Annals of Mathematics and Computer Science ISSN: 2789-7206
Vol 19 (2023) 10-33 https://doi.org/10.56947 /amcs.v19.213

CLIMATIC ANALYSIS BASED ON INTERVAL-VALUED
COMPLEX PYTHAGOREAN FUZZY GRAPH STRUCTURE

S.N.SUBER BATHUSHA! AND S.ANGELIN KAVITHA RAJ2*

ABSTRACT. The Interval-valued Complex Pythagorean Fuzzy Set (IVCPFS),
an extension of the Pythagorean Fuzzy Set (PFS), offers a more accurate de-
scription of uncertainty than traditional fuzzy sets. It has numerous uses in
fuzzy control. In this research study, we show the concept of Interval-Valued
Complex Pythagorean Fuzzy Graph Structure (IVCPFGS), as well as the re-
sults of some regular IVCPFGS and totally regular IVCPFGS, along with the
degree of vertex present. We also discussed the subdivision of an IVCPFGS, the
1-complement IVCPFGS, and the strength of a Path in an IVCPFGS. Finally,
we discuss a real-world example based on temperature variation and climatic
data analysis in an environment with an interval-valued complex Pythagorean
fuzzy Structure to demonstrate the applicability of the generated results.

1. INTRODUCTION

In order to address the difficulties associated with dealing with uncertainty in
fuzzy sets, L.A. Zadeh [35] created fuzzy sets in 1965. Since then, other real-
world problems involving ambiguous and uncertain situations have been studied
in order to resolve by other researchers using fuzzy sets and fuzzy logic. The
extension of fuzzy sets that the author started in Turksen [27] in 1986 is called
interval-valued fuzzy sets. In order to accommodate for uncertainty, it includes
the values of number intervals rather than using numbers as the membership func-
tion. Normally, it is denoted by the symbol [u (x), ulh;]. To express the degree
of membership of the fuzzy set A, use the formula 0 < py, (z) + phy(z) < 1.
An additional element was included to fuzzy sets by T. Atanassov [3], namely a
non-membership function that is represented by intuitionistic fuzzy sets. He also
expanded the concept of intuitionistic fuzzy sets to include interval valued intu-
itionistic fuzzy sets [4]. The representation of uncertainty using interval-valued
intuitionistic fuzzy sets is preferable than that of conventional fuzzy sets. The as-
pect of fuzzy control that requires the greatest processing is defuzzification, which
is used in fuzzy control in a variety of ways. For the purpose of interpreting the
degree of true and false membership functions, it is defined as a pair of intervals
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= ut,0<pu +put <land A7, AT[,0 <A+ AT <1with0 <pt 4+ A" <1.
The handling of uncertain information is nevertheless permitted despite the afore-
mentioned restrictions, which only permit holding incomplete data. Pythagorean
fuzzy set (PFS), a new generalisation of IFS, was introduced by Yager[[29], [30],
[31]]. Tt abides by the rule that u* + A* < 1 and is made up of both member-
ship and non-membership degrees. It has a larger range in order to handle the
uncertainty. Since 0.8 + 0.9 > 1, the IFN cannot support this condition when a
decision maker gives evaluation data with membership degrees of 0.8 and 0.9, re-
spectively. In this manner is the importance of PFS defined. On the other hand,
(0.8)24(0.9)% < 1. Inaccurate, inconsistent, and incomplete periodic information,
however, cannot be handled by FSs, IFSs, or PFSs. Although these theories are
applicable to many different branches of science, they all share a common weak-
ness: they cannot be used to model two-dimensional phenomena. The fuzzy set
(FS) theory is a practical tool for addressing uncertainties that occur in a variety
of spheres of life. However, in some cases, this theory is unable to simulate the
imperfect and erratic information of a two-dimensional or periodic nature found
in the real world. In order to address this issue, Ramot [17] developed the idea
of a complex fuzzy set (CFS) in 2012. This concept is a valuable generalisation
of FS in which the membership grade is constrained to only accept values from
the complex plane’s unit circle and is of the form re?, where r is the amplitude
term and @ is the phase term. Because it can better manage periodic difficulties
or reoccurring problematic phenomenon, the phase term of CFS is crucial. The
inclusion of the phase term in CFS assures that there may be situations in which
the second dimension is necessary. CFS is distinguished from all other groups
of material that are currently available by this phrase. A CF representation of
solar activity is one potential application that illustrates the new idea. applica-
tions for time series forecasting and signal processing. The concepts of complex
intuitionistic were first introduced by Alkouri and Salleh [1] in 2012, using the
degree of complex valued non-membership functions to translate the concepts
of CFS to complex intuitionistic fuzzy sets (CIFSs). Recently, the concepts of
Complex Interval-Valued Intuitionistic Fuzzy Sets (CIVIFSs) and its Aggregation
Operator were introduced by Harish Garg and Dimple Rani [6]. For the purpose
of interpreting the complex degree of true and false membership functions, it is
defined as a pair of intervals [ e, ute 0 < p=4put < 1,0 < a” +at < 2r
and (A7eP AT 0 < AT AT <1,0< B+ 8 < 2nwith 0 < pt + AT <1
and 0 < o™+ T < 1. Despite the aforementioned limitations, which only permit
keeping partial data, handling of unclear information is still allowed. A novel
generalisation of CIVIFS called Interval-Valued Complex Pythagorean Fuzzy Set
(IVCPFES) is what we've developed. To deal with the unpredictability, it has a
wider range. The CIVIFS cannot support this condition when a decision maker
provides evaluation data because p* = 0.6 and A = 0.7 and o™ = 1.47 and
fT = 1.2 then u* + A" > 1 and o™ + 87 > 2. In this way, the significance
of IVCPEFES is defined. However, it applied to IVCPFS when ,u+2 + A% > 1 and
ot + B+2 > 27 were multiplied together. This Flowchart-1 depicts the develop-
ment of IVCPFS in our usage. Figure-1 CS Crisp set, F'S Fuzzy set, IF'S Intuition-
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FiGUuRrE 1. Flowchar

istic Fuzzy Set, IVFS Interval-Valued Fuzzy Set, CFS Complex Fuzzy set, PFS
Pythagorean Fuzzy Set, CIFS Complex Intuitionistic Fuzzy Set, CIVFS Com-
plex Interval-Valued Fuzzy Set, CPFS Complex Pythagorean Fuzzy Set, CIVIFS
Complex Interval-Valued Intuitionistic Fuzzy Set, IVCPFS Interval-Valued Com-
plex Pythagorean Fuzzy Set. A graph structure can be created by generalising an
undirected graph, and this structure can then be used to investigate various types
of structures like graphs and signed graphs. The concept of graph structures was
initially introduced in Sampath Kumar’s [22] work from 2006. T. Dinesh and T.
V. Ramakrishnan [5] initially proposed the concept of a fuzzy graph structure in
2011. Muhammad Akram [[11],[15]] recently introduced the idea operations on
intuitionistic fuzzy graph structures and extension of competition graphs under
complex fuzzy environment.

(1) Introduced are the concepts of IVCPFS.

(2) More specifically, we demonstrate the idea of IVCPFGS, as well as the
results of some regular IVCPFGS and totally regular IVCPFGS, as well
as the degree of vertex present.

