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Abstract: A complex fuzzy set (CFS) is described by a complex-valued truth membership function,
which is a combination of a standard true membership function plus a phase term. In this paper, we
extend the idea of a fuzzy graph (FG) to a complex fuzzy graph (CFG). The CFS complexity arises
from the variety of values that its membership function can attain. In contrast to a standard fuzzy
membership function, its range is expanded to the complex plane’s unit circle rather than [0,1]. As a
result, the CFS provides a mathematical structure for representing membership in a set in terms of
complex numbers. In recent times, a mathematical technique has been a popular way to combine
several features. Using the preceding mathematical technique, we introduce strong approaches
that are properties of CFG. We define the order and size of CFG. We discuss the degree of vertex
and the total degree of vertex of CFG. We describe basic operations, including union, join, and the
complement of CFG. We show new maximal product and symmetric difference operations on CFG,
along with examples and theorems that go along with them. Lastly, at the base of a complex fuzzy
graph, we show the application that would be important for measuring the symmetry or asymmetry
of acquaintanceship levels of social disease: COVID-19.

Keywords: CFG; order; size; complement; union; join; vertex degree and total vertex degree; maximal
product; symmetric difference: application

1. Introduction

It is frequently recognized that graphs are basically representations of relations. A
graph is a useful means of describing information concerning object relationships. Vertices
represent objects, while edges describe relationships.

It can be used to look at combinatorial problems in a lot of different fields, such as
algebra, topology, zoology, number theory, geometry, and image capture and clustering.

The graph’s vertices and edges are used to describe objects and the relationships
between them, respectively. Vagueness in global issues can emerge in the information
that specifies the conditions. FG models are useful mathematical tools for dealing with
combinatorial issues in different fields, such as topology, algebra, optimization, computers,
and environmental science. Because of the inherent presence of vagueness and ambiguity,
FG models are more complex in comparison to simple graphical models. The first time
fuzzy set theory was used, it was used to deal with a lot of complicated situations that did
not have enough information.

Zadeh [1] proposed the theory of a fuzzy set (FS), which is applicable in several ar-
eas, and his FS has a true membership function which is limited to [0,1]. In approximate
reasoning, the importance of fuzzy theory is particularly significant in overcoming combi-
natorial challenges in numerous domains, such as algebra, image segmentation, topology,
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operational research, medical science, and algebraic structure. Rosenfeld [2] discussed
the fuzzy versions of various graph-based theories. Ghorai and Pal [3,4] recently studied
the extensions of FG, such as bipolar fuzzy graphs, m-polar fuzzy planner graphs, and
m-polar fuzzy graphs. They defined the density of m-polar fuzzy graph techniques as
well as a set of operations. Nagoor Gani and Radha [5] discussed a few operations on
regular FG. Mathew and Sunitha described some kinds of arcs of FG. Bhattacharya [6]
gave some remarks on FG. Atanassov [7] extended the FS to the intuitionistic fuzzy set.
Shao et al. [8] developed new notions of the bondage number in intuitionistic fuzzy graphs.
Rashmanlou et al. [9,10] discussed briefly a bipolar fuzzy graph with the product of bipolar
fuzzy graphs, categorical operations, and related degrees. Rashmanlou et al. [11] were
interested in research on interval-valued fuzzy graphs. Zeng et al. [12] invented different
properties for single-valued neutrosophic graphs. Shao et al. [13] studied the properties of
vague graphs.

Ramot et al. [14] proposed the notion of a “CFS” in 2002. CFSs are an innovative
development of Zadeh’s fuzzy sets. Despite all of the benefits of this theory, we still face
enormous challenges when attempting to counter various physical conditions using a true
membership function. Because of this, it is very important to add a new step to fuzzy set
theory that takes into account complex numbers, which are an expansion of real numbers.
Complex fuzzy logic is a linear extension of standard fuzzy logic. It lets problems in fuzzy
logic that cannot be solved with a simple membership function grow and change in a natural
way. This specific set plays a critical role in a variety of executions, particularly intelligent
control systems and the prediction of periodic phenomena, where various fuzzy variables
are connected in a complicated way that cannot be accurately represented by simple
fuzzy operations. Furthermore, these sets are employed to tackle a variety of difficulties,
particularly the various periodic aspects and forecasting challenges. One of the far-reaching
implications of researching the CFS is that it effectively illustrates data with uncertainty and
periodicity. Buckley described fuzzy complex numbers in [15]. Yaqoob et al. [16] studied the
complex intuitionistic fuzzy graph and the complex neutrosophic graph. Shoaib et al. [17]
proposed the concept of a complex Pythagorean fuzzy graph. Shoaib et al. [18] discussed
some properties, symmetric difference and maximal product of picture fuzzy graphs.
Gulzar et al. [19-21] discussed fuzzy groups.

