy € R},
]
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where

; M-1, ifT(6) <M1,
0, if T)(5) = M —1.

and
Poay _ JN=1, ifZs(5i) <N-1,
T5(&) = {0, z’fI,;j(gi) —N-1L

Example 3. Consider a 6P6S-set(A8) as given in Example 1. A top weak compliment of AS is

given in Table 5.

Table 5. Tabular representation of (Ag)f.

6\1 5 5 5 5 0 5 5 5
(Ag) & ' & o 3 5 5 5
é1 5 5 5 0 5 5 5 5
& 5 0 5 5 5 0 5 5
& 0 5 5 5 5 5 5 5
G4 5 5 0 5 5 5 5 5

Definition 12. Let A be universe and ACY is the collection of attributes. A bottom weak compli-

ment of MPNSS (AX!) over A, denoted by (AM )i’ and defined as,

. Th(s . . .
(AMYD = {< Aéf), {(&, Igj(gi))}> (T (&) €M, TN(8) ERVE €A EEA, I E N},
where

i o, if T\(5,) > 0,
@) = {Ml, if T)(6;) = 0.

and
boay _ O if Tp,(&i) > 0,
L5 (&) = {N—l, ifz(sj(gi):o.

Example 4. Consider a 6P6S-set(A$) as given in Example 1. The bottom weak compliment of A$

is given in Table 6.

Table 6. Tabular representation of (A%)".

G % 2 % % % > %
& 0 5 0 0 0 0 0 5
& 0 0 0 5 0 0 5 0
& 0 0 5 0 0 0 0 0
& 0 0 0 0 5 0 0 0

Definition 13. Let AI\NA]l, A%I; be two MPNSSs defined on set of attributes ACY and OCY respec-

tively. Their extended union is symbolized as A%I: = A]\Z\]/Il1 g gAIIl,AzZ and defined as:

Ix(6 ~
A ={( 355(] S Ty, (€))}) Vo € X = AT, & € A, T (&) € H, Tx(6) € R, iy €N},
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where
Tx (ffi)) = max{Z,(4,),Z5(¢))},
T, (&) = max{Z; (&), Z3 (G1) },
N3 = max{Ny, N>},
M; = max{M;, My }.

Example 5. Consider a 6P6S-set(A8) as given in Example 1, also consider another 5P4S-set(A3)
defined on A, as given in Table 7.

Table 7. Tabular representation of AZ.

A5 4 3 2 4 1 4 2 4

1 & 3 35 34 3 6 5 35
¢1 2 1 0 1 2 3 1 2
G2 0 3 2 0 3 2 1 0
é3 0 2 3 2 3 1 0 2
G4 3 1 2 3 0 1 2 1

The extended union of A8 and A is defined as ASLig A3 = A8, given in Table 8.

Table 8. Tabular representation of A.

A6 4 3 2 4 5 4 4 4

6 1 5 3 A Js J6 o7 Og
& 3 1 3 5 3 4 2 2
& 2 5 4 0 3 5 1 3
& 5 4 3 2 3 2 3 2
& 3 2 5 3 0 3 4 3

Definition 14. Let Aﬁl,AANA; € MPNSS(A). Their restricted intersection is symbolized by

M Mi= A M ,
AN, = AN TIRAY, and defined as:

T(0 -
AIA\f; _ {< \;5(] ]), {(z, Iéj(gi))}> 1Yo € I =AM0, Gi €A, I (&) € H, Ig(6)) € R, iy g € N}

where
Z(ffi)) = min{Z,(9;), Z5(5))},
I (Gi) = min{I(}] (€). Z5 (80},

N3 = min{Nl, Nz},
M3 = min{Ml,MZ}.

Example 6. Consider A and A% as given in Example 5. The restricted intersection is defined by
A8 A3 = A3, given in Tuble 9.

Table 9. Tabular representation of AZ.

A5 4 3 2 4 1 1 2 2
1 5 3 5 Ph 35 36 5 3s
& 2 0 0 1 2 3 1 0
& 0 3 2 0 2 2 0 0
& 0 2 0 2 1 1 0 2
1 1 2 1 0 1 2 1

G4
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4. M-Parameterized N-Soft Topology

The concept of M-parameterized N-soft topology (MPNS topology) based on MPNSS
is introduced in this section. Certain properties of MPNS topology are expressed and their
corresponding results are established.

Definition 15. Let AI\N/I bea MPNSS over A, Y is the collection of attributes, H = {0,1,2,--- ,N —
1}, R={0,1,2,--- , M — 1} be two grading sets. The M-parameterized N-soft power whole set
(MPNSPW-set) of the A¥ indicated as, P(AM) and defined as,

P(AY) = {Ag) : A EAY, i € TER}.
The cardinality of MPNSPW-set is defined by

L 1(6:25(@)]
[P(AR)| =277

Example 7. Let A = {1,823} is a collection of different restaurants under consideration and
Y = {01,602} is a set of attributes, where

&1 = good food quality,

0> = economical.

Consider the 8P8S-set as given below

A3 = {54606, @4, @5} (5 @3 @2)}) )
The cardinality of 8P8SPW-set is

[P(A8)| = 2372 =25 = 32.
The list of all possible MPNS-power whole subsets of 8P8S-set (A3) is as follows:

%/{ $1,6), (52,4 I(C3r5)}>}
6

i
N
I
— " N A A N S S



Symmetry 2021, 13, 748

90of 31

Aoy = {(F @0} (5 {@3}))

Aay = {(F @0} (5 {@2}))

Aoy = {(F 1@} (5 {@3}))

Aps) = {<%,{(§2,4)}>,<%,{(§2,2)}>}

Moo = {5 1@} (5 {@3}))

Apr) = {<%r{(és,5)}>,<;¥2,{(§z,2>}>}

Aoy = {(F @6, @9}), (5

Aqg) = {<£ {(61,6),(&,5)}), <5—62

Aoy = {<% {(224),(&.5)}), <%

Ay = {(£ G0, @) (2,

A = {<% {(61,6), (&,5)}), <%,

Aey = {5 4@4. @5)). (5

Nay = {51606, (@249, @5)}). (5

Ao = {(Z 46, @, @3)). (£ @)}
Aoy = {5460} (21603, @2))}
Aey = {5 A@HY). (5 @3, @)}
Aoy = ({2 A@S) (2 4@3) <cz,z>}>}
Aasy = {5 1@0,. @) (5. (@)

Aoy = {<%,{(§1 6),(25,5)} ), <* {@us

Aoy = {(5 4@ @5)). (5. (@

Ay = A8

Definition 16. Let A is the collection of universal elements and A¥ is a MPNSS on A. A
collection % of power whole MPNS-subsets of AN is called MPNS topology defined on a MPNSS

AM, if the following conditions hold,

1 PLAM e

(2)  Arbitrary union of elements of ¥ is a member of <,
ie., {A/\(,L)EZ\AI\]/I e :/Z\'EN}E‘E = I:IiefA(i) X

(3)  Finite intersection of elements of X is a member of <

ie., {A(l)EAAN/I 1 <i<n,ne N}E‘i = EllgignA(i) S ‘i



Symmetry 2021, 13, 748

10 of 31

The MPNS-topological space is indicated as, (AM, ). The MPNS-open sets are members of a
MPNS topology ¥ and MPNS-closed sets are their bottom weak complements.

