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Prioritization of thermal energy
techniques by employing
picture fuzzy soft power average
and geometric aggregation
operators

Tahir Mahmood?, Jabbar Ahmmad?, Jeonghwan Gwak?3**>>! & Naeem Jan?

Energy storage is a way of storing energy to reduce imbalances between demand and energy
production. The ability to store electricity and use it later is one of the keys to reaching large quantities
of renewable energy on the grid. There are several methods to store energy such as mechanical,
electrical, chemical, electrochemical, and thermal energy. Regarding their operation, storage, and
cost, the choice of these energy storage techniques appears to be interesting. This issue becomes very
serious when there involves uncertainty. To consider this kind of uncertain information, a picture fuzzy
soft set is found to be a more appropriate parameterization tool to deal with imprecise data. Based

on the advanced structure of picture fuzzy soft set, here in this article, firstly, we have developed

the notions of basic operational laws for picture fuzzy soft numbers. Then based on these developed
operational laws, we have established the notions of picture fuzzy soft power average (PFS¢PA),
weighted picture fuzzy soft power average (WPFS¢PA) and ordered weighted picture fuzzy soft power
average (OWPFSPA) aggregation operators. Moreover, we have introduced the notions for picture
fuzzy soft power geometric (PFS¢PG), weighted picture fuzzy soft power geometric (WPFS¢PG)

and ordered weighted picture fuzzy soft power geometric (OWPFS#PG) aggregation operators.
Furthermore, we have established the application of picture fuzzy soft power aggregation operators
for the selection of thermal energy storage techniques. For this, we have developed a decision-making
approach along with an explanatory example to show the effective use of the developed theory.
Furthermore, a comparative analysis of the introduced work shows the advancement of developed
notions.

Energy storage techniques help to store the energy that can be used further in the future to cover energy prob-
lems. The thermal energy storage technique (TEST) is considered to be the most crucial energy technique.
Dincer! proved in his research that TEST is the key energy storage technique for energy conservation. Economic
reasons have an impact on energy conversion systems, and this has made TEST more prominent. Kocak et al.?
reveal that TEST is a useful technique and it has many applications in industry. Such TEST systems have a lot of
potential for expanding the use of thermal energy equipment on an optional basis. There are typically three dif-
ferent types of TEST, namely, sensible TEST, latent TEST, and thermochemical TEST. The necessary storage time
typically affects the choice of TEST. TESTSs seem to be among the most appealing thermal applications in this area.

The fuzzy set (FS)® originated by Zadeh is a great achievement for dealing with ambiguous data to reduce
uncertainty. The theory of FS has been extensively used in different fields. The fuzzy TOPSIS technique was
developed by Cavallaro?, who then used it for the evaluation of thermal energy storage in concentrating solar
power projects. Gumus et al.” additionally suggested fuzzy AHP and fuzzy GRA approach for selecting hydrogen
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energy systems. Soft set (SﬁS) introduced by Molodtsov® is one of the value structures that use parameterization
tools that can reduce uncertainty in more decent ways. The conception of S¢S has made remarkable contributions
in different fields like medical” and MCDM approaches®. Feng et al.” use the idea of S;S in three-way decision-
making problems and established three-way decision-making on canonical soft sets of hesitant fuzzy sets.
Many new developments have been made in this regard and some structures have been developed like fuzzy

soft set'® FSg;S, intuitionistic fuzzy soft set (IFSS)"!, Pythagorean fuzzy soft set (PyFS;S)? and q-rung orthopair

fuzzy soft set'*(q — ROFS;;S). Many scholars have applied similar ideas to various fields, such as cleaner produc-
tion evaluation for the aviation industry by Peng and Li'* using FS; S.IFS; S is a more advanced structure because
it covers membership grade (MG) and non-membership grade (NMG) by using the circumstances that the sum
(MG, NMG) must belong to [0, 1]. IFS4S provides more space to decision-makers and they have utilized this
structure in different fields. Khan et al.'* use the concept of IFSy;S into the decision support system. Furthermore,
based on Archimedean t-norms of IFS;S, some generalized Maclaurin symmetric mean aggregation opera-
tions have been proposed by Garg and Arora'®. Moreover, Hooda et al.'” use the concept of IFS;; S to medical
fields and provide its applications. Moreover, Garg and Arora'® introduced generalized IFS; power aggregation
operators based on generalized t-norms. Also, some new methods have been introduced like the PROMETHEE
method have been introduced by Feng et al."” based on IFS;S. Feng et al.* proposed another view on general-
ized IFSS and discussed its applications to MADM problems.PyFS S uses the more advanced condition that

sum(MG*, NMG?) must belong to [0, 1]. Based on this more advanced structure, an extended PyFS;S computing
strategy for systems of environmental management was proposed by Ding et al.?! for renewable energy pricing.
Moreover, Zulgarnain et al.”> proposed TOPSIS methods using the environment of the correlation coefficient for
PyFSS and provide its applications towards supply chain management. Furthermore, the applications of PyFSS

in green supplier chain management has been developed by Zulqarnain et al.*>. PyFSy;S is a valuable structure

but in many cases when decision-makers supply 0.8 as MG and 0.7 as NMG then note that 0.8> -+ 0.72 ¢ [0, 1].
It means that PyFSgS is a limited structure. ¢ — ROFSgS can cover that issue more effectively and uses the con-
dition that sum(MG1, NMGY) € [0, 1].q — ROFS;S is a more advanced structure and provides more space for
decision-makers. Many researchers have used this notation for different applications. Zulqarnain et al.** used
the notion of g — ROFSS in aggregation operators and introduced some interactive aggregation operators. The
application of Einstein aggregation operators based on g — ROFS;Ss has been given in®®. Hamid et al.*® proposed
the MCDM and TOPSIS approach under the environment of g — ROFS;S. Furthermore, Chinram et al.*” intro-
duced the notion of g — ROFSg; geometric aggregation operators and used these notions in decision-making
approaches. Also, Abbas et al.”® use the conception of ¢ — ROFSy; Bonferroni means operators to construct the
decision-making study. Moreover, Zulgarnain et al.? established Einstein geometric aggregation operators based
on g — ROFS;S and applied these notions to handle MCDM problems.

Although the idea of a picture fuzzy set (PFS)*® is a more generalized structure but this structure lacks
the parameterization tool. Note that all the above ideas like FS;S, IFS4S, PyFSsS and ¢ — ROFSgSS are limited
structure because when the decision maker needs to utilize the abstinence grade (AG) into its structure then
all the above theories fail to cover abstinence grade. Moreover, there are some situations where multiple pos-
sible responses from human beings are required such as yes, no, abstain, and refusal. Note that only two aspects
of the human opinion on an uncertain occurrence, the yes or no type symbolized by the MG and NMG, were
discussed by the ideas of IFS;S, PyFSS and ¢ — ROFS;S. Human opinion, however, is not limited to yes or no
responses; it also includes abstinence grades and refusal grades. Take voting as an example, where one has the
option of voting for, against, abstaining from, or refusing to cast a vote. Consequently, the picture fuzzy soft set
uses three forms of grades MG, NMG, and AG with the condition that the sum (MG, NMG, AG) must belong
to [0, 1]. The space of all picture fuzzy soft numbers is shown in Fig. 1. To, cover these drawbacks, Yang et al.*!

constructed the conception of a picture fuzzy soft set (PFSﬂS). PFSgS is a parameterization structure and it can

Figure 1. Space of all PFS;Ns.
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discuss the AG in its structure along with MG and NMG having the condition that the sum (MG, AG, NMG)
must belong to [0, 1]. Picture fuzzy soft is a strong structure because.