The CFG is the generalization of the FG. We define the order and size of CFG. Fur-
thermore, we present the degree of vertex and total degree of vertex concepts for CFG. We
describe some basic properties, including the join, union, and complement of CFG. We
discuss some new operations with maximal product and symmetric difference on CFG with
elaboration of examples and related theorems. Lastly, we analyze the application of CFG.

2. Preliminaries

Definition 1 ([1]). Fuzzy set is defined as Q = < p : ug(p) >,p € X, where ug : A — [0,1]
represent the degree of true membership function.

Definition 2 ([17]). Let X be a non-empty universal set. A complex fuzzy set Q is defined as
Q=<p:pug(p)ee >,pec Xwhereug: A —[0,1]and xg : A — [0,271].

Definition 3 ([22]). FG is a pair G = (Q, L) with fuzzy set Q on A and a fuzzy relation L on A
such that

u(pq) < max{ug(p), no(q)}

where po : A — [0,1] denotes the degree of true membership function and the function yy: B C
AxA—[01].
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3. CFGs

This section presents the idea of complex fuzzy relations and CFG, as well as some of
their properties.

Definition 4. A CFG on a universe Y with underlying set A is an ordered pair T = (Q,L); Qisa
complex fuzzy set on A and L is a complex fuzzy set on B C A X A such that

ur (xy)eiaL(xy) < min{pg(x), no(y) }eimin{le(x),,XQ(y)}

no(x) € 0,1}, and ag(x) € [0,27]
Vx yeA

Definition 5. Let Q = {x, uo(x)e“@™)}, Q) = {x, g, (x)e™@ N x ey,

Q2 = {x, g, (x)e®2)Y |x € Y}, be the three CFSs in Y:

(i) Q1 € Qaifand only if ug, < ug, for amplitude terms and ag, < wg, for phase terms,
VxeY.

(i) Q1 = Qaifand only if ug, = ug, for amplitude terms and ag, = wg, for phase terms,
VxeY.

For simplicity, pe'™ is called the complex fuzzy number where y € [0,1], and & € [0,27].

Definition 6. Let Q1 = {x,le(x)ei"‘Ql ®x e Y}and Qy = {x,sz(x)ei”‘Qz(x)M € Y} be the
two complex picture fuzzy sets in Y, then

(i) Q1UQ2={x, max(le(x),‘qu(x))eimaX(“% ()0, (¥ € Y}

(i) Q1N Qa ={x,min(kq,, g, (x))e ™ a0y ¢ v},

Definition 7. A complex fuzzy set Lin'Y X Yis called a complex fuzzy relation in'Y, characterized
by L = {xy, ur (xy)e*t™) |xy € Y x Y}, where u: Y x Y — [0,1] depicts the membership
function of Land ap (xy) €2nVxy €Y x Y.

Example 1. Let G = (A,B) be a graph with Q = {sq,s3,54} as the vertex set and L = {s153,5354 }
as the edge set of G. T = (Q,L) is a CFG on A, as given in Figure 1, defined by Q =

51 53 S4 — 5153 5354
< (0.3602"“ 0.3¢0-37ti 7 0.320.3711') > L = < (0.280‘17”" 0.260.2711‘) >.

51(0.3¢0-2)
S
)
N
"2

84(0.36()'37ri)
— —®
(0.260‘2ﬂi)

53(0.3¢0-37%)

Figure 1. CFG.
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Definition 8. Let Q = {x,ug(x)e™e™|x € A} and L = {xy, pp(xy)e®L(¥)|xy € B} be the
vertex set and edge set of a CFG 7, then the order of a CFG T is denoted by O(t) and is defined as
i oag(x)
O(t)= ¥ pug(xj)e i< .
X €A
i Y oap(xy;)
The size of a CFG T is denoted by S(t ) and is defined as S(t) = Y pr(x;y;)e A .
x;€A

Example 2. The order and size of the CFG given in Figure 1 is O(t) = 0.9¢*8 and S(t) = 0.4¢%37™,
respectively.