Example 8. Consider the 8P8S-subsets of A8, as given in Example 7. Then,

% = {A(l)/ A(Z)/ A(7)/ A<10>, A(32) }

5= (1 {5 A@on} {(F1@o @)} {(5 (66, @ @)} a8
is the 8P8S-topology on A8. But

T = {A0) Ae) A Aw)y A |

2= (0 {(G (@I} {(FA@ 6@} {(F (@6, ) (5 (@)} A
is not a 8P8S-topology on A,

Example 9. T3 = {9, A8} is 8P8S-discrete topology and T4 = P(AY) is
8P8S-indiscrete topology.

Theorem 1. Suppose (AX], ¥) be a MPNS-topological space, the following conditions hold,

(1)  The universal MPNSS (&X' ) and (AM )iJ are MPNS-closed sets.

(2)  Finite MPNS-union of the MPNS-closed sets are MPNS-closed sets.
(3)  Arbitrary MPNS-intersection of the MPNS-closed sets are MPNS-closed sets.

Proof. (1) (6%_*11)5 = PY and ((611\\,/[:11)” )b = 6%[:11 are MPNS-closed sets.
2 If {A(i) : A}(’i) € €,i € ICR} is a given collection of MPNS-closed sets, then

b

3 -
l—’iefA(i) = (l_liefA(i))

is MPNS-open set. So that 1, <7/A(i) is a MPNS-closed set.
(3) In the same way;, if A(i) is MPNS-closed set fori =1,2,--- ,n, then

=n b ~n b
AimiAf = (GhAw)

is MPNS-open set. Hence, D?:lA(i) is a MPNS-closed set.
O

Definition 17. Let (AM, %) and (AN, %,) are two MPNS-topologies.
(1) %, and X, are said to be equivalent MPNS-topologies, if either T C%, or 5,C%,.
2 If% C%, then X5 is MPNS-finer than €1 or ¥ is MPNS-coarser than <.

Example 10. Consider 8P8S-topologies on AS as given in Example 9. <5 is 8P8S-coarser than <y
or Ty is 8P8S-finer than T3,

Proposition 1. Let (AM, %) and (AM,%,) be two MPNS-topological spaces over the same
MPNSS(AN), then (AN, %171%,) is a MPNS-topological space defined on MPNSS (AX}).

Proof. (1) P9, &M-1 € %715,
2) Let{Ay : i€ ZER} be a collection of MPNSSs in %171%,. Then Agy € %1 and
A(l) (S iz, Vi € Z, thus DiEfA(i) S Tl and DiEfA(i) € {32. Thus, DiefA(i) S fﬂ:l‘iz.
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(3) Let A(l),A(z) € ilﬁi'z. Then A(l)fA(Z) € ‘il and A(l)/A(Z) S iz. Since A(l)ﬁA(z) S
il and A(l)lzl/\(z) € fz, therefore A(l)lzl/\(z) € ilﬁiz.
Consequently, €171%, establishes MPNS topology on AN and (AM,%71%;) is a
MPNS-topological space on universal MPNSS (AM).
O
Definition 18. Suppose (A%I1 1, %) be a MPNS-topological space and AII\\,/IZZEAAN/Ill. The
MPNS-subspace topology, denoted by T is the collection

T ={A@NAN2 Ay € %ie IER}
(A%I;, T) is called subspace of (A%l,‘fj),

Example 11. Consider a (A§, <) is 8P8S-topological space as given in Example 8. Let

Apg) = {<% {(81,6),(62,4)} > <% {(21,3)} > } CA§

8P8S-subspace can be obtained as

Aqg)l1A 1) =0
Aas)l 1A @) = A
Aas)l 1A ) = A
Aas) A0y = Ag)
Aas) 1A z2) = As)

Hence T = {%S,A(z),Am, A(ls)} is 8P8S-subspace topology.

Theorem 2. Suppose (A%I1 1, %) be a MPNS-topological space and AI\I\]/IZ2 EA?/I]1 1
Then a MPNS-subspace topology on AI\]\I/IZ2 is a MPNS topology.

Proof. Indeed, 7 contains ) and A%I; because ‘BSI:IA%I; = P and AZ\I\]/II1 ﬁAZ\NA; = A%I;,
where 339, AI\Z\]/I]1 € %1.Since ¥ = {Ag) - A(i)EA%ﬂl,i € ZER}, it is closed under finite
MPNS-intersections and MPNS-unions,

Mg (A(i)ﬁAIZ:I/IZZ) = (ﬁ?:lA(i))ﬁAAN/I;

~ ~AM ~ = M
Oiez (AwOAN2) = (TiezAa)) AR
0

Definition 19. Let AN is a MPNSS. A basis is an assemblage of subsets of A¥, for a topology on
M, which holds the following conditions,

(1) There exists one or multiple elements B containing Ay, for each Ay € AM
(2)  Ifintersection of By and By contains A ;) then there must exist a B3 containing Ay in such
a way that B3CB17By.

Example 12. Consider a 8P8S-topology %1 defined on 8 P8S-set as given in Example 8. Then
={Aq) Aw)y Ae) Aw}

orﬁ:{sno,{<g,{<cl,6>}>},{<§{<a, DG @SN}
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is a 8P8S-basis for the 8P8S-topology 1.

Definition 20. Let (A%Ill, %) be a MPNS-topological space and A?IAZZ be a subset of AAN/Ill. The

MPNS-interior of A%IZZ is the MIPNS-union of all open subsets of AANAQZ and it is indicated by
Mo

(ANy)°

Remark 1. The interior of AN is the union of all subsets of AN which are open in <.

