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Abstract: g-Rung orthopair fuzzy soft set handles the uncertainties and vagueness by membership and
non-membership degree with attributes, here is no information about the neutral degree so to cover
this gap and get a generalized structure, we present hybrid of picture fuzzy set and g-rung orthopair
fuzzy soft set and initiate the notion of g-rung orthopair picture fuzzy soft set, which is characterized
by positive, neutral and negative membership degree with attributes. The main contribution of this
article is to investigate the basic operations and some averaging aggregation operators like g-rung
orthopair picture fuzzy soft weighted averaging operator and g-rung orthopair picture fuzzy soft order
weighted averaging operator under the environment of g-rung orthopair picture fuzzy soft set.
Moreover, some fundamental properties and results of these aggregation operators are studied, and
based on these proposed operators we presented a stepwise algorithm for MADM by taking the problem
related to medical diagnosis under the environment of g-rung orthopair picture fuzzy soft set and finally,
for the superiority we presented comparison analysis of proposed operators with existing operators.
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List of abbreviations

MD membership degree
NMD non-membership degree
FS Fuzzy set
IFS Intuitionistic fuzzy set
B/FS Pythagorean fuzzy set
g-ROFS g-rung orthopair fuzzy set
q-ROPFS,Ss g-rung orthopair picture fuzzy soft sets
PFS Picture fuzyy set
AOs Averaging operators
MADM Multi attribute decision making
P,FWA Pythagorean fuzzy weighted averaging
P,FWG Pythagorean fuzzy weighted geometric
P,FWPA operator Pythagorean fuzzy weighted power averaging operator
PyFWPG operator Pythagorean fuzzy weighted power geometric operator
q-ROFWA operators g-rung orthopair fuzzy weighted averaging operators
q-ROFWG operators g-rung orthopair fuzzy weighted geometric operators
q-ROPFS WA operator g-rung orthopair picture fuzzy weighted averaging operator

q-ROPFS;OWA operator g-rung orthopair picture fuzzy order weighted averaging operator
A% Weighted vector

1. Introduction

In real-life situation, decision-making (DM) plays a vital role, for the selection of logical choice
among several objects we use the process of MD. The foundation of a fuzzy set (FS) was laid by Zadeh [1]
in 1965, characterized by member function belong to [0,1]. This concept was further extended by
Zadeh [2] in 1975, and proposed an interval-valued fuzzy (IVF)set characterized by a lower fuzzy set
and an upper fuzzy set. In the DM problem parameterized fuzzy operators were introduced by
Song et al. [3]. In 1986, Atanassov [29] generalized the theory of FS and initiated intuitionistic fuzzy
(TIF)set by the affix of non-MF with the restriction (MF) + (NMF) < 1. Some aggregation operators
like generalized AOs by Zhao et al. [4] and generalized geometric AOs by Tan et al. [5,6] under the
environment of IFS. In IFS we study the MD and NMD, here we ignore the neutral degree, so to cover
these gaps in 2014 Cuong [7] proposed the generalized structure of IFS and FS called picture fuzzy
set, which is characterized by three membership degree positive, neutral and negative member degree
with the restriction that the sum of this three-membership degree is less and equal than 1. In 1998,
Smarandache [25] proposed a neutrosophic set, which is characterized by truth, indeterminacy, and
falsehood membership degree, with the condition that the sum of truth, indeterminacy, and falsehood
membership degree is less and equal to 3. In a neutrosophic set it is difficult to handle the voting
problems when the expert’s judgment is of a type like yes, abstinence, no, and rejection, as the sum of
the three membership degrees is greater than 1, beside this it cannot be provided the information of
voting of non-candidates of the above voting. In the other words, we say that picture fuzzy set is a
special case of a neutrosophic set, because every picture fuzzy set can be neutrosophic set but the
converse is not true. Some aggregation operators under the environment of picture fuzzy set are

AIMS Mathematics Volume 8, Issue 4, 9027-9053.



9029

aggregation operators for PF set by Garg [8], PFAOs and their application in MADM by Wei [9], PF
Einstein AOs by Khan et al. [10], and PF Dombi AOs by Jana et al. [11]. However, during the research,
experts faced some issues when they have taken the value of MD is 0.8 and NMD is 0.6, then 0.8+0.6
€1, so here the condition of IFS failed. So, to cover this limitation in 2013 Yager [12] proposed the
generalized structure of IFS, which is called the Pythagorean fuzzy set. A Pythagorean fuzzy set is
characterized by MD and NMD, with the condition that (MD)? + (NMD)? < 1. Several aggregation
operators under the environment of a Pythagorean fuzzy set such as P, FWA ,
PyFWG ,P,FWPAandPy FWPG operators proposed by Yager [13,14]. In 2021, Akrma et al. [38],
handle MCGDM problem under the environment of complex Pythagorean fuzzy set by using CPF-
VIKOR method. In 2021, Akram et al. [39], proposed two novel modified techniques, namely
Pythagorean fuzzy hybrid order of preference by Similarity to an Ideal Solution (PFH-TOPSIS)
method and Pythagorean fuzzy hybrid Elimination and Choice Translating Reality I (PPFH-ELECTRE
I) method, in order to measure risk ranking in failure modes and effects analysis (FMEA). In 2021,
Akram et al. [40], also proposed a novel multi-criteria optimization technique, namely, the complex
Pythagorean fuzzy N-soft VIKOR (CPFNS-VIKOR) method that is highly proficient to express a great
deal of linguistic imprecision and vagueness inherent in human assessments. In 2022, Akram et al. [41]
proposed a new hybrid model with application under the environment of Complex fermatean fuzzy N-
soft set to handle uncertainties. In 2016, Yager [20] made a new generalization of IFS and PFS, called
g-rung orthopair fuzzy set. g-ROFS is described by MD and NMD with the restriction that (MD)? +
(NMD)? < 1(q > 1). Different aggregation operators under the environment of q-ROFS are -ROFWA
operators by Liu and Wang [15], g-ROF Bonferroni mean weighted operator by y Liu and Liu [16], ¢-
ROF power Maclaurin averaging operators by Liu et al. [17], g-ROF Dombi AOs by Jana et al. [18§],
g-ROF Neutrality AOs by Garg and Chen [19], MAGD with g-rung orthopair picture fuzzy information
by Akram et al. [37]. In 2018, Joshi et al. [30] introduced the theory of interval-valued g-rung orthopair
fuzzy soft set, which deals with the situation, of hesitation of assessment in the intervals. In such type
of situation experts provide their grades in the closed subinterval of [0,1]. The concept of interval-
valued g-rung orthopair fuzzy soft set was further modified in various structures see Hayat et al. [31],
Yang et al. [32], and Hayat et al. [33]. In 1999, Molodtsov [21] proposed a new structure called soft
set which deals with the attribute. The theory of soft set was further merged with different structures
and developed a generalized concept like Maji [22,23,34-36]. In 2020, Hussain et al. [24] combined
the structure of soft set and ¢g-ROF set and proposed a new concept called g-rung orthopair fuzzy soft
set, which is characterized by membership degree and non-membership degree with attributes, but here
no information about the neutral degree, so to cover this gap we present a hybrid of picture fuzzy set and
g-rung orthopair fuzzy soft set to get a generalized structure called g-rung orthopair picture fuzzy soft set,
which deal the uncertainty problem with positive, neutral and negative membership degree by affix a
parameterization tool.

The rest of this manuscript is as follows: Section 2, discusses some basic preliminaries. Section 3,
presents a hybrid of picture fuzzy set and q-ROF soft set and develop a novel structure g-ROPF soft
set, and also discuss their basic operations. In Section 4, we study some aggregation operators like g-
ROPF soft weighted averaging operator and g-ROPF soft order weighted averaging operator and their
related fundamental properties. In Section 5, we develop a step-wise algorithm for MADM problem.
In Subsection 5.1, for application we consider a biological example of common disease “obstructive
goiter”. In Section 6, we present a comparison analysis of the proposed model with the existing model
to show the superiority. In Section 7, provide a conclusion.
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2. Preliminary

Definition 2.1. [29] An IFS N on a universe H is expressed by the two-mapping given as

N = {{u, Ly (W), Gy (W)): peH}. )]

Where L5(u): H = [0,1] and G5 (u): H = [0,1] represent the MD and NMD, with the condition that
0<(Ly(w) + (Gy(w) <1. 3
And the score S(]V ) and accuracy A(N ) function is represented as

S(N) = Ly(w) — Gx(w), S(N) € [-1,1].
(N) = Ly(w) + Gx(w), A(N) € [0,1].
Definition 2.2. [12] By B,FS N on a universe of discourse H is defined as
N={(u, Ly (), Gy (n)): peH}. 2)
Where L5 (u): H - [0,1] and G5 (u): H = [0,1] represent the MD and NMD, with the condition that
0= (Lyw)” + (Grw)" <1
and the score and accuracy function of Pythagorean fuzzy set is represented as
(W) = (Ly(w)” - (Gx ()", S(N) € [-1,1].
A(N) = (L))" + (Gx(w)", A(N) € [0,1].
Definition 2.3. [20] A g-ROFS N on a universe of discourse H is defined as
N=((u, Ly (W), Gy (1)): peH}. 3)
Where L5 (u): H - [0,1] and G5 (u): H = [0,1] represent the MD and NMD, with the condition that
0= (Lyw)" + (Gyw)" <1 (= 1)
and the score and accuracy function of g-ROFS is represented as
S(N) = (Ly)” = (Gr(w)", S(N) € [-1,1]
AN) = (L) + (6xw)?, A(N) € [0,1].

Definition 2.4. [21] Let an H be a fixed set and € represent the set of parameters and C<S€. Then the
pair (¥, €) is said to be soft set over H, where ¥ is a function define as ¥: ¢ - P(H). P(H) represent
the power set of H.

Definition 2.5. [28] Let (H, ¢)be a soft universe and CS€. By Pythagorean fuzzy soft set we mean a
pair (]V , (IJ) over H, where N is a function given by N: ¢ —» PFS™ is defined as

Néj (i) = {(ui, £ (), G;(u)): i€t . 4)

Where L;(u;) represent the MD and G;(y;) represent the NMD p;eH to a set ]Véj(ui), with the

condition that
0< (Lj(.ui))z + (Gj(.ui))z <1,
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which is simply denoted by ]Véj (i) = iy Li (), Gy (uy))-
Definition 2.6. [24] Let (H, ¢)be a soft universe and CS€. By g-rung orthopair fuzzy soft set we mean
a pair (N, ¢) over H, where N is a function given by N: ¢ —» q — ROFS™ is defined as

Né‘j ()={{us, £;(uy), G (u)): pieH }. (5)

Where L;(u;) represent the MD and G;(y;) represent the NMD p;eH to a set Néj(ui), with the
condition that

q a
0<(£;)) + (Gwd) <1 (4= D,
which is simply denoted by Ivé-j(,ui)=(ui,Lj(ui),Gj(ui)) and the degree of indeterminacy of

q q
q—ROPFS; N is defined as T[ﬁé”:q\/l - ((Lj (,ul-)) + (Gj(yi)) )
ij
Definition 2.7. [7] A picture fuzzy set N on a fixed set H is displayed as

N={u Ly(w), Gy (W), £y (W): ueH}. (6)

Where Ly (), Gy(w), by(w): H — [0,1] represent the positive MD, neutral MD and negative MD,
with the condition that, with the condition that

0<(Lyw) + (6x(w) + (kx(w)) < 1.

3. ¢-Rung orthopair picture fuzzy soft (-ROPFSS) set

Definition 3.1. Let (H, ¢)be a soft universe and CS€. By g-rung orthopair picture fuzzy soft set we
mean a pair (IV , (II) over H, where N is a function given by N: ¢ » g — ROPFS™ is defined as

Néj(#i):{(#i'Lj (1), G;(u), & (uy) ): pieH and q = 1} 7)

where L;(y;) represent the positive MD and G;(u;) represent the neutral MD and t;(y;) denoted
negative MD of y;eH to a set IVéj (u;), with the condition that

0<(40) +(6w) + (W) <121

which is simply denoted by Né‘j (ui)=Cui, £i(uy), Gi(uy), £ (u;))q and the degree of indeterminacy of
q-ROPFS¢N is defined as

e, 1= (560) "+ (600) + (5w)")

Basic operations on q-ROPF soft set

Let N = (£, G, L) be any tree g-ROPFS¢Ns and NéljZ(Llj, G js Llj) (=1,2) and A, A1, 22>0. Then
the operations of g-ROPF S¢N's are define as
(1 Nén U N'e'n:(max(ﬁn’ﬁu) ,min(Gy4, G12) , min(ky 4, £q3));
(2) Ns,, 0 Ns,=(min(Ly4, £1,), min(Gyq, G2) , max (kg kq2));
(3) N=(t, G, £);

€11 €11
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)] Ne11 < Nelllfand only if (£y1 < L15,G11 < G2, 111 = L15);
(5) Ng,, ® N, = (i/(ﬁn)q + (£12)7 = (£11)7(£L12)9, 011012,{'11{'12)
6) N, 6, ® N'e'11: (13111:12; q\/(Gn)q + (G12)7 — (G11)7(G12)Y, i/(f-n)q + (b12)7 — (L11)q(t12)q);
(N AR= (V1= (1= L%, 61 );
(8) M= (), Y1 = (1= 6%, Y1 = (T —£7%).
Definition 3.2. A score function of q—ROPFS; N N (LU, ijs Lij) can be define as
q_-9_:4
(N éii):L?j_Gg' - L?ﬁ(% - %) Ty, ®)

e U U g

where > 1 and S(N,) € [—1.1].

Example 3.1. Assume that a person wants to select a car out of five possible alternatives in a market
that is U = {t1, ta, ts, ta, ts} with the parameters € = {e;, e,, €3, €,4}.
e; = Price
= Comfort
e3 = Fuel Efficiency
e, = Looks.
Let N3 = (L1, G11,£11) and Ns = (L1, G2, £15) be two —ROPFS, Ns. Then

€11~

(I) S(Ne1 )>S(Ne12) Ne11 = Ne12

(“) S(N )< S(Nen) Ne11 = N

(iii) S(Nen) S(Ns,, ), then

(@) MNe,,~ TN, then Ns. <N

(b) n%n > Tr(i_ then N;. =N;
€11 Neya

From “Table 1” we show the result in the form of q—ROPFS; Ns, by evaluated the alternative with

€11 €12

€117 Vé1p-

rating values.

Table 1. Tabular representation of q—ROPFS,S (£, G, L) for q > 3.

U e e, e, e,

t, [(0.6,0.2,03) [ (05,0.1,0.4) | (0.3,0.1,05) | (05,0.4,0.1)
t, | (05,02,0.1)(0.30.102) [ (04,0203) [ (0.4,0302)
t, | (0.6,0.2,0.1) [ (0.4,0.2,0.3) | (0.3,0.2,05) | (0.4,0.5,0.1)
t, | (04,0.,0.3) | (0.6,0.1,0.4) | (0.3,0.1,0.4) | (0.4,0.2,03)
t, [(0.5,03,0.2) | (0.4,0.1,05) | (0.3,0.1,0.5) | (0.6,0.1,0.4)

Theorem 3.1. Let Néi].Z(Li]-, Gi]-,Li]-) and N = (£, G, L) be any two q—ROPFS,Ns and A, A;, 1,>0,
having the properties.

() Né11 &) Néu: Né12 D Né11

(i) Ng,, ® Ni ,=Ng , @ Nig

(iii) A(Ns,, @ Ny, )=2ANs , @ ANg,

(V)M ®2)N=L,N D }\2
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(v) NM®r2) =M @) NA2
o~ ~ ~ ~ 3\
(VI)Néll ® N?e}]_Z: (Néll @ Nélz) :
Proof. Straightforward.

4. Average aggregation operator under the environment of g-ROPF soft set

In this section, we discuss some aggregation operators like q—ROPFS;WA and
q—ROPFS;OWA operators and their related results.

4.1. g-ROPF soft weighted average (q— ROPFS,WA) operators

Definition 4.1. Assume that NéijZ(Li]-,Gi]-,Li]-) for (i =1,2,..nandj = 1,2,....m) be collection of
q=ROPFS,Ns and weight vector o= {®1, ®2, .... ,0n} With the condition };;~; w; = 1 and v= {vi,

V2, e , Um} with the condition that ),/ ; v; = 1 for alternatives x; and parameters e;, respectively. The
mapping q—ROPFS,WA: D" — D is said to be q—ROPFS,WA operator. (D is the collection of

q—ROPFS;Ns).
q—ROPFS,WA (Ng,,, Ne,,. ..., Ne, )= v; (1L w0, ). 9)

Theorem 4.1. Consider the collection of q—ROPFS,; Ns NéijZ(Lij, Gjj, Lij) then the aggregation result
for g —ROPFS WA operator is expressed:

q- ROPFSfWA (Néll’ Nélz’ vy Nénm):®;n=1 v; (®?=1 wiNéij)

(V- (e (- 20)™) i () ()

q\/l B §n=1( i=1 (1 _ngj)“’i)”"}
q-ROPFS,WA(N;,,, N, o, No )= e, (H’iLl G?],_i)vi ' (10)
72, (k)

Ui

Q= {o1, w2, ...., On} wWith the condition }’*; w; = 1 and v= {v1, v, ...... , bm} with the condition that
. v; = 1 for alternatives x; and parameters ej, respectively.
Proof. To solve this result we use the mathematical induction. We have,

Né11 D Nélz = (z/(Ln)q + (£12)7 — (£11)9(£L12)9,G11G1, ,L11L12)

A(N = (Vi-[1 -z, G",L"))

for A>1. Forn=2 and m =2, Eq (10) is true.
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q—ROPFSWA(Ng,,, Né12)=@?=1 Vi (@i2=1 wiNéij) =, (DL wiNg,,) © v2(Di; wiNg,,)

- Ul(w1Né11 D wZNéu) D v, (wlNéu > a)ZNézz)
<‘:/1 a (1 o L;I1)w1' G'(1”11 'L(;)ll> ©®
(Ul - (1-£5)", 651 i‘é’f)

<q\/1 N (1 - L1qz)w1' Gy, ’L(&l) ®
("\/1 - (1-£3,)", 637 t)

® v,

1 q\@i 1 q\@i
=, \/1_Hi2=1(1_£i1 1@, Jl_ni2=1(1_£’i2 ’

(G T2 246 g
q N q i\Y
o (- g (- (- 2
AU \U N\ U N\ U
(M) ) )\ (i)™ (ne)”

(= (2 (1= 28)) i () i () ).

Next, we will check for n=k; and m=x,.

q—ROPFS WA (Ne,,, Ney, o Ny =012, v (@12, 0:V,)

~(r=mm (e (- 20)") " () s ()

And further for n=x; + 1 and m=x, + 1.

q—ROPFS,WA (Ne,,, Noyo oo Ney 0 ) 012, v (012, 0N, )} @

U(K1+1) (wK2+1Né(K1+1)(K2+1))

-, (e, (- 25) ™)

HJ}'(=21 (H;;G?J)'i)vi’ l_IJ"<=21 (Hﬁlk‘?]{i)vi

(1 (Kp4+1) (1= (k1+1) g\ (k4 1) (g (g 1) @i \UE oy (ep41) g (kg 41) p 07\ Vi
(e ms (e (- 2)”) e () s (nis e

Hence by the induction process we prove that Eq (10) is true for all m, n>1 and also Eq (10) is true for
n =k; +1and m =k, + 1. Moreover, to obtained the aggregated result from gq-ROPFS,WA

operator is again —ROPFS,Ns. For, any Néijz (Li]-, Gi]-,{.i]-) be collection of q—ROPFS; Ns and

weight vector ® = {®1, 02, ...., ®n} With the condition > ; w; = 1 and v = {v1, va, ......, Um} With the
condition that )" ; v; = 1 for alternatives x; and parameters ej, respectively. So,

D Vi, +1) (“)K2+1Né(x1+1)(»<2+1))

0<Ly<1
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=s0<(1-£8)* <1
= 0<Mf, (1 - £f <

= 0<%, (M, (1 - £8)) " <1

q wi\ Vi
:»05\/11;’;1(11&1(1—L;’.) ) =1
v;
Now, for 0< Gy < 1=0<M%, G < 1= 0<M2, (1%, G) " <1and

v;
0<h;<1=0<ML, b <1=0<mn, (ML, £5F) < 1.

As, 0 < Lq+Gq+L§’]S1:Gq+L?131—Lq

=T, (GH)™ + 1, (£ <, (1 - £f)™

= 2, (M, (G4 e, (s, (£2)“)™ < ey (e, (1 - £8)“9)™ (11)

Now, we have

os{\/1— (e, (1-28) i)vi}q+{nm (m, Gy ) }q+{nm (e, ) }q.

A\ Vi
By Eq (1), 0 < 1 - [T, (T, (1 - £8)™)" + 2, (I, 64 ) + (M) =1,
Therefore,

0< {J1 — 11, (1, (1 - £8) i)vi}q +{m, (e, 6 ) }q +{mp, (i 1Ll]i)vi}q <1

Hence, we proved the required result.

Example 4.1. Assume that a person wants to purchase a new laptop in the domain set

U= {t, to, t3, ta, ts}

ti=HP Pavilion,

t=Dell Inspiron,

ts=Apple 1Book,

ts=Toshiba,

ts=Lenovo

and with the parameters €= {e;, e,, €3, €4}

ei=Battery life,

e2=Memory and storage,

es=Carrying weight,

es=Warranty.

Suppose that the weight vectors o= {0.15,0.16,0.20,0.25,0.24} and v= {0.5,0.17,0.13,0.20} for the
expert x; and parameters ej, respectively. From “Table 2” we decision maker show the result in the
form of q—ROPFS; Ns, by evaluated each laptop to their corresponding parameters.
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Table 2. Tabular representation of q—ROPFS,S Néii=(Lij, Gij, Li]-) for q > 3.

U e e, €, e,
t, = HP Pavilion | (0.66,0.4,0.2) | (0.6,0.5,0.3) | (0.45.0.25,0.1) | (0.73,0.22,0.1)
t, = Dell Inspiron | (0.76,0.2,0.1) | (0.55,0.5,0.2) | (0.77,0.4,0.3) |(0.87,0.32,0.15)
t, = Apple iBook | (0.71,0.3,0.1) | (0.9,0.5,0.3) |(0.66,0.54,0.2) | (0.7,0.5,0.1)
t, = Toshiba (0.8,0.4,0.3) |(0.65,0.35,0.15) | (0.83,0.2,0.1) (0.8,0.3,0.2)
t. = Lenovo (0.62,0.5,0.2) | (0.8,0.33,0.1) | (0.58,0.3,0.1) | (0.84,0.35,0.1)

By Eq (10) we have

(a7

q~ROPFS,WA(Ne,,, N, ..., N, )- 7t (M)

€11’
.
m n pwi\t
e (k)

1—{(1—0.663)015(1 — 0.763)016(1 — 0.713)0:20(1 — 0.83)0-25(1 — (.623)0-24}05

1— {(1 — 0.63)0'15(1 — 0_553)0.16(1 — 0_093)0.20(1 — 0.653)0'25(1 — 0_83)0.24}0.17
1— {(1 — 0_453)0.15(1 — 0_773)0.16(1 — 0.663)0'20(1 — 0_833)0.25(1 — 0_583)0.24}0.13'

1— {(1 — 0_733)0.15(1 — 0_873)0.16(1 — 0_73)0.20(1 — 0_83)0.25(1 — 0_843)0.24}0.20

{(1 _ 0_43)0.15(1 _ 0_23)0.16(1 _ 0_33)0.20(1 _ 0_43)0.25(1 _ 0_53)0.24}0.5 \
_ k {(1-0.53)%15(1 — 0.5%)%16(1 — 0.53)°2°(1 — 0.35%)°25(1 — 0.333)0-24}017

3

{(1 _ 0.253)0.15(1 _ 0.43)0.16(1 _ 0.543)0.20(1 _ 0.23)0.25(1 _ 0.33)0.24}0.13 4
{(1 _ 0.223)0.15(1 _ 0.323)0.16(1 _ 0.53)0.20(1 _ 0.33)0.25(1 _ 0.353)0.24}0.20

{(1 _ 0_2)0.15(1 _ 0_13)0.16(1 _ 0_13)0.20(1 _ 0_33)0.25(1 _ 0_23)0.24}0.5
{(1 _ 0_33)0.15(1 _ 0_23)0.16(1 _ 0_33)0.20(1 _ 0_153)0.25(1 _ 0_13)0.24}0.17
{(1 _ 0_13)0.15(1 _ 0_33)0.16(1 _ 0_23)0.20(1 _ 0_13)0.25(1 _ 0.13)0.24}0.13
{(1 _ 0_13)0.15(1 _ 0_153)0.16(1 _ 0_13)0.20(1 _ 0_23)0.25(1 _ 0_13)0.24}0.20

=(0.7471,0.3543,0.1588).
Theorem 4.2. Assume that Néijz (L‘i]-, Gij, Li]-) be the collection of q—ROPFS,Ns and weight vector

o = {®1, 2, ...., ®n} With the condition Y}j-; w; = 1 and v = {v1, vy, ...... , bm} With the condition that
., v; = 1 for alternatives x; and parameters ej, respectively. Then the q—ROPFS, WA operator hold

the following properties:
(1) Idempotency: If Néij= Re , where Rz = ((,9,d) and forall (i = 1,2,...,nandj = 1,2,....,m),

then q—ROPFS WA (Ng, , N, .., Na ) =Re.
(2) Boundedness: If

€12’

Ng,= {mjn min (£;;), minmin (G;;), max max (Lij)}
] | ] ] ] i
and
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NZ, = { max max (£;; ), minmin (Gj;), minmin (Lij)},
i i j i j i

then

N. )<N*

< N
enm)— €jj -

Ng, <q—ROPFS WA (Nq

8.0 Nap,) s
(3) Monotonicity: If SR~ = (Ci]-, 9jj, .:Ii]-) be the collection of q—ROPFS, Nssuch that
Lij < Ci]r G < 91], Ll] = C{ then

q-ROPFS,WA(Ng,,, Ny, ..., Ns, ) < q—ROPFS,WA(Rs,,, Rs,, - -» Ras, . )-
(4) Shift Invariance: If R = (G, 9y, ;) is — ROPFS, Ns, then

q—ROPFS,WA(N;s,, @ Rs, N, ® R, ... D R:) =

enm

q-ROPFS WA (N;,,, Ne,, ..., Ne ) © Re.

(5) Homogeneity: If A > 0, then

q—ROPFS,WA (AN;, , AN ., ANg,_)=2A q—ROPFS, WA (N;

dpyr oo 8,0 Nap,» s Na_ ).

Proof. We know that Ni.. = Rs = (C,9,4d), then we have

/J1— (T (1 - 28) i)vi,
q- ROPFS WA(Nen’ e12"""Nénm):| Hjnzll(nn 1G ) ’

e, (k)

€11

N~

‘*\/ m ([T, (1 — Co)onw,
1(“ 1aq)vl
j=1(Hi=1dq)v‘

=(m, 91,4%).

)=Rs.

Hence, q—ROPFS WA (Ng, ,Ng,, ..., Ne_
(2) Boundedness: We know that

Ngij={ minmin (£;;), minmin (G;;), max max (Li,-)}
j i j i j i
and

NZ, {max max (£;;), min min (Gy), min min (Lu)}

To show that,

Ng, <a-ROPFS,WA(Nq,,, N, ..., Ng, ) SN .
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= minmin {Li} <L < max max {L;}

o 1- maxmax{L J<1-sf<1- mjinmiin{ij}

wi\ Vi

o nr, (H}Ll (1 — max mgx{LZ}) ) <z, (e, (1 - )w‘) <mnm, (H{‘ L (1 - mln min
wi\ Vi
zsy) )
Yt v

T wp\ FE .
& ((1 — max max {LZ}) ) <z, (L, (1 - ij)wi)vl < ((1 — minmin
J ! ] i

{Lf’f})ml“’f?ﬁwi
o (1 — maxmax {L?j}> <, (L, (1-£9)")" < <1 . })

e1- (1— m?xmgx{Lf’j}>< 1-12, (e, (1 - £ )w‘) < 1—(1— mlnmln{L })

N a Wiy Vi
< minmin {£;} < Jl -7, (H{Ll (1 — Lf’j) ) < max max {L}. (12)
Next, we have
& minmin{G;} < G < max max {Gy}

j i

i\ Vi i\ Vi

e nr, (H}Ll (mjin miin{Gi,-}>w ) | < 2, (T3 1(Gu)wl) <% <H? 1 <max max {G”}>w )

N << min miin{Gi,-}>Z?=1wi>2ﬁlvi < 72, (I, (Gy) ™) " < (( max max {Gij}f?:lwi)

& min min {Gy} < M2, (ML, (1 — £ )w‘) < maxmax{Gll} (13)

m
Zi=1 Vi

and

< min min {L;} < &y < max max {ts}

i\ Vi i\ Vi

e nn, (H{;l (mjin miin{Li]-}>w ) | < 2, (M L))" =Ty <H;1 1 <max max {L”}>w )

o ((mjinmiin{ti,.})zy'“"jmlvi < 0 0 )" = e {Lu})mj

& minmin (b} < 2 (M (k) )" < max max {&;;} (14)
i ] !

m
Zi=1vi
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Therefore, from Eqs (12)—(14), we have

. . q wi\ Vi
< min min{£;;} < \/1 — 7, (l‘l{;l (1 — L?j) ) < max max {£;}
o minmin{G;} < M2, (M, (1 - )wi)vi < max max {Gy;}

J ! j i

< minmin {b;} < W2, (I L (k) D) < max max {£}.

Let 5=q-ROPFS,WA(N;, , Ny, ..., N5, ) = (L5, Gs, £5), then by score function
169419
S(8)=L9-G3 — 9+ es s 1 4
(8)=L;—Gs — L5 Tl T 2)"s

< ( max max {Li]-}>q < (mjin min {Gi,-}>q < <mjin min {Lij}>q+

( e( max max {Li,-}> -( mjin miin [aij}> -( mjin miin {bij}> ) 1\‘ .

\ ( max max {Lij}>q-< min min [aij}>q-< mjin min {bij}>q 2 / nNéii

i ] +1

=s(N,)

= S(8)< S(N;ﬁ)

and

(m.inm_in{g }> <m|nm|n{ }) (maxmax{tu}>q
AN I L4

]

< mjin miin {Li]}> ( mjln miln (¢ u}) ( max max {Lij}>q 2 %ij

N S(Neu)
= 5(8) = 5(Ng, ).

Now we have the following cases:
(i) IfS(6)< S(N;j) and S(8)>S( ) by the comparison of these two q— ROPFS,Ns, we get

Ng, <a—ROPFSWA(Ng,,, N, ,, ..., Ne,, ) < N
(ii) I 3(5)=3(N;j), then
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q a a
= (m?x max {Li]-}> < <mjin min {Gi,-}) < <mjin min {Lij}) +
( max max {Lij}>q—< mjin miin [cij}>q-< mjin miin {Li]-})q

]

( max max {,ci]-}>q-< min min [cij}>q-< mjin min {Lij}>q 2 | N,

J ! +1
then by above inequalities, we get

= L5 =maxmax {£;;}, Gs = minmin (Gj;), 5= max max (k)
J 1 j i i i

=i =ni_

ZI-Q

ell

= q—ROPFSWA(Ng,,, N, ,, ..., No,, )=NG, .
Hence
Nz, ; < q-ROPFS WA(Ng, ,Ng,, oo, N ) < NE

(3) Monotonicity: Since Lu < Gij, Gjj < 9jj and &5 = dj;, then
= Ly < G = 1-Cy < 1-L; = 1-CF, < 1-L],
:Hml(n (1= ?j)wi) ‘<o 1(“ L(1-2 iqj)wi)vi
= 1= (M (1 - £8)) " < 1 -y (e, (1 - ¢)“) ™

- - (s (- 28)") " = 1 (e (1))

next Gjj; < 9j;

= I 1(G1]) < I 1(311)(»1

= 17, (1 (6) ) < 172, (117, (85) )

and Lij = Clij

= L 1(Lll) > I1;; 1(5{11)(01

= 72, (M. 1(Lll)wl) < 2, (M 1(dll)wl) :

Suppose that =9 — ROPFS WA (Nen, Bypr e Nénm) = (LSN' GSN'LSN) and
85=0—ROPFS WA (Rs,,, Re,r - Re,, ) = (Coy Oty oy )-

Now, from the above equation, we have
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Lij < Ci]', Gi]' < Bi]- and Lij = dij

then by the score function we have S(8x) < S(6«).
Now, we have the following cases:
() By the comparison of two ¢g-ROPF soft numbers, if S(8g) < S(8g), then

q-ROPFS,WA(N;,,, N ., Na, ) < g—ROPFS,WA(Rs,,, Ra,s - Re)-

Bqg0 "

(1) IfS(8g) = S(8y), where

N1
S(8x) = Lg;~Goy ~ LgN+< P A E) 5
N

e Y 1
S(Sg{) = Lg‘R_GgSR — LZ{F(W — E) 7'l'€o~l~ .

o S U8q Syyq
We have, Ls; = Csyy Gy = sy and Ls, = dsy- Hence
= né’ﬁz ngm
= (Lsg Gogr Loy ) = (Cogr Doy dsyy)-
Proved that q—ROPFS WA (N, N N, ) < d—ROPFS WA (Rs,,, Re,,, - -» Rs, . )-
(4) Shift Invariance: Since Rz = (C,9,d) and Néijz (Léi]., Gy, Léi].) are the g-ROPF soft numbers, so

PRI

Néij D R: = (q\/(l - ng) (1-C9), G?j& L%:I). Therefore,

q-— ROPFSfWA(Nell @ iRé, Nélz@ Rgr v+ Nénm @ ERé): @7;1 V; (®?=1 wi (Néij @ iRe)>

v

_ <q\/1 —-nr, (H?=1 (1 - Liqj)wi (1- cq)wi) i,n}’;l(n?:l(;giawi)vi ,eril(n;(lzlb?}idwi)vi>

- <q\/1 -(1-cnn, (nlrlzl (1 — Llflj)wi)vi,anj”;l(n?zl(;?]’.i)“i 'dnjril(n?zl‘h?]’,i)vi>

1 Wi Vi A\ Vi A\ Vi
(e (o, 0= 28 () s e @ 00
q—ROPFS WA (Ng, , Ng ,, .., N, ) @ Re.

(5) Homogeneity: Let Néijz (Léij, Géil., Léij) be a q—ROPFS; Nsand A >0, be any real number, then

— q A
AN=<J1 - (1 —ij) ,Gg.,Lg)
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A

i e (e - 3)")

8, ANg ) o, ANg,__) = (H}"I(H{‘ 1Gf".i)vi)k
2 (M1 Gy ,

(e ()"

= q- ROPFS WA(Nen, Bypr s Nénm)-

q— ROPFS,WA (AN,

Hence, the property proved.

4.2. q-ROPF soft ordered weighted average (q—ROPFS,OWA ) operator

Definition 4.2. Assume that N (1:1], GIJ,LIJ) for (i =1,2,..nandj = 1,2, ....m) be collection of
q=ROPFS; Ns and weight Vector 0= {®1, ®2, .... ,0n} with the condition };j~; w; = 1 and v= {v1,

V2, e , Um} with the condition that ),/ ; v; = 1 for alternatives x; and parameters e;, respectively. The
mapping —ROPFS,OWA: D" — D is said to be q—ROPFS,OWA operator. (D is the collection of

q—ROPFSNs).

q—ROPFS,OWA (N, Ny, ..., Ne )=07 v; (D1 0N, )- (15)

Theorem 4.3. Consider the collection of q—ROPFS,; Ns N (LU, Gjj, LU) then the aggregation
result for q—ROPFS,OWA operator is expressed:

q- ROPFS WA(Nen, Bygr e e Nénm) = @ﬁl Ui (@?:1 “)iNd'eij)

(= (s (= ) ) s ()

q—-ROPFS,WA(N;,,, Ng,,, ., Ng, ) =

V- (e (- 22,)")
e, (M, 62) (16)
e, (i)

0= {01, ®2, ...., ®n} With the condition Y;j-; w; = 1 and v= {v1, V2, ...... , bm} with the condition that
1 v; = 1 for alternatives x; and parameters ej, respectively.
Proof. Proof is similar to the theory of “ q—ROPFS,WA” operator.

Example 4.2. From “Table 2” of Example 4.1, we take the collections q—ROPFS,Ns
Néij = (Lij,Gi]-,Lij)) by using the score function, the we obtain the tabular representation of
Néijz (L(,i]-, Giijs Lci]-) is presented in “Table 3”.
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Table 3. Tabular representation of ¢ —ROPFS,S Néii=(Loi]-, Goijs Loi]-) for q > 3.

V] e e, e, e,
t, | (0804,03) | (09,0503) | (0.83,0201) |(0.87,0.32,0.15)
t, | (0.76,0.2,0.1) | (0.8,0.33,01) | (0.77,04,03) | (0.84,0.35,0.1)
t, | (0.71,0.3,0.1) | (0.65,0.35,0.15) | (0.66,0.54,0.2) | (0.8,0.3,0.2)
t, | (0.66,04,02)| (060503) | (0580301) | (0.730.220.1)
t, | (0.62,05,02) | (055050.2) | (045.0250.1) | (0.7,050.1)
By Eq (16) we have
q wi\ Vi
/\/1‘ (M (1-£8,) ) \
q-ROPFS WA (N, N, ..., N ) = e, (62
-\ Vi
7, (I )

1—{(1—0.8%)015(1 — 0.763)016(1 — 0.713)0-20(1 — 0.663)°-25(1 — 0.623)0-24}05

3 1— {(1 — 0_93)0.15(1 — 0.83)0'16(1 — 0.653)0'20(1 — 0.63)0'25(1 — 0_553)0.24}0.17
1— {(1 — 0_833)0.15(1 — 0_773)0.16(1 — 0.663)0'20(1 — 0_583)0.25(1 — 0_453)0.24}0.13'

1— {(1 — 0_873)0.15(1 — 0_843)0.16(1 — 0_83)0.20(1 — 0_733)0.25(1 — 0_73)0.24}0.20

{(1 _ 0_43)0.15(1 _ 0_23)0.16(1 _ 0_33)0.20(1 _ 0_43)0.25(1 _ 0_53)0.24}0.5 \

{(1 _ 0.53)0.15(1 _ 0.333)0.16(1 _ 0.353)0.20(1 _ 0.53)0.25(1 _ 0.53)0.24}0.17

- {(1 _ 0_23)0.15(1 _ 0_4_3)0.16(1 _ 0_543)0.20(1 _ 0_33)0.25(1 _ 0_253)0.24}0.13 ’
{(1 _ 0_323)0.15(1 _ 0_353)0.16(1 _ 0_33)0.20(1 _ 0.223)0.25(1 _ 0_53)0.24}0.20

{(1 _ 0_33)0.15(1 _ 0_13)0.16(1 _ 0_13)0.20(1 _ 0_23)0.25(1 _ 0_23)0.24}0.5
{(1 _ 0_33)0.15(1 _ 0_13)0.16(1 _ 0_153)0.20(1 _ 0_33)0.25(1 _ 0_23)0.24}0.17
{(1 _ 0_13)0.15(1 _ 0_33)0.16(1 _ 0_23)0.20(1 _ 0_13)0.25(1 _ 0.13)0.24}0.13
{(1 _ 0_153)0.15(1 _ 0_13)0.16(1 _ 0_23)0.20(1 _ 0_13)0.25(1 _ 0_13)0.24}0.20

=(0.7264,0.3568,0.1568).

Theorem 4.4. Consider the collection of q—ROPFS, Ns Néi].Z(Li]-, Gi]-,Lij) of weight vector o= {m,

®2, ...., ®n} With the condition }j~; w; = 1 and v= {v1, vy, ......, Um} With the condition that }}}"; v; = 1
for alternatives xi and parameters e;j, respectively. Then the q—ROPFS;OWA operator hold the

following properties:

(1) Idempotency: If Néij= Rs, where Rs = ((,9,d) and for all (i = 1,2,...,nandj = 1,2,....

then g—ROPFS,OWA (N, N
(2) Boundedness: If

ey Nénm) = iRe

€12’

Ng,= { min min (L), min min (Gy), max max (Lij)}

and

,m),
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NZ, = { max max (£;; ), minmin (Gj;), minmin (Lij)},
i i j i j i

then

) ~+
enm - e]]

< g—ROPFS,;OWA (N , Ny

€11’ e12""
(3) Monotonicity: If R (Cll, 9jj, ‘:Il]) be the collection of q—ROPFS, Nssuch that
Lij < Gij, Gjj < 9y, Ljj = dj then

q— ROPFS, OWA (N som) < 0—ROPFS,OWA (R, Rs.,, ..., Re,)-

€11’ e12""'
(4) Shift Invariance: If R = (G, 9y, ;) is — ROPFS, Ns, then
q—ROPFS,OWA (N, @ Rs, Ns,, ® Rs, ... D R:) =

q—ROPFS, OWA (N¢,,, Nz, .-, enm)EBER

enm

(5) Homogeneity: If A > 0, then

q—ROPFS,OWA (AN;, ,AN;,, ..., ANz ) =A q—ROPFS,OWA (Ny , Ns_, ..., N _).

€11’ €127

Proof. Straight forward.

5. MADM under ¢-ROPF soft information

In real life situation DM play very important role, and it is a pre-plan process of selecting the best
choice out of many alternatives. Let A= {ai, 3, ...... a1} be the set of alternative and corresponding set
parameter C= {ci, Cz......, ¢m}. The team of n senior expert Pi, D, ....... , Pn} evaluate to each
alternative g to their corresponding parameters c;. The group of senior experts provide their evaluation
in terms of N (LU,GU,LU) with the weight vector 0= (w4, w2,..... ,wn)T with the condition

Liw=1 and v =(vl,v2,...... ,um)T with the condition that };]-, v; = 1 for alternatives x; and
parameters ej, respectively. Where the collective information of senior expert are described by the
decision matrix M:[Néij]mxn and the aggregated ¢g-ROPF soft number Os for alternative (S=1, 2,....,1)
is given as Us=(Lg, Gg, Lg). Finally, we apply the score function on each aggregated ¢g-ROPF soft

number Us=(Ls, Gg, Lg) for the alternative and rank them in a specific ordered to get the best option.
Steps involve in algorithm for solving MADM applications.

Algorithm:
Step 1. Construct a decision matrix MZ[Né..]
Ylmxn
(£11,G11.£11) (L12,G12t12) - LimGimbam)
M = (L211G211L21) (LZZIGZZILZZ) (LZm’GZm'LZm)
(le»Glm»le) (LZm,GZm’LZm) (an’Gnm'an)

Step 2. Normalization of ¢g-ROPF soft decision matrix Mz[Néij]

mXxn
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for cost type parameter we use Ngij

P, = o
" (for benefit type parameter we use N,

where Ngﬁ} reprsent the complement of Néij.
Step 3. To aggregate the -ROPF soft number NéijZ(Lij, Gij, Lij) for each alternative.

Step 4. To calculate the score value.
Step 5. At the end arrange the score value to choose the best option.

5.1. Application of the proposed model to MCDM

For a decision-making problem, we consider a numerical example. Let consider a D1, D2, D3, Da,
Ds which represents the set of senior expert doctors having ©=(0.16,0.26,0.15,0.20,0.23)T represent
the weight-vector which evaluate a common disease “obstructive goiter” of four different patients
(alternatives) zi, z», z3 and z4 based on the following signs and symptoms may include:

( c; = Difficulty swallowing \
lc, = Difficulty breathing with exertion |
C= cz = Cough

¢, = Hoarseness
Cs = Snoring

which represent the set of parameters having weight vectors v= (0.28,0.20,0.1,0.15,0.27)T . To
diagnose the illness patients, we construct a step-wise algorithm.
By ¢-ROPF soft weight averaging operator:

Step 1. Construct a decision matrix MZ[Néi].] expressed in g-ROPF soft numbers, which are given
mXxn

in Tables 4—7, respectively

Table 4. g-ROPF soft matrix for patient z;.

C, c, C, C, C;
b, | (0.71,0.25,0.1) | (0.77,0.2,0.15) | (0.88,0.22,0.11) | (0.81,0.18,0.11) | (0.79,0.2,0.1)
b, | (0.8,0.22,0.11) | (0.85,0.12,0.11) | (0.7,0.3,0.15) | (0.75,0.15,0.1) | (0.74,0.4,0.14)
b, | (0.77,0.2,0.1) |(0.75,0.25,0.15) | (0.84,0.12,0.11) | (0.86,0.2,0.1) | (0.86,0.2,0.1)
b, |(0.78,0.18,0.1) | (0.7,0.18,0.11) | (0.75,0.25,0.1) | (0.7,0.25,0.15) |(0.65,0.16,0.11)
b, |(0.7,0.35,0.25) | (0.8,0.19,0.1) | (0.74,0.2,0.1) | (0.6,0.3,0.2) | (0.5,0.3,0.1)

Table 5. g-ROPF soft matrix for patient z,.

G C, G C Cs
P, | (0.6,03,0.15) |(0.7,0.22,0.11) | (0.66,0.25,0.1) | (0.8,02,0.1) | (0.63,0.3,0.1)
P, | (0.5,0.25,0.1) |(0.8,0.25,0.13) [ (0.75,0.16,0.12) | (0.66,0.25,0.18) | (0.71,0.17,0.2)
P, | (0.64,0.25,0.1) | (0.5,0.2,0.1) | (0.85,024,0.1) | (0.7,0.30.2) | (0.6,0.26,0.15)
P, | (0.66,0.4,0.25) [ (0.6,0.3,0.18) | (0.76,0.2,0.1) [(0.68,0.25,0.15) | (0.55,0.25,0.15)
D, | (0.7,05,02) [(0.75,0.2,0.18) [ (0.67,0.25,0.15) | (0.6,0.3,02) | (0.7,0.3,0.1)
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Table 6. g-ROPF soft matrix for patient z3.

c c, C, C, Cs
D, | (0.7,0.25,0.15) [ (0.55,0.33,0.11) | (0.76,0.2,0.1) | (0.8,0.19,0.1) | (0.65,0.22,0.1)
D, [ (0.65,022,0.11) | (0.8,0.3,0.1) | (0.8,02,0.18) | (0.50.150.1) | (0.9,0.10.1)
D, | (0.87,0.23,0.1) | (0.6,0.25,0.15) | (0.7,0.2,0.1) [(0.76,0.21,0.11) | (0.76,0.23,0.11)
P, | (0.8,03,02) [ (0.78,0.13,0.1) [ (0.75,0.25,0.15) [ (0.4,0.2,0.1) | (0.66,0.3,0.2)
P, | (0.75,0.4,02) | (0.6503,0.1) | (0.6,0.10.1) | (0.6,0.23,0.1) | (0.66,0.302)

Table 7. g-ROPF soft matrix for patient z,.

G ) G C, Cs
(0.76,0.3,0.1) [ (0.85,0.22,0.11) | (0.84,0.2,0.1) | (0.78,0.3,0.1) | (0.650.26,0.1)
(0.82,0.14,0.11) | (0.78,0.18,0.1) | (0.6,0.12,0.11) |(0.73,0.17,0.11) | (0.9,0.3,0.1)
(0.72,0.22,0.1) | (0.83,0.25,0.1) | (0.84,0.13,0.11) | (0.72,0.22,0.11) | (0.77,0.2,0.1)
(0.6,0.27,0.16) | (0.6,0.3,0.2) | (0.7,0.3,0.2) [(0.83,0.13,0.11) [ (0.6,0.25,0.15)
(0.66,0.23,0.11) | (0.80,0.22,0.12) [ (0.77,0.25,0.15) | (0.70,0.17,0.12) | (05,0.3,0.2)

N

N

ool oo

a

Step 2. Normalization is not necessary because all the parameters are similar.

Step 3. To aggregate the q— ROPFS WA operator for each alternative, so we get

01=(0.7590,0.2206,0.1198)
0:=(0.6772,0.2621,0.1429)
05=1(0.7361,0.2172,0.1210)
0.=(0.7557,0.2220,0.1204).
Step 4. To calculate the score value.
S(01) =0.5120
S(02) =0.3539
S(U5) = 0.4681
S(Ua) =0.5052.
Step 5. At the end arrange the score value to choose the best option.

S(U1) >S(Va) >S(Ts) >S(V>).

Figure 1 shows the ranking order of alternatives of q—ROPFS ;WA operator.
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Figure 1. The ranking order of alternatives of q—ROPFS WA operator.

So, from the above analysis, it is observed that patient z: is more illness.
By ¢-ROPF soft ordered weight averaging operator:

expressed in g-ROPF soft numbers, which are given
mxn

Step 1. Construct a decision matrix Mz[Néi].]
in Table 8—11, respectively.

Table 8. g-ROPF soft matrix for patient z;.

C c, C, c, Cs
D, | (0.8,0.22,0.11) [ (0.85,0.12,0.11) | (0.88,0.22,0.11) | (0.86,0.2,0.1) | (0.86,0.2,0.1)
D, | (0.78,0.18,0.1) | (0.8,0.19,0.1) [(0.84,0.12,0.11) | (0.81,0.18,0.11) | (0.79,0.2,0.1)
P, | (0.77,0.2,0.1) | (0.77,0.2,0.15) | (0.75,0.25,0.1) | (0.75,0.15,0.1) | (0.74,0.4,0.14)
D, | (0.71,0.25,0.1) [ (0.75,0.25,0.15) | (0.74,0.2,0.1) | (0.7,0.25,0.15) | (0.65,0.16,0.11)
B, [(0.7,0.35,0.25) | (0.7,0.18,0.11) | (0.7,0.3,0.15) | (0.6,0.3,0.2) | (0.5,0.30.1)

Table 9. g-ROPF soft matrix for patient z,.

Cl CZ C3 C4 CS
D, | (0.8,0.22,0.11) [ (0.85,0.12,0.11) | (0.88,0.22,0.11) | (0.86,0.2,0.1) | (0.86,0.2,0.1)
D, | (0.78,0.18,0.1) | (0.8,0.19,0.1) |(0.84,0.12,0.11) | (0.81,0.18,0.11) | (0.79,0.2,0.1)
P, | (0.77,0.2,0.1) | (0.77,0.2,0.15) | (0.75,0.25,0.1) | (0.75,0.15,0.1) | (0.74,0.4,0.14)
D, | (0.71,0.25,0.1) [ (0.75,0.25,0.15) | (0.74,0.2,0.1) | (0.7,0.25,0.15) | (0.65,0.16,0.11)
B, [(0.7,0.35,0.25) | (0.7,0.18,0.11) | (0.7,0.3,0.15) | (0.6,0.3,0.2) | (05,0.30.1)

Table 10. g-ROPF soft matrix for patient z5.

Cl CZ C3 C4 CS
P, | (0.87,0.23,0.1) | (0.8,0.3,0.1) | (0.8,0.2,0.18) | (0.8,0.19,0.1) | (0.9,0.1,0.1)
b, (0.8,0.3,0.2) (0.78,0.13,0.1) (0.76,0.2,0.1) (0.76,0.21,0.11) (0.76,0.23,0.11)
b, | (0.75,0.4,0.2) | (0.65,0.3,0.1) |(0.75,0.25,0.15) | (0.6,0.23,0.1) | (0.66,0.3,0.2)
p, | (0.7,025,0.15) | (0.6,0.25,0.15) | (0.7,0.2,0.1) | (0.5,0.15,0.1) | (0.65,0.22,0.1)
B, |(0.65,0.22,0.11) [ (0.55,0.33,0.11) | (0.6,0.1,0.1) | (0.4,0.2,0.1) | (0.55,0.15,0.1)
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Table 11. g-ROPF soft matrix for patient z,.

Cl C2 CS C4 C5

. | (0.82,0.14,0.11) [ (0.85,0.22,0.11) | (0.84,0.2,0.1) | (0.83,0.13,0.11) [ (0.9,0.3,0.1)
(0.76,0.3,0.1) | (0.83,0.25,0.1) | (0.80,0.13,0.11) | (0.78,0.3,0.1) | (0.77,0.2,0.1)
(0.72,0.22,0.1) |(0.80,0.22,0.12) | (0.77,0.25,0.15) | (0.73,0.17,0.11) | (0.65,0.26,0.1)
(0.66,0.23,0.11) | (0.78,0.18,0.1) | (0.7,0.3,0.2) [(0.72,0.22,0.11) [ (0.6,0.25,0.15)
(0.6,0.27,0.16) | (0.6,0.3,0.2) | (0.6,0.12,0.11) |(0.70,0.17,0.12) | (0.5,0.3,0.2)

N

N

||| oo

a

Step 2. Normalization is not necessary because all the parameters are similar.
Step 3. To aggregate the q—ROPFS; OWA operator for each alternative, so we get

0:=(0.7597,0.2172,0.1186)
0:=(0.6698,0.2648,0.1421)
05=(0.7295,0.2176,0.1201)
0.=(0.7473,0.2277,0.1201).
Step 4. To calculate the score value.
S(01) =0.5140
S(02) =0.3413
S(0s) =0.4557
S(04) = 0.4878.
Step 5. At the end arrange the score value to choose the best option.

S(U1) >S(Vs) >S(Ts) >S(V>).

Figure 2 shows the ranking order of alternatives of q—ROPFS; OWA operator.

Figure 2. The ranking order of alternatives of q—ROPFS; OWA operator.

So, from the above analysis, it is observed that patient z: is more illness.
6. Comparative analysis

In this section we compare the result of our proposed model with the existing methods based
on different operators, to show superiority and influence. In the existing method of various operators

(see [15,24,26-28]) we handle the DM problem with the help of membership and non-membership

AIMS Mathematics Volume 8, Issue 4, 9027-9053.
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degree with attributes, but it cannot handle the situation when the expert’s judgment is of a type like
yes, abstinence, no and rejection, because there is no information about the neutral degree. So, the
logic behind our proposed model is that they have the capability to handle the situations with more
generality than the existing concepts, with positive, neutral, and negative degrees (0<(p)? + (m)? +
(v)? <1) with parameterization tools, which is more generalized than the previous concept. Based on
q-ROPF soft weighted averaging operator and ¢g-ROPF soft order weighted averaging operator we

construct a decision matrix MZ[Néij] expressed in g-ROPF soft numbers, which are given in
mXn
Table 4—11 than aggregated this decision matrix with weight vector 0)2(0.16,0.26,0.15,0.20,0.23)T

and their corresponding results for each candidate are given in Table 12 and also Figure 3 shows the
graphical representation of proposed operators with existing operators.

Table 12. Comparison analysis with existing operators.

Methods Z; Zy Z3 Zy Ranking

IFWA [26] 0220169 0.211734 0332146  0.270078  U3>0,>0,>0,
IFOWA [26] 0230663 0.217267  0.329021  0.254617  U3>U,>0,>0,
IFHA [26] 0.232465 0.225013  0.32471 0.240629  U5>U,>U,>0,
IFSF WA [27] 0.516859 0.548324  0.604673  0.590214  U,>0,>0,>U;
PES; WA [28] 0.522097 0.565965  0.621904  0.590214  U3;>U,>U,>0;
PFS;OWA [28] 0.532526  0.575719  0.621094  0.593809  U,>0,>U,>U;
PFS;HA [28] —0.39452 —0.37378  —0.34634  —0.33975  U;>0,>0,>0,
q-ROFWA [15] 0.81579  0.79845 0.147617  0.099586  U,>U,>0,>0,

q —ROFS,WA [24]  0.414877 0.46537 0.522354  0.484856  U3>U,>U,>U;
q —ROFS,OWA [24] 0.426939 0.475573  0.521928  0.483572  U3>U,>U,>0U;
q — ROFSHA [24] -0.29764 —0.27858  —0.2507 -0.5753 0U3>0,>0,>0;
q — ROPFS, WA 0.5120  0.3539 0.4681 0.5052 0,>0,>05>0,
q — ROPFS,OWA 0.5140  0.3413 0.4557 0.4878 0,>0,>0,>0,

08 T T T T

| 3 06 - o
. FowA
I FHA
I 7 STWA
[ PFSWA 04
[T PFSIOWA
 — =TT
[CJqROFWA
[JqRoFsWA |02}
I ;-ROF STOWA

I ROFSHA
I -ROPFSIWA ﬂ

I ROPFSIOWA | 0O

06 L ! L L

Figure 3. Graphical representation of comparison analysis.
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7. Conclusions

In this article we present the hybrid of picture fuzzy set and g-rung orthopair fuzzy soft set, to get
the generalized structure of g-rung orthopair fuzzy soft set called g-rung orthopair picture fuzzy soft
set 0—ROPFS,S, which is characterized by positive, neutral and negative membership degree by

affixing a parameterization tool to solve the uncertainties. The notion of q—ROPFS,S S covers the

gap of neutral degree, in the existing concept of g-rung orthopair fuzzy soft set. The main contribution
of this article is to investigate the basic operations and aggregation operators like g-ROPF soft
weighted averaging operator and ¢-ROPF soft ordered weighted averaging operator under the
environment of g-rung orthopair picture fuzzy soft set. Moreover, some fundamental properties like
idempotency, boundedness, monotonicity, shift invariance, and homogeneity based on these operators
are studied. Under the environment of g-ROPF soft set, we consider a biological problem (medical
problem) and construct a stepwise algorithm for decision-making problem. Finally, we make a
comparison analysis to compare the result of our proposed model with the existing methods, for show
superiority and influence. The advantage of our proposed model is that they can handle the situations
with more generality than an existing concept (g-rung orthopair fuzzy soft set), i.e., the existing
concept, we deal the real-life problems with membership degree and non-membership degree
(0<(W)? + (m)9<1) with attributes but in the proposed method we handle the situations with positive,
neutral and negative degree (0<(n)? + ()7 + (v)? <1) with parameterization tools, which is more
generalized than the previous concept. This proposed work will be extended in various directions such
as g-rung orthopair interval-valued picture fuzzy soft set, g-rung orthopair bi-polar picture fuzzy soft
set, g-rung orthopair m-polar picture fuzzy soft set, g-rung orthopair cubic picture fuzzy soft set and
g-rung orthopair neutrosophic fuzzy soft set, etc.
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