Definition 9. The complement of a CFG T = (Q,L) on the underlying graph G = (A,B) is a CFG
T = (Q,L) defined by

1 pg(0)eel = pg(x)eiel)

N

min{yQ(x),yQ(y)}emm{”‘Q(")""Q(y)}i if],[L(xy)gi“L(x]/) = O,

() — . . , . :
e {min{ﬂQ(X),ug(y)}em‘“{“Q(")'“Q(”}l — pp(xy)e® V) if0 < pp (xy)eit (V) < 1.

Example 3. Consider a CFG T =(Q,L)on A = {s1, 52,53}, which is shown as in Figure 2 where
— S1 S S3 _ $9851 5183
Q = < (0.38()‘3711' 4 0.480‘47[“ 0_2302711' )/ L = < (0.380.37'(1' 7 0.1¢0-17 )

51(0.3¢0-377)

(0_160.1171')

52(0.4¢0-47)

83(0.260.27ri)
Figure 2. CFG1.

Utilizing the Definition 9, the complement of a CFG can be obtained, which is shown as in
Figure3.

Where Q = < (0'3:&3711'/ 0.42(%471” 0235822 )7> L=< (%’ %))

It is easy to see from Figure 3 that T = (Q, L) is a CFG.
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S1 (O.SeO.STri)

(0.1601771')

52(0.4¢0-47)

53(0.260'2Wi)

Figure 3. Complement of CFG.

Theorem 1. The complement of a complement of CFG is a CFG itself, that is, T = T

Proof. Suppose that 7 is a CFG. Then, by utilizing Definition 9.

g (x) e =y (x) e = yg(x)e®e™ forall x € A
if pp (xy)e*L(¥) = 0 then

pur(xy) e () = min{pug(x), uo(y)} e mnfee® o)}
min{jug(x), jig(y)} e MFQIAQWY = iy (xy)eiv ()
if 0 < pp (xy)e*L(¥) < 1 then
L(xy) et =min{pg(x), po(y)
i (xy) L) = mindpg (x), wo(y). .
min{juq(x), g (y) }em Rl (xy)eint (49

ui(xy) etbw) = py (xy) et (v
forallx,y € A .HenceT=71. O

=

=

Definition 10. The union 71 U T3 = (Q1 U Qz,L1 U Ly) of two CFGs 71 = (Qq,L1) and
Ty = (Q2, Ly) of the graphs Gy = (A1, By) and Gy = (Ajy, By), respectively, is defined as follows:

(;qu Ung, ) (x)ei(an Vg, )

Ho, (x)e" ™ ifx € Ay — Ay,
(10, U pgy) (1) 8@ = $ ) ()0 () ifx € Ay — Ay,
max{le(x),sz(x)}e’maX{lel(X)f“Qz(x)} ifx € A1 N A,

e, (xy)e™a ™Y ifxy € Bi— By,

(U i) (e @0 8200 — &y ()l ) ifxy € By— By,

max{‘uLl (x]/), ,uLz(xy)}eimaX{“Ll (xy),véLz(xy)} lfx]/ € By N By,

Definition 11. The ring-sum 11 & T2 = (Q1 @ Qa, L1 @ Ly) of two CFGs 11 = (Q1,Lq) and
Ty = (Qo, Lp) of the graphs Gy and Gy, respectively, is defined as follows:
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(.qu ® VQz)(x)ei(an@ aQZ)(x)=(VQ1 U .qu)(x)ei(“%U “Qz)(x)/

H, (xy)e™h (¥ ifxy € By — By,
(pr, ® pry) (xy)e @ 020V — Ly () GY)ifxy € By — By,
0 ifxy € B1N By,

Definition 12. Let 71 = (Q1, L1) and T3 = (Qy, Ly) be two CFGs of Gy and Gy, respectively. The

jointy + To=(Q1+ Q2 L1+ Ly) of 11 = (Q1,L1) and T3 = (Qy, Ly), defined as

i) (Ho, + Hoy)(x)e ™™ ") Wa(ug U g, ) (x)elat te)),

) (uay + o) () Ot 22Dy, U ) (gl 1))

Gii) (e, + pz,) (xy)e ™ 20 = min{pg (x), pgy (y) yo ™™ @1 ) where B' is
the arcs set joining the nodes of A1 and Ay, A1 N Ay = @.