Example 13. Consider a 8P8S-topology <y defined on 8P8SS(A$) as given in Example 8. Let

Apg) = {<(51, {(21,2),(22,4), (&3, 6)}>, <52, {(21,1),(23,5)} > } EAS. The open subsets of
Ag) are A1), A2y, A (7). Hence 8P8S-interior is

(Aag)® = Am0A ) UAm) = Ay = {<% {(g1,6), (62/4)}>}-

Theore?/} 3. Let (ﬁ% 10, T) be a MPNS-topological space and A%IZZ EAAN/Ill. AANA; is a MPNS-open

setiff Ay? = (AN]) -

Proof. If A%Izz is a MPNS-open set, then the largest open set, that A%Izz is containing is equal
M M My o

to Ay;. Consequently, Ay> = (Ay]) -

Conversely, As we know, (AI\NAZZ) ° is a MPNS-open set and if AI\I\]/IZ2 = (AAN/I;) ° then AI\I\,/IZ2 is

MPNS-open set. [

Theorem 4. Let (A]I:]/Ill, f) be a MPNS-topological space and A]I\\]Azz, AZI\\]/? EAJI\\I/I1 1 Then
M (A7) = (A
@ ARZEARE = (A2 T(AR)°
Mp\o= M3\ © M- = » Ma\©
© (A" = (A
(4) (AN;) I—l(AN;) E(ANZZL’AN;) :
Proof. (1) Let (A%I;)O = AAN/E‘, then AAN/Z‘* € € if and only if AAN/% = (A%:)O. Therefore,
(A7) = (axe)”.
(2) Let AI\I\/,IZ2 EA%I:. From the definition of a MPNS-interior, (AMZ) ° EA%I; and (A%Ij ) ° EAI\NA;.

N,
(A?/I]; )° is the biggest MPNS open set that is contained by AZI\\]A;. Hence, AANA; EAIIYI]; =
Mo\ 0= M-a ©

(3) By definition of a MPNS interior, (A}?) A} and (AY?) EARS.
Then, (Ay2) TI(ANS) " EANZTIARS.
(AZ\I\]/IZ2 ﬁA%I;) ° is the biggest MPNS open set that is contained by A%I; IZIAAN/?.
Hence, (A%I; ) °f (Aﬁ,/? ) °C (A]Z:]/Iz2 ﬁA]\N/Ij) °, Conversely, consider (A%Izz) ° ﬁA%? EA%I;
and (A%I; ) ° ﬁAII\\]/? EAII\\]/S’. Then, (AIZ:]/IZ2 ﬁ/\Z\I\]/g3 ) °C (A%IZZ) ° and (AII:]/IZ2 IZIA]]:]/Is3 ) °E (AII\V/I;) °,
Therefore, (A%Z2 I:IAZI:]/i3 ) °C (AANA;) °C (Aﬁl/g’ ) °.
@ (AN2) EANZ and (AYR) EARS.
Then, (AN2)°0(AN?) EANZOANS.
(Ai/lzl D(AI\I\/]IZ?’;O is(chBb)ig;es’i\l IZ\APNI\SISopen set that is contained by (AN2FIAN).
Ny “ANg . N ! Ny AN
Hénce, (AN2)T(AN) E(ANZOARR)”.
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Definition 21. Let (AI\N/I:, %) be a MPNS-topological space and A?\I/IZZ EAAN/I:. The MPNS-closure
of AX2, indicated as, AAN/I2 , is the MPNS-intersection of all MPNS-closed super sets of A%IZ.
2 2 2

Remark 2. It should be emphasized that AN2 is the smallest closed super MPNSS of A S and
A]I:]/Izz is MPNS-closed being the MPNS-intersection of MPNS-closed sets.

Example 14. Consider 8P8S-set A§ and 8P8S-topology <4 as given in Example 8.
Aqny = {<%, (61,3),(¢2,2) }> }EA%. The closed sets can be calculated as

by =6,

My ={(5 (@0 @M @) (G @ @)
Ay = {2 4@0, @0, @) (2 A@ @)
Aoy = { (51,0, @0), @0} ). (5. (@7 @7},
Al =%

The closed supersets of A(1g) are A( 1y A(Z),A( 7y A( 10)° Hence

b b b
Ay = Al Rl PAL AL,

Ky = {510, @0, @0}, (5. (@ @N})}

Theorem 5. Let (A , %) be a MPNS-topological space and AMz I:AMl A%IZ is a MPNS-closed
set iff AM2 =

Ny~

Proof. The proof is obvious. [
My sy . My~ A M Mo 0= A My = r My
Theorem 6. Let (ANll,T) is a MPNS-topological space and AN; EANll. Then (AN;) EAN; EAN;.

Proof. Indeed, (AN?)" = UAg) = {Ap) € T, AqEALZ, i € ZER}. Then, A (&) EAY?
(&) and DieiA) (§)EAN(E) for all £ € A. So (AN2)°EANZ. A2 = FI{Ay) : A%i) €
T, ANPE{A(;),i € TERY}. Then, AN (&)EA( (&) and AN2 (&) Efie s Ay (8) forall & € A,
So ANZEANZ. Hence, (AN?) EANPEAR?.

Theorem 7. Let (A , %) be MPNS-topological space and AZ\I\,/IZZ,AAZ\,/IS3 EAAN/Ill. Then,
M My
(1) (AN22> = AN

Mz = » M Mz = » M
@ ANEAN? = AVPEAR?

Proof. (1) Let A?]Azz = AI\I\/,{I“. Then, AI\I\/,? is a MPNS closed set. Therefore, A%I: and A%{;‘

are equal. Hence (AAN/IZZ) = AAN/IZ.

2
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(2) Let A?jj CA}?2. By the definition of a MPNS-closure, A}* EAL? and A]I\V,I; EA%{;. AP

is the smallest MPNS-closed set that containing A%b. Then A]\N/I3 EAANAZ.
0 3 3 2

Corollary 1. Let Ay is any subset of MPNSS AM then,

©) ((Am)O)E:(A(i))E
@  (Ap)® = (Aa)\(Aw)?

Definition 22. Let (AI\N/Il, T) be MPNS-topological space and Ay, My I:A !, the frontier or bound-
ary of A 22 is represented by Fr(AM;) and determined as,

M Mo~ AMavp
FriAy]) = AR TI((ARD)Y).