(3) It was also discussed how an IVCPFGS is divided, how an IVCPFGS is
y-complemented, and how strong a Path is within an IVCPFGS.

(4) We also discuss about using interval-valued complex pythagorean fuzzy

sets to analyse the morphology of the climate in kale.
(5) Furthermore, Kale Climate Morphology IVCPFGS Application.

The paper is structured as follows: 1. The Preliminaries Section provides the
fundamental definitions that are required. The IVCPFGS are offered, applied to
vertex degree and total degree analysis, and certain [IVCPFGS regular and entirely
regular IVCPFGS characteristics. In section 3. subdivision of an IVCPFGS,
the IVCPFGS that 1-complements it, and the strength of a Path within an
IVCPFGS. Within section 4. The capacity to predict atmospheric temperature
is critical for many applications, which brings us to our main conclusion. Because
of how constantly changing the atmosphere is, it is difficult to make any form of
reliable weather predictions. The IVCPFGS concept can be used to analyse the
climate change data in sections 5 and 6.

2. PRELIMINARIES

The description of some basic definitions and properties in this area will aid in
the development of the research work.
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Definition 2.1. Let’s say that conversation is the universe Y. Interval-Valued
Complex Pythagorean Fuzzy Set (IVCPFS) A defined on Y is the object of the
form.

— o, (r iat (r — o, (r iat (r
A = {(r [ua, (e Dk (e n ) g, (el (e ) e e V)

where i = /=1, py (r), ph, (r), 1
2.

Definition 2.2. Let A = {(r, [,u;h(r)emzl(r), Mjl(r)em:l(T)L

[/1212 (r)eiazz (T), /fAﬁQ (r)emﬁz(r)] :r €Y} and B = {(r, [ugl (T)eiagl (T),
.+ R .+
pg, (r)e’ s ™), 1, (r)e e, 1, (r)e"5"] . r € Y} be the Two IVCPFSs in Y,
then
o A C Bt and only i g, 1) < g (1), 4, (1) < (r) e i (1) <
1, (1), ph, (1) < pg, (r) for amplitude terms and oy (r ) < ag (r), ay (r) <
o (r) and ay (r) < ap,(r), o, (r) < o, (r) for phase terms, for all
rey;
e A= Bif and only if i, (1) = pp,(r), wh,(r) = pg,(r) and py,(r) =
1, (1), ph, (r) = pg, (r) for amplitude terms and o, (1) = ag, (r), o (1) =
o (r) and ay (r) = ap,(r), of, (r) = aj (r) for phase terms, for all
rey;
1 — 1o, (r ia (r — o, (7 ia (r
. A}Z {0, i, ()22 i, ()32 ), [ (r)e®n @ g (r)e®n D] s e
Y

For simplicity, the ([, (r)e™ "), i (e "], [y, (m)e ™0, g, ()% )
is called the IVCPFS, where, p} ,ph, € [0,1] such that ,uJA?12 + uJATQQ < 1 and
o, a, € (0,27 such that 0422 + onAfzz < 2.

Definition 2.3. A Interval-valued complex Pythagorean fuzzy relation in Y is
described as a IVCPFS X in Y x Y and is characterised by

e rs iat (rs
= {(rs, [nx, (r)e" ™" g (re)e ™ ],
I ( s)e ZaXz(TS)7IU,X2(7‘S)€ZQX2(TS)]) rs €Y xY}

where the Inter-valued complex Pythagorean fuzzy membership and non-membership
functionQS of X are I;lapping to [0,1], such that 0 < ,u}f(rs) + ,M}QQ(TS) <1 and
0 <ok, (rs)+puk, (rs) <2mforallrs €Y x Y.

Definition 2.4. On a non-empty set X, a Interval-valued complex Pythagorean
fuzzy graph is a pair G = (A, B), where A and B are complex Pythagorean
fuzzy sets on X and a Interval-valued complex Pythagorean fuzzy relation on X,
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respectively, such that:

(z)ugl(rs)emgl(”) < min{,u;h(r),le(s)}elmm{% (r),0cy, ()}

(i), ()€ 51 < min{pf (1), g, () pe' ™ Om O00% ()

(i), (rs)e 2" < max{jig, (r), g, (s) e ™ a0 )

(i), (rs)e"™52 < max{yif, (r), i, (5)}e! MR Ok O
(

rs) <land0 < 0@12(7“3)%—0432 (rs) <2mforallrs € Y xY.

3. REcurLar IVCPFGS

The idea of regular IVCPFGS is introduced in this section. Examples are also
given to clarify some of the standard IVCPFGS properties.

Definition 3.1. Let G = {16, A1, Agy ooy A} is referred to as an IVCPFEGS of graph
structure (GS) G* = {Q, R, R, ..., Ri} if = (1, o) = ([uy ey, puf io‘f]

(15 €2 | e""g]) is an IVCPFS on Q and Ay = (A, Aay) = (A€, A, eiBi],
(A5 e )\2Je’f82J]) are IVCPFSs on Q and R; such that

(DA ;{0 )P < min{up (a), py (B) e (905 0)
(i6)X (0. BP9 < min{uf (a), uf (b) e e (e )
(1#)A3 (0, D)@Y < mac{uz (a), a3 (b) e ™5 (5 O
()X (0, D) P50 < max{ (a), i (b) e mexted (e )

0 < (e, b)) + (A (@,h)? < 1and 0 < (B5(ab))? + (B (ab)? < 27 ¥ ab €
RyJ=1.2, .k

Note: )\U, )\U, A\,; and A\J; are function from R; to [0,1] such that A\ (a,b) <
A (a,b) and A (a,b) < AJ,(a,b) and B,;(a,b) < B1(a,b) and B;,(a,b) <
By (a,b) for all (a,b) € Ry, J =1,2, ..., k.

Example 3.2. An IVCPFGS G = (11, A\, \2) of a GS G* = (Q, Ry, R,) given
figure-2 is a IVCPFGS G = (1, A1, \2) such that = {uy([0.4¢"27,0.6e"67],
[0‘362'1.27: 0.7€i1.47r])’ Ug([0.5€io'8ﬂ—, 0.66“‘0”], [0.4ei0.87r’ 0.667;1‘271—]) U3([O.5€i0'8ﬂ—, O.8€i1'07r],
[0‘462'1‘0#’ 0_7ei1.27r])7 u4([0_3ei0.67r’ O'5€i1.87r]’ [0_4€i1.47r’ O.5€i1’27r])}.

ut A ([0.4e5087, 06l 0% [ 465127, () 7i-47]) -

il

T 07!

0. TeV ="

-.\"ﬂ\\

of
W -\\&

], [0.4eit 4T

0.
B
%
b
i
087 (6o 07], [0.4e7 07,

Az([0.390.67 0.54416

Aal[0.5¢

ug M (03606 056197, 04674, 066777])  ws

FIGURE 2. G = (11, A1, \o) is IVCPFGS of G}
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Definition 3.3. Let G = (11, A1, Mo, ..., \¢) be an IVCPFGS of GS G* = {Q, Ry, R,
., Ri}. The X[, — degree of vertex u is the sum of \|;, — edge starting from w.

it is denoted by d,- (u). Thus, dy— (u) = Y, cn, My, v)e 2 wery Prsww)
the A\, — degree of vertex u is the sum of A\, — edge starting from wu. it is
denoted by dys (u). Thus, dys (1) = 3, e, M (1, v)e’ =00ehs B5(0) and the
Ay — degree of vertex u is the sum of A\;; — edge starting from w. it is denoted
by d/\gJ(u). Thus, d, - (W) =D (uwer, A2y (U, v)

e Zwmer, P2a(Wv) the Ay, — degree of vertex u is the sum of A, — edge starting
from w. it is denoted by d, (u).

Thus, d)\;'J (u) = Z(U,U)ERJ )\QLJ<U, ,U)eiz(u,v)eRJ B3 (u,0)

Definition 3.4. The \; — degree of vertex u is defined as

dy, (u) = ([dy,, (), dy ()], [dy,, (u), S, (w)]) (or)

dy,(u) = ([Z(u,v)eRJ Ay (u,v), Z(u,v)eRJ ATJ(“? v)l,

[Z(u,v)eRJ Agy(usv), Z(u,v)eRJ Agy(u,v)]),

forall J=1,2,... k.

Definition 3.5. A IVCPFGS G = (j1, M1, Mo, ..., \) is Ay — strong if

ALy (e, 0)e ™) = minpey (), gy (v) fet e (es (),

+

N (,0)e P = mindprf (u), pf (v) et minler (et 00}
Mgy, v)e2 ) = max{py (u), g (v) e mextos (e 00
Ay (u,0)e ) = max{p (u), i (v) et medes (3 0},

for all (r,s) € Ry,J =1,2,..., k.
If G is \j — strong for all J = 1,2, ...k, then G is called \; — strong IVCPFGS.
Example 3.6. Consider a IVCPFGS G = (i, A1, A2). Then the degree of a

Ay — strong vertex is shown in Figure-2 for all J =1, 2.
The degree of a \; — strong vertex u;, i=1,2,3.4 is

) = ([dy (u1), dys (u1)], [dy (u1), dy+ (u1)])
) = (046957066107, 046770 76“ i)
dy, (u2) = ([0.7¢"47, 116707, 0.8¢7257, 1.3¢767])
) = ([0.3¢°57 0.5¢707), [0.4¢47 0,66 27))
) = ([0.6e™27, 1.0e297), [0.8¢7257 1.2¢7247])

The degree of a \y — strong vertex u;, i=1,2,3.4 is

= (ldy;, (w), dyy, (w)], [d, (wr), dyy, (wa)])
[0. 301007 0. 56“ 071, (047, 0. 76“ )
[0.5¢°7,0.6e™07], [0.4€"07, 0.7¢27])
[0.5¢"57,0.6e07], [0.4€"07, 0.7¢"127])
[ L D

0361067r 0561167r’ 0461147r 0767,147r

<
N

~— '
I

(
(
(
(
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Theorem 3.7. Let G = (j1, A1, Ao, ..., \) be an [IVCPFGS of GS G* = {Q, Ry, R»,
s Rp}. Then

D oda, () = (2 D Aplug,v)e?Etamen Al g Nz (40

i=1 (ui,v)ERy (ui,v)ERy

2 Y wgmery A i) 19 Ay (g, v)e2 Etwpmenry Pas(uiv) o > Ay(uiv
(uij,v)ERy (ui,v)ERy

o122 (us )R, BJJ(%U)])

is Ay — strong IVCPFGS for all J =1,2,... k.

Proof. Let G = (,u, A1, Ag, ..., Ax) be an IVCPFGS of GS G* = {Q, Ry, Ra, ..., Ry}
Let us consider G has a n Vertlces such that py (u;)ei™r 0y (u;)eter (),

115 (ug)et2 @)yt (u;)es @) for all (i = 1,2,..,n). Since each edge is inci-
dent on two vertices, we can infer from the definition-3.3,3.5 of degree of any
Ay — strong vertex of an IVCPFGS of GS that the sum of all \; — strong
vertices in the IVCPFGS G is twice that of the degree of membership of the
sum of all A\, — edges for all J = 1,2,....;k and twice the degree of member-

ship of sum of A/, — edges for all J = 1,2,...,k in G and twice the degree of
membership of sum of \;; — edges for all J =1,2,....k in G and twice the de-
gree of membership of sum of A}, — edges for all J = .k in G. Thus,

n — 2 (ug,v
Doy o, () = (220, wpem, Ary (i, v)e® e P1s 2 E(u wer, M (i, v)
. + .
612 Z(ui,v)eRJ 511(“1:”)]7 [2 Z(ui,v)GRJ A;J(ui, v)ez Z(ui,v)eRJ BZJ(UZ v),
2 Z(Ui,v)ERJ >\2+J (ui7 U)‘eﬁ Z(uiMER“’ BZJ(HHU)]) 0

Example 3.8. Next, we show the example of the above theorem-3.7. Let us
Consider a IVCPFGS G = (u, A1, Ag) as shown in figure-2. Then 37 dy, (u;) =

([2 Z(ui,v)GRJ )\l_J(u“ ) i2 Z(uz v)ER ) By (i) 2 Z VeR, )\Tj(ui’ U)€i2 Z(ui,v)eRJ BTJ(UDU)]’
257 e, Ao ) St PO 3 S s ) e, P
is

Aj — strong IVCPFGS for all J =1,2.

Twice the degree of sum of A\; — edges in G is

2 ) An(u; v)e'? mem Aot = 2(G (ug, ua) + Mgy (s, ) + Ay (us, )
(u;,v)ERL
e?2(B11 (ur,u2) 4By, (u2,ua)+51 (uz,ua))
_ 2(04 + 03 + 0.3)6i2(0.8ﬂ+0.67r+0.67r)

_ 2.06i4.07r
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2 Z A (g, v) €2 twswery A (i)

(uiv)ERY

2 Z Agl(ui,v)eiZZ(ui,v)eRl551(ui,v)

(uiw)ERY

) L
2 Z )\;1 (ui, U)GZQZ(ui,v)eRl Baq (ui,v)
(uiv'U)ERl

Q(AE (Ula Uuz) + /\ﬁ(um U4) + )‘Tl(u?)a U4))

12081 (u1,u2) 87, (uz,ua)+57; (us,us))

2(0.6 + 0.5 4 0.5)¢2(1-0m+1.0m+1.07)

3267007
2(Ag1 (w1, ug) + Mgy (ug, ug) + A5y (us, ug))

12(Bgy (u1,u2)+B5; (uz,ua)+B3, (us,ua))

2(04 + 0.4 4 0'4)6i2(1‘27r+1‘47r+1.47r)

2.462'8,0#
2(A3; (ug, ug) 4+ A3, (ug, ug) + A3, (ug, ug))

eiQ(ﬁéﬁ (u1,u2)~+B3 (uz,ua)+B5; (us,ua))

2(0.7 4 0.6 4 0.6)¢™( 4m+1-2mH1.2m)
3.8€i7.67r

Degree of \; — strong vertices in IVCPFGS is given by Example-3.6.

4 4

Do) = (3 da, (w0 d (@[3 g (i), 3 dy ()

i=1 i=1

— ([2.067:4'071-, 3'261'6.071']7 [2.4€i8.0ﬂ7 3.861'7.6#])

4
() = (20> Aylug,v)eZoimen A 9 N A (4 v)
=1

(uiw)ER

(uiw)ER

. + ; = (s
622 Z(ui,v)ERl Bll(ulvv)]’ [2 E )\2_1 (ui7 ’U)ezQZ(“iv”)eRl ﬁgl(uzﬂ))’

(uiw)ER

2 3 My, ) Zemen A

(uiw)ERL

Similarly, we calculate

4
Sod(w) = (2D Aplunv)e? om0 2N x (g, v)
1=1

(ui,v)ER2

(wiv)ER2

) + ; = (ws
el2 Z(uim)eRg '812(1“7”)]7 [2 E )\2_2<uz'7 U)elZZ(uim)ERQ B2z (ul,v)7

(ui,v)ER2

2 Z >\3_2(uiav>€i2z(“i’v)61%1 63_2(%,12)])

(uiw)ER

— ([1 .6€i2'87r, 2‘261'5.2#]7 [1 '6ei4.87r7 2‘861'5.271'])
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Definition 3.9. Let G = (11, A1, Mo, ..., \¢) be an IVCPFGS of GS G* = {Q, Ry, R,
v R} Edy, (w) = ([ar, b, [ag, bo]) for all u; € @ for each vertex of A\, —degree

of vertex has the same degree a; and for each vertex of A/, — degree of vertex

has the same degree b; and for each vertex of A, ; —degree of vertex has the same

degree a and for each vertex of \j;, — degree of vertex has the same degree bs.

Then G is said to be A regular IVCPFGS for all J = 1,2, ..., k.

Example 3.10. An IVCPFGS G = (i1, A1, X2) of a GS G* = (Q, Ry, Ry) given
figure-2 is a IVCPFGS G = (1, A1, A2) such that g = {uy([0.4¢"127,0.6e67],
[0.36i1.27r’ 0.762'1'471), Ug([0.5€i0'8ﬂ, 0‘6611.071’ [0.46i0.87r’ 0.667;1'271—])

U3([0.4€i1'2ﬂ—, O.6€i1'67r], [0.3611.27r’ O.7€i1'47r]>, u4([0.5ei0.87T’ O.6€i1'07r], [0.4ei0.87r’ O.6€i1'2ﬂ])}.
The degree of a A\j — strong vertex u;, 1 =1,2,3,4 and J =1, 2.

Uy M([0.4605% 0 6eL-07], [0.46127 07047y ua

)

4n)

L0.7¢"
0.7t

d:r.“‘-mﬂ.(!xl‘["_’r.\']?w
066 197), (046727

do( (04650
Dg([ 0487

A ——
e g ([04e®E .66 0] (0,467 27 0.7¢47]) u3

FIGURE 3. G = (u, A\, \2) is IVCPFGS of G*

dy,(u;) = ([0.4e%7 0.6e" 0], [0.4e"27,0.7"7]), Vi = 1,2,3,4 and J = 1,2.
Hence, G is Ay regular IVCPFGS for all J = 1, 2.

Theorem 3.11. Let G = (p, A1, Mg, ..., \i) be an IVCPFGS of GS G* = (V, Ry, Ry,
.y Ry). Then G* be an odd A j—cycle, G is \; regular if and only if Ay, (u, v), A\, (u, v)
and Ay (u,v), \5;(u,v) are constant for all \; — edges in R;.

Proof. Let Aj(u,v) = (a1, b1][az, bs]) are constant function for all (u,v) € R;

ie, dy, (uw;) = ([2a1,2b1], [2a9,2bs]) for all J =1,2, ... k.

So, G is A\, regular. Conversely,

Suppose that G be a A\, regular. and Let A, edges of R, be €1, €, ..., €ani1.

Let )\J(?l) = ([7’1, 81][7‘2, 82]).

Since, G be a \; regular.

A lea) = r—ry,

Ales) = r—(r—mr)=rmr,..,

_ ry if m is odd
Aylem) = {1

r—ryif mis even

Similarly, we can solve AJ;(e;), \y;(e;) and \j;(e;) for all i = 2,3,...,m
Hence, Aj;(e1) = Apj(eznt1)s Aly(er) = Aj(eant1), Agsler) = Agj(eznt1) and



CLIMATIC ANALYSIS BASED ON IVCPFGS 19

Ass(er) = Agy(eanta).

So, if e; and eg, 41 are incident with w. Then

dA;J(u) =7r+7r = 2r, dkb(u) =8+ 8 = 251,dA;J(u) = 19 + 79 = 2ry and
d>\2+](u) = S9 + 59 = 255.

= d/\;I(u) =, d)\fj(u) = s, ,dkfj(u) =7 ,and d/\i](u) =

=2ri =71, 251 =358, 2ro =1 and 2s, = s

S S

=ri=g3, s1=35, 2="%and s = %

= A\ (u,0), A, ( v) and Ay, (u,v), \j;(u,v) are constant for all \; — edges in
Ry. OJ

Definition 3.12. Let G = (1, A1, Ao, ..., Ax) be an IVCPFGS of GS G* = {Q, Ry, R»,
., Rg}. The total degree of A\ vertex is defined as

td, () = (tdy- (u).td ()], by (w), 1y (u)])

tdy () = (Y Noylu) + pp (w)e! Deen, ot (),

1J
(u,w)ER

_ 02 ) B (ww)+af (u)
td)\t](u) = Z )\1J u, fU (u))e eRry P1g 1)
(u,w)ERy
J— - - ZZ u,v ﬁ7 (’LL,U)+G£7(U,)
tyo () = (3 Agy(u,0) + iy (u))e! Ztweny almrtar )
(u,v)ERy
_ 02 ) B3, (uw)+az (u)
tdye (u) = (D) Ady(u,0) 4 pig ())e' e, Fo e
(u,0)ERy
For each vertex of A} total degree of vertex has the same degree n; and for each

vertex of A\f; total degree of vertex has the same degree m; and for each vertex
of \;; total degree of vertex has the same degree n; and for each vertex of \j,

total degree of vertex has the same degree my. Then G is said to be totally A;
regular IVCPFGS for all J =1,2,..., k.

Example 3.13. Consider IVCPFGS G = (1, A1, A2) of a GS G* = (Q, Ry, R»)
given figure-2. The total degree of a \; — strong vertex u;, ¢ = 1,2,3,4 and
J=1,2.

tdy, (u1) = ([0.86207,1.2¢267] [0.7¢1247 1.4¢1257]),
td)\l (Ug) = ([0.962‘16”7 1'262'2.071’ [0 8622 Or 1 3612 67r])’
tdy, (uz) = ([0.8¢7 1.2e™07] [0.7e247 1.4¢™57]),
td/\l (U4) — ([0.961'1.671'7 1’261‘2.0%]’ [O 8612 Oor 1 3612 67r])7
td)\z (Ul) — ([0.86i2'0”, 1'261'2.671’ [ Tet2AT . 1.4e i2. st’
tdy,(uz) = ([0.9¢™57,1.2¢07] [0.86™07, 1.3¢"67)),
tdy,(uz) = ([0.867207,1.2¢267] [0.7¢1247 1.4¢1257]),
tdy,(us) = ([0.9e"07 1.2¢207] [0.8¢"207 1.3¢"%57])

Hence, G is not totally \; regular IVCPFGS for all J = 1, 2.
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Remark 3.14. If G = (11, A1, A, oy Ag) is Ay regular, then a1 = ri(n — 1), by =
s1(n—1), az = ro(n—1) and by = sy(n—1) where r1 = uy (u;), s1 = pi (w;), ro =
s (u;) and sy = pg (u;)) Vi =1,2,...,n and u; € Q, n is the number of vertices
in G and all arcs of G are strong arcs.

Theorem 3.15. For any /\J strong IVCPFGS é = (1, A1, Agy ooy M) with 7’1 =
i ()i 0, sy = (u)e T, vy = g () ) and sy = g (1)) ¥ i =
1,2,...,n is )\J reqular if and only if G is totally \; regular.

Proof. Let us consider that G = (1, Ai, Ao, ..., \g) with 7 = py (u;)er ) 5y =
it (w)e @t 0,y = o (w)e'®> () and sy = pf (w)e'®? ) Vi = 1,2,..,n

We know that the degree of all \j-strong vertices in Gisa = ri(n—1), by =
si(n —1), ag =ry(n — 1) and by = so(n — 1). Therefore, consider for any

tdy, (u;) = ([( Z Ay (Ui, uir) + py (ui))eiz<“i’“i+1)€RJ ﬁfJ(“i’ui+l)+a;(ui),

(ui,ui+1)ERJ

i - Uj,Usg af Uj
( Z A (wiywin) + pif (w))e X ugypyery Piy(witiza) oy ( )]7

(uiuip1)ERy

I Z Ay (i, wigr) + M;(Ui))eiz(uwm)em Pag (uirtar) oy (i)

(uiuit1)ERy

A . U, U af Uj
( § : /\;—J<u’i7ui+1) +u§r(ui))e 2 (uguip)ery Paul +1)+og ( )])
(uiuip1)ERS

= ([ag + 711,01+ s1],[ag +1ro,ba + 89)), Vu; € Q,J=1,2,...,k

Hence, G is totally A g regular IVCPFGS.
Conversely, suppose G is totally \; regular IVCPFGS. Then for u;

tdx, (u;) = ([tdy- (i), tdys (ua)], [tdy= (us), tdys (us)])
= ([tdy (w) = ( Z Ay (i, uigr) + Mf(%))éz( cippeny Pttt tar ()
(uiyuip1)ERY
7 - Uy, Us af Us
s () = (2 Nyl wig) + pif (w))e! Dovorseeny St )
(uisuit1)ERy
[tdA;J (ui) = ( Z Aoy (i, i) + pg (M))eizm"’“"“)e}%] ﬁgj(w’uiﬂ)mg(ui);
(ui,uip1)ERy
7 . Uj,Uyq ag Uj
tdx{;wi) = ( A;J(uiaui—l-l) + py (ui))e Dtwimirpyeny Pl rog )]
(u’i7ui+l)
= ([n1 =d,- (ul) +r,my = d/\+ (u;) + s1],
[Ny = d,- (uz) + 1y, my = d)\+ (u;) + s2])
= ([nl —Try,my — 81}, [TLQ — To, My — ]) Vul c Q, J = 1,2, ,k
Since, r; = ;Ll_(ul)eml_( '), = u (w;)eT )| ry = py (u;)et®z ) and s, =
o (u;)e oy () = 1,2, .
Hence, G is A, regular IVCPFGS. 0J
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Theorem 3.16. If an IVCPFGS G = (ty A1y Ay ooy M) is both Ay regular and
totally Ay reqular IVCPFGS. Then py (u;)er 9 i (ug)eor @),
115 (us)e®2 @) and g (u;)e™®2 ) is a constant for all i.

Proof. Let us consider that G = (14, A1, Mgy ooy Ag) s both A regular and totally
Ay regular IVCPFGS with n vertices. For A; regular IVCPFGS G,

dy, (i) = (ldyr (wi), dyy ()], [dy (i), dys (ui)])
= ([a1,b1], a9, bs]), ¥V J =1,2,... k.
and for totally A; regular IVCPFGS, for any w;,
td, (u) = (tdy- (), tdys ()], [t (), g ()]
tdy (w;) = dy- (u;)+ py (w;)e’™s ™

1J

—

= /H(Uz‘)emf(ui) =Ny —a =a

Similarly,
td/\fj (Uz) = my — b1 =b
td,, (u;)) = ng—ag=c

td)\;] (UZ) = Mg — bg =d

oo tdy, (u;) = ([a, b], [¢,d]) is constant for all i. O

Theorem 3.17. The \;-degree of Ay reqular IVCPFGSG = (11, A1, Aa, ..., \) of

G* = (Q,Ri, Ry, ..., Ry) is ([24r, 2] [282 %21y ywhere n is the number of vertices

in Q. ie, dy,(u;) = ([P, nbi] [naz nba])
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Proof. The \j-degree of G is

dAJ(U’i)
— ([ Z )\;J(u7v)e7/z(u v)ER g BIJ uv Z )\IJ u U Z(u,v)ERJ ﬁi](uﬂ])],
(u:U)GRJ (’U"U ERy
Y e B B0, 5 g4 o) Fewen e
(u,w)ERy (uv €R;

Let dy, (u;) = ([a1, bi], [az, bs))

But Z dy, (u;) =

u; €Q
Z d Uz Z d)\+ Uz Z d uz Z d)\+ UZ
u; €Q u; €Q u; €EQ ieQ
= ([2 Z A (g, v)e™ Supmen, Brs(wiv)
(u; 0)ER,
2 Z )\1J Ui, U 12 Z(ui,v)eRJ /BILJ(W,U)]’
(uiw)ERy
Z )\;J(uia 22 Z<uz JER ,32 ](Uz U)
(ui,v)ERy
2 Z )\;_J(ui, U)eiQ 2 (ugv)ERy 5;—](%‘,@)])
(ui,w)ERy

Let n number of vertices in Q
~ nay nby, naz nby

Theorem 3.18. If G = (11, A1, g, ..., i) is a totally \; Tegular IVCPFGS of
GS G* = (Q, Ry, Ry, ..., Ry). Then ([Qd (u,, v) + py (ug)er () 25+ (ug,v) +

s (ug)e™or (], 2d,. (ui,v) + py (u )”"2(“1) 2dy+ (ui,v) + 3 (u )”";(“ )]):
([nny, nmq], [nno, nmg])
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Proof. Since, G is a totally A, regular IVCPFGS.

tdAJ(qu) =
([tdyo (i), by (uq)], [ty (us), tdys (us)])
= ([n1,m1], [n2, ma)), ¥V u; e Q,J=1,2 .k

So([z ny, Z my), [Z No, Z 7y

0e0  weQ  weQ  weo
= (D dy- (ui), > dys (u5)], D dy (w), 3 dys ()]
([nnq, nma], [nng, nms]) =
([2dy- (ui, v) + iy (wi)e o { 2dA+ (ui, v) + g (w)eid @],
(2, (ui, 0) + py (w)e’2 ), 2d, 4 (g, v) + i (u;) e f))
O

Theorem 3.19. If G = (j, M\, Mo, ..., \) is a Ny reqular and totally \; regular
IVCPFGS. Then p(u;) = ([n(ny — ay),n(mq — by)], [n(ne — ag), n(msg — b)]).

Proof. From above theorem-3.17

na; nby. nas nb
d)\J(ui) - ([71771]7[72772])

ie,2dy,(u;) = ([nay,nb], [nag, nby))

From above Theorem-3.18

([nnlu nml]; [an, an]) =

([2dy- (ui,0) + py ()™, 2d, 4 (g, 0) + oy (ug)e™™ F),
[2d (u“ )+ ﬂ;(ui)eiaz u) 2d)\+ (uza ) + /-1’2( ) 03 (UZ)])
N(Uz) = ([nn1 — nay, nmy — nbi], [nnz — nas, nmy — nby))

= ([n(n = ar), n(my = by, [n(ny — as), n(ms — by)]).

4. SOME RESULT ON IVCPFGS

This section introduces the terms strength of a A; — path, subdivision of an
IVCPFGS, and v-complement IVCPFGS along with definitions that are im-
portant for comprehending the key findings. We further analysis a number of
IVCPFGS traits using examples.

Definition 4.1. Let G = {j1, A\, Ao, ..., A} be a IVCPFGS of GS G* = {Q, Ry, Ra,
.., Ri:}. Then the strength of a A\; —path in G, Path,, = uy,us, ..., u, are denoted
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by P,\* BT P/\+ st P)\i i85, and P i respectively and defined as
€ 27¢ J
P — ([/\ P (u ')6 i:zﬁu(uifhm) AP (u u~)e izzﬁu(ui,l,ui)]
)\J 1=2 71— 17 9 1=2 )\TJ 1—1s 7 9

[\/? 2P (Uz ” u‘)ez‘\/?ﬂﬂ;‘,(ui_l,ui)? \/?=2PA;J (Uz‘—h ui>6iV?:263}(ui—1,u¢)D7
Vul,l,ul e, J=12 ..k
Example 4.2. An IVCPFGS G = (1, M\, \2) of a GS G* = (Q, Ry, R,) given
figure-4is a IVCPFGS G = (1, A1, \9) such that pu = {u;([0.3¢"*7,0.6¢"-67],

[0.4€i1'2ﬂ, 0_7€i1.47r])’ u2([0.4ei0.8ﬂ'7 0.681'1.07r]7 [0.561‘0.87r7 O.66i1'27r])
u3([0.5¢™87, 0.8¢-27], [0.5e™07 0.7¢"47])} Here, Pathy, = uy,us,uz and \; —

u3 A ([0.46™%7 0,667, 05607, 0.7 47])

FIGURE 4. G = (11, A1, \o) is IVCPFGS of G}

path is Py, = ([0.3¢087 0.5¢197] [0.5¢-27 0.7¢147])

Definition 4.3. Let G = {j1, A1, Mo, ..., A} be a IVCPFGS of GS G* = {Q, Ry, R»,
., R.}. The subdivision of an IVCPFGS G is thus denoted by G,y = {1tsds Asd1s Asdzs

Asar } and is obtained by inserting a new vertex uy, into every edge (vi,vj) € Ry

of G* such that the vertex v, and the edges v;u;, and uiv; are defined as follows:

gy (wi) = A y(uy, up), sdl(ul) By (ug, ),
:u;_dl ul) = )‘TJ Uy, Uk ), sdl ul) ﬁ Uj, Uk ),

(

( (g, ur), g ( v
Haan(wi) = Agy(uj,uk), agg(ui) = By

( (uj, ur) ( ).

’uj‘n ul) - )\;J Ujs Uk, asdQ Wi BQJ Ugj, U ), v u; € Q
Ny (s, ) ePoars i) < minfp= (uy), oy () ye! M ea () o ()}
Mg (i uj)e Bras ) < min{puly, (), ply, (uj)}emm{asdl(“z)asdl( 203
Ao (i )€ Paza s < mmas{ gy (), g (ug) fe! o) ()}

v Uiy imax{a’,, (u;),al,, (u;
Ay (i, ug)ePomsts) < mac{ i, (ug), ity (ug) be! Mo () ln )}

Vui,uj € Ry

Example 4.4. An IVCPFGS G = (i1, M\, \2) of a GS G* = (Q, Ry, R,) given
figure-6. Then the subdivision of an IVCPFGS G = {f4sds Asa1, Asa1 } such that
tsa = {u1([0.5¢47 0.6e057], [0.4¢057 0.7¢0 7)), uy([0.5e047 0.7¢077]

, [O.46i0'5ﬂ, 0_6€i0.57r]>, 71/3([0.561’0.87r7 0.8621'271, [0.5€i1.07r7 0'762‘1.4#])’

U4([0.46i0'47r, O‘(.Seio.{’nr]7 [0'361'0.57r7 0.46i1'0ﬂ]), u5([0.4ei0'5“, 0‘5€i0.57r]7 [0'36i0.57r7 0‘5ei0.47r])7
U1<[0.5€i0,47r7 0.56i0'5ﬂ], [0.4€i0'5ﬂ, 0.461'0'5#})7 U2([0'5ei0.47r’ O.56i0'5ﬂ], [0.5€i0'3ﬂ, 0.56i0'4ﬂ]),
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U3<[0.5€i0,47r7 O.56i0'4ﬂ], [0.4€i0'5ﬂ, 0.461'0'577})7 04([0'361'0.3#7 O.66i0'57r], [0.261'0‘5#7 0.76“'4#]),
U5<[0.3€i0'3ﬂ-, 0.667;0'571-], [0.2€i0'4ﬂ, 0.561'1'077}), ,UG([O.4€’L'0.47T’ O.46i0'5ﬂ], [0.46i0'5ﬂ, 0.56i0'5ﬂ])}

>\sd2 -

FIGURE 5. Gag = (Jtsd> Msd1, Asg2) 18 subdivision of an IVCPFGS of G*

{uyv1([0.5¢0470.5¢057],[0.4€057 0.7¢0T]), ugv ([0.5e747, 0567057 [0.4€™5™ 0.6€7-57]),
U2 ([0.50470.5e7-57] [0.5¢04™ 0.6e707]), ugws([0.5€7047 0.5¢047] [0.4€10-57 0.670-57]),
U403([0.46i0'4w, 0.561‘0.4%]7 [O.46i0'57r, 0‘4€i0.67r])7 U1U6([0.4€i0'47r, 0'461'0.57r]7 [0.4@1'0.57r7 0'761'0.771)

, us06([0.4€7047 10.4€10-57] | [0.4€7-570.510-57]) ),

gz = {uzv4([0.3€1370.610-57] | [0.5e™07 . 0.7e47]), uyv4([0.3¢037 0.6€70-57],

0.3¢7957 0. 7¢147]) uyvs([0.3€7037 0.60-57], [0.3¢04™ 0.5e1-07]),
usv;([0.3¢0370.567-57][0.3¢057 0.5¢"-07]) }

Ul Ag([o.5e 7, 0,565, [0.4657, 0.0 ]) ug

057y

w5 .5,

a4 04057 [0 4

Uy A([036™ 7, 00657, 02647, 056597

FIGURE 6. G = (u, A\, \2) is IVCPFGS of G*

Theorem 4.5. Let G = {1, A\, A, ... M} be a Aj- strong IVCPFGS of GS
G* = {Q,R17R2,~...,Rk} and Gsg = {ftsd, Asdls Asazy -, Asak } be an subdivision
of an IVCPFGS G. Then S _le(GSd) < QSM—J(G), S/\+d1J(GSd) < 25/\+d1J(G) and
S/\‘dQJ(Gsd> < 25/\2—J(G), S,\+d2J(Gsd) < 2SA+d2J(G) where S/\IJ’ /\TJ’S/\;J’SA{] are
\j-size of G.

Proof. Let G = {1, A1, Ag, .., A} be a - strong IVCPFGS of GS G* = {Q, Ry, Ry,
., R} and Gsd~: {1hsds Asd1, Asa2s - Asax } be an subdivision of an IVCPFGS G.
The \;-size of G is Sy, (G) = ([S/\;J(G), S)\L(G)], [S/\;J(G), SA;](G)]), where Con-

sider,
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SA?le (GSd)
= Z (Noary (wi, ug) + Mgy (g, ur))

(wiyuj),(uj,up)ER s

ei z(ui,uj),(uj,uk)ERJ (/Bszdlj(ui7“j)+/6szdu(uj’uk))

( Z Asars (Wiy ug) + Z Ay (W, wr))

(uiuj)ERS (uj,ur)ER

IN

6i E(ui,uj)ERJ )‘idu(“i’“j)‘*‘Z(uj,uk)eRJ Aary (g ur)

O wi(ug) + D i (uy)

UjEQ u]‘EQ
ei Zuj €Q alz(uj)+zuj €Q alz (u])

(2 Z )‘lZJ(Uuuk))
(uiauk)eRJ
ei2z(“i7“k)€RJ By (wiyu)

< 25 (G),Vi=12and 2 = —, + and J = 1,2, ..k.

Hence, S/\Qdu(GSd) < ZS&](G), S)‘deJ<GSd) < QSA:dL](G) and SA;dQJ(GSd) <
2555, (G): Sng,y, (Goa) < 2557, (G) -

)

IN

IN

Definition 4.6. Let G = {1, A1, Az, ..., Ar} be a IVCPFGS of GS G* = {Q, Ry, Ry,
.., Ri} and G¥ = (M,Xf,)@, ...,X,f) is called 1-complement IVCPFGS of GS.
which is satisfies the condition.

(i) uf (W) =1-p;(u), and af " (u) = 21 — a7 (u)
(i) py" () =1~ pf (u), and af " (u) = 27 — of (u)
(iid) p§ (u) =1 3 (), and o} (u) = 27 — a5 (u)
(v) 1" (w) =1~ pF(u), and o (u) = 21 — aF (u),Yu € Q

. +
(vi) XfJ
(vii) /\Isz
e
(viit) /\’5; u,v)ezﬁ% (o) > 1rni1r1{,u12b+
V(u,v) € Ry, J =1,2,... k.
Note: A, )ff;, Ay, and A;Z’; are Y-complement such that \? (u, v) > )\15 (u,v)
- ¥ - + = +
and X (u,0) 2 AL (u,0) and Y5 (u,0) = By (u,0) and By (u,0) 2 B3 (u,0)
for all (u,v) € Ry,J =1,2,.... k.

Example 4.7. Let G = {1, A\, A2} be a IVCPFGS of GS G* = {Q, Ry, R,}. Then
GY = (u?, AV, \Y) is ¢-complement IVCPFGS of GS G* as shown in Figure-4 in
Example-4.2 and Figure-7 such that

v }ei min{océbJr (u),OézgljJr (v)} ,
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’Lﬂ) {ul([O 7610 8 O 4610 471'] [0.66i0'67r, O.36i0'6ﬂ]), UQ([O.6€“'27T, 0.461'1.0#]’
[O 5611 27 0 4610 8#]) ([0 5611.27r’ O.26i0'8ﬂ], [0.561'1‘()#7 0.36i0'6ﬂ])}

g AY([0.6¢" 27 () 4! l]w"r.()_seil uw‘ﬂﬁpzil.m;)

FIGURE 7. G¥ = (u¥, AV, \Y) is -complement IVCPFGS of GS G*

Theorem 4.8. Let G = {11, A1, A, ..., e} be a IVCPFGS of GS G* = {Q, Ry, Ry,
Ry} Then G¥ = (u?, AVAYL X,f) is W-complement IVCPFGS of GS.

Proof. Let G = {1, A1, Aa, ..., \i} be a IVCPFGS of GS G* = {Q, Ry, R,
LRy} Let u,v € Q
()AL (1, 0)e 0 (40— (1= X (u, ) 2Pt
> (1 —min{ps(u), pf(v)})eFrmintai(wai@)})
— max{l — ﬂ‘; (u), 1 — Mi (fU>}ei(maX{Qﬂ'*a‘i(u),?ﬂ'foz‘i(v)}

s s i max aws u aws v
= max{p}" (u), p{" (v)Jermelet (Dot 00

AL (1, 0)e 0 00 > max i (u), i (v) permstat” @t )
(i) Mg (1, 0)e' 50 ) = (1= A (u, v)) e Cn =P ()
> (1 - max{s3(u), s3(v) e mios o)
— mln{l _ Mg(u), 1 — M;(U>}ei(min{Qﬂ’fa;(u),27rfo<§(v)}
= min{,u;"s (u), u;ﬁ( )}ez‘min{a;” (u),a?” (v)}

o Ay (1, 0)€ %5 (40 > min{pid” (u), i (v) peiminted” @l ),
VS = —, +and(u,v) € Ry, J =1,2,.., k.
Hence, G¥ = (u?, AV, AV, .. ., AY) is ¢-complement IVCPFGS of GS. O]

5. APPLICATION OF INTERVAL-VALUED COMPLEX PYTHAGOREAN Fuzzy
SETS FOR KALE CLIMATE MORPHOLOGY

It is common knowledge that our Earth is 23.5° tilted and rotates once every
day. There may be a December solstice and a June solstice during this revolu-
tion. Due to its location at the Equator point, Kale has continuous sunshine for
a specific length of time as a result of Earth’s rotation, during which time half of
the planet is facing the sun. The summers are hot, dry, and clear here, while the
winters are chilly, snowy, and partially cloudy. The average annual temperature
ranges between 11°F and 81°F, with lows of —3°F" and highs of 88°F' being rare.
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These circumstances correspond mathematically to the Interval-Valued Complex
Pythagorean Fuzzy set. From June 13 to September 18, the warm season, which
has an average daily high temperature of above 70°F, lasts for 3.2 months. With
an average high of 80°F and low of 51°F, August is the hottest month of the year
in Kale. From November 26 to March 8, the cold season, which has an average

overcast
E— e T

e

precipitation: 1.5in

cool cold
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FiGUre 8. Climate summary for a year

daily high temperature below 37°F, lasts for 3.4 months. With an average low of
12°F and high of 26°F', January is the coldest month of the year in Kale. Let Q

cold warm cold
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F1GURE 9. The thin dotted lines represent the equivalent average
perceived temperatures while the daily high and low temperatures
are shown.

represent the average annual temperature of Kale’s different climates. Declare Y
to be an Interval-Valued Complex Pythagorean Fuzzy set in Q. The amplitude
term truth membership function lower and upper values are p, and ,uzgl, re-
spectively, while the phase term lower and upper values of the truth membership
function are oy, a&;l, respectively, and they signify the summer season in Q. As
a result, the amplitude term for the summertime temperature is between 44 and
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81 degrees Fahrenheit. As a result, the range of 58 to 66 degrees Fahrenheit is
the phase term for the midsummer average temperature. The lower and upper
values of the amplitude term falsity membership function are y, and MZSQ, re-
spectively, while the phase term lower and upper values of the falsity membership
function are ay,,, 062, respectively, and they both denote the winter season in Q.
The winter temperature therefore has an amplitude ranging between 11 and 37
degrees Fahrenheit. As a result, the phase term for the average temperature in
midwinter is in the range of 19 to 23 degrees Fahrenheit. The following explana-
tion is given in Figure-8, Figure-9, regarding the interpretation of this winter’s
snowfall and summer: Consider the temperature belonging to the set Y as the

snow snow

151in 15in

8 5in
Jul 19
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

FI1GURE 10. Average monthly liquid-equivalent snowfall, measured
in inches.

IVCPFS percentage values for the sake of simplicity.
Q — ([0'4462'0.5871'7 0.8161'0.66#]7 [0'1161'0.1971'7 0.3761'0.23#])
Here, the set Q is satisfies the IVCPFS, such that
u512 + ,uzgf <1 and 04512 + 04522 < 2.
For many applications, the predicting of atmospheric temperature is essential.
The dynamic nature of the atmosphere makes it difficult to predict the weather

with any degree of accuracy. By using the idea of IVCPFSs, one can analyse the
data on climate changes.

6. IVCPFGS APPLICATION FOR KALE CLIMATE MORPHOLOGY

A day that has at least 0.04 inches of liquid or liquid-equivalent precipitation
is considered to be wet. In Kale, the likelihood of rainy days fluctuates through-
out the year. We categorise rainy days into those that only involve rain, those
that only involve snow, and those that mix the two. The most frequent type of
precipitation in Kale varies throughout the year based on this classification. This
research of the temperature throughout that period of time when the environment
changed can be examined. IVCPFS is previously explained in section-5. The av-
erage temperature of Kale’s several climates is represented by a set Q from Jan.
24 to Mar. 8, Mar. 9 to Jun. 13, Jun. 14 to Aug. 2, Aug. 3 to Sep. 18, and Sep.
19 to Nov. 26 and as shown in Figure-9. On set QQ, numerous relations can be
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TABLE 1.

several climates

(1, €2, 116, €], g€, e ])

Jan. 24 to Mar. 8 (A)
Mar. 9 to Jun. 13 (B)
Jun. 14 to Aug. 2 (C)
Aug. 3 to Sep. 18 (D)
Sep. 19 to Nov. 26 (E)

([0.25620.317r7 0”:’))7610.357r]7 {0.11620'157: 0.19610.167r])
([0.386i0'48ﬂ, 0'7061'058#]7 [0.206i0'27ﬂ, 0'4461'0,32#])
([0.71e97 1 0.81¢97]  [0.45¢047, 0.52¢7497] )
([0.70610'7471-, 0.80610.76#]7 [0.42620'4571-, 0'51610.467r])
([0.37€i0'48ﬂ, 0.69€i0'577r], [0.21€i0'28ﬂ, 0'4161'0.32#])

TABLE 2. A and other period

(A, C)

(A, E)

([0.2361'0287\'7 0.3461'0.33717 [0.456i0'477r, 0.5261'0.49#])
([0.2461'0307\'7 0.3761'0.34717 [0‘4362'0.457r7 0.5062'0.46#])
([0.2461'0317\'7 0.3661.0‘3571, [0‘4462'0.467r7 0.5062'0.48#])

([0.2561'0.31%7 0.3761'0.3571']7 [0.2061'0.287r7 0.386i0‘307r])
([0.2561'0.31%7 0.3761'0.3571']7 [0.2061'0.287r7 0.4061'03271'])
([0.2461'0.30%7 0.366i0'347r], [0.2161'0.287r7 0.4161'03271'])

TABLE 3. B and other period

(B, D)

(B, E)

([0.386i0'487r, 047061.0'587(}, [0.4161'0.447r7 0.5062'0.44#])
([0.3561'0.46#7 046861.0'567(}, [0.42€i0'45ﬂ, 0.5162'0.46#])
([0.386i0'477r, 046961.0'587(}, [0.40€i0'43ﬂ, 0.5062'0.44#])

([0.36€i0'477r, 0.68€i0'56ﬂ], [021&0.2871’7 0.4461‘0'32#])
([0‘3761'0.487\'7 0.69€i0'57ﬂ], [0.2067:0.26777 0.4361'0.3071'])
([0‘3761'0.487\'7 0.69€i0'57ﬂ], [0.2067:0.26777 0.4261'0.3171'])

defined. The relationships on Q should be defined as follows: R;= Rain season,
Ry= Mixed season, R3= Snow season, such that G* = { Ry, Ry, R3} is a GS. The
season and daily chance of precipitation for kale are displayed by each component
of the relationship. Given that the graph structure is G* = { Ry, Ry, R3}, only one
relation may exist between the seasons of Snow, Mixed, and Daily Probability of
Rain. It would then be considered a part of that connection, whose amplitude
truth membership value is comparable to being the lowest compared to other
relationships, as well as whose phase truth membership value is comparable to
being the lowest compared to other relationships. It would therefore be consid-
ered a part of that relationship, whose amplitude falsity membership value is
comparable high compared to that of other relationships and whose phase falsity
membership value is comparable high compared to that of other relationships.
These IVCPFSs are Aj, \g, A3, respectively. Ry = {AC, BE}, Ry = {BD} and
R3; = {AE} And the corresponding IVCPFS are

A = {AC([0.23¢10-257 ().3419-337],[0.45¢047™ ().52¢0-497]),

BE([0.366i0'477T, 0.686i0'56ﬂ], [0.216i0'28ﬂ, 0.44€i0'32ﬂ])},

Ay = {BD([0.35¢-167 ().68¢7-757] [0.42¢0-45™ (0.51¢0-467])},

A3 = {AE([0.24€-307 10.36e-347], [0.21€-257 0.41¢"*3*7]) }. Therefore, the IVCPFGS
represented in Figure-11 is (i, A1, A2, A3). The season and daily chance of climate
for kale are represented by each edge of the IVCPFGS in Figure-11. The abil-
ity to anticipate atmospheric temperature is crucial for many applications. It is
challenging to make any kind of accurate weather predictions because the atmo-
sphere is dynamic. Data on climate change can be analysed using the IVCPFGS
concept.
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Ficure 11. IVCPFGS

7. CONCLUSION

In this study, we demonstrate the idea of IVCPFGS, as well as the outcomes
of some regular and totally regular IVCPFGS, as well as the degree of vertex
present. The Subdivision of an IVCPFGS, the 1-complement IVCPFGS, and the
potency of a Path in an IVCPFGS were also topics of discussion. using IVCPFGS
solve this problem. Our main finding is that many applications require the ability
to estimate air temperature. It is challenging to produce any kind of accurate
weather predictions because of how quickly the atmosphere changes. The climate
change information in sections 5 and 6 can be analysed using the IVCPFGS
concept.
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