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Available online 11 November 2024 orthopair fuzzy sets is a special case of the CPQROF set. The major theme of

this article is to expose the novel theory of fairly operational laws based on

Kkeywords: Kine: Comol] CPQROF numbers (CPQROFNs). Further, we evaluate the weighted fairly
Deillsmn'-rrfla 1ng; olmp. elx b, q‘R““S aggregation operators based on CPQROF information, called the CPQROF
orthopair fuzzy sets; Fairly aggregation weighted fairly averaging (CPQROFWFA) operator and the CPQROF ordered

operators; Fuzzy sets. weighted fairly averaging (CPQROFOWFA) operator. Some properties are also

discussed for the above operators. Additionally, we validate the system of
multi-attribute decision-making (MADM) difficulties based on the initiated
operators. Finally, we associate our suggested ranking consequences with
approximately prevailing techniques to demonstrate the proposed theory's
sovereignty and validity.

1. Introduction

To derive the best optimal is a very complex and challenging task for scholars, where the
technique of MADM technique is very suitable for evaluating the best decision among the collection
of alternatives based on some suitable criteria. Further, during the decision-making procedure, we
lost a lot of information because of crisp information, whereas in the case of a crisp set, we have just
two options such as zero and one, but in many cases, the crisp information has not worked effectively
because of limited options. For this, Zadeh [1] proposed the fuzzy set (FSs). Further, Atanassov [2,3]
introduced the intuitionistic FS (IFSs), because of the complications, where the FSs have only truth
grade, but in many situations, we have needed two types of information, called truth grade and falsity
grade with a condition that is the sum of both grades contained in unit interval, which is the part of
IFSs. Moreover, Yager [4] proposed the Pythagorean FSs (PFSs) with a new condition that is the sum
of the squares of both grades contained in the unit interval, where the IFSs are the special case of
the PFSs. Additionally, in 2016, Yager [5] again proposed a new theory, called g-rung orthopair FSs
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(QROFSs) with a new technique, called 0 < S‘Z}:&(EZ‘) +']I‘S§S('5B) <1,0¢p =1, where Sz,
represents the truth grade and Tz, represents the falsity of grades. Many applications of the IFSs,
PFSs, and QROFSs have been proposed by different scholars, for instance, aggregation operators [6,7]
and decision-making problems [8,9].

Fixing a complex number instead of a real number in the range of FSs is very complex and
complicated because of vagueness and ambiguity in genuine life problems. In 2002, Ramot et al., [10]
proposed the complex FSs (CFSs), where the truth grade in CFSs is defined from a universal set to
complex-valued unit interval, such as [0,1] + i[0,1]. Further, Alkouri and Salleh [11] initiated the
complex IFSs (CIFSs) with a truth grade and falsity grade, such as0 < S%R]P(Hx“) + ’]I‘%m(?c“) <1and
0 < S, (%) + T%,, (%) < 1. Moreover, Ullah et al., [12] proposed the complex PFSs (CPFSs), the
structure of CPFSs is the same as CIFSs but the condition of CPFSs is more modified as compared to
CIFSs, such as the sum of the square of the real part (also for imaginary parts) of both grades
contained in the unit interval. The technique of CPFSs is the modified version of the PFSs, CIFSs, IFSs,
and FSs to cope with indeterminate and untrustworthy info in genuine life problems. Further, Liu et

al., [13,14] proposed the complex QROFSs (CQROFSs) with a novel condition such as 0 < Sg}ig (%) +

']I‘ZES(?) <land0< SZ“;Q(%") + Tgpr(%") < 1,0¢q = 1. Many applications of CIFSs, CPFSs, and
CQROFSs have been proposed by different scholars, for instance, aggregation operators [15,16],
hybrid operators [17,18], decision-making [19,20], and many others [21,22].

Various scholars have modified it in the shape of different structures, for instance, the technique
of p, g-rung orthopair fuzzy set (PQROFS) was initiated by Ibrahim and Alshammari [23] with a new

condition 0 < S;ﬂ:f(ﬂx“) + ']I‘«Z)uig('k“) < 1, where the structure of QROFSs and PQROFSs are the same,

but their condition are different, if Qc¢g = O¢q = 1, then the idea of PQROFSs is converted to
QROFSs (a special case of the PQROFSs) [24]. Further, the novel theory of CPQROFSs was initiated by
Ibrahim [25]. The key influence of this object is planned below:
i.  Tointerpretation the original theory of fairly effective rules based on CPQROFNs.
ii. To evaluate the weighted fairly aggregation operators based on CPQROF information,
called CPQROFWFA operator and CPQROFOWFA operator.
iii. To propose some properties for the above operators, called idempotency, monotonicity,
and boundedness.
iv.  To demonstrate the technique of MADM problems based on initiated operators.
v. To compare our proposed ranking results with some existing techniques to show the
supremacy and validity of the proposed theory.

The article is arranged in the following shape: In Section 2, we revised the technique of CPQROFSs
and their operational laws. In Section 3, we exposed the novel theory of fairly operational laws based
on CPQROFNs. In Section 4, we evaluated the CPQROFWFA operator and CPQROFOWFA operator.
Some properties are also discussed for the above operators, called idempotency, monotonicity, and
boundedness. In Section 5, we demonstrated the technique of MADM problems based on initiated
operators. In Section 6, we compared our proposed ranking results with some existing techniques to
show the supremacy and validity of the proposed theory. Some valuable remarks are discussed in
Section 7.

2. Preliminaries
In this section, we proposed the idea of CPQROFS and its operational laws.
Definition 1 [25]: The mathematical shape:

Zog = {(Szoe(®), Taey (8)) : 7 € X}
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called  CPQROFS, noticed that Sy (%) = Sz, (sc“)@"z”(slnn»@)) and Ty, (%) =
’JTZW(?)(EL'ZE(TZW@)) represents the supporting and supporting against grade with 0 < S;ﬂiﬁ(%‘) +

Ocq (= Qe (4 Ocq
']I‘ZW (x) <land0 < SZW (x) + TZ]I]P (x) <1,0¢ = 1. further, the terms

1 1
D(CQ N @(CQQ([:Q Q 0 OcoRcq
, 1-S, *(*¥)— ; <_§C@~«_TCQm>QQ
oo (B) = T, (R)E2n0e) [ 1 St ) g7\ e BT )
19%(3)
RIP
shows the indeterminacy. Finally, the technique: Z¢q = (SZRP@IZ”(SZHP),']I‘ZRPCEIZ”(TZHIP’)), called
CPQROFS.

Definition 2 [25]: The idea of score and accuracy functions are listed below:
1/ 0 Q 0 o
Seo(Zeq) = E(S @4 5,50 — Ty — T, ), Gog(Zeg) € [-11]

Irp Zyp IRp Zyp
1/ 9¢0 | 9o Oco Ocg
$ca(Zea) = 5 (Sys + Spi’ + Tyt + Tyt ) Hea(Zea) € [0,1]
With some properties:

i If Seo(Zego1) > Sco(Zeg-2) = Zeg-1 > Zeg-2;
vi.  1f Sep(Zeg-1) < Sco(Zeg-2) = Zeg-1 < Zeg-2;
vii.  If S¢q(Zeg-1) = Sco(Zeg-2) =
a. If Hco(Zeg-1) > Heo(Zeo-2) = Zeg-1 > Zeq-2

b. If $cq(Zeg-1) < Hea(Zeg-2) = Zog-1 < Zeq-2-
Definition 3 [25]: We discussed some operational laws:
1

1 Q Q Q Q B
sfee | gfe _gO gBeo YA @Sy tSuny SupsSunca)
Lcg-1 ® Leg-2 = ZRrp-1 Zrp-2 LZrp-1"~ ZRrp-2
TZ]R]P 1TZRP zgizn(TZHP_lTZW—Z)
Szpp-1 Strp z@izn(gzﬂp_lgzw‘z).
Leg—1 Q Leg—2 = 1 o 1
B - — @ ,.0%q _.%q .Ocq )0«:@
IR e e i
1
1 Q(CQ PcQ Q(CQ
= i —(1- . PCQ
) Pce\RQcq 1211'(1 (1 S, _) pco LZTL’(']I‘ )
Leooi = (1 - (1 - ) ) P-1 T Typ_q
p(CQ CQ-1 SZRp_l ¢ ! Z]R]P—IG
1
1 [} PCQ\0cq
[ PCO PCOND — i2n<1—(1—']1‘ €Q ) )
0] Q\ O
ZP(CQ — §p(CQ @lzn(SZnP-1) 1—(1=T cQ CQ@ Zip—1
CQ-1 ZRrp-1 ’ Irp-1

Definition 4 [25]: The CPQROFWA operator id is derived below:
CQROFWA(Z¢q-1, Zeg-2, - Leg_i)

1 1

£~ Qco z Q wy, Q
. 3 cQ Wr—-2 \“CQ
Q Wyy_a 121'[(1—]'[2=1<1—§Z - ) )
1—| |(1—SZCQ) v ; P :
RP-2
— g=1
%
T Wiwy-g (Sizn(ngﬂqrzm—swzwv_ﬁ)
LIrp-g Y
£=1

Definition 5 [25]: The CPQROFOWA_operator is derived below:
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CQROFOWA(Z¢q-1, Zeg-2s -+ » Log—i)

1 1
£ Qo i Q WTr_a \QCo
. Q Wr-2 \“¥CQ
B B Qco Wiyy_q lzn(l_nﬁzl(l_gzw—o(ﬁ)) )
1 1-5, G :
RP-0(2)
— £=1
% _
, 3 wy,
wy _ l2T[(HQ=1 TZHIP’—O o WV—Q)
| | TZ]R]P—O(Q) wv-¢ § ®
£=1

3. Fairly operational laws for CPQROFSs
In this section, we derived the fairly operational laws and their related results.
Definition 6: We discussed some operational laws:

Leg-1 Q Leg-2 )
OcoQ
Qg Qe ce¥ce
S
Irp—1"~ Zrp— Q () Q (0}
5 5 RP—1 J]z)]f’ 2 5 (1_(1_52((:@ _']I‘Z(CQ )(1_SZ‘CQ _TZCQ ))
cQ g cQ cQ RP—1 RP—1 RP-2 RP-2
Irp-1~ Zrp-2 Irp-1 " Zrp-2
1
SD(CQ SD(CQ { \@CQDCQ
; LZyp_1 Zyp—p _( _c2cq _.Ocq )( _cce _.Oa )
12m Qe e ,H,‘%Q Ocq \1 1 SZH]P—l TZH]P—l 1 §ZH]P—2 TZHIP—Z
® Zyp—1"Zip—2 Zip-1 Zip-2
— )
1
Oco Ocq dcelce
Zpp-1 ~ Zpp—2 1— (1 _ SD(CQ _ T@CQ ) (1 _ SD(CQ _ T(O)(CQ )
SDtCQ SD(CQ +T@(CQ Ocq Zrp-1 Zrp-1 Zrp-2 Zrp-2
Zrp-1~ Zrp-2 Zrp-1 "~ Lrp-2
1
Oce Oce Ocqlcq
: IRp-1  ZRp-2 _( _ccq _.0cq )( _c%ce _Ocq )
t2m SDCQ Qe T@(CQ ,ﬂ,@w \1 1 SZ]IJP’—l TZ]IJP—l 1 SZH]P—Z TZH]P—Z
® Zyp—1"Zyp—2 Zyp—1 Zjp-2
1
QcoPco dceRce
SZ]R]P—I (1 (1 SDCQ TOCQ )ch)
QcePco OcqPco Zrp-1 Zrp-1
SZ +T,
RP-1 RP—1
1
L) o 9cQ cQ
Q 0 C
P [— 1—(1—§Z‘C‘Q —TZCQ) ¢
§CQPCQ cePcQ\ P-1  ZIP-1
® Zip—1 Zip-1 ,
Pcolcg-1 = 1
OcqPcq dceVce
Zrp—1 (1 _ (1 _ SQCQ _ T@cQ )pCQ)
QcePeg OcqPco Zrp-1 Zrp-1
SZ + ']I'Z
RP-1 RP—1
1
OcPcQ dcece
- Zip—1 2 _.Ocq ) CQ
i2m| g 1—(1—§ =T )
s2CQPCe T%Q%Q\ Zyp-1  Z1p-1
z Ty
® IP-1 IP-1

Proposition 1: Based on the Z¢g_; = (gZRP_lgiZ"(SZHP—J,'H‘ZRP_lcgiz"(Tan—J) and Zcg_p =

(SZ]R]P—Z GLZH(SZHP_Z)’TZRJP—Z glzn(TZHP_Z))’ if SZR]P—l = TZR]P—ﬂ SZ]HP—l = TZH]P—1 and SZR]P’—Z =

TZ]R]P—Z’ SZ]I]P—Z = TZH]P—Z’ thus
=T S =T .
LRp-2¢q-1®Zcq-2 Lrp-20q-1®Zcq-2" ~ LIP-Zcq-1®Zc-2 Lyp-20q-1®Zcq-2

=T S =T .
LrP-peqZeg-1 Lrp-peqieg-1" " L1P-peqleq-1 Zip-peqZog-1
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Proof: Assume that if Sz, =Ty, ,Syz, , =Ty, , and Sz, , =Ty, .Sz, = Tz,
thus
S
Lrp-70q-1®Zcq-2
T
Lrp-70q-1®Zcq-2
1
Qe Qeo dcece
Zrp—1~ ZRrp—2 1— (1 _ SD Q _ Ocq ) (1 _ S _ ']I'(O)(CQ )
Ve Reo Ocq T@CQ Zrp-1 Zrp-1 Zuw 2 ZRp-2
Irp-1~ ZRrp-2 Irp-1 " Lrp-2
= 1
Oco Ocq dcelcq
Zpp_1 _Lyp—» 1— (1 _ SDCQ _ ']I‘(O)‘CQ ) (1 _g2 _ m0co )
e gBce Oco 0co Zrp-1 Zrp-1 ZRrp-2 Zrp-2
Irp-1~ ZRrp-2 ZlRlP—l Zrp-2
— ZIRIP 1 ZIRIP 2
"[['
Z]R]P 1 ZIRIP 2
Further
1
sce (Sce acQRcq
Stip_y Zip_ (1- @ _0cQ @ _.0c
JScg O o 1- SZ —Ty 1- §z —Ty
sy e Bce O Oco \ IP-1 IP-1 IP-2 1P—2
IP-ZcQ—1®Zcg-2 Styp—s Szyp_y T T2pp_y T2ip_, _
T 1 =
LiP-Z¢g-1 ®ZLeg-2 0ce 10co acQRcq
Lip_1 " Zyp_s (1 ( _g2ce _p0c )(1 soce _poce )
SD(CQ D(CQ ‘D’CQ T@(CQ \ Zyp—1  Zyp-1 Zip—2 Zip-2
Zip—1 ZJI]P 2 p_y " p_y
1
Qco SDCQ qcQRcq
Zyp_1 " Lyp_3 =1
,]I,@lCQ ,]I,@lCQ :
Zyp—1 Zyp-2 1
QcePce dceBce
Stsp—s Qo Ocq \Pce
Qcep Tegpcg \L (1~ Sz — Ty 1
SZCQ cQ Z(CQ cQ RP—1 RP-1 Qco Ocelcg
ZW“’CQZCQ—l _ RP-1 RP—1 _ Zrp—1 _ 1
Tz 1 Ocq
RP-pcoZcQ-1 T@CQPCQ OceRce Zrp-1
Irp— Q¢ o) Pcq
= RP—1 @ (1 (1 —-S Q _ cQ ) )
cQPcQ cQPcQ Zyp-1 Zgp-1
SZ TZ
RP—1 RP-1
Further
1
QcgPc Ocqce
ey 1_(1_5%«32 _q°ce )pw 1
S s2cerce , Ocerce Iip-1 Zyp-1 Ocq \Bcglcg
ZIP-pcoZeg-1 _ \ HP-1 Zyjp-1 SZH]P’—l =1
T - 1 Ocq = 1.
LiP-peqZeg-1 OcqPcq Ocqlce Zyp_q
T2ip_s c@ _.Oq \’CQ@
Q 0 (1 Sz —Ty )
(CQF’(CQ+T CQPCQ IP-1 IP-1

Zip-1

Zyp—1

Theorem 1: Some operational laws are stated below:
i Zeg-1Q ZLeg-2 = Zeg-2 @ Zeg-1;

ii.
ii.
Proof: Let,

peo(Zeg-1 ® Zeg—2) = peoZeg-1 @ Peoleg-2;
(Peo-1 + Peg-2)Zcq-1 = Pea-1Zc-1 @ Peg-1Zcg-1-

139



Spectrum of Operational Research
Volume 2, Issue 1 (2025) 135-153

1) Zeg-1 Q@ Zgg-2 =

Zrp—1 LRpP-2 (1 _ % _ qOc _ e _ mOce
soce Yo | 0% Oco (1 (1 SZRJP’—l TZ]R[P—l 1 SZ]R]P—Z TZ]R]P—Z
Lrp-1"ZRP-2 LRP-1 ZRP-2

1
Qg Sco \@CQDCQ
i2m Stip_1 Tip_s ( 1_(1_§DCQ _pPce )(1_5%@ _rPce )
Qcq SQCQ Ocq TO(CQ \ Zyp—1  Zyp-1 Zip—2 Zip-2
® Zyp—1"Zrp—2  Zip-1 Zip-2
’

(U)(CQ (U)(CQ

Tagp_ Tzgp—, 1— (1 _ SQCQ _ -]I-@CQ ) (1 _ SQC@ _ T@CQ )
Q ) @) 0
st gUce | Y@ pOce LZrp-1 Lrp-1 LZrp-2 LZrp-2
Irp-1"IZrp-2  LRp-1 ZRP-2

1
Ocq . Ocq Ocqlcq
i2r Yogp_ "2pp-, ( 1_(1_§9«:Q _p°ce )(1_5%@ _rPce )
SQ(CQ SDCQ Ocq TO(CQ \ Zyp—1 Zyp—1 Zip-2  Zyp-2
® Zyp—1"Zyp—2  Zyp-1 Z1pP-2

D([:Q D([:Q

Zrp_p IRp_1 1-(1— SDCQ _ 0% 1— SDCQ _ Plce
soce Yo | O O ZRp-2 ZRrp-2 Zgp-1 Zgp-1
Lrp-2"ZRP-1  LRP-2 ZRP-1

1
Qq 2o \‘U’CQQCQ
i Zyp—p° Zyp—1 1_(1_SDCQ _poce )(1_§QCQ _plce )
SD(CQ SD(CQ TOCQ TOCQ \ ZLyp—2 ZLyp—2 Zip-1  Zpp-1 /
z Z z z
] P2 Z1p—1  Zip-2 Zip-1 ,

(D)(CQ (D)(CQ

Zpp_z ZRp-_1 1— (1 _ SDCQ _ T@CQ ) (1 _ SDCQ _ T@w )
soce Yo | O ;O ( Zrp-2 Zrp-2 Zrp-1 Zrp-1
Ipp-2"IZrp-1  LZRrp-2 ZRpP-1

1
Ocq . Ocq Ocq¥ce
2 "2gp_p " Zgp-s ( 1_(1_§’3CQ _p°ce )(1_§an _rPce )
T(U)(CQ Ocq Ocq . Ocq \ Zyp—p Zyp—2 Zip-1  Zyp-1
z z Tpy 'z
® RP-2 ZRP-1  Zip-2 ZIp-1
Leg-2 @ Zeg-1-

1
Ocelce

OcqRcq

1t
Ocelce

1
OcqRcq
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2) peo(Zeg-1 ® Zeg—2) =
OcqRcq

50,
DCQ DCQ O(CQ cQ
Sz 7
RP—1 ZRP-2
SQCQ SQCQ 0@@ @CQ

PCQ
Qe Qe
Zrp—1°Zrp—2 T ZRp-1 " ZRP-2 1-5 1-5

O¢ Oc
Do Poo Dol T, @ —-T,®
ZRpP—1"ZRP—2 +
SD(CQ Smw Ocg . Ocq
Irp-1"ZRP-2  ZRP-1 ZRP-2

—Q@
@CQ 0@@ OCQ cQ
T. T.
ZRp-1_ZRP-2
o) o) 0 (0]
SZCQ SZCQ +']]'Z(EQ TZCQ
RP-1 #RP-2 RP-1 #RP-2

L
©
a
;_—__/

OCQ’QCQ

LN
§’DCQ §DCQ OCQ cQ
Zjp—1"Zip—2 o a

SD‘C@ SD‘C@ +1r(0)‘c‘Q TOCQ / 1-s. ¢Q 1-s, Q@
Zip—1 Zip—2 = Zyp—1 Zjp—2

(50 1-| 1-| 1- qu'};‘l «fﬁﬁ'z \\
I// Q¢ SD(EQ \@CQOCQ \\ =T —T.
\

2w

s Zyp—1 Zyp—2
5 @Zw—1 Z(g)u»—z - 4
Q@ Oco cQ )

S, S, +T T.

Zyp—1 Zyp—2 " Zip—1 Zip-2

LN
| 2ce Oce Ocg <@ |
Z z |
| - ey Bp-z
cQ OCQ @ ,0cQ }
S. S. +T T.
\ Zyp—1 Zyp—2  Zip-1 ZIp-2

OcqRcq

520

2ce O Ocq €@ PcQ
ZRp-1 ZRP-2 o o

D(CQ D(CQ O(CQ ([DCQ 1 _ S CQ 1 _ S cQ

s s + T

IRp-1"ZRP-2 _ZRP-1_ ZRP-2 1-1=-[1= ZRp-1 ZRp-2

p(CQ (D)CQ O(CQ

ToCQ  0CQ >@0@®‘C@

Zrp-1
Zrp—1_ ZRP—2 "
Q Q 0 @)
SZCQ SZCQ +1IZ(CQ T, CQ
RP-1 ZRP-2

ZRp—1_ ZRP—2
§DCQ SDCQ +1r®c@ TQCQ
ZRp—1"ZRP—2

PcQ
O OC
T([DCQ T«»CQ >@@Q Q

Zrp—1 ZRP-2

1
Ocqcq

)
Ocq Ocq Ocq Q@
- QZ]IIP—l Zip—z o o PcQ
0 @)
§Zc@ §Zc@ +TZCQ TZC@ 1_goce cQ
i 1P—1"Zip—2 " Zip-1 Zip—2

1-| 1-| 1—

M@c _2ce Ocq
T@c@ T@(EQ 0([:@ Q

Zip—1_Zip—2 n
Ocq Oce %0 O
S. S. +T, T
Zyp—1 Zip—2 Qup-1 Zip-2

0
2ce Oce Ocq CQ
i z
- Lip-1 Up—
@ 0cQ ce ..0cQ /
s s +T
\ Zyp—1 Zip—2  Zip-1 Zip-2
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1
PCQDCQSPCQDCQ Ocqlice
Zrp-1 " LRrp-2 Qco Ocqg \PCQ Qe Ocq P
1—-(1-—-S —T 1-S —T
PCQDCQSPCQDCQ + TPCQ@CQTPCQ@CQ Zrp-1 Lrp-1 Lrp-2 Zrp-2
Lrp-1 ~ Lrp-2 Irp-1 — Zrp-2
1
PcQOcq (PcQOcQ Oco¥ce
i2m SZH]P—I SZH]P—Z {1_(1_§D‘CQ _ O(CQ ) CQ<1_§D‘CQ _
SPCQQCQSPCQ%Q+TPCQ@CQTPCQ@CQ\ Zyjp—1  Zyp-1 Zip-2
(5 Zyp—1  TZyp-2 Zyp—1 Zip—2
= 1
p(EQ@(EQTP(EQ@(CQ Ocolice
Zyp—1__ Zpp—2 (1 _ (1 . SDCQ _ T@CQ )pc@ (1 _ SQCQ
PR «PcoRcg PcOcorPceOcq Zrp-1 Zrp-1 Zrp-2
S S + T T
Irp-1 "~ LRrp-2 Zrp-1  Zrp-2
PcQPce.Pcelcq
. TZH]P—l TZJI]P—Z ( _(1_c2c@ _..Ocq fee _giCe _
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PcaZeg-1 Q pPeolcg-2
1
SQCQPCQ Oce¥ce
Zyp—1 1-(1= SDCQ _ TOCQ pce
S‘D(CQP(CQ T@CQPCQ ZRrp-1 ZRrp-1
Zrp-1 Irp-1
1
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i2m Zip—1 1—(1—5%Q —oce )ch
SDCQPCQ+T@CQPCQ\ Zip—1  Zyp-1
© Zip-1 Zip—1
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1
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Zrp-1 (1 _ (1 _ SDCQ _ ']I‘@CQ )pCQ)
§Q@Qp([;@ n ,]I,@(CQP([;Q Zrp-1 Lrp-1
LZrp-1 Zrp-1
1
Ocqrcq Ocqcq
i2m Togp_y 1—(1—SD‘CQ _Toce )pCQ
SQCQF’CQ+T@CQPCQ\ Zip-1  Z1p-1
© Zyp—1 Zyp—1
1
SQCQPCQ Ocolce
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SD(CQP(CQ T@CQPCQ Irp-2 Irp-2
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4. CPQROF weighted fairly aggregation operators

In this section we evaluated the CPQROFWFA and CPQROFOWFA operators, and discussed their
basic properties:

Definition 7: A CPQROFWFA operator is shaped in the form:

CPQROFWFA(Zco-1,Zeg-2: -+ Leg—i) = (W, Zeg-1) ® (w2, ,Zeg-2) ® . ®

(way,sloo-z) (12
Theorem 2: We proved that the aggregated value of the above information is again a CPQROFN,
such as
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Proof:

1) If £ = 1, thus
CQROFWFA(Zcg-1, Leg-20 - Log—i) = Wiy Leg-1
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we proved our required results 4.
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Property 1: When Zcq_g = Zcg that is, Szp, o = Szpe Szp_o = Szypr Tzgp_o = Tzge, and

TZH]P’—E = TZH]P” thus
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Property 2: Some properties are stated below:
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Oc¢ Qc Oc¢ Q¢ Oc¢
T Q}SS 4T < max{S. @ 4+ T @ L
Zyp-g Zyp Zyp i Zyp-g Zyp-g
Q Q
mjn{S ce +”JI‘q(EQ }xm_in{S ce } Q
i (UZpp-g Zrp-g i Zpp-g < g <
0 Q = =
max{']l‘ ce }+m_in{§ ce } Zrp
i Irp-g i UZrp-g
Q 0 Q Q 0 Q
m_ax{S e +T ce }xm_ax{S ce } mjn{S cQ +T cQ }xmjn{S cQ
min {= Lrp-g  LRp-g i U Zrp-g 1 i (TZpp—g " Zip—g i
; 0 Q ) 1] [0} Q = =
l mjn{'ll‘ ce }+m_ax{§ ce } max{'[[‘ cQ }+mjn{§ cQ } Zip
i (Zrp-¢ i UZrp-g iU Zip-g i UZip-g
Q o) Q
- (maxfsyy” 4T prmardsy 2 )
min{— = = : =1

; 0 {Q )
i m_in{?l‘Z cQ }+m_ax<{§Z cQ }
i 1P-¢ i 1P-g

Q 0 Q
m,in{SZ(CQ +”JI'Z(CQ }xmjn{SZCQ } 0
i RP—£ RP-8 i RP—¢) - T cQ <
Ocq . [ScQ - TIrp —
max)T, +min S,
i RP-£ i RP—¢
Q o) Q Q (o) Q
max{S ce +T. ce }xmaX{S ce } m_in{S cQ +T cQ }xmin{S ce
min {— Ipp-g  LRrp-g i UZrp-g 1 i (UZip—g " Zyp—g
h [0} Q ) ) 0 Q = >
l mjn{'ﬂ‘ ce }+max{§ ce } max{']I‘ cQ }+mjn{§ cQ } Lyp
i (U Zrp-g i UZrp-¢ i Zyp-g i
Q o) Q
max{SZnﬁJ’Qﬁ+TZf§ Q}Xmax{s o }
: i - - i
min Oog Seq , 1
l m_in{']l‘Z }+max{§Z }
i IP-2 i 1P-2
Property 3: when Z¢q_g < Z¢g_g, thus

CPQROFWFA(Zcg-1, Teg-2r - Leg_i) < CPQROFWFA (Z{CQ_l, Ziqr - L /;) (2)

i2m

iv.

Definition 8: For any family of CQROFNs Z¢g-g = (SZRP_E@iZTE(SZHP—B), TZRP_Q@Q”(TZW—E)) Q=
1,2,. .,4%, then the CQROFOWFA operator is demonstrated by:
CQROFOWFA(Zeg-1, Log-2 -+ Leg-k) = (W2, Leo-o) @ (Wi, Leg-02) ® - ®

(2, Zca-o(4)) (3)
Where wy,, = {WZWU—y’WZwV—z' ""WZWV—/z} with a rule that is Zﬁzlwzm_ﬂ =1l,wz,, , €
[0,1].
_ _ i27(Szp_g) i2m(Tzyp_ ) _ =
Theorem 3: Based on the Z¢g-g = Szm_g@ IP-¢ ,']I‘ZW_B(E r-¢/) ), 8 =1,2,.., %, then
by using the Eq. (3), we get
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Property 6: Based on any two families of CQROFNs ZﬁcQ_ﬁ =
' i2m(Sy ' i2m( Ty,
(§ZM_E(§ ( ]I]P—Q)’ TZ]R]P—E@ ( 1111»—9) and

o)
iii. < ']I‘ZCQ <
RP

']I‘Z Oco < m1
1P

i S i T e 1
Zegos = (Szm_ﬁ@”"( we-s), Ty 627 zﬂp_g)) 2 =12,.., &, if Leg_g < Tig_g, then
CQROFOWFA(Zgg—1, Tog-z - Tog-5) < CQROFOWFA (Lg_y, L3, ) Lgy_z )

5. Application proposed theory in decision-making problems

In this section, we calculate the system of the MADM problem based on the initiated technique,
called the CPQROFWFA operator to find the supremacy and validity of the proposed theory.

For this, we consider the family of alternatives Zcq-1, Zcg-2, - » Z¢g-4 and for each alternative,

we have considered the collection of attributes, such as Zyr_1, Zar—2, -, Zar_7 With weight vectors,
_ . I _

such as wy,, = {’“’ZWV_MWZWV_Z' ""’WZWU_/z} with a rule that is Y5, wy,, . =1wy,, €

[0,1]. Further, we will compute the matrix with the help of the collection of the CPQROFNSs, such.

S1ce(#) = SZRHD(%“)(EL'ZR(SZHP@)) and Ty (%) = ’JI‘ZW(%“)(EL'Z”(TZW(P’E)) represents the supporting
and supporting against grade with 0 < S?ﬂiﬁ(ﬁa) + ']I‘%Z}S(E?) <land0< SZ&Q(%) + ']I‘%‘;Q(?) <

1 (O)(CQ' ’Q(CQ > 1. further, the terms :]Z(CQ(%‘) = :]Z]Rp(%‘*)(gizn'(f]zﬂp) =
1
D(CQ (r'-\) (D)(CQ‘D(CQ < Qco Ocq OcQlcQ
iz 1-5°°2 () -1 (@))
St 1P 1P shows the indeterminacy. Finally, the

OCQ(”)
Zm»
technique: Zgq = (Szmp@iZ”(SZHP),’]I‘ZRP(iiZ”(TZnP)), called CPQROFS. Then the procedure of the

decision-making technique is listed below:
Step 1: Compute the decision-matrix with the help of the collection of the CPQROFNs, such as

X =[xy,
Further, we normalized the matrix if needed with the help of below theory, such as
(S2 €2"S212), T, €2"(T2))  for bENGFit
N =

(']I‘Zm,, (EiZ"(TZHlP), Szgp (EiZ”(SZHlP’)) for cost

But in the case of benefit type of data, we do not do it.

Step 2: Aggregate the information in the decision matrix based on the proposed CPQROFWFA
operator into a singleton set.

Step 3: Find the score values of the aggregated values with the below theory, such as

1/ 9co , Qo Ocg Ocg
Sca(Zeq) =5 (§ZW + 8,0 — Ty — T, ),GCQ(ZCQ) € [-1,1]
Step 4: Evaluate the ranking values of the above alternatives according to their score values for
deriving the best one.
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Further, we simplify the above procedure with the help of some suitable examples. For this, we
select the below theory for evaluating the supremacy and validity of the initiated theory.

5.1 lllustrative example
A company wants to invest their money with some valuable and good company, for this, we visit
different companies for investment. All these companies contain different features and based on
their features, we will select which one is good and which one is bad for investment, the details of
the companies are stated below:
iv.  Car Company.
v.  Mobile Company.

vi.  Computer company.
vii.  Investin agriculture.
viii.  Property business.

For this, we have also some criteria, such as growth analysis, social impact, political impact,
environmental impact, and taxies ratio of the government. Then the procedure of the decision-
making technique is listed below:

Step 1: Compute the decision matrix with the help of the collection of the CPQROFNs, see Table

1.
Table 1
CPQROF decision matrix
ZAT—1 ZAT—Z ZAT—3 ZAT—4— ZAT—S
Zegr (0.5@{2”(0-6),) (0.5103{271(0-61%) <0.52@l‘2"<0-62>,) (0.53031_2”@-63),) (0.54(‘51_2”(0-6@,)
0.5@&2m(0.4) 0.51Ei2m(0.41) 0.52Ei2m(042) 0.53Ei2m(0.43) 0.54Ei2m(0.44)
ZCQ_Z (0_4(@.211(0.5),) (0_41(51"211:(0.51)') <0.42(gi‘211:(0.52)') (0_43(;1:1"271:(0.53),) (0_44@i.2n(0.54),)
0.3¢2m02) 03127021 0.326127(0-22) 0.33¢27(0-23) 0.34E2m(0-24)
ZCQ_3 (0.7@i'2n(0.8)’) (0'71(51"271(0.81)') <0.72(§i.2n(0.82)’) (0'73(51"271(0.83)') <0.74(5i.2n(0.84)'>
0. 2@121‘[(0.3) 0. 21@12”(0.31) 0. 22(5121‘[(0.32 0. 23@12”(0.33 0. 24_(921‘[(0.34
ZCQ_4 (0.8(51"2”(0.8)’) (0_71(51"211(0.81)’) <0.72(§i.2n(0.82)’) (0'73(5i‘2n(0.83)'> (0.74@i.27r(0.84)'>
0.2(5127[(0.3) 0. 21@12”(0.31 0. 22(5121‘[(0.32 0. 23@12”(0.33 0. 24_(921‘[(0.34
ZCQ_S (0.7(51"2”(0.6)’) (0_71(51"211(0.81)’) <0.72(§i.2n(0.82)’) (0'73(5i‘2n(0.83)'> (0.74@i.27r(0.84)'>
0.5@2m(04) 0.21Ei2m(0.31) 0. 22Ei27m(0.32) 0. 23Ei2m(0.33) 0. 24 Ei2m(0.34)

X =[x e
Further, we normalized the matrix if needed with the help of below theory, such as

(SZW@"Z”(SZHP), Tzp (SiZ"(TZHP)) for benefit

(’]I‘Z]R]P (gl'ZTL'(TZHP), SZRP(giZTC(SZH]P)) for cost
But in the case of benefit types of data, we do not do it. However, the data in Table 1 does not
need to be normalized.
Step 2: Aggregate the information in the decision matrix based on the proposed CPQROFWFA
operator into a singleton set, see Table 2.

N =

150



Spectrum of Operational Research
Volume 2, Issue 1 (2025) 135-153

Table 2
CPQROF aggregated matrix
Zeg-1 Leq-2 Lcq-3 Leg-a Leq-s
0.514592983 0.445 0.71599 0.81564 0.75821
CPQROFWFA (i2m(0.644116809) i2m(0.51843) i2m(0.81919) i2m(0.81919) i2m(0.64412)
operator 0.51459298 0.11402 0.00189 0.00112 0.14885
GiZT[(0.09174568) (giZT[(0.00697) (giZTL’(0.00738) (giZT[(0.00738) (EiZTL'(0.09175)

Step 3: Find the score values of the aggregated values with the theory below, see Table 3.

Table 3
Representation of score values
Leg-1 Leg-—2 Leg-3 Leg-4 Leg-s
CPQROFWFA 0.086029964 0.05564 0.35657 0.44646 0.25103
operator

Step 4: Evaluate the ranking values of the above alternatives according to their score values for
deriving the best one, such as
Leq-4 > Leq-3 > Leg-5 > Leg-1 > Leg-2
The best decision is Z¢g-4 according to the technique of the CPCQROFWFA operator. Further, we
evaluate the comparison between proposed operators with some existing techniques to show the
validity and supremacy of the proposed theory.

6. Comparative analysis
In this section, we compare the proposed ranking results with the following existing operators,
such as the technique of p, g-rung orthopair fuzzy set (PQROFS) was initiated by Ibrahim and

Alshammari [23] with a new condition 0 < S?ﬂiﬁ(ﬁa) + ’]I‘%Z}S(E?) < 1, where the structure of QROFSs
and PQROFSs are the same, but their condition are different, if Q¢q = O¢qg = 1, then the idea of
PQROFSs is converted to QROFSs (a special case of the PQROFSs) [14]. Further, the novel theory of
CPQROFSs was initiated by Ibrahim [25]. Comparative analysis is a major part of the manuscript and

with the help of comparative analysis, we can easily determine the supremacy and validity of the
proposed theory. Therefore, using the data in Table 1, the comparative analysis is listed in Table 4.

Table 4
Comparative analysis
Methods Ranking values Best one
Ibrahim and Alshammari [23] Failed Failed
Liu et al., [14] Failed Failed
|brahim [25] Z(CQ—‘l— > Z(CQ—?: > Z(CQ—S > Z(CQ—l > Z(CQ—Z ZCQ—4
Proposed theory Leg-a > Leg-3 > Leg-5 > Leg-1 > Leg-2 Zcg-4

The best decision is Z¢g-4 according to the technique of the CPQROFWFA operator and also using
the operators of Ibrahim [25]. Further, the existing techniques have failed because of limitations and
complications, hence the proposed theory is very suitable and reliable for depicting vague and
complex information in genuine life problems.
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7. Conclusion

The major contribution of this article is listed below:
i.  We evaluated the concept of CPQROFSs.
ii. We exposed the novel theory of fairly operational laws based on CPQROFNs.
iii.  We evaluated the weighted fairly aggregation operators based on CPQROF information,
called CPQROFWFA operator and CPQROFOWFA operator.
iv.  We proposed some properties for the above operators, called idempotency,
monotonicity, and boundedness.
v. We demonstrated the technique of MADM problems based on initiated operators.
vi.  We compared our proposed ranking results with some existing techniques to show the
supremacy and validity of the proposed theory.
In the future, we will extend it to circular CPQROFSs and their application in decision-making,

artificial intelligence, game theory, machine learning, data science, and neural networks to enhance
the worth of the proposed theory.
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