Example 15. Consider 8P8SS(A§) and 8P8S-topology (<) as given in Example 8.
Let A1) EAS. Then

K = {2480, @0. @) (2@ @)},
={<5Z {(21,7),(22,7),(&3,7 }>'<* {(61,0), (62,0 )}>}’

Thus Fr(Aar)) =Aan) Al()n)
({20, @20, @O (2 (@7, G} e
{5110, (@0, @0}), (5. (@7, @)})}.

Theorem 8. Let Ay be a subset of MPNS-topological space (AY!, ). Then

) Fr(A))=Ag)

1

AmU
) (1)\ r(Aq))=(Aw)°

3) (1) is open & A Fr(Aq) = %)

4) (1) is closed < Fr(A ))I:A( )

(5) Ay is both open and closed < Fr(A;) = B

1

Proof. It can be proved by using Definitions 20-22. [

Definition 23. Let (A]\A/,Il, <) be MPNS-topological space and A]\I\,/I2 2 EAI\NAll. The exterior of A%Izz is
indicated by Ext( ) and characterized as,

Ext(ANZ) = ((AQIA;))B.

Theorem 9. Let A%I be a MPNSS, Then
(1) Ext((AM)D) = (AN
()  Ext(AM) = ((AM) )°
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Proof. (1) Ext((AM)}) = (((A%)B))b. Then Ext((AM)P) = [((AM)D)
Ext((AM)?) = (AN)°.
(2) Clearly Ext(AM) = ((AM)) Then Ext(AM) = ((AM)))°, O

i’] °. Thus,

5. MPNS-Topology Based MADM

MPNS topology is the generalization of soft topology and NS-topology. In this sec-
tion, we execute the MPNS topology towards MADM to make a robust optimal decision.
MPNS topology provides strong mathematical modeling towards uncertainty. The eminent
characteristic of MPNS topology-based MADM is that the attributes and alternatives are
analyzed by the decision makers (say) Dy, Dy, ..., D), and their evaluations are represented
in terms of MPNS-open sets (say) Ar,, AT, - - - AT,. To meet these objectives, we present
two algorithms named as Algorithms 1 and 2 and their corresponding real life applications.
The flow chart of MPNS topology based method 1 is expressed by Algorithm 1 as follows.

Algorithm 1: (MPNS topology based method 1).

Step 1: Input A = {{1,>, - -+, &} as a collection of objects, Y = {d1,d,- - - , I} as a collection of attributes, and

a team of decision makers

Step 2: Compute MPNSSs according to opinion of each decision expert with the help of information systems which
assign attributes with feasible number of <, non-zero grading with t and zero grading with e to the alternatives.
Step 3: Construct MPNS topology ¥, where Ar,, A7, - - - At, are MPNS-open sets of € over the universal MPNSS (AM).
Step 4: Compute the aggregate MPNSSs of all MPNS-open sets by using the formula,

5 = [E((:l) (G € A} where L(&)= ). ZI(5 ) Z(if) @

Gi jeTEn

Step 5: Compute the sum of A}l, A’}Z, e A}n.
Step 6: Final the optimal alternative with maximum of aggregated values

maxA’}l@Tz,,,@Tn (Gi)-

The flow chart of Algorithm 1 is given in Figure 1.

Input universal set, set Compute information Construct MPNS-
of a_m‘ﬂ.mtes and team systems and top olo gy
of decision experts MPNSS's

Choose the Addition of Compute

maximum value aggregate aggregate

MPNSS's MPNSS's

Figure 1. Flow chart of Algorithm 1.

MPNS topology based method 2 is expressed by Algorithm 2 as follows.
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Algorithm 2: (MPNS topology based method 2).

Step 1: Input A = {{1,>, - -+, &, } as a collection of objects, Y = {d1,d,- - - , I} as a collection of attributes, and
a team of decision makers.

Step 2: Compute information systems with feasible number of <) to attributes, t for non-zero grade and e for
zero grade to alternatives corresponding to the opinion of each decision expert and compute MPNSSs.

Step 3: Construct MPNS topology %, where Ar,, At,, - - - A1, are MPNS-open sets of T over the universal

MPNSS(AM).
Step 4: Find the cardinal MPNSS of all MPNS-open sets by using the formula,
0(9))
cAT, = [T] .6 € Y}, where o(6) = Y Z(6)Z(&))- 2)
i i€ZER
Step 5: Find the aggregate MPNSSs by using the formula,
Mp; = Mag, * Mipg s (©)

where My, , M Ay, and My, are the matrices corresponding Ar,, cAr, and AF, , respectively. The
matrix M? Ay, Tepresent transpose of the matrix Mca, .

Step 6: Add A*l, A’}z, e A’}n to find decision of MPNSS.

Step 7: Find the optimal decision by using max A%, ... 1, (Gi)-

Flow chart of Algorithm 2 is given in Figure 2.

™
Input universal set, Set of

attributes and teams of
)__J1 - .
Compute information

decision experts
systems and MPNSS’s

-
Construct MPNS- “ J
topology
»
< ”r Compute cardinal
- . MPNSS’s
Compute aggregate - J
MPNSS's
-
e H Addition of

™ aggregate MPNSS's
Choose the H y

maximum value

Figure 2. Flow chart of Algorithm 2.

Numerical Example

Floods normally are short-lived and local incidences that can occur all of sudden, often
with no alerts. They are generally occur due to exquisite storms that develop more drain
than a region can stream or store may carry inside its normal channel. Floods can also occur
when ice jams, when dams fail or landslides provisionally obstruct a channel or when snow
melts swiftly. In a more comprehensive manner, usually floods occur in dry lands by high
tides, by high levels of lakes or by waves directed in the ground by stiff breeze. Some floods
occur seasonally due to monsoon rains, fill river basins, along with melting snows. Pakistan
continued to face crisis situation due to the destructive flood of 2011. In Sindh province,
a disastrous flood entered in August 2011, presumed as the most severe in the history,
molded extensive devastation and crowd out thousands of people and millions were badly
affected. The province persisted disabled over the end of 2011, as the affected communities
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and government accomplished with overburdened funds and enormous financial damage.
About 4.8 million people, in which children were half of the number were badly affected by
the floods in Sindh and according to estimates that some 72,000 people inhabited in relief
camps. Sindh was the most affected province where monsoon rains, swamped 22 districts.
According to, National Disaster Management Authority (NDMA), the floods in Sindh have
caused 756 injuries and 466 deaths, 1.5 million houses were damaged and 6.6 million acres
of land was affected. Provincial Disaster Management Authority (PDMA) and Pakistan
Red Crescent Society (PRCS) had been dispatched evaluation teams to the area, which
illustrated a sketch of huge destruction, although because of unavailability of roads, had
problems to carry out a comprehensive evaluation. The provincial branch of PRCS in
Sindh aligned with PDMA. Specifically, due to Pakistan’s dreadful economic condition, is
conviction that total devastation of standing crops was about 10 million acres of land. An
evaluated loss of 7 billion to Pakistan’s land economy was caused by floods in 2011.