Definition 13. The degree of a vertex x € A in a CFG T stands for d(x), and is described as

i r oar(vy)
dT(x) = dyei’x( ) Where dye“"( ) = Z .uL(xy)e yFxeA

X Yy#xeA

Definition 14. The total degree of a vertex x € Aina CPG T stands for td.(x), and is described as
L ar(xy) .
tdr(x) = td,,,iu (x), where td,, i (x) = Z ur(xy)e Leyfiea + pg(x)ei*e®)

X Yy#xeA

Definition 15. Let T1 and Ty be two CFGs. For any vertex x € A1 U Ay, there are three cases to

consider.
Case 1: Either x € Ay — Ay or x € Ay — Aq. Then no arc incident at x lies in By N By. Thus, for ¢
€C—C,
i ZB ar (xy)
(dye"“)l’lu*fz (x) = xygg HL, (xy)g xy€By = (dyei"‘>cl (x)
1
(tdyem)ﬁun(x) = (tdwm)a‘l( ) Forx e A2 — Al.
i Y oap,(xy)
(dyef“)TlUTz (x) = N gB .uLz(xy) WP = (dyei“)Gz(x)
yeb2

(tdye"“ )T1UT2( ) (tdye‘“) 6 X ( )

Case 2: x € A1 N Ay but no arc incident at x lies in By N By. Then any arc incident at x is either
Bl—BQOTBz—Bl. ) ]
(dyei“)ﬁUTz (x) = ) (#LlelaLl U .uLzeZaLz)(x]/)

xy€B1U32
(o) mim (¥) = T puge™(xy) + T pr,e™ (xy)
xy€By xy€By

(dyei"‘)T]UTz(x) (dye“")cl( ) <dye’“)gz( ) ‘ ‘
(tdi)mun (x) = X (pr, e U pp,e™2) (xy) + max{pg, e (x), po,e% (x)}

xy€B1UBy
(tdyei”‘ )TIUTZ (X) = Z KL, el (xy) + Z VLQEML2 (xy) + maX{I’lQ1 e (X), .quelan (X)}
xy€B; xy€EBy

()2 (30 = (), (1) + () (1) + max{icy €9 (3), pigue™2 (1)}
(tdyef”‘)TlLJTz(x) = (td;wi‘*)gl (x) + (td;lei“)cz (x) — min{yQ1 e (x), szemQZ (x)}
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Case 3:

(d;tei"‘)TlUTz (x) = Z (;uLlei“Ll U VLzeiaLz>(xy)
xy€B1UBy

= Y omem)+ Y pnet(xy)
xy€B1—By xy€By—Bq

+ Y max{pg, e (xy), pr,e (xy)}

XyEBl NBy

= Y omeay+ Y ()
xyGBlfBz X]/EBszl

+ Y max{pg, ™ (xy), pre™ (xy))
xy€B1NBy

+ Z min{VLl (xy)l 1, (xy)}eimin{ﬂlLl (xy),aLz (xy)}

XyEBl NBy

— Z min{mleml(xy),]/leei“Lz(xy)}
xy€B1NB;

= Y une™ily)+ Y pr,e™i(xy)
xy€By xyeBy

— Y min{pug, e (xy), pr,e™ (xy)}

xy€B1NBy
= (dyein)r (%) + (d i)y (x) = ) min{pg, e (xy), pre™2 (xy)}
xy€B1NBy
In addition,

(td’eiff)ﬁlUﬂz (X) = (tdyef“ )T1 (x) + (tdye""f )Tz (x)

_ Z min{yLl (x]/)/,uLz(x]/)}eimin{“Ll (xy)mr, (xy)}
xy€B1NBy

— min{pg, (x), Ko, (x) }efmiﬂ{“Ql (x)q, (X)},

Example 4. Suppose that Ty = (Q1, L1) and 15 = (Qa, Lp) are two CFGs on A1 = {s1,52,54}
and Ay = {s1,2,53,54}, respectively, as shown in Figures 4 and 5.