1. When we ignore the AG in the structure of PFS;S, then it reduces to IFS;S.
If we use only one parameter then PFS; S reduces to picture fuzzy sets.

3. Power aggregation operators were introduced by Yager** and if we ignore the support element, the power
average reduces to a simple average. Also, if all the support is the same then the power average reduces to a
simple average. Many developments have been made on this aggregation operator like Jiang et al.** use the
more generalized structure of intuitionistic fuzzy set to construct the thought of power aggregation opera-
tors. Also, Pythagorean fuzzy power aggregation operators were established by Wei et al.*.

4. Note that if we ignore the support element and then introduced PFSPA aggregation operators reduce to
simple picture fuzzy soft average aggregation operators. Similarly PFS; PG aggregation operators reduce to
simple picture fuzzy soft geometric aggregation operators. So it means that picture fuzzy soft average and
geometric aggregation operators can be taken as special cases for these introduced picture fuzzy soft power
aggregation operators.

So main contribution of this study is given by

1. To develop the generalized operational laws for picture fuzzy soft sets.
To introduce some picture fuzzy soft power aggregation operators like PFSy; PA, WPFS; PA, OWPFSy; PA and
PFS; PG, WPFS; PG and OWPFS; PG aggregation operators.

3. To establish an algorithm to show the effective use of these gation operators for the selection of best thermal
energy techniques.

Moreover, the space of picture fuzzy soft numbers is given in Fig. 1.

Based on these observations, here in this article, we have used the notion of PFS;S and we have designed
some new aggregation operators called picture fuzzy soft power average and power geometric aggregation opera-
tors. Furthermore, we have developed the characteristics of these developed notions. There are several methods
to store energy such as mechanical, electrical, chemical, electrochemical, and thermal energy. Here we have
developed the application of picture fuzzy soft power average and power geometric aggregation for the selection
of thermal energy storage techniques. For this, we have developed a decision-making approach along with an
explanatory example to show the effective use of this developed work.

The remaining text is given as: We covered some fundamental definitions of the soft set, picture fuzzy set,
picture fuzzy soft set, and power aggregation operators in “Preliminaries”. The fundamental ideas of picture fuzzy
soft power average aggregation operators are covered in “Picture fuzzy soft power average aggregation opera-
tors” section. We covered the concepts of picture fuzzy soft power geometric aggregation operators in “Picture
fuzzy soft power geometric aggregation operators” section. To demonstrate the use of these created principles,
we established the DM approach and offered an algorithm in “Decision-making approach” along with a descrip-
tive example. The comparison of these conceptions with various existing notions is discussed in “Comparative
analysis”. Conclusion remarks are covered in “Conclusion” section.

Preliminaries
We will go through the fundamental definitions of a soft set, picture fuzzy set, picture fuzzy soft set, and power
aggregation operator in this part.

Definition 1% Let E be the set of parameters, U be the universal set and A C E, then a soft set is an ordered pair
(F,A)where F : A — P(U).
Definition 2%%: For universal set U, a PFES is the structure of the form such that.
PFES = {x : eM(x), eA(x), eN(x)|x € U}

whereed : U — [0,1],eM: U — [0,1]and e : U — [0, 1]and eM(x), e2A(x), eN(x) are called MG, AG, and
NMG respectively by using the condition that 0 < eM(x) + e2A(x) + eN(x) < 1.
Definition 33': For universal set U, E is the set of parameters, and A C E, a PFSftS is the pair (F, A) where
F : A — P(PFS) and P(PFS) is the power set for PFS defined by

PFSp;(x;) = {xi : (eM(x;), eA(x;), eN(xi)|x; € U)}

whereeN : U — [0,1],eA : U — [0,1]and et : U — [0, 1]and eM(x;), eA(x;), eN(x;) represent the MG, AG,
and NMG respectively by using the condition that 0 < eM(x;) + eA(x;) + eMN(x;) < 1.For the sake of simplicity,
we call PFS p; (xi) = (e9M(x;), e2A(x;), €IN(x;)) is a picture fuzzy soft number.

Definition 4°%: Let 9t,, N, N, ..., N, are the attributes, then the power averaging operator is given by

Scientific Reports |

(2023) 13:1707 | https://doi.org/10.1038/s41598-023-27387-9 nature portfolio



www.nature.com/scientificreports/

CA+TO) N
PA(iRl,ERZ,...,ERM)ZE - -
=1 Er:l (1 + T(ml))

where T(9%) = Zik=1 Sup(I, M) i5 the support for 9t, form 9, defined assup (9, Ny) = 1 — d(N, Ny),

1#k
where d (9t,, 9t;,) is the Hamming distance between 9t and 91x. Moreover, it satisfies the properties.

(i) sup(9,Ny) €[0,1]
(i) sup(M, Ni) = sup(It, N,)
(i) (R, Ny) < d(, N,,), then sup(F, Ny) = sup(t;, N,).

Example 12 Assume that 91 =2, 9 = 4,91 =4 and Sup(2,4) = 0.5, Sup(2,10) = 0.3, Sup(2,11) =0,
Sup(4, 10) = 0.4, Sup(4, 11) = 0.
Now T'(2) = Sup(2,4) + Sup(2,10) = 0.5 + 0.3 = 0.8

T(4) = Sup(4,2) + Sup(4,10) = 0.5 + 0.4 = 0.9,

T(10) = Sup(10,2) + Sup(10,4) = 0.3 + 0.4 = 0.7
And therefore

1408) x 2+ (140.9) x 4+ (1+0.7) x 10
PAD,4,10) = LT OO X2+ AF09) x4+ A+07) x 10 _ )
(1+08) + (1409 +(1+07)

Picture fuzzy soft power average aggregation operators

Basic operational laws for picture fuzzy soft numbers. In this part of the article, we will discuss the
generalized t-norm operations based on PFS;Ns. Also, We explored the definitions of the score function and
accuracy function and introduced the idea of normalized Hamming distance for PFSg Ns.

Definition 5: Let A = (eM4, A4, eNa), A11 = (Ma11,eAa11,eNa11)and A1y = (eMMa12, A 412, eNar2) be
three PFS;Nsand R > 0 be any real number. Then the fundamental rules are defined by

s (S(eﬂnAll) + S(eimAlz)) S (Z(eQIAn) + Z(eQIAlz)) ,
- (Z(emAn) + z(eﬂ?AlZ))
! (Z(eg‘nAn) + Z(em’tAu))'s_l (S(eQIAn) + S(eQIAu)) ,

st (s(eirtAn) + s(eirtAlz))
(ii) RA = (§7'(Rs(eMy)), 7" (R7(eM4)), 7' (R7(eMy)))
(V) AR = (77" (Rz(eMy)), 57 (Rs(eMy)), 5~  (Rs(eMy)))

(1) All @ A12

(i) A @ Ay,

Example2: Assume that Aj; = (0.3,0.4,0.1) and A1 = (0.5,0.2,0.3)be two PFS;Nsand R = 2. Here we consider
a+ b — ab as t-conorm and ab as t-norm, then