Step1: Let A = {&1,&2,&3,84,85,86,C7,Cs} be the collection of the worst affected dis-
tricts of Sindh, where ¢; = Badin, ¢, = Dadu, ¢3 = Khairpur, ¢4 = Mirpurkhas,
¢5 = Sh. Banazirabad, ¢ = Tharparkar, {; = Sanghar, g = T. M. Khan. Let
Y = {61,62,03,04,05,07,08} be the set of decision variables, where

01 = affected people(AP),

J, = damaged house (DH),

43 = died people(DP),

04 = damaged crop area (DCA),
05 = affected area (AA),

J¢ = affected villages (AV),

b7 = affected taluka’s (AT)

dg = cattle head perished (CHP).

The great challenge of this problem is to get estimation of most affected area
on the basis of grading assessment of decision experts in two teams, in order to
distribute the resources and funding according to the damage level. Let H =
{0,1,2,3,4,5,6,7,8,9} and ® = {0,1,2,3,4,5,6,7,8,9} be two grading sets.

Step 2: PRCS Sindh branch sent two rapid evaluation teams to get estimation of imme-
diate requirements to make urgent progressive scheme in most affected district
firstly. We consider two decision-makers (DMs) and made two separate teams
for assessment and analysis of consequences of flood. Both teams gave the report
about the situation of badly affected districts in accordance with chosen subsets by
team-T; and team-T, in terms of sets, in which grades are given to the attributes.
ie Ar, = {%, %, %, %} and B, = {%, 5%, 54—4 }, respectively. After a complete
research both teams construct 10P10SS’s, A, and Ar, over A. First we construct a
10P10SS over A namely A%g on the assessment of other departments of different
institutions, feed back of people of affected areas and according to demand of
assessment teams of PRCS. The information system corresponding to collected
data from other resources and people of affected areas is given in Table 10 and its
matrix form is given in Table 11.
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Table 10. Information system obtained by different resouces in terms of 10P10SS.

A = {3469, @7), 6,4, (6,6),(65,7),66,3), (6,1, @2},
(3 A0, .9, 65),609), (6,6, (. 2), ,5), 67} ),
(5 A00,5), 622,63, (6,6),(65.5), 06,9, (6,4), (6,6)} ),
(3 (603, (2,3),6.2),(045), (65,6), (6.5), (1), G5} ),
(3 A3, @210, 6,3, (E,7), (E5,5), (06,6, (E4), (65,9},
(2 AE0,6), (22,69, (E,8), (E5,5), (06,9, (2.9), (65,7} ),
(3 AE0,6), 622,69, (E,1), (E5.3), (66,9, (2.9), (65,7} ),
(169,23, 61), @8), E54),(06,2), (6,5, (5,6)) )}

Y — o1 ) J3 4
Al NAVEeLe COOOOOOE  OOOOO0 COOOOO0
& tt tHt ttt Tt
& Tttt tHt tt Tt
& tHt HHt H H
& ttt tt Tttt trtt
& trttttt tHttt tHtt trttt
& t H Ht HH
& t Tttt tHt t
& tt trttttt Tttt trtt
d5 % o7 Jg
OOOOOOOO0 OOOO0 Naa% 2%
& t HHH tHH HH
& t tt tt Tt
& Tt Tt tHt t
& HHH HHHHHH t tHHHH
& tHt Tttt ttt Tt
& trttt tHt tHt tt
& tHt t H HH
& Tt ttttt Tttt ttt
Table 11. Tabular representation of 10P10SS A1),
Al0 4 8 6 A 9 5 3 2
10 5 5 s % s J 5 Js
¢1 5 4 5 3 3 6 6 5
) 7 4 2 3 1 2 2 3
A 4 5 3 2 3 4 4 1
Ca 6 3 6 5 7 8 1 8
s 7 6 5 6 5 5 3 4
& 3 2 4 5 6 4 4 2
&7 1 5 4 1 4 3 3 5
s 2 7 6 5 9 7 7 6

The information system corresponding to team of decision experts, T is shown in

Table 12 and its matrix form is shown in Table 13.
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Table 12. Information system provided by decision team Tj in terms of 10P10SS.

Y — 1 ) S3 d4

Al OO0 COOOOORE  OOOOOO OOOOOO0
&1 ttttt tttt ttt ttt
) ttttttt tttt ttt .
3 tHHt . tt .
Ca ttttt . tHHt ttttt
s . ) Tttt °
Co ttt tt . .
&y . ttt . t
Cs . ) . .

Table 13. Tabular representation of A, .

a : 2 R Z
¢ 5 4 3 3
¢ 7 4 3 0
¢ 4 0 2 0
Ca 5 0 5 5
s 0 0 6 0
Co 3 2 0 0
¢y 0 5 0 1
s 0 0 0 0

The information system corresponding to team of decision experts T, is shown in
Table 14 and its matrix form is given in Table 15.

Table 14. Information system provided by decision team T in terms of 10P0SS.

Y — 1 ) 4

Al OO0 OO OO0
& Tt ttt tt
¢ tH+tt tt .
C3 Tt J .
Ca . ° tt
Cs . . )
G6 . t .
&7 . . t
Cs ) . )

Table 15. Tabular representation of Ar,.

A/\T2 5% 5% 5%
¢1 4 3 2
¢2 5 2 0
¢3 2 0 0
Ca 0 0 3
s 0 0 0
o 0 1 0
¢7 0 0 1
s 0 0 0

Step 3: Now we construct a 10P10S-topology as

ij = {;Bgr ATl/ ATZIA%S}I
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Step4: Computing aggregate 10P10SS’s of all 10P10S-open sets by using Equation (1),

given by
0O 0 0 0 0 0 O
Oy« . J v v v Vv vV YV YV
(Fo) {61/62,63,64,65,66,67}
o (073385 %% 47 0
h 88 88 85 G Gy B
Lo {21202 4 0,
T2 G178 G3" C4"G5" C6' G7' Cg )’
(Al = {198,124 140 281 25 177 145 284
10 &6 8 G % G & &)

Step 5: By adding A} and A7, we obtain the final decision. There is unnecessary to
1 2

incorporate the aggregate 10P10S-sets of ) and A{J. By adding the aggregate
10P10SS’s, (B9)* and (A19)* to the sum of A%, and A7, we get the same ranking.
Hence there is no need to include these two sets. We have

A ar,(6) = AT () + AL (Gi), V&€ A

This shows that

117 97 34 97 36 37 51 0
}1(&)@1\%(61) = { ——————— }

Step 6: By taking maximum of grading values, we obtain the optimal decision as,

The greatest aggregated value is 117. This shows that ¢; = Badin is most affected
district than others. PRCS, Sindh Branch responded rapidly through its district
branches. Teams comprising volunteers and trained staff in emergency relief, first
assistance were posted to the badly affected areas within 24 h to implement quick
requirement evaluations and deliver humanitarian assistance. Now we solve the
same problem by using proposed Algorithm 2. First 3 steps are same as calculated
in Algorithm 1. In Algorithm 2, we proceed from step 4.

Step 7: Now finding the cardinal 10P10SS’s of all 10P10SS’s by using Equation (2), given by

96 120 114 63
A, = {E,X,X,E},

0 000 0 O0O
R b RE T RE T b= J
efy— {140,285 210 210 342 195 9 68

Step 8: Then we find out the matrix of A7, by using Equation (3).
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5 4 3 3] 14917
7 4 3 0 1494

4 0 2 3|/[9% 801

M. — |5 05 5/ (120 _ |1365
AT l0 0 6 0 |114] T | 684
3 20 0f]63 528
050 1 663

0 0 0 0] L 0 ]

*x _ [ 1491 1494 801 1365 684 528 663 0 i :
that means, AT1 = { B B Gt G 57}.81m11arly, we can find the

aggregate 10P10SS for Ar, given as,

4 3 2 2167
520 189
200 66

33
00 3 72

M%_ooohﬂ_o
010 12
00 1 24
0 0 0. L 0 |

017 G2/ 037 047 G57 867 C77 C8
Step9: Now we find the final decision 10P10SS by adding A7, and A7, only because there
is no need to add (B])* and (A]))*.

x _ [216 189 66 72 0 12 24 0
that means, AT2 = {— 189 66 72 0 12 24 0 }

AT o, (Gi) = AT (G) + AL (G), VG €A

1707 1683 867 1437 684 540 687 0
x @A* i) — 7 7 T x 7 s x 7 x 7 x 7 x (°
h (&) { €1 8 "8 Ca C5 C6 C7 é’s}

Step 10: The optimal decision is obtained by taking maximum of final aggregated values as,

max AT, g1, (i) = 1707

This implies that the district §; = Badin has highest grading value and according to
Algorithms 1 and 2 ¢; = Badin is the badly affected district. 2011 floods mobile health units
morbidity surveillance is shown in Figure 3.
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2011 Floods Mobile Health Units Morbidity
Surveilllance

M Acute Diarrhoea (AWD)
B Acute Bloody Diarrhoea (ABD)
B Acute Respiratory Infections (ARI)
mMalaria
EMeasles
B Meningitis
M Acute Flaccid Paralysis [AFP)
WTetanus
M Malnutrition
M Acute Jaundice Syndrome
B Acute Hemorrhagic Fever
wSkin Diseases

Scabies

Injuries & Wounds

Mon Common Diseases

OTHERS

Figure 3. Source: www.ifrc.org.pk or www.ifrc.org/docs/Appeals/11/MDRPKO07FR.pdf.

PRCS had intensified the efforts of healthcare by conducting the sessions of health
education of mobile health units in Dadu, Badin, and Benazirabad. The most essential food
items (FI's) and non-food items (NFI's), as contemplated by PRCS, guided the arrangement
of the items supplied to affected families, as given in Figure 4.

0000 81500
80000
70000
60000
50000
40000 38016

30000

2 11083 10890
7749 7152 8186 7406
10000 3705

Figure 4. Assistance provided by PRCS, Sindh Branch from 19 August 2011 to 24 November 2011
(Source: www.prcs.org.pk, accessed on 1 January 2021.)

6. TOPSIS Method under M-Parameterized N-Soft Topology

Many researchers thoroughly investigated the multi-attribute decision making (MADM).
The established methods particularly relay on the nature of problem under consideration.
There are large number of vague, imperfect and uncertain realistic issues. In this section, we
discuss how MPNS topology is useful in MADM, to cope with such real life circumstances.
We develop TOPSIS method under MPNSSs and MPNS topology for MADM. TOPSIS
method is strong and powerful approach for critical decision analysis to estimate the losses,
constructed extensive damage and moving thousands of people and millions of people in
worst affected districts in Sindh province in the course of flooding of August 2011. The
linguistic variables, according to importance of attribute and the condition of most affected
areas/alternatives are given below.

Step 1: Identification of decision problem:
Consider ¥ = {T;,i € I} is a collection of teams of decision experts, A = {¢;,j €


www.ifrc.org.pk
www.ifrc.org/docs/Appeals/11/MDRPK007FR.pdf
www.prcs.org.pk
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J} is a collection of alternatives, H = {0,1,2,3,...N -1}, # = {0,1,2,3, ..M —
1} be two grading sets, Y = {Jy : k € K, } is the set of evaluation attrbiutes.

Step 2: By choosing linguistic variables from Table 16, construct weighted parameter-
ized matrix,

Vi Va oo V)
Tu Ty - I
I Tvp - Iom
£=|: : :
Ty Zip - I
_Inl InZ T Inm_

Decision experts (D;) assigned grades, row-wise to each parameter, represented
by Zjx by using the linguistic variables. In all matrices, the first row (in bold
letters) represents the grading values, assigned to parameters by chairman of
PRCS according to the surveyed data of teams of other departments, by using
linguistic variables from Table 17.

Table 16. Linguistic terms for alternatives.

Linguistic Terms Grading Values
Worst (W) 9,8
Very Bad (VB) 7
Bad (B) 6
Intermediate (I) 5,4
Safe (S) 3
Very safe (VS) 2
Completely safe (CS) 1,0

Table 17. Linguistic terms for attributes.

Linguistic Terms Grading Values
Very Important (VI) 8,9
Important (I) 6,7
Medium (M) 3,4,5
Less important (LI) 1,2
Not importantt (NI) 0

Step 3: Creating normalized weighted parameterized matrix 4,

(@011 @12 - @]
Wy W12 -+ @y
o= : : : — (@il
Wi1 Wiz - Wiy !
[WDp1 @2 - Onpmd
where
Iik X Vk

Wi = —F/—— 4)
VE i T

Step 4: Creating weight vector 20 = (W1, Wy, W3, - - -, W,,) by using the expression

13

Wy = —4—
ZZ:] o,

1 n
e = — Y @ %)
ni3
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Step 5: Constructing MPNS-decision matrices T; for each team such that all T; make

MPNS topology,
(Vi Vo V3 ... V]
011 012 013 ... O1m
021 022 023 ... O2m
T, = : : U
91 Q2 Qi3 - Qjm
19tm  Qim  Qtm - Qtm|

Here ¢j are MPNS-elements.
Step 6: The aggregated matrix can be calculated as,

¥ = TTehLheT;s,...,.Ty
Vi Vo Vs ... YV
tn G2 Gz Gim
{1 G2 Gz oo Com

ih o Lo o G

Com Con Com o Com)
= [Cjklexm

Step 7: Constructing the final weighted decision matrix,

(011 O o By
U1 tip - Doy
a-|: : 3 Y
19],1 19] . 19]1’1 [ ]k]lxm
91 O - Oy
where o
O = Wilix Vi (6)

Step 8: Now finding positive ideal solution (PIS) and negative ideal solution (NIS).
PIS = {8,890, ,15‘;r -, 0} = {max(9) 1 j € £} (7)

NIS = {8, 8;, 05, 0] -+, 8 } = {min(8) : j € } ®)

Step9: Calulating separation measurements S™ and S~ of PIS and NIS, respectively, for
each parameter by making use of

m
Sh=\L@p—8)?2 Vjet ©)
k=1
and
IS m _ .
S; = Z(ﬂjk—ﬂj )2, Vjel (10)
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Step 10: Calculating the relative closeness,
Rf=-—1_—, 0<mf <1, vjes (11)
Step 11: Ranking the alternatives in descending order. The optimal choice would be the

alternative with largest value of SR;F.

Figure 5 shows the the flow chart of MPNS topology based TOPSIS.

Set of Teams of
decision
EEEE Separation
Set of affected PISand NIS =M Measurments
districts
Set of ﬁ
attributes ™ Closeness
Weighted Cofficients
Aggregated
matrix
Aggregated
decision matrix
—

MPNS-decisi
Weight vector |:> e

Figure 5. Flow chart of TOPSIS method under MPNS topology.

6.1. Numerical Example

Step1: Let A = {1,802, 83,84, 85,86, 87, Cs) is a collection of the badly affected districts
of Sindh, where ¢; = Badin, ¢, = Dadu, {3 = Khairpur, ¢4 = Mirpurkhas, 5 =
Sh.Banazirabad, (s = Tharparkar, {7 = Sanghar, (g = TM Khan. LetY = {61, dy, 93,
34,05, 07,3 } be the set of evaluation attributes, where

51 = (Affected People (AP), 4),

5, = (Damaged House (DH), 8),

63 = (Died People (DP), 6),

64 = (Damaged Crop Area (DCA), 7),
55 = (Affected Area (AA),9),

8 = (Affected Villages (AV), 5),

67 = (Affected Taluka’s (AT), 3),

6 = (Cattle Head Perished (CHP), 2).

The major challenge is to estimate which district/area is most affected on the
basis of grading values of decision experts in two teams, so as to allocate the
funds accordingly to the level of damage. Let # = {0,1,2,3,4,5,6,7,8,9} and
R =1{0,1,2,3,4,5,6,7,8,9} be two grading sets.
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Step 2:

Step 3:

Step 4:

Step 5:

By choosing linguistic terms from Tables 17 and 16, constructing weighted param-
eterized matrix

™ VI I I VI M M LI]
M MMMM I I M
I M LI M LI LI LI M
M M M LI M M M LI
£ = |I M I M I VI LI VI
I I M I M M M M
M LI MM I M M LI
LI M M LI M M M M
L1 1 I M VI I I T|

(4 8 6 7 9 5 3 2]

5 45336 65

7 4231223

4 53 2 3 4 41

£ = |6 365 7 81 8

76 56 5 5 3 4

32 456 4 42

154143365

276597 76

Decision experts (D;) of assessment teams of PRCS, assigned grades to each
evaluation attribute, represented by Z;; by using the linguistic variables. In all
matrices, first row (in bold letters) represents the grading values, assigned to
evaluation attributes by chairman of PRCS according to the information of teams
of other departments, by using linguistic variables given in Table 17.

The normalized weighted parameterized matrix 4, by using Equation (4) is given as,

[1.4547 0.3851 23214 1.8141 1.7960 2.0272 1.5212 0.7453]
2.0367 0.3851 0.9285 1.8141 0.5986 0.6757 0.5070 0.4472
1.1638 29814 1.3928 1.2094 1.7960 1.3514 1.0141 0.1490
1.7457 1.7888 2.7857 3.0235 4.1906 2.7029 0.2535 1.1925
2.0367 3.5777 23214 3.6282 29933 1.6893 0.7606 0.5962
0.8728 1.1925 1.8571 3.0235 3.5920 1.3514 1.0141 0.2981
0.2909 29814 1.8571 0.6047 23946 1.0136 0.7606 0.7453

10.5819 4.1739 2.7857 3.0235 5.3880 2.3650 1.7748 0.8944]

The weight vector by using Equation (5) is given as,

20 = (0.0920,0.1578,0.1468, 0.1639, 0.2056, 0.1190, 0.0687, 0.0458)

The 10P10S-decision matrices T; of two teams are given in which each row rep-
resents alternatives and each column represents evaluation attributes and all T;
make 10P10S-topology. There is no need to write null matrix and universal matrix
for 10P10S-topology.

oy
|
O O WO U =N U W
S UOINO OO Bk®
SO OO U N WWR
O R, OO Ul O W
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3 2 4]

4 3 2

5 2 0

2 00

=10 0 3

0 0O

010

0 01

0 0 0]

Step 6: The Aggregated matrix ¥ obtained as,

9 9 9 9 9 5 3 2]
99 8 9 3 6 6 5
99 531223
9 55 2 3 4 41
¥=19 3 9 9 7 8 1 8
7 6 9 6 55 3 4
6 5 4 5 6 4 4 2
1 9 43 43 35
27 6 59 7 7 6

Step 7: Constructing final weighted decision matrix Q) as,

[7.452 12781 10.569 13275 5551 357 1.236 0.458]
7452 14202 6.606 4425 1850 1.19 0412 0.274
7452 7101 6.606 2950 5.551 238 0.824 0.091
7452 4260 11.890 13.275 12952 476 0.206 0.732
5796 8.521 11.890 8.850 9.252 2975 0.618 0.366
4968 7101 5284 7375 11.102 238 0.824 0.183
0.828 12781 5.284 4425 7401 1.785 0.618 0.458

11.656 9.941 7.927 7.375 16.653 4.165 1.442 0.549]

Step 8: The positive ideal solution (PIS) and negative ideal solution (NIS) are given below
PIS = {7.452, 14.202, 11.890, 13.275, 16.653, 4.76, 1.442, 0.732}

and
NIS = {0.828, 4.260, 5.284, 2.950, 1.850, 1.19, 0.206, 0.091}

Step 9: The separation measurements of PIS and NIS for each parameter by using the
Equations (9) and (10) are given in Table 18.