51(0.1€%-37%) $4(0.3¢0-17%)

52(0.2€0-37%)

Figure 4. 77.
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54(0.1e%37)

33(03(’0.17(” s|(0.2€”'37":)

82(0.267377)
Figure 5. 1.

Moreover, 71 U 1y is shown in Figure 6.

54(0.3¢037)

53(0.36%17%) 51(0.26097%)

5(0.26%%7%)

Figure 6. 71 U 1.

Ifs3 € Ay — Ay, then
(dyeio )1y (83) = (dygin )1y (53) = 0.3¢027
Therefore, (dzur, (s3) = dx, (s3) = 0.3e027
(td ypia ) Uy (53) = (H ia )1 (53) = 0.6e0-37
Therefore, (tde,ur, (53) = tdr, (s3) = 0.6e%37)
Since sy € A1 N Ay but there is no edge incident at s4 lies in By N Bo,
(dueiut)"flUTZ(S‘L) = (dygizx)‘[l (s4) + (dyei“)”l’z (s4) = 0.4¢0-57
Therefore, (dr,ur, (54) = dr, (54) + dr, (54) = (0.4e%57)
(tdyem Jrun (54) = (tdyem )7 (54) + (tdwm )1 (54) + max{po, (sa), 1o, (s4) }emax{erl (s4)Q, (s4) }i
=(.7¢087
Since sy € A1 N Ay and s1sp) € By N By,
(dyeia Jrun (s2) = (d‘ueitx )7 (s2) + (dyem )t (52) — min{pur, (s152), pir, (5152)}emin{u1 (s152) 1y (s152) H _ () 5,0.5m
Therefore, (dr,ur, (52) = 0.5¢%57
(td;tei”‘ )TlUTz (52> = (tdyei'x )T1 (52) + (tdyei“ )Tz (52) -
min{yLl (s152), M, (s152) }emin{zxLl (s152).xL, (5182) }Hi
+ max{.qu (52)/ HQ, (SZ) }emax{lel (s2)y (s2)}i 0.7¢0-87i
Therefore, (tde,ur, (s2) = 0.7¢%87
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Definition 16. Maximal product T * 7o = (Q1 * Qz, L1 * Lp) of two CFGs 71 = (Q1,L,) and
T = (Qa,Ly) is defined as

(i)
(1, €™ * 110, ) ((u1, 12)) = V{pg, €™ (i11), po,e™% (u2)}
A4 (u1,u2) S (Vl X Vz),
(i1)
(1Q, ™ * 110, €™ ((m,u2) (m,w2)) = V{ng, e (m), ur,e™ (urw;)}
VYV m € Viyand upwy € Ep,
(iii)

(1, €™ % pg,e™ %) ((ug,z) (w1, 2)) = V{pr,e™ (ugwy), po,e% (z)}
V z € Voand uywi € Ej.

Example 5. Suppose 11 = (Q1,L1) and 7 = (Qy, L) are two CFGs, shown in Figures 7 and 8.
Their maximal product Ty * T is shown in Figure 9.

-
e(0.1e80-17) (0.110-17) £(0.2¢10-27)

Figure 7. 7y.

2ei0.27 P 2i0.27
a(0.2¢ ) (0.2610-27) d(0.2¢ )

@ JChY

RES

(0.1¢10-17)
(0.1¢10-17)

i0.17 c(0.1£70-17)
b(0.1¢40-17) (0.1e )

Figure 8. 1.

(e, d) (f.a)

(0.2¢0-27) (0.2¢0.27)

Figure 9. 71 * 1.
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For vertex (e,a), we find membership value (Mv) as follows:

(yeg1 * szeiﬂ‘QZ)((e,a)) = V{P‘Qleian (e),‘quem% (a)}
= \/{01, O‘Z}el‘\/{o.l,o.z} — 0.281'0‘27'[,

foree Vianda € V,.
For edge (e,a)(e,b), we find Mu.

(VQlei”‘Ql * ‘quei“Qz)((e,a)(e,b)) = V{ﬂQlele (6),VLzei"‘L2 (ab)}
= v{0.1,0.1}¢V{0L0TbT — 0 1V{0-L0.1}
for e € Vy and ab € E,.
For edge (e,a)(f,a):

(leeiﬂcