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1 | INTRODUCTION

Decision-making procedure is involved in many fields, for instance, computer sciences, engineering
sciences, software engineering, mathematical science, and many other different areas in the presence of
classical set theory. During the decision-making procedure, we lose a lot of information because of
incomplete information and in the presence of classical set theory, we have only two possibilities such as
zero or one. For coping with such types of problems, Zadeh [1] introduced the fuzzy set (FS) theory. FS has
a grade of membership “chtF (g)”, where chtp (g9) € [0,1]. Furthermore, FS copes with a membership grade
but does not deal with the non-membership grade, where the non-membership grade is also their
advantage. Therefore, Atanasov [2], [3] derived the intuitionistic FS (IFS). IFS has a grade of membership
“Z¢* ()", and a grade of non-membership “Us'* (g)”, where Z¢ (a) + Y5~ (a) € [0,1]. IFS and FS both are
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valuable and reliable because of their structure, many people have utilized them in the environment of
decision-making, medical diagnosis, clustering analysis, and machine learning. During the election, we
faced multiple types of opinions such as yes, no, abstinence, and refusal, because some people have cast
their vote in the favor (against, abstinence, and refusal) of someone. Where such types of problems cannot
be handled from traditional IFS and FS. For this, Cuong [4], [5] invented the idea of picture FS (PFS). PFS
has many grades, such as membership grade “Z¢* _(g)”, abstinence grade “O%’._(g)”, and non-membership
grade ”ygctF (g)”, with a prominent characteristic: Zg¢ (8 + D%EF (a) + Yy CF(g) € [0,1]. Many applications
have been done by different scholars in the presence of PFSs, IFSs, and FSs.

Dealing with two-dimension information is a very challenging task because FS theory has to cope with
one-dimension information. Therefore, computing the membership grade in the shape of a complex number
is a very awkward and complicated task. Therefore, Ramot et al. [6] exposed the complex FS (CFS), where
CFS copes with two-dimension information in the shape of a singleton set. CES covered the membership in
the form of a complex-valued membership grade, whose amplitude term and phase term are contained in

the unit interval. Furthermore, Alkouri and Salleh [7] derived the complex IFS (CIFS). CIFS copes with

membership grade (Zz (8,2 pt (g))” and non-membership grade "('gz - (9), ych (g))” with a valuable

Xcr
condition: Z):Ctp (g) + Y& +(@) € [0,1] and chtp (g) + ygctp (g) € [0,1]. Furthermore, FSs, IFSs, and CFSs are the
special cases of the CIFSs. Many applications have been done by different scholars in the presence of CIFSs.

Furthermore, utilizing the abstinence grade is very awkward and complicated, therefore, Akram et al. [8]

examined the complex PFS (CPFS) which copes with membership ”(Zz - (a), Zpt (g))”, abstinence

”(Dz CF(g),Dng(g))”, and falsity ”(‘ythF(g) Zcp(g))” grades with two same conditions: 2§ (g) +

Dgtt:F(g) + 'yf:lctp(g) € [0,1] and Zg;p(g) + OFt

Zcr

(g) + y (g) € [0,1]. CPFSs are very valuable and reliable
because of their structure, many people have utilized it in the environment of decision-making, medical
diagnosis, clustering analysis, and machine learning.

Hamacher [9] invented the Hamacher t-norm and t-conorm in 1975, which is the most perfect and
valuable extension of algebraic norms and is used for deriving the construction of any kind of aggregation
operator. Furthermore, Yager [10] exposed the prioritized AOs (PAOs) for aggregating the collection of
information. Moreover, Yager [11] derived the AOs for fuzzy information in 1994. Additionally, Xu [12]
presented the AOs for IFSs. Xu and Yager [13] evaluated the geometric AOs for IFSs. Wang et al. [14]
presented the geometric AOs for PFSs. Garg [15] examined the AOs for PFSs. Jana and Pal [16] evaluated
the Hamacher operators for PFSs. Huang [17] presented the Hamacher operators for IFSs. Wei [18] exposed
the Hamacher operators for PFSs. Yu [19] invented the PAOs for generalized IFSs. The major contribution
of this paper is listed below:

1. To present the CIFHPA operator, CIFHPOA operator, CIFHPG operator, and CIFHPOG operator.

Furthermore, some remarkable properties of these operators are also examined.
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2. To contribute to the improvement of the MADM procedure with a new plan of an algorithm in the
CPF environment.

3. To select and solve a MADM problem that evaluates the best optimal between the collection of
decisions based on derived operators.

4. To check the reliability and effectiveness of these operators with the help of a comparative analysis
between proposed techniques and some prevailing operators.

This manuscript is arranged below: In Section 2, we evaluated the CPFSs, algebraic operational laws,
Hamacher operational laws, and PAOs. In Section 3, we presented the CIFHPA operator, CIFHPOA
operator, CIFHPG operator, and CIFHPOG operator. Furthermore, some remarkable properties of these
operators are also examined. In Section 4, we contributed to the improvement of the MADM procedure with
a new plan of an algorithm in the CPF environment. Furthermore, we select and solve a MADM problem
that evaluates the best optimal between the collection of decisions based on derived operators. In Section 5,
we checked the reliability and effectiveness of these operators with the help of a comparative analysis
between proposed techniques and some prevailing operators. Some concluding remarks are stated in

Section 6.

2 | PRELIMINARIES

In this section, we evaluate the CPFSs, algebraic operational laws, Hamacher operational laws, and

prioritized averaging (PA) operators.

Definition 1: [8] For a universe m,,, CPFS Z.r is an expression of the shape:

Ler = {(Z20p(0) D2 (0), Uz, ()) 16 €

Furthermore, we explained the truth, abstinence, and falsity grades, such as ZECF(Q) =

(28.(0), 22", (), Osp (@) = (085, (0), 0%, (@) and Vs, (0) = (Vs (0), YL, (9)) with a valuable

condition, thatis 0 < 25 (g) + OF () + UY5L (¢) < 1and 0 < Z3 pt (@) + Dpt (@) + y (g) < 1. Moreover,
we stated the refusal grade, such as r3_,(g) = (rZ c. ()73 Ecp (g)) (1 - (chtp (g) + Dg; (g) + yggF (g)) 11—

(2

Zcr
((z80,28). (o8, 08, (Y£,121)) j = 1.2, w

Definition 2: [8] Consider ZéF = ((Z“]F,Zgjt) (D Dpt) ( g]_f, g}_t)),j = 1,2, thus

(g)+D (g)+y (g))). Finally, we described the simple form of CPEN, such as: ZéF=

ZCF @ZCF _ ((ch:zlt +Z§12t_zg1tz Zpt+zpt Zpt pt) (D Dpt pt) (y pt )
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at ~at &Pt pt at at at ~at —~pt pt _ ~pt Pt
S ((zzlzzz,zzl Z3), (0% + O — 0§t08, Of +0f — OF OF )
CF CF

(Y + Y&~ VS Y UPL + R — UYL
$°Thy = ((1 - (-2 1-(1-229"). ((02)”. (98", (%) . (v2)° ))

s ¢° ¢° ¢°
((z89".(z29").(1- (1 -08)" 1= (1- 089",

(EéF)¢S = s s
(1-(-9)" 1-a-vH")

s see . . j _ at bt at —~pt at qbt -
Definition 3: [8] Consider X, = ((sz,ZZj), (DE,-'Dzj) ( z U, ))] = 1,2, thus
1
1y = at pt\ _ at pt\ at pt _
SGer) = 2 ((sz + ZZ;‘) (Dzi + DZJ') ( z * ’UE].)) €l-11]
1
1 _ at pt at pt at pt

H(Et) = 5 ((zzj + zzj) + (g + Dzj) + (Yt + (3 )) € [0,1]
Where, the information in S(E£¢5) and H(Z) states the score and accuracy values with the following rules,
such as, if S(Ztp) > S(E2p) = BLp > 32, if S(BLp) < S(B2p) = 3ir < 2%, if SELp) = S(B%r) =, thus if
HEEp) > HEER) = 3¢ > 285, if HEER) < H(EER) = St < 2.

Definition 4: [8] Consider £/, = ((zaf,zg’j) (o8, 08), (ves, Sf)), j =12, thus

(Zé‘f + 288 — Z8tz8t — (1- 9928zt 28+ 28 - 202l — (1- )28 28 )

1-(1- ¢z zg!k ’ 1-(1-¢9)27 28
gt ot OF, O%,
L. dri. = t t tat)’

CF CF oS+ (1— qbs)(Dg1 + 05! — Dnggz) ¢S+ (1—¢%) (Dg: + D;’E - Dg:Dg;)

t t

Ys, U5, Uz, Us,
¢+ (1= ¢I(YE + U —VEUE) ¢ + (1 — %) (V2" + Y2 - y2'y2’)

at at pt ot

221222 ZZ1 Zzz
¢°+ (1= o9(2Z5) + 255 - 28128,) s + (1 - %) (28 + 28 — 2z 2L’

ZéF S Z%F =

(og: +Of — OY0f; — (1 - )OO Of, + Oy, — OF, Oy, ~ (1 ¢S>D’£ZD§§>
1-(1-¢5)0¢ o ’ 1-(1-¢5)0} 0 ’

YL+ Yg — YEryg — (1— ¢ )YEYE YE + YL - YR YR — (1 - YL Us,

( 1— (1 - ) Yrygt ’ 1-(1-¢5)YE e )
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( (1+(@s-0z8)" ~(1-zg9)" (r@e2p)” (1-2)" )

(1+(¢s-1)zglt)vs+(¢s-1)(1—zglf)vs ' (1+(¢S—1)z§f)vs+(¢5—1)(1—Z§’f)vs
(¢9)(08)" @(op)”

(1+(¢5—1)(1—Dgi))\7 +(¢s—1)(£>gi)vs (1+(¢5—1)(1—D§§))V +(¢5—1)(Dgi)vs

® VSZ%F =

) (ye)” @(ug)”
Vs Vs’ VS VS
(1+@-D(1-98)) +@=-D(ygt)  (1+@-(1-Y2!)) +@*-(VZ!)

EEn)"
(¢*) (2 ) (¢)(25,
(1 + (s - D(1-2z¢ ) + (s — (2 vs (1 + (¢S —1) (1 _ zé’f)>v + (5 —1) (Zé’lt)Vs

(1+(¢5 - Dog)” —(1-0¢)" (1+ @ - Do) - (1-08)"
(14 @ = 09)" + @ =D -08)" (1+ - DY) +@s-D(1-0%)

(1+(° - 1)y§f) —(-y)” (1+ @ -0y -(1-yp)”
(1+ @ = 0¥ + @ =D =) (14 @ - 02) + @ -D(1-92)

Definition 5: [10] Consider that Eép, j =1,2,...,w be the collection of attributes with a linear ordering ¢, >

L¢p > - > Ly, where ZéF € [0,1], then the prioritized averaging operator is stated below:

J”II
~.

PA(zLy) = Z =T

]1~J

“II

Where, = represented the priority degree with =i s(Eh) and E; = 1.

11“1

3 1| HAMACHER PRIORITIZED AGGREGATION OPERATORS BASED ON

CPFSS
In this section, we derive the CPFHPA operator, CPFHPOA operator, CPFHPG operator, and CPFHPOG

operator, and their remarkable properties.

Definition 6: Consider ZéF = ((Zajt,Zgjt) (D Dpt) ( Sj’.:, gjt)),j = 1,2, ...,w, thus the CPFHPA operator

—J _yJ
ZCF>
111

Theorem 1: Consider ZéF=((Z‘IJF,ZQF),(D%,DQE),( gj, gjt)),j=1,2, ..,w, thus by using the

is exposed in the shape:

”II

J’]II

CPFHPA(Sp, 225, ..., 20) = —_):CF D

w

]1] 1% ]1]

W _ZCF@ D=L = Y1<
Jj=

Where, = represented the priority degree with &, = [2iS(ELe) and B, = 1.

j=1=]

information in Definition 6, we evaluate that the aggregated value of Definition 6 is again a CIFN, such as
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CPFHPA(Z}r, 225, ..., 2 =

(14 (9% - 1)zaf)11~1— (1 zzj)ﬁ

a1+ (0 - ”Z“t)““’+<¢5—1)n (1-zgr )5S

Y=1 (1 + (¢ — 1)Z€;)ﬁ +(¢ps —1) H‘J/‘V=1 (1 _ ijt)%
()T (D)E—=

fa(1 @ -0 (1-0g) RS+ (4= DI (og;)z]Tis‘}

(5 Ty (sapf) AT

w1+ @ -1 opt))n~1+(¢s—1)n , (o) T

I

[1]]

=1

o

(ST (YgE )5 ™

a1+ @0 (1- vaf>>~~f+<¢s_1m (g

¢ ]H

?5
L
2

RN (R

v (1 @00 (1- 92T + - D, (92T

¢ ]H

Proof: With the help of Mathematical induction, we derive the above information, for this, if w = 2, then



Nt

j=1%

I

£ 1

[1]]

=1

(1+(¢° - 1)23‘-‘)21 15— (1 - zg5) T

1

(1 + (¢S — 1)ng)2j=15=1 + (¢s _ 1)(1 th)zz .5

‘-‘1

(1 + (¢p° — 1)22)21 18 _

(1- z”t)zf 15

(1 + (¢S — 1)Zpt) 1:= (¢s _ 1)( ng) ::=

J

(¢s)(Dat)Zj 1._=

1)(Dat)21 1E;

() (08, oz

(1 + (s —1)(1- sz)) ,:1:=] N (¢S 1

(1 +(ps—1) (1 Dpt)) j= 11“1 +(¢5-1) (Dpt)Zf 11”=

[x ]"

(¢S)(y‘“)21 £

(1 + (¢ — 1)(1 — yglf)) =18 4 (¢s _ 1)(y}¢:11t)2§=1521

(qu)(ypt)Zf 5
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(1 + (s —1) (1 'y )) =151 4 (¢s —1) (ypt)Zf i”:

Ep

(1+ (¢ -

1)Zzl:lt)2] 18 _ (

1-2g0)E=%

=2

(1+ (¢s - 1)zgf)Zj=1E:1

(1+(¢° -

+(@s-D(1-2 t)Zf 15

2

=2
O il G zng)2,=1~1

(¢>S -1) (1 zpt)zf :”:

(qu)(D%;)ZZ o5

(1+ @5 - 1)255)—2::

I

[1]

(1 + (¢S — 1)(1 Dgt)) 715 _|_ (¢s 1)(Dat)22 1:=

(qu)(D”:)ZJ oT
(1+@-n(1 opf)) LE - 1 (025 T

(qu)(‘y“f)Zf =

5

’||

(1 + (¢ps — 1)(1 ‘yg;)) j=1E) _|_ (¢s — 1)(vyat)21 18)

(¢S>(y“)2f=1“f

(1+(¢5—1)(1 y ))11“1+(¢s )(y ) E_2:=

2
j=1
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Thus,

CPFHPA(S(p, TEp) =

[1]

1
=2 ©
j=1%J

T m

2 2
w = Xip
j=1%J



(1+(¢° - 1)Z§“)21 15 (1 zgf)ZZ 5

(1 + (¢S — 1)Zglt)2j=15=j + ((;bs _ 1)(1 zgt)zz 1:=

“1

(1 + (¢° — 1)Zpt)21 1€ (1 Zpt)zj .5,

»5 1

(1+ (g5 - D2 YIS

1

(¢S—1)( — Z2 S

(¢s)(Dat)21 LB

(100 D) + - (o

‘I(

1

(#)(08)%-+5

(1 +(¢5—-1) (1 Dpt)> J= i“/ + (¢ps — )(Dpt)Zf i”:

(¢S)(y‘”)21 1f

[x ]"

(1 + (¢ps — 1)(1 — 'ygt)) =12 + (¢s — 1)(y)(:11t)2§:15=]

(¢5)(ypt)2, L&

1

(1 +(ps—1) (1 'y )) =15 4 (¢ — (ypt)zi .5,

2

(1 + (¢° — 1)th)zz 18y _ (1 _ ZZL:I:)ij-ZlE:J

2

(1+ (9~ 2T T 4 (s~ D1 -2 £

:.2_
(1 + (¢° - 1)Z§;)Z§=151 — (1 _ Zgzt)zFl g

(1+ ¢ - 1)255)—::

=2

(¢s)(Dgtzt)Zz =

2

+ (¢ — 1) (1- 225 .5

(¢° )(ovf)& 2

= ’

(1 + (¢p5 — 1)(1 — D%t)) 1=1:=1 + (¢s _ 1)():)%;)2?:15:]

(9%) ('yat)zl 18

(1 +(pe-1)(1- of“)) nE . +@ - (o2 )5-5

=2

2

(¢° )(y;“)zz %)

(1 + (¢ — 1)(1 ‘yg;)) j= 1'“= I+ (¢S — 1)(ryat)21 18

(1+ @ (- )P+ 0 (3

=2

2
j=1°
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Foa (1+ @7 - 1)zat)ﬁ— 2, (1- zat)ﬁ

N
[N
+
~
©
%
,_x
—/
N
Mo
S
v
\.
iy
[1]
~
+
~
<
%
|
[N
—
:l
/\
,_\
N
Mo
&
\/
A
'

M. (1+ @ - 1)2'5;) A (1 _ z)Z—=

f=1 (1 + (¢ — 1)Zpt) 18 4 (¢S —1) H (1 Zpt)Z‘J’-‘;lE,

(¢° )H] 1(Dat) Jui“‘]

(1 +(p—1) (1 D“t)) J:_l“f + (¢s ~- DI (Dat) i

GO (fpf) |

(1 +(° -1 (1 D’”)) 1:1~1 + (¢>s - DA (th) ja ST
(¢ TTj- (i;af)

(1+(¢5—1)(1 y“t))11“1+(¢5—1)1] (y )Y=3=

(¢ ITj- (ypt)

hence, for w = 2, we successfully get our target, furthermore, we consider that the proposed theory holds
for w = w’, thus.
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;V=,1 (1 + (p° — 1)Z¢ ) W::VJ _ H}{l;’l (1 _ Zgjt)ﬁ
(14 0%~ D2 T + (- DITE, (1285
;V=,1 (1 + (¢p° — 1)Zpt) ‘JN:5=J _ H;v:’1 (1 _ Zg}t)ﬁ
o, (14 @ - 2T 4 (s - DI, (1- 2T
()T (w)ﬁ
7 (14 0 = (1-08) 5 + 0 - 011z (o7
CPFHPA(Stp, 225, .., Z) = - |
(@) T, (95 )5

o (1 +(¢°—1) (1 - Dg}?))i—

(@) H‘]A;, ( at)Z] 18
(1 @00 (1-3) 25 4 @0 - DI (v 3
@) T, (yg;)z,w:i 5

RN (S 5,?))— b @ - DI (1)

Then, we prove that the proposed theory also holds for w = w’ + 1, such as

mu

CPFHPA(ZLs, 25, .., ZW) = ——
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W (14 6 - 178 )ﬁ-n (1- 28T

(14 @ - 1)25;)—5: + >

(¢ — DI, (1- 280 )%=

J
=1

T
(1 @ - 02T 4 - DI, (1- 25T

[x}

]

T
t,)zj=1 5

(@) T, (Da

[!]|

@O, (;)zziiaf _
vi(1+ - (1- ‘yt))—= + (97— DT (vg )z:?
@9 I, (E/g_f)szf 5 )

a1+ @ -0 (1-ug) PP =, (¢ - DI, (V8 )ZW=
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[Il‘

Mo (1+ (9 -

=] )
w +1 (1 + ((,'bs _ 1)Z€t) = f E; )+ (¢s _ 1) w +1 (1 Zgjt)z‘]f};ﬂa_

=

w +1 (1 + (¢p° — 1)221:’]’5) ‘]”: ] ~ H;V:’I-l (1 _ ng)z){v:’?1s=

= ! =
3 w+1 at\TLi'E
) (1 -z P
Ef

a

=

J

W (1+ (g5 - 1)z§]_f)2?”:1+

- DI (1- 22 S
g

(¢S)HW+1(D )W H

\

[Il”

j=1 =]

[ (1 + (¢ — 1)( Dat)) S 4 (g — DT (D ) SWHE,

e

II\

"1

(¢ II1 (08 )55
H}L’Il(l +(¢ - (1 D”t)) S

*ﬁ g
= +
o

(¢s _ 1) HW "+1 (Dpt)

:.

—

w+1<1+(¢5_1) (1 ))Z‘J’i’f] 5]+(¢s_1) w+1( at)Z L

w!+1
j=1

o

J

W+1(1+(¢5_1)(1 .y ))‘]”: E= (¢S_1)HW+1( )Z\}{v:;rl_=

=)
Hence, the invented operator is held for all positive values of w

Property 1: Consider ZéF = ((Zajt,Zgjt) (D Dpt) ( gf, gf)),j =12,
thus

|

w be the collection of CPFNs,

1) (Idempotency) If ZéF =Xcp = ((Z“t,th), (Dgt,Dgt), (yg* y;’t))

,w, thus
CPFHPA(Sp, 225,

2) (Monotonicity) If )

..,Z‘éVF) = ECF'
Le<3#

CFs thus

CPFHPA(Sks, B3¢, .., B < CPFHPA (X%, 240, .. E4 0 )

3) (Boundedness) If Xz = ((mjn Z‘lj.t,mjn ng),(m,in D%f,min Dpt) (max £, max
J J J
at pt at B pt . at . pt
((mjaXZ ; ,m]axZEj),(mjln Dzj ,mjln Dzj) , (mjm’y ; ,rnjln yzj )), thus

Y;r < CPFHPA(Z}r, X2,

g}?)) and X} =

LI < B



thus

1) (Idempotency) If 3, = Z¢r = (28", 22°), (08", 08), (Y- Y2")) .j = 1.2

Property 2: Consider £/, = ((Z“]_’f,Zg]_t) (D Dpt) ( g

LM Caderfiieians-Gatel

Definition 7: Consider ZéF:((Z“]?,Zng) (D Dpt) (y Ys ))

i =1,2,...,w, thus the CPFHPOA
operator is exposed in the shape
CPFHPOA(S ke, S35, ., Z8) = = =20 @ oo Z000 @ . @ == 30 -
j=1% j= 151
Where, =

Xop =@z oy = “CF
] 1"‘] Jj=1%
S(Z =) and E; = 1 with order o(j) < 0(j — 1)
Theorem 2: Consider ZéF = ((ZSJF,ZS;) (D Dpt) (’yat 5 )) ,Jj=12,..,w, thus by using the

information in Definition 7, we evaluate that the aggregated value of Definition 7 is again a CIFN, such as
CPFHPOA(ZL;, 2%, ..., 2%

— represented the priority degree with Z, g = H
j 1“1

J

(1 + (d)s B 1) 0(1))—

1%

— _ H‘]{Ll (1 Z 0(1))W—

I S [11

E

(1 + (('bs - 1)Z 0(1))2'—E=

j=1 (1 + (¢° — 1)Z§’5())K ~ 1T, (1 gt )Z,W—

Zo(j)

5
‘}’:1(1+(¢5— )thm)z E]+(¢S_1_)H (1 th())zﬁla_

J

(@) [T (o8, )P ™

(1 +(¢* -1 (1- 08 (])))

@O ( 0(}))2}215:,
j=1 (1 + (45 —1) ( Dgt( ))>zyv=1=, 5

(¢s) l_[ ( 20(1))ﬁ

(1 @ -1 (1 Yz (1))> = + (¢S - DI ( )Zy;E:

A
=y
+
~
<
1%}
I
[N
—
/N
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td
M
‘L/
N———
M
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[11"
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pt P —
a]f’ Z]. )) J] - 1J21

w be the collection of CPFNs,

, ..., w, thus
CPFHPOA(SL;, 2r,

w —
"’ZCF - ZCF'



2) (Monotonicity) If ZéF <xz# CF, thus

CPFHPOA(SL, £2p, ..., 5%) < CPFHPOA (Z#CF,Z#CF,

. ,2**‘&).
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3) (Boundedness) If X = ((mjin Zgjt,mjin Zgj?),(mjin Dgf,mjin Dgf),(max’y £, max pt)) and I} =

t . . t .
((maxzajt , max Zé’j ) , (m;n ng , min D’Z’]) , (m}n 5 mln yr )> thus
J J j j J

2zr < CPFHPOA(EYs, 23,

I < e

Definition 8: Consider =/, = ((zgjt, Zgjt) (D Dpt) (y“
is exposed in the shape:

£ 1

CPFHPG (2%, 25, ..

é 1

J I = (ch)zf 5 Q (ch)ZJ E Q.
Where, ——

11“]

<= represented the priority degree with Z, g ]_[i:

Theorem 3: Consider Zépz((z Zpt) (ngt.,Dpt) (’g‘“

15(2&) and E; = 1.

)) ,j = 1,2, ...,w, thus the CPFHPG operator

‘||

g

© @TT =, (2) T

j)),j=1,2,...,w, thus by wusing the

information in Definition 8, we evaluate that the aggregated value of Definition 8 is again a CIFN, such as

(¢ T (28)
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Property 3: Consider £/, = ((Z af,zgf) (D Dpt) (y
thus

)) j=1,2,...,w be the collection of CPFNs
1) (Idempotency) If EéF =Zcp = ((zgt,z;_’t) (0gt, %), (Y&,

g’f)),j =1,2,.
2)

CPFHPG(Zkp, 225, o, Z%) = S
(Monotonicity) If #1 ., thus

..,w, thus
cF =

CPFHPG(ECF,ECF, o E¥) < CPFHPG (3¢5, ¥ p, ., B4 07 ).

3) (Boundedness) If £ = ((m,inzgf,m,inzg),(m,in Dg}t.,mjnop]f),(max 5 maxyz )> and I} =
j j J Jj j
at pt ; at . pt .

((mjaxz j ,m]axzzj),(mjm Dzj,mjln Dzj>,(mj1n 3 mmyz )), thus
Szp < CPFHPG (L, 22, ..., 50 < S
j _ at Dbt at Pt
Definition 9: Consider X . = ((sz,ZZj),(D 9] ) ( b
operator is exposed in the shape

CPFHPOG(Eép,EgF,
Where,

)) j=12,..,w, thus the CPFHPOG

g z,
38 = (280

|

11“]

[1]

_ 2
=1 J =®\J/V=1 (20(1) Z‘]N:la

‘E

T (5 6.0 (a5
— represented the priority degree with &,

)
]_[rzlS(ZEF) and E; = 1 witho(j) < o(j — 1)
Theorem 4: Consider ., = ((zg}?,z;’}?) , (Dat Dpt) ( 5 )) j=12,..,w, thus by using the
information in Definition 9, we evaluate that the aggregated value of Definition 9 is again a CIFN, such as
CPFHPOG(gp, 22p, -, L0F)

(@) T (285, )"
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Property 4: Consider £/, = ((Z ajt,Zgjt) (D Dpt) (y Y2 )) j =1,2,...,w be the collection of CPFNs,
thus
1) (Idempotency) If EéF =3%cp = ((zgt,z;_’t), (Dgt,Dgt), (y&, gt)),j =1,2,...,w, thus
CPFHPOG (S, £2p, .., S = S
2) (Monotonicity) If £/, < $#/,., thus

CPFHPOG(Sp, 327, .., 3t5) < CPFHPOG (3 ¢p, 3¥ ¢, ..., 37 ).

3) (Boundedness) If Xz = ((mjinzgf,m]jn Zgj) (mjln Dz ,mlnDpt) (m]ax gjt,m]ax g)) and Xf; =

at pt ; at . pt .
((mjaxz j ,m]axzzj),(mjm Dzj,mjln Dzj>,(mjm 3 m]myz )), thus
I¢r < CPFHPOG (g, 2p, -, 28F) < Zip.

4 | MADM TECHNIQUE FOR PROPOSED METHOD

In this section, we discuss the MADM procedure based on the CPFHPA operator and CPFHPG operator

to improve the worth of the derived operators.

For this, we consider the group of alternatives X}, 22, ..., I with attributes X}, 23y, ..., 2%, where all the

attributes are considered for each alternative. Further, for all attributes we have the collection of weight

vectors in the shape of priority degree . Additionally, we aim to compute the matrix by including

w =

j=1%

their values in the shape of CPFSs, where, the truth, abstinence, and falsity grades are stated by: Z5.(a) =

( Z$ (9), z

ZcF

@), Ozc, (@) = (08, (2), 9%, (@) and Vs, () = (V£ (@), yzc,,@) with a valuable

condition, thatis 0 < 2§ (g) + 0§ () +UY5- (8) < 1land 0 < Zpt (@) + obf @+ yg(fp (@) <1

Moreover, we stated the refusal grade, such as 1y ,(g) = (rZCtF (a), 7, Ecp (g)) (1 - (ZSEF (g) + O% @)+
ygcfp (g)), 1- ( zpt (g) + DZCF(g) + y;’; (g))). Finally, we described the simple form of CPFN, such as:

EéF = ((ZS;,Z%’;) , (D%}t Dg]t,) , ( S}.t, g}t)) ,j = 1,2,...,w. For addressing the above problem, we have the

following procedure, such as:

Step 1: Collection of the decision matrix by including the CPFSs.
Step 2: Aggregate the decision matrix.

Step 3: Evaluate the score values.

Step 4: Rank all the alternatives and examine the best one.
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To verify the above procedure, we evaluate some numerical examples for evaluating the best decision

among the collection of finite alternatives.
4.1 Numerical example

The main contribution of this example is to talk about the solution of the best software company to open in
the Asian market. For this, we consider the five best businesses in the Asian market represented by
2, 225,235, 28 and 22, represented different types of businesses. To select the best one, we will use the
following features such as I};: growth analysis, £3;: environmental impact, £3;: social impact, and Zj;:
political impact. Based on the above problem, we have the following procedure. For addressing the above

problem, we have the following procedure, such as:
Step 1: Collection of the decision matrix by including the CPFSs, see Table 1.

Table 1. CPF decision matrix.

Zir Zir
P ((0.5,0.4),(0.3,0.2), (0.1,0.2)) ((0.51,0.41), (0.31,0.21), (0.11,0.21))
X225 ((0.4,0.3),(0.1,0.2), (0.2,0.1)) ((0.41,0.31),(0.11,0.21), (0.21,0.11))
E ((0.6,0.3),(0.2,0.2), (0.1,0.1)) ((0.61,0.31),(0.21,0.21), (0.11,0.11))
p ((0.7,0.5),(0.1,0.2), (0.1,0.2)) ((0.71,0.51),(0.11,0.21),(0.11,0.21))
. ((0.4,0.5),(0.2,0.2), (0.1,0.1)) ((0.41,0.51),(0.21,0.21), (0.11,0.11))
Zir Zar
P ((0.52,0.42), (0.32,0.22), (0.12,0.22)) | ((0.53,0.43), (0.33,0.23), (0.13,0.23))

X2p ((0.42,0.32), (0.12,0.22), (0.22,0.12)) | ((0.43,0.33), (0.13,0.23), (0.23,0.13))
x3e ((0.62,0.32), (0.22,0.22), (0.12,0.12)) | ((0.63,0.33), (0.23,0.23), (0.13,0.13))
. ((0.72,0.52), (0.12,0.22), (0.12,0.22)) | ((0.73,0.53), (0.13,0.23), (0.13,0.23))
. ((0.42,0.52), (0.22,0.22), (0.12,0.12)) | ((0.43,0.53), (0.23,0.23), (0.13,0.13))

Step 2: Aggregate the decision matrix, see Table 2.
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Table 2. Aggregated decision matrix.

CPFHPA Operator CPFHPG Operator

2t | ((0.501,0.4023), (0.301,0.2022), (0.101,0.2022)) | ((0.501,0.4023),(0.301,0.2023), (0.101,0.2023))

i ((0.4037,0.3053), (0.1035,0.2052), (0.2036,0.105)) ((0.4037,0.3052), (0.1037,0.2053), (0.2037,0.1053))

2¥r | ((0.601,0.3053),(0.201,0.2052), (0.101,0.105)) | ((0.601,0.3052),(0.201,0.2053), (0.101,0.1053))

Dy ((0.7011,0.501), (0.101,0.201), (0.101,0.201)) ((0.701,0.501), (0.101,0.201), (0.101,0.201))

=3¢ |((0.4037,0.5023), (0.2036,0.2022), (0.1035,0.1022))((0.4037,0.5023), (0.2037,0.2023), (0.1037,0.1023))

Step 3: Evaluate the score values, see Table 3.

Table 3. Representation of Score values.

CPFHPA Operator CPFHPG Operator
p 0.0484 0.0483
P 0.0458 0.0454
D 0.1471 0.1468
)y 0.299 0.299
Z2r 0.1472 0.147

Step 4: Rank all the alternatives and examine the best one, see Table 4.

Table 4. Representation of ranking values.

Methods Ranking values Best one
CPFHPA Operator TEe > 22 > 23 >3l > 32, )iy
CPFHPG Operator TEe > 22 > 23 >3l > 32, )iy

The best option is £¢r based on two different operators, such as CPFHPA Operator and CPFHPG Operator.
To further verify the above procedure, we aim to evaluate the comparison between proposed and existing

operators to evaluate the importance and effectiveness of the presented operators.
5 | COMPARATIVE ANALYSIS

Operators In this section, we compare the exposed techniques by using the data in Table 1 with some
prevailing operators to enhance the worth of the presented operators. For comparing the proposed
techniques, we have the following existing techniques, such as Yager [11] derived the AOs for fuzzy
information in 1994. Additionally, Xu [12] presented the AOs for IFSs. Xu and Yager [13] evaluated the
geometric AOs for IFSs. Wang et al. [14] presented the geometric AOs for PFSs. Garg [15] examined the AOs

for PFSs. Jana and Pal [16] evaluated the Hamacher operators for PFSs. Huang [17] presented the Hamacher
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operators for IFSs. Wei [18] exposed the Hamacher operators for PFSs. Yu [19] invented the PAOs for

generalized IFSs. Finally, to use the data in Table 1, the comparative analysis in Table 5.

Table 5. Representation of comparative analysis.

Methods Score values Ranking values
Yager [11] Failed Failed
Xu [12] Failed Failed
Xu and Yager [13] Failed Failed
Wang et al. [14] Failed Failed
Garg [15] Failed Failed
Jana and Pal [16] Failed Failed
Huang [17] Failed Failed
Wei [18] Failed Failed
Yu [19] Failed Failed
Akram et al. [8] 0.0405,0.0407,0.1407,0.2907,0.1407 e > 22 > 22 > 32 >3l
0.0399,0.0399,0.1399,0.2899,0.1399 e > 22 > 2d >3l > 32,
CPFHPA Operator 0.0484,0.0458,0.1471,0.299,0.1472 e > 22 > 22 >3l > 32,
CPFHPG Operator 0.0483,0.0454,0.1468,0.299,0.147 e > 22 > 22 >3l > 32,

The best option is Y ¢r based on two different operators, such as CPFHPA Operator, CPFHPG Operator, and
Hamacher aggregation operators for CPFSs, proposed by Akram et al. [8]. The existing techniques have

failed because of many restrictions and limitations.

6 | CONCLUSION
The major contribution of this paper is listed below:
1. We presented the CIFHPA operator, CIFHPOA operator, CIFHPG operator, and CIFHPOG
operator. Furthermore, some remarkable properties of these operators are also examined.
2. We contributed to the improvement of the MADM procedure with a new plan of an algorithm in
the CPF environment.
3. We selected and solved a MADM problem that evaluates the best optimal between the collection of
decisions based on derived operators.
4. We checked the reliability and effectiveness of these operators with the help of a comparative
analysis between the proposed techniques and some prevailing operators.
In the upcoming times, we aim to convert the idea of T-spherical fuzzy sets [20] into complex T-spherical
fuzzy sets and try to discuss their application in the field of similarity measures [21] and aggregation

operators [22] for the proposed operators to enhance the worth of the invented theory.
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