Table 18. Separation measurements.

SF SF ST Ss S+ S S5 Sy
13.351 30.081 23.297 22.755 32.122 9.744 13.779 21.150
S Sy Sy Sy S Se S Se
21.603 12.668 8.400 18.007 16.421 14.319 16.344 22.513

Step 10: The relative closeness to alternatives are given in Table 19 as follows,

Table 19. Relative clossness.

R" Ry Ry )y R Ry " Ry
0.618 0.296 0.265 0.441 0.338 0.595 0.542 0.515




Symmetry 2021, 13, 748

28 of 31

Step 11: The ranking order is ¢1 > g > C7 > Cg > G4 > G5 > C2 > C3. This shows, Badin is
the most affected district.

Figure 6 shows the ranking of alternatives obtained by TOPSIS method.

07

06 * 0.618 o
) 0515

0.265

=
n

e
N

=
w

Clos ness cofficients

=
[

=
-

h1 h2 h3 hed h5 h& h7 h8
Districts

Figure 6. Ranking of alternative by TOPSIS method.

Pakistan Red Crescent Society (PRCS), supported by the International Federation of
Red Cross and Red Crescent Societies (IFRC) and other Red Cross Red Crescent movement
partners, reached 65,406 families (457,842 poeople) with food and non-food items, 208,600
people with water, 140,112 people with health services, as given in Figure 7.

14,000 13,014 12,885
12,000
10,000

8,236 8,400
8,000
5,92
6,000
4,000

2,000

o]

M Families supprted by IFRC B Families supported by PRCS/PNS's

Figure 7. Assistance provided by PRCS and IFRC (source: www.ifrc.org.pk).

Provincial disaster management authority (PDMA) provide data about the losses
in most affected districts in Sindh which is approximately same as we evaluate from
Algorithms and MPNS-TOPSIS technique, as given in Figure 8. According to this data,
Badin was the badly affected district. The bad condition of districts measured according
to number of cattle head perished (CHP), affected villages (AV), affected people (AP),
damaged houses (DH), affected area in acres (AA) and damaged crop area in acres (DCA).
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ECHP NAY NAP HEDH MAAlacres) BDCA|acres)

Figure 8. Summary of losses due to flood-2011 Dated:15 November 2011. (Source: www.pdma.gos.pk,
accessed on 1 January 2021).

6.2. Comparison Analysis

The proposed MPNS topology-based Algorithms 1 and 2 and TOPSIS are compared as
indicated in Table 20. In the comparison analysis, it can be noted that the suitable alternative
obtained by any one proposed technique endorses the authenticity and effectiveness of the
proposed algorithms. The comparison analysis of final ranking is also shown by multiple
bar chart in the Figure 9.

Table 20. Comparison analysis of final ranking with existing methods in given numerical example.

Method Ranking of Alternatives Optimal Alternative
Algorithm 1 (Proposed) S1=G62=3C4 =87 =86~ 05>=3G3 s 1
Algorithm 2 (Proposed) $1>=C2 =G4 =3~ 385=207 =G = Cs 1
MPNS-TOPSIS (Proposed) C1>Ce>=Cr>=Cg>Cqa>0C5>0Co>C3 ¢1
Algorithm (Eraslan and Karaaslan [22]) G1>Cy>Co>C5>Cy>Cg > C3>Cs é1
Algorithm (Cagman et al. [40]) G1>C4>Co>C7>C3>Cs > C5 > Cs ¢1
Algorithm (Tehrim and Riaz [41]) €1 > Ca > Co>C5>0C7 >C6 > C3 > Cs ¢1
1800
1600
1400
1200
1000
800
600 -
400 -
200
o -
Algorithm Algorithm TOPSIS(proposed] Algorithm(Riaz Algorithm[Cagman
1(proposed) 2(proposed) and Hashmi) etal)
M Badin M Dadu M Khairpur EMirpurkhas
M 5h.Benazirgbad @ Tharparkar M Sanghar WT.M Khan

Figure 9. Comparison of final ranking by TOPSIS and other MADM techniques.

7. Conclusions

We deal with vague, ambiguous, unclear, and imprecise data in various real world
issues. Existing models of soft sets, fuzzy sets, intuitionistic fuzzy sets, and neutrosophic
sets are helpful in capturing these uncertainties. However, all of these models have
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some limitations on membership and non-membership grades. Existing mathematical
frameworks are unable to address realistic issues when non-binary assessments are required
while modeling uncertainty. Non-binary assessments are absolutely essential in ranking,
grading or rating systems. The ranking may be specified in terms of grades, dots, stars
or any notation. To deal with the real situation in life when the grading/rating of both
parameters and alternatives is desired, we have introduced the novel concept of the
M-parameterized N-soft set (MPNSS). Various concepts including MPNS-empty, MPNS-
universal, MPNS-weak compliment, MPNS-top weak compliment, MPNS-bottom weak
compliment, extended union, and restricted intersection of MPNSSs are defined. On the
basis of these concepts, the idea of MPNS topology is established and various properties of
MPNS topology are well established. MPNS topology is the extension of soft topology and
N-soft topology. MPNS topology is a strong mathematical model of uncertainties that has
a large number of applications in many fields like image processing, artificial intelligence,
computational intelligence, forecasting, medical diagnosis. We developed algorithms for
MADM applications of MPNSSs and MPNS topology. We established the TOPSIS method
for multi attribute decision making by using MPNSSs and MPNS topology. The symmetry
of the optimal decision is illustrated by interesting applications of proposed models and
new MADM techniques. The viability and flexibility of the proposed MADM techniques
are justified by comparison analysis them with existing MADM techniques.
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