(i) An @A = ((0.3+0.4— (0.3 x 0.4)), (0.4 x 0.2), (0.1 x 0.3)) = (0.65,0.08, 0.03)
(i) A11®A1; = ((0.3 x 0.4), (0.4 + 0.3 — 0.4 x 0.3), (0.1 + 0.3 — 0.1 x 0.3)) = (0.15,0.52,0.37)
(iii) RAp; = ((1—(1-0.3)%),(0.4)%(0.1)%) = (0.51,0.16,0.01)

(iv) AR =((0.3)%(0.4)% (1 — (1 —0.1)%)) = (0.09,0.16,0.19)

Definition 6: Let A;j = (e,
accuracy function are given by

ey, eiRAlj) be the family of PFSNs, the notions of score function and

y’ g

SC(AIT) = eiUtA!i - eQIA!j - eiRA!j (1)

And
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CAC(AIT) = €§mA!i + eQIAIT + emA!i

where Sc(Ay) € [—1,1]and Ac(4y) € [0, 1]
Note that for two PF Sz Ns A;jand A"[i, we have
(i) ifSc(Ag) > Sc(A"j)then Ay > A’y
(i) ifSc(Ay) < Sc(A';)thenA; < A”;im
(i) ifSc(Ay) = Sc(A";)then
() ifAC(AIi) > AC(A"ﬂ) then A5 > A"!j
(ii) ifAC(AIT) < AC(A"!j) then A < A"!j
(i) if Ac(Ag) = Ac(A'j)then A; = A';.

Definition 7: Let A = (e90411, €411, €Ma11) and B = (eMp11, eAp11, eI1p11) are two PESy Ns, then the nor-
malized Hamming distance can be defined by

1
d(A, B) = ; r=1(|e§m,411 - emell| + | eQIAll - eQIBlll + | emAll - emglll)

Picture fuzzy soft power average aggregation operators. In this subsection, we have to discuss the
basic definition of picture fuzzy soft power aggregation operators. Furthermore, we have to discuss the proper-
ties of these developed conceptions.

Definition 8: LeteF; = {e;, e, e } be a collection of PESNs, then PFSy; power average operator is
a function from {jn to [ defined by

PFS; PA(eF11, €812, ) €Fp) =Djz1 (§ Bitq (QeFy))

1+4T;
where Zj = I’l(—])’ Ql = M(li and R! = Zlvé=1 Sup(eg’ﬂ, e%ki) ) Ti = Z?:l Sup(e%j, e%l) refer
s =1(1+R) k1 1]

for support of eI ; from eM;.
Theorem 1: Let ey; = {eM, ey, eIy } be the family of PFSyNs, then PFSpPA aggregation operators are
defined as PF Sy, PA: [i" - Tigiven by
(T 6 (Bt 0 s(emy)) 7 (21, 6 (T 2 2(e2p))
< (24 (T 0y e(eny))

Proof: We apply the method of mathematical induction for 1, {t to prove this result.

PFSftPA(e%ll' 3%12; ---:eg'un) =

Scientific Reports |

(2023) 13:1707 | https://doi.org/10.1038/s41598-023-27387-9 nature portfolio



www.nature.com/scientificreports/
Step 1:
Fory = 1, we get

PFS;PA(e11,€F12, -, 1) = ea;zlcieimﬂ

1 1
57 zfis(e‘»mﬂ) E ZGZ(@%) :
j=1 j=1

n
! z gz(eMyg)
j=1

Similarly, for p = 1, we get

PFSftPA(eC&n, 6‘8’12, ...,egnl) = @}’lzlﬂleﬁnll

1 n 1 n
sH Y gl Do astemy) | |2t Yg( D ezl | ).
_ j=1 =1 j=1 =1
- 1 n
! Z G Z Q, Z(ei)?ﬂ)
j=1 =1

Hence result holds fory = 1andp = 1.

Step 2:
Now we assume that this result hold for p = 8;,,u =6, + 1 and p = 8; + 1 and n = 8, then for
n=26; +1,u=8,+ 1, weget
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81+1
69”1

J=

Hence result holds forp = 8; + 1andu = 8, + 1. Hence the result is true for all positive integers {1, W.

8 8 8 8
G027 (QeMy) = &2 B2 (QeM))Bg, 41 (0,2 (eMyq,41)))
61 8y+1 6, 6y+1 A
s Z g Q,s(emy) | |77 Z G Q,7(ey) | |.

J=1 1=1 =1 =1

N 81 82+1 %
! Z G Z 0, 7(ey)

j=1 =1 )

B2+1 B2+1

s (61‘*1 Z‘Q‘Is(eg‘)ﬁ!(@ﬁ'l))
=1

8,+1

Z_l (61+1 Z 'Q! Z(em[(61+1))
=1

8, 8,41
s gl D auslemy) |+ o
j=1 1=1
84 B8y+1
=4 ! Z(i ZQLZ(‘?QI!T) + {gy+1
j=1 =1
8, B2+1
Gl D aeny) |+ o
j=1 =1

Z._l (61+1 Z Q‘[ 1(6%1(61+1)) ’
=1

8,+1

Z Q, 3(eMty 6, 41))
=1

By+1

Z Q! Z(eml(ﬁﬁl))
1=1

By+1

Z 0, 2(eNy6,+1))
=1

Ba+1
Z Q S(eg‘m!i) ,
=1
Ba+1
z Q z(e‘)lg) )
=1

8,+1

z Q Z(em!i)
=1

We shall now demonstrate that the PFS; PA aggregation operators meet the criteria listed below.
Property 1: (Idempotency) IfeF,; = eF = {eI, e, eIt} for ally, | then
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PFS;PA(eB11, €Tz, o €Fg) = €5

Proof: Ifey,; = e for ally, J, then by using Eq. (2), we get

s (Z G (ZM: Q S(Qm?!i))) T4 <Z G <ZM: Q, Z@”!T))) )
j=1 1=1 j=1 =1

. (Z g (i 9, Z(%O))
j=1 =1

= (S‘l(s(ewt)),z‘l(z(eﬁl)), z_l(z(eiﬁ))) = {eM, e, eN} = eF

PFSpPA(eF11, €F12) ) €Fup) =

Property 2: Ife{; and e§ are PFS;Ns, then.

PFSftPA(e%MGBe& eg¥,PeF, ..., e‘{;wEBe‘&) = PFSftPA(egn' eF12s s eg’nn)@e& (3)
Proof: Since e‘(}!j and e§ are PFSp; N, then for all 1, T, we get

57t (S(eﬁmﬂ) + s(esm)),
eFi@eF = ! (z(e?lﬂ) + z(e?l)),
= (z(emg) + Z(em))

Therefore

PFSftPA(e%11®e%i 6%12®eg5 ey eg’mn®eg)

- (Z g (Z s (57 ((emy) + s<ewzeg)))>> (Z G (Z 2z (2 ((exy) + z(emeg>))>>
(Zq@m( (emq>+z(emeg)))>>

61 <z . < - 0, ((emy) + s(esme?,))» 7 <Z ¢ (Z 0, ((e2g) + z(emeg))))

J=1 =1

) <i 9 <Z 0, ((emg) + z(emeg))»

J=1 =1
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j=1 =1

1] 5[ 1 (i q (Zn: Q, s(eﬁmﬂ)» +5(eMyg) | |,

=471 7| 1 <Zn: ¢ <ZM: Q, Z(e%))) +z(eUeg) | |,

r
j=1 =1
ft n
' 2| ( i (Z Q z(eﬂ?g)» +2(eMeg)
j=1 =1
1 n g n
s < G <z Q S(eimﬂ)>> T < § <z Q z(e‘l[ﬁ)) ,
A S A D{eM, e, eN}

< (Z J (Z 0, z(ei’?!j)))
j=1 =1

= PFSftPA(e%n, e%lz; ey e%mr{)®e%'

Property 3: For the family of PESyNs and any real number R > 0, we get.
PFS;PA(R(e%11), R(eF12), -, R(€Fp)) = RPFS; PA(eF11, €F12, s €F) - (4)

Proof: 1If e = {eimli, eQIIj, ei]tlj } are PFSNs fory=1,2,3,...,nand T =123, .., and R > 0bea
real number then ’ ) )

PFS;PA (]Rl(e‘fs'n), R(eF1p), ..., R(egm))

57 (i g (Z o, (s (s (RS(eﬂﬁa)))))) ! (i g ( X (Z (¢ (Rz(e%))»))'

j=1 =1
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1]
N
L
=
N
NI
L
M=
N
-
=
o
N
~~
(0]
= .
v .
v v
\/ \/

= RPFS; PA(eF11, €F1) o) €Fup)-

Property 4: Ife‘{‘;!i = {eimﬂ, eﬁlﬂ, eiR!i }, e(SIT = {eiml\ﬂ, eQIAIT, ei]?'\lj}for ally, T be PFS;Ns then

PFS; PA(e%,1®DeCyy, eF1,DeCyy, ..., €F,, DeC,,)
(5)
s PFSftPA(egll, e%lz, ey e%nn)epFSftPA(eGII, 6(512, T €(5Mn)
st (S(eﬁmﬂ) + s(eimAﬂ)),
Proof: For ally j we have eF@eC; = 7! (Z(QQI!T) + Z_(EQIAQ)) b

! (Z(emli) + Z(emAﬂ))

- (Z zf< XE (57 (s(emy) + S(emAJ)))>>

Therefore,

j=1 1=1
It n
PFS;PA(eF1,®eCyy, eF1,DeCyy, ..., €5, DeC,y) = { 77 <Z G (Z 07 (z‘l (z(e%) + z(ewg)))»'
=1

J=1

{giteneens)
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n

i(} Z (eimq) + S(QEm 1])) N z G z Q Z(emll) + Z(em ll)) ’

J=1 j=1 1=
T z G ZQ z(eMy) +7(eN” ll))
=1
st <i G <i Q S(eiITE!i) + i g (i Q S(eiml\l]) )
j=1 1=1 j=1 =1

Il

~N

AR
/-~
M=

N
/\ /\
=

el

~N

Vo)

®

=

o <

+
M-

N
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NgE

o

N

VoY

®

1S

bl

I
A
NI

-
T M =
=
N
=
N
~

(W)
=
<
~—
A
NI

-
)M =
N
=
N
~~

(0]

=2
>
pa

-

1=1 J=1 =1
1 n I
<t Qoal D aidlemy) Zq an(efn )
\ J=1 1=1

= PFS; PA(eF11,€F12, .., €Ty )OPFS; PA(eC 4, €€y, ..., €C,,, ).

Special cases of PFSs;PA operators. By using different values to 7, the initiated PFS;PA operator
degenerate as follows:

() Ifz(L) = —log (L) then Eq. (2) degenerates into PFSy; Archimedean weighted average operators.

PFS; PA(e11, €F12, ) )

n

mo/ G n G 1/ on §
—H [ (- emp)™ 1_[ [ JCeup)™ 1_[ [ JCemp™
j=1 \\1=1 j=1 \1=1

j=1 \1=1

(i) Ifz(L) = log ((2 - L) /L)’ then Eq. (2) degenerates into PFSy; Einstein weighted average operators.

PFS; PA(eF11, €F12, ) €Fup)
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4
(e (1 + emy)™)”

s ) - I (M1 - em)™)’
I, (I, (1 + emny) )€'+n;‘1( nL(1—em)™)T
I, (. (exy) ‘)ZT
e, ( rzl(Z—emﬁ)“‘){HHi“:l( {‘zl(e%[ﬂ)”‘)(T '

21, (1T (o))

M, (M2 - ep)™)? + 1, (I ()™

=1

(ili) Ifz(L) = log ((5 +(1-9)L)/ L), s € (0, o) then Eq. (2) degenerates into PFS;; Hammer weighted
average operators.

PFS; PA(eF11, €Fr2, ) €Fn)

' ( r=1(1+(s—1)emtﬂ)“‘){f— e ( rzl(l—esmﬂ)“‘)zj
e, ( 3:1(1+(s—1)e9:nﬂ)“‘)q+(5—1)1'[;;1( !“:1(1—e9:rzﬂ)“’)q'
STI, (Il (etry)™)’

H}‘l( (14 6= D(1-exy)) )i+(s—1)l'[§=1( 1“:1(e21ﬂ)“‘)zj '
STI, (T (em) ™)
1‘[]“1< 1+ G-D(1-emyp)” )T+(s—1)ng‘=1( *(em)™)’

Weighted and ordered weighted picture fuzzy soft power average aggregation operators. In
this part of the article, we aim to introduce a weighted picture fuzzy soft power average (WPFSﬁPA) and ordered
weighted picture fuzzy soft power average (OWPFSf,PA) aggregation operators.

Definition 9: Let e‘g‘m = {eimli, eQIli, ef)?li } € 1. denote the family of PFS4Ns, then WPFSg; PA aggregation
operators are defined as WPF Sy PA: [i" - Tigiven by

WPFS; PA(eF11, €F15, ., €F) = B, (Biearzl(w!emtﬂ)),

py(14+Ny) ‘67(1+9T) " i
where W, = o————V— B; = N, = Xp-1sup(eFy, eFpi), Gi = Xi=1 sup(eF, eF)and
PTSLie (1)) Zin:l $;(1+67) 0% =Cel s 3l 1] I
the weight vectors (WVs) for the experts and parameters with the condition that ,, .‘bj > 0and Z;tz ) ﬁi =1
and Y1t 0, = 1.

Theorem 2: Let e‘&] {eiD’t[], eUys, eMNy } be the collection of PESNs, then WPESy PA aggregation operators
are again PFSpN given by
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WPFS; PA(eF11, €F12, - €Frup)

I n 1t n
s Z By Z ke S(eimﬁ) ! Z B; ¥, Z(e%!i) , (6)
_ j=1 1=1 j=1 1=1
It n
Tt Z By ke z(eﬂlﬁ)
j=1 1=1

Proof: Proof is similar to the proof of Theorem 1.

Definition 10: Let e&i = {eﬂﬁlj' eQIIi, emli } € {1 denote the family of PFSg;Ns, then OWPFSg; PA aggregation
operators are defined as OWPF Sy, PA: [i* - Ii given by

OWPF S;PA(eF11, €T, - €Fn) = D], (Bi@@l(lyze%e(o@(i)))'

0,(1+N,) o $j(1+6))
L1 oy (14N,)° ] Z;=15T(1+gi)’

where ¥, = N, = ¥6=1 sup(e‘&ﬂ, e‘&m),gi =y, sup(e‘&i, e )and

p#1 1]
,$: > 0 are the WVs corresponding to parameters and experts with the condition that 31" ~ $: = 1 and
v D] P gtop P j=19]
" = 1. Also, €, ® are the permutation of = 1,2,3,...,uand | = 1 2 3 ... n with a constraint that
1=10“1 P ! )y &y D ) ] ) 4y 3, N

€8 2 €8e-1jand €Bro) = €Si0g-1)fory, ]

Theorem 3: Lete‘g{j = {eimli, eQIIT, ei]’tIT } € {1 denote the family of PESy;Ns, the value obtained by OWPFS; PA
is again a PFSy N given by

OWPFS; PA(€F11, €12, -, €Frup)

n n

1 t
s ZBI Z‘*’IS(egﬁem@(i)) o ZBi Z‘Plz(e?le@@@)) ,
=1 j =1

“ =t

=1
r1 n

. ZBT Zqﬂ UeANeen)
j=1 =1

7

Proof: Similar to Theorem 1, so omit here.

Picture fuzzy soft power geometric aggregation operators

Definition 11: Suppose e; = {eﬁmlj, eUg, eNyg } be the collection of PFS;Ns, then PFS; PG aggregation
operators are defined as PFSftPG: T - i given by.

ZA
PFS;cPG(€F11, €12, - €Fone) = ®}1=1 (®1M=1(€"81T)Q!) ] (8)
_(1+n) - (1+§j) _ ) A . A
where = gty 9T Z () T Z?‘;Z? sup(eFy, eyi) G = ZI;% sup(e;, e¥) and

sup(e&i, egm) means the support for e%li from e?;m and sup(e&, e‘g‘;l) is the support ofe%j from e,
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Theorem 4: Let e‘(}li = {eimlj, eQIli, emli } € {1 denote the family of PES;Ns, then the value obtain by using
PFS; PG aggregation operators are again PFSﬁN given as

PFS; PG (11, €F12, o) €Fy) =

{Z*( 16 (Z2(emy)). 7 (B, (Z‘Mﬂﬂ‘s(e%)))'} ©)
(3, (3 0, 5(emy)

Proof: To demonstrate this finding, we use the mathematical induction technique for n, ft..

Step 1
Fory = 1, we get

PFSftPG(ecgfll, e%lz, ey eg‘ln) = ®Trl=l(e§[n1j)€i

" t
D galemy) |57 Y gs(ewy) |,
=1 j=1

=1
1
s71 Z g 5(eMyg)
j=1
I 1 I 1
! Z(T ZQ! Z(émﬂ) 57 G ZQ!S(eQI!j) ,
_ j=1 1=1 =1 1=1

1

1
s Z G Z Q S(emﬁ)
j=1 =1

Similarly, for p = 1, we get

PFSftPG(e?fll'e?flz' v €Fpr) = ®1W=1(eimu)QI

1 n

71 Z(i ZQ! 2(eMmy) | |71 21:51 iﬂls(e%!j) ,

J=1 =1 J=1 =1
1

s ZZT ans(emﬁ)
j=1 =1

Hence result holds fory = 1andp = 1.

Step 2:

Now we assume that this result hold for p=8,nu=8,+1 and p=6;+1 and u = 8, then for
n= 61 + 1,1’1 =62 + LWeget
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8 1 6 1 Q
O (@2 (e8y) I = ®,

81 B8,+1
> gl D aelemy)
j=1 =1
=4
81
571 ij
j=1

B8y+1

H G| ) O e(eMin)
=1

By+1

$71 Joy41 Z
=1

81 By+1

a < Z Q, z_(eimﬂ) +
i:l =1
8, 8y+1

=< s71 g Zﬂls(e%) +
J=1 =1
81 B8y+1

J=1

8y+1

T:l 1=1

8,+1

8,+1

cl Z Q S(esnl]) + 561+1

> azlemy) | |
Z le(em!i) )
=1

Z Q S(ei)?ﬁ)

=1

62+1( %[]) )(]®((®62+1(e%[(61+1)) )(61+1)

61 B+1
571 Z ¢ Z le(e‘ﬂq) )
j=1 =1
4
8,+1

z Q, S(em!i)
=1

82+1

s Go,+1 ZQIS(‘?%!(&H)) !
=1

Q S(em1(81+1))

82+1

Z Q Z(eﬁml(61+1)) )
=1

{6,+1

B,+1

Z Q 8(eWe4m) | |
=1

{8 +1

By+1

Z Q! S(em!(gﬁl))
1=1

Hence the result is true forpn = 6; + 1andu = 8, + 1. Hence the result is true for all positive integers 1,
Now we will prove that PFS;; PG aggregation operators satisfy the following properties.

Property 1: (Idempotency) IfeF,; = e = {eIN, e, eIt} for ally, | then

(2023) 13:1707 |
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PFSftPG(eglli 3312, ...,e%mn) = e‘zg-'

Property 2: Ife%,; and ey are PFS; N, then

PFS; PG (eF1,DeF, eF1,DeF, ..., €5, DeF) = PFS; PG(€F11,€F1z, -, €Ty ) DEF-

Property 3: For the family of PFSy Ns and any real number R > 0, we get

PFS;PG(R(eF11), R(€F12), ..., R(eFp)) = RPFS; PG (eF11, €Tz, --n €Frup)-

Property 4: Ifel;; = {eI;, eWy, eNy; },eC = {eﬁml\ﬂ, eQIAIT, E‘J?Alj} be PFS;Ns then.

PFS: PG(eF11DeC,q, eF1,DPeCyy, ..., e%nnee(imn)

= PFSftPG(e‘{yll, ez, s e%m)GBPFSftPG(e(SM, eCiy, ..., e(iw) .

Special cases of PFSf;PG operators. By using different values to g, the initiated PFS3PG operator
degenerate as follows:

Ifz(L£) = —log (L), then Eq. (9) degenerates into PFSp Archimedean weighted geometric operators

It n ﬁ It n (i
[ Jeemp®) =T (] [ -exp®
PFSp PG (€511, 6Bz €Fo) = | L N A
1 n ]
=[] Ja-enp®
J=1 \1=1

If7(£) = log ((2 - L) /L)’ then Eq. (9) degenerates into PFSy; Einstein weighted geometric operators.
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PFS; PG (eF11, F1z, ) €Frn)
211, (Ta(emy)™)
e, ( ;tzl(z-ewtﬁ)“‘)ﬂni”:l( “zl(eimﬁ)“‘){j ’
e ( [“=1(1+e‘2111)n‘)ﬁ— (M (1 - exy)” ){]
B HFl( (1 o))+ T, (T (1 - ex) ™)
(M (1 + emy)® )<J M, (M (1 - emg)® )(’
HFA 141+wg))“+n (s, (1 —emp)™)?

Ift7(L) = log ((5 +(1- 5)1:)/,[;), s € (0, 00) then Eq. (9) degenerates into PFS; Hammer weighted

geometric operators

PFS;PG(€F11,€F12, - r €Fouy)

SHF:1( ;M=1(e§m!j)nl)(7

., (e

{,.
(M + - Dex)™) ' - II,

(1+6-D(- eimﬁ))ﬂ‘)zT +6- DI, (
(1, (1 - e2ry)™)”

1 {A
M=1(eimﬂ)n) ]

j"=1( 1+ G- 1)e?11;)ﬂ‘){i +(5—1) H}Ll( (- euﬁ)“‘){T '

l[1=1( (14 G- 1)39?11)9!){i B in=1( (1 - emﬂ)ﬂ!)q

M
J=1

( I11(1+(s—1)eznﬂ)“‘)q+(s—1)11;;1( 1":1(1—eznﬂ)“‘){T

Weighted and ordered weighted picture fuzzy soft power geometric aggregation opera-

tors.

In this part of the article, we aim to introduce weighted PFSy; power geometric (WPFS; PG) and ordered

weighted PFS power geometric (OWPFSﬂPG) aggregation operators.

Definition 12: Let e&j = {ei])’t!i, e?,[ﬁ, eiﬁﬁ }be the collection of PFSy; Ns, then WPFS;; PG aggregation opera-

tors are defined as WPF S;, PG fi" - i1

— d n ks B]
WPFS; PG (€11, €13, ) eFoy) = B, (®!:1(emtﬁ) ) ,

$i(1+6))

#y(1+Ny) _
] ZF=15T(1+gi)’

Tieq o(14Ny)’

where ‘PI =

j2 Sf)i > 0 are WVs corresponding to parameters and experts with a condition that Zjnzlﬁi = 1and

=18, =1

Theorem 5: Let e = {69331;, eUs, eMNy } denote the family of PFS; Ns, then the value obtained by WPFES; PG
aggregation operators are again PFSy N given by.

| = Dp=1sup(eFy, eFy) Gy =

P#1

1#]

i, sup (e?yi, e{’;l) and
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WPFS;PG(eF11,€F12, ) o)

ft n 1 n
s ZBT Z‘l’lz(e‘mﬁ) 571 ZBT ‘Plz(eﬂlll) ,
j=1 =1 j= =1 (10)
g n
571 ZBi Zl{’!s(eml])
j=1 1=1

Proof: Similar to Theorem 4.
Definition 13: Let[ et e% = {eﬂnxj: eQIli: ei]’tlj }be the family of PFS; Ns, then OWPFSy; PG aggregation opera-
tors are defined as OWPFSftPAG; Tin = 11 giifen by.

Bs
OWPFS; PG (eF11, €F13, . eFy) = B, (L1 (eFpog) ) »

£,(1+N) __5i(1+g) _ _ g
Tty o, (14N’ ]~ Zi“:lgj(ﬂgi) Ny = Z%’: Sup(e%!j, E%KOT) g1 = Zl;} Sup(eg‘i, E%I)and

#u Sf)i > 0 are WVs corresponding to parameters and experts with a condition that Z?zlﬁi = 1and
i §#, = 1 Also, €, © are the permutation of 1 = 1, 2,3, ..., 1 andi =123, .., with a constraint that

e8eq)j = eSe-njand eBe() = €Be(j-1) fory, |-

where ‘PI =

Theorem 6: Let e = {eE]Jt[T, eUys, ey } be the collection of PFS; Ns, then the result obtained by OWPFES PG
aggregation opemto%s are agaih PFSﬁN gii/en by.

OWPFS;,PG(eF11, €F12, - €Fup)

n n

1
<t ZBI Z‘*’Il(em?emem) 87 ZBT
1=1 =t

n

¥ s(eUe) | |-
1

J=1 1=

n n

s ZBI Z‘PIS(ememe(D)
= 1

J=1 1=

(11)

Proof: Similar to Theorem 4, so we omit it here.

Decision-making approach

Algorithm. Let 7 = {.7—'{, fé, ]—';, . ,fzz* } denote a set of Z* alternatives, E™ = {5}, B, B, ..., B}
denote the set of experts P = {Pl, P,, ..., PN} denote the set of parameters. Assume that £ Sf)j > (0 are WVs
corresponding to experts and parameters respectively with a condition that Z]ﬂ: 197 =1and i =1
Suppose analysts provide their assessment in the form of PFS;Ns e‘{y!j = {eimﬂ, emﬂ, eERﬂ } The stepwise
algorithm is given below to select supreme alternatives among the given ones.

h
Step 1: Collect the data about each alternative .7-'22* (h=1,2,3,..., Z%) in the form of PFSﬂNs and sum-
marized this data into a matrix given by

eg!i(m e?yﬂ(h) e%!j(h)
() () KO

(Tz*h, P) =D, = e&‘] e‘&{] e%{]
eFy ™ ey ™ L oeF®

Step 2: Compute the support N, for each expert Té*h (h=1,23,..,2 by using
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n

N = Z sup(ed; ™, e ™) (12)

p=1
P

where sup (e, eF ™) = 1 - d(eF; ™, ™)
Step 3: Find out the support G; (i =1,23,..., r[) by using the below formula
R

6" = sup(ed;®, ™) (13)

p=1
p#]

Step 4: Now we use WPFS; PA or WPES;, PG aggregation operators to aggregate the preference of different

alternatives by using Nlh, gjh into collective one C?™ as follows

" = {emm", eU", eNt) = WPFSp PA (B, eF" 0 . T, )

| n Bi It n BT It n Bi (14)
AN [N [N
(=T T(TTa=emm" ) TT Jex™™ ) T T
j=1 \1=1 J=1 \1=1 =1 \1=1
Or
" = (e, e, e} = WPFS PG (e, eF" 1, .. e, )
I n BT I n BT I n Bi
[ ¥y '
=TT Teems™ ) =] ] Ja=-ex™™ ) =] (] J—em
j=1 \ 1=1 j=1 \\1=1 j=1 \\1=1
(15)

h
Step 5: Use Definition (6) to find the score value of each alternative .7-'12* (h=1,2,3,...,2%).
Step 6: Rank the alternatives and find the best alternative.

Numerical example. Thermal energy is produced due to the collision of molecules and atoms as a result of
a temperature rise. The concept of thermal energy is used in various fields of physics. There are three techniques
for storing thermal energy: (1) Sensible TEST (2) Latent TEST (3) Thermo-chemical TEST.

Sensible thermal energy storage. Sensible heat storage works by increasing a liquid or solid’s temperature to
store heat and then releasing it when the temperature drops as needed. Sensible heat, which can be either a liquid

Figure 2. Flow chart for sensible heat storage.
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Figure 3. Latent heat storage.

Figure 4. Thermo-chemical thermal energy storage technique.

or a solid, is based on an increase in the material’s enthalpy from a thermodynamic perspective. The graphical
presentation of the sensible heat system is given in Fig. 2.

Latent-heat thermal energy storage. Latent heat of storage store heat in the form of potential energy between
the particles of a substance. Heat storage occurs without the storage medium significantly changing in tem-
perature because a phase transition occurs when heat is converted from potential energy to heat in a substance.
Figure 3 presents the pictorial view of the latent heat system.

Thermo-chemical thermal energy storage. Chemical energy storage is mainly constituted of batteries and renew-
able generated chemicals (hydrogen, fuel cells, and hydrocarbons). Here, the chemical energy of the material is
used as a basis for storing and realizing thermal energy with infinite heat loss. It is an advanced thermal energy
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Pr

Py

Py

N

Py

(0.21,0.13,0.10)

(0.20,0.22,0.26)

(0.22,0.23,0.24)

(0.28,0.30,0.33)

(0.27,0.23,0.29)

(0.22,0.23,0.14)

(0.13,0.37,0.26)

(0.18,0.13,0.16)

(0.31,0.35,0.24)

(0.20,0.30, 0.40)

(0.25,0.16,0.18)

(0.10,0.14,0.15)

(0.23,0.11,0.10)

(0.41,0.11,0.10)

(0.21,0.43,0.11)

(0.11,0.17,0.19)

(0.27,0.29,0.25)

(0.11,0.13,0.17)

(0.42,0.23,0.27)

(0.12,0.13,0.15)

(0.41,0.30,0.23)

(0.19,0.17,0.15)

(0.51,0.10,0.33)

(0.19,0.18,0.16)

(0.16,0.21,0.18)

Table 1. Picture fuzzy soft data for F).

P

Py

L

Py

Py

(0.12,0.23,0.17)

(0.22,0.21,0.23)

(0.12,0.12,0.23)

(0.21,0.20,0.30)

(0.12,0.13,0.27)

(0.20,0.21,0.15)

(0.18,0.27,0.12)

(0.15,0.16,0.21)

(0.43,0.25,0.14)

(0.24,0.20,0.41)

(0.12,0.14,0.16)

(0.17,0.14,0.13)

(0.20,0.17,0.15)

(0.28,0.17,0.19)

(0.31,0.33,0.34)

(0.31,0.47,0.10)

(0.23,0.49,0.12)

(0.21,0.23,0.27)

(0.18,0.19,0.20)

(0.15,0.16,0.17)

(0.41,0.20,0.25)

(0.41,0.27,0.10)

(0.41,0.18,0.13)

(0.29,0.28,0.36)

(0.18,0.11,0.19)

Table 2. Picture fuzzy soft data for 7.

pr

Py

i

i

Py

(0.15,0.25,0.14)

(0.14,0.11,0.13)

(0.17,0.18,0.29)

(0.21,0.10,0.20)

(0.15,0.15,0.17)

(0.21,0.24,0.25)

(0.17,0.26,0.13)

(0.15,0.36,0.21)

(0.23,0.23,0.24)

(0.21,0.22,0.31)

(0.17,0.19,0.13)

(0.14,0.14,0.15)

(0.25,0.27,0.15)

(0.21,0.27,0.29)

(0.41,0.13,0.24)

(0.21,0.41,0.15)

(0.25,0.46,0.17)

(0.11,0.13,0.27)

(0.28,0.15,0.10)

(0.15,0.13,0.18)

(0.31,0.29,0.24)

(0.31,0.37,0.30)

(0.21,0.18,0.15)

(0.19,0.18,0.16)

(0.13,0.16,0.17)

Table 3. Picture fuzzy soft data for 7.

storage system and it facilitates a more efficient and clean energy system. Figure 4 represents the pictorial view
of the thermo-chemical thermal energy storage system.

Our aim in this section is to propose the best thermal energy storage technologies that can further help in
deciding energy departments. The overall discussion in this regard is given below.

Example 3: Let .7-'; = Sensible thermal heat storage, _7-'; = Latent thermal heat storage and fé = Thermo — chemicl thermal heat storage are
three alternatives that we are going to analyze that which of the alternative is best under the five parameters

Also, suppose that
PY" = Capacity, P5" = Efficiency, P5" = Storage period, Py~ = Charge and discharge time, Pz~ = Cost. PP

WVs for experts are (0.11, 0.23, 0.14, 0.34, 0.18) and WV’ for parameters are (0.21,0.19, 0.25,0.17, 0.18). Now the
overall discussion is given step vise.

By using W PFSy; PA aggregation operators.  Step 1. Suppose a team of five experts 3, b5, BY, By, by Pro-
vide their assessment for each alternative based on proposed parameters in the form of PFS; Ns given in Table 1,
2 and 3.

Step 2: Compute the value of N[f’ for h = 1,2, 3 by using Eq. (12)
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3.7940
3.8280
=(3.8400
3.7840
3.6660

3.8340
3.7620
3.7600
3.7800
3.8080

3.7440
3.8080
3.7740
3.7680
3.5700

3.7260
3.7440
3.6640
3.7560
3.7020

3.7360
3.6940
3.6720
3.7060
3.7840

3.7760
3.7960
3.7440
3.5960
3.6640

3.7580
3.8240
3.7620
3.6980
3.7100

3.8020
3.8480
3.8480
3.7980
3.7120

3.8000
3.7060
3.8180
3.8000
3.7480

3.7780
3.7320
3.6540
3.7740
3.7740

3.8400
3.8360
3.8140
3.7820
3.7760

3.7340
3.7820
3.7560
3.6900
3.6300

3.8200
3.7680
3.7820
3.7740
3.8240

3.8380
3.8520
3.8020
3.7900
3.8540

3.8640
3.7620
3.7180
3.8620
3.8500

Step 3: Compute the value ofgih for i = 1,2,3 by using Eq. (13)

3.7560 3.8420 3.8620
3.7820 3.8140 3.8960
G;' =13.7820(,G;* = 3.7960|,G;* = 3.8140
3.7960 3.6620 3.7160
3.6380 3.7700 3.7600

Step 4: By using the proposed approach of WPFES;PA operators to aggregate different alternatives
Fh for h = 1,2,3 by using N2, gTh into collective one C?" as follows

n B n B

W, W,
1_[(1 - eim!ih) . n(eﬁlﬁh) '
=1 =1

] n ) ]

1l

j=1

M

- 1_H

j=1

t n B
) 1_[ l_l(eﬂlﬁh)qJI
1 =1

j=1

We get C2' = (0.1502,0.3889, 0.3821), C9° = (0.1455,0.1366,0.1249), C2° = (0.1266,0.3975,0.3777)
h
Step 5: Score values of C0 (h=1,2,3)areas

SC(CQI) — —0.6208, Sc<C§2> — —0.1160, SC(CQ3) — —0.6487

Step 6: Rank of the alternative is 7, > F, > F3 and hence F, is the best alternative.

PT Py Py Pr I
by [(020,0.11,0.10) |(0.10,0.12,025) |(.12,.13,.14) (0.23,0.13,0.10) | (0.20,0.24,0.27)
by |(021,022,0.11) |(0.23,0.47,.16) | (0.17,0.14,0.12) | (0.41,0.21,0.27) |(0.21,0.32,0.30)
by | (0.22,0.14,0.15) |(0.16,0.34,045) |(0.21,0.15,0.16) |(0.11,0.41,.20) | (0.1111,0.33,0.21)
by | (0.17,0.18,0.19) |(0.17,0.21,0.15) |(0.14,0.16,0.19) |(0.12,0.13,0.29) |(0.22,0.23,0.25)
be | (0.31,0.20,0.13) | (0.18,0.11,0.12) |(0.31,0.17,023) | (0.29,0.28,0.26) |(0.26,0.20,0.28)

Table 4. Picture fuzzy soft data for ).

Scientific Reports |

(2023) 13:1707 |

https://doi.org/10.1038/s41598-023-27387-9

nature portfolio



www.nature.com/scientificreports/

P L L Py L

by [(0.11,022,0.17) |(0.20,0.11,0.13) | (0.17,0.14,0.13) | (0.51,0.10,0.11) |(0.17,0.11,0.17)

by | (0.22,0.11,0.16) |(0.19,0.28,0.15) |(0.14,0.26,0.20) |(0.43,0.21,0.15) |(0.14,0.23,0.11)

b3 |(0.13,0.15,0.17) |(0.19,0.24,0.23) |(0.11,0.27,0.25) |(0.18,0.15,0.16) |(0.41,0.23,0.14)

by |(0.11,027,0.11) |(0.13,0.19,0.18) |(0.11,0.13,0.17) |(0.17,0.18,0.21) |(0.16,0.15,0.18)

by (0.21,0.26,0.21) |(0.31,0.17,0.19) |(0.21,0.19,0.16) | (0.21,0.22,0.16) | (0.19,0.21,0.10)

Table 5. Picture fuzzy soft data for .

Pr Py Py Py P

by |(0.13,021,0.15) |(0.10,0.13,0.15) |(0.14,0.15,0.19) | (0.11,0.12,0.21) |(0.15,0.12,0.12)

by |(0.11,0.20,035) | (0.14,021,0.15) [(0.13,0.31,0.11) |(0.20,.22,.24) | (0.11,0.12,0.41)

b3 (0.16,0.13,0.23) | (0.11,0.15,0.16) |(0.26,0.28,0.13) |(0.11,0.17,0.19) |(0.21,0.53,0.21)

by |(0.26,0.21,025) |(0.24,0.41,0.10) |(0.19,0.23,0.20) |(0.18,0.15,0.13) |(0.15,0.16,0.28)

'bg (0.33,0.25,0.27) |(0.21,0.17,0.20) |(0.11,0.17,0.15) |(0.13,0.12,0.15) |(0.23,0.26,0.17)

Table 6. Picture fuzzy soft data for 75,

Methods Score values Ranking

Garg and Arora’s'® method Not applicable Not applicable
Jiang et al. method® Not applicable Not applicable
Wei and Lu method** Not applicable Not applicable
WPESPWA operator (proposed work) | s¢(7}) = ~0.5309,5¢(F}) = —0.0970,5¢(F}) = —05585 | 7> > i > F

Table 7. Overall result of the comparative study.

Comparative analysis

In this part of the article, we will discuss the comparative analysis of the developed approach with some exist-
ing notions to show the effectiveness of the proposed work. We will compare our work with Garg and Arora’s'®
method, Jiang et al.** method, and Wei and Lu method**.

Example 4: A person X wants to invest his income into a suitable business and he has a set of three different

companies {.7:; = A car company, ‘7-'{ = A mobile company and]:i = Furniture company ; as an alternative to

investing his income. To choose the best alternative, a team of five experts is invited who assess the given alterna-
tives based on five parameters P = Risk analysis, P;" = Growth analysis, P3* = Social Polytical impact
analysis, P;" = Environment imapct analysis and P5* = Earning stability.

Let the WVs for parameters and experts are (0.20,0.21,0.22,0.19,0.18) and (0.13,0.21, 0.24, 0.17, 0.25). Sup-
pose the experts provide their assessment for each alternative in the form of PFSg Ns as given in Table 4, 5 and 6.

Now we use the weighted picture fuzzy soft power average aggregation operator for this problem to achieve
the result. The overall results are given in Table 7.

From the observation of the above table, we conclude that.

1. Picture fuzzy soft set is a valuable tool to tackle more advanced data. Garg and Arora’s'® method consists of
intuitionistic fuzzy soft information that uses the membership grade and non-membership grade. Although,
the intuitionistic fuzzy soft set considers the parameterization tool missing the abstinence grade. Hence
proposed work is dominant in existing theory.

2. Jiang et al.*® method consist of intuitionistic fuzzy data that is free from parameterization tool while exist-
ing notions can consider the parameterization factor in their structure. Also, intuitionistic fuzzy data used
in Jiang et al.** method cannot consider the abstinence grade. Note that picture fuzzy soft data used for the
proposed work can solve all the above-given issues. So, the proposed approach is more effective.
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Abbreviations Complete Name

TEST Thermal energy storage technique

PFS;S Picture fuzzy soft set

PFS; PA operators Picture fuzzy soft power average aggregation operator

WPESp; PA operators Weighted picture fuzzy soft power average aggregation operator
OWPESy; PA operators Ordered weighted picture fuzzy soft power average aggregation operator
PFS;; PG operators Picture fuzzy soft power geometric aggregation operator

WPES; PG operators Weighted picture fuzzy soft power geometric aggregation operator

OWPES; PG operators | Ordered weighted picture fuzzy soft power geometric aggregation operator

Table 8. Expressions of the abbreviations in this manuscript.

Methods Fuzzy data | Aggregate parameter data
Garg and Arora’s Method'® | Yes Yes
Jiang et al. method®® Yes No
Wei and Lu method?” Yes No
PFSf; PA operatros Yes Yes
WPEFSg; PA operatros Yes Yes
OWPESy; PA operatros Yes Yes
PFS;; PG operatros Yes Yes
WPFS;; PG operatros Yes Yes

Table 9. Characteristic evaluation of different methods.

3. We can see that picture fuzzy soft information provides more space to a decision maker when they need to
use more advanced data in their structure.

4. Although the method proposed in Wei and Lu method** consists of more generalized data of Pythagorean
fuzzy sets. But we see that the Pythagorean fuzzy set also does not use the abstinence grade in its structure.
Moreover, Pythagorean fuzzy data lacks the parameterization factor while the proposed work can handle both
of these drawbacks. Hence in any manner, we can see that established work is more effective and superior.

Conclusion

There exist many generalizations for fuzzy set theory but picture fuzzy soft set is a more advanced apparatus that
not only cover abstinence grade but also uses the parameterization tool. Based on these observations, here we
have developed the notions of aggregation operators like picture fuzzy soft power average and power geometric
aggregation operators. The advantages of these developed aggregation operators are that these operators reduce
to the simple form. Thus, with no support, here we can see that picture fuzzy soft power average and geometric
aggregation operators reduce to simple picture fuzzy soft average and geometric aggregation operators. Moreo-
ver, when all the support is the same then picture fuzzy soft power average and geometric aggregation operators
reduce to simple picture fuzzy soft average and geometric aggregation operators. Decision-making plays a vital
role in all areas of life. The selection of the best technique used for the storage of thermal energy is the basic
theme of these developments. We have applied the developed approach to solve decision-making problems for
the selection of the best storage technique for thermal energy. We have done with comparative analysis of the
introduced work to show its reliability.

The existing notion is also limited because when the decision maker comes up with 0.3 as MG, 0.5 as AG, and
0.4 as NMG then the existing notion fails to handle such kind of data because the main condition of the picture
fuzzy soft set has been violated in this case. Moreover, we can see that the spherical fuzzy soft structure is a more
advanced structure that can handle the above-given situation because it uses more advanced conditions that
sum(MG?, AG*, NMG?) € [0, 1]. Also, the developed aggregation operator cannot handle the T-spherical fuzzy
soft information because T-spherical fuzzy soft uses the data in the form of MG, AG and NMG provided that
sum(MG1, AG1, NMG1) € [0, 1] where g > 1. Note that PFS3S is also limited because when decision-makers
come up with interval-valued picture soft numbers as given in®, then this structure fails to handle that kind of
information.

So, in the future, we can extend this notion to the spherical fuzzy soft rough environment as given in*. We
can extend these notions to T-spherical fuzzy sets*”** and bipolar complex fuzzy sets given in*. We can apply
this research to some novel hypotheses, such as improving digital innovation for the long-term transformation
of the manufacturing sector, as suggested in*’. We can extend these notions to neutrosophic soft sets proposed
in*!. Moreover, some new developments can be made and the idea can be extended to neutrosophic notions as
established by Peng et al.*2. Based on these introduced operational laws some new notions can be established
as introduced in*.
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In this study, the abbreviations of all ideas which are used in this manuscript are discussed in the form of
Table 8. Moreover, a characteristic analysis of the introduced work with some existing notions is given in Table 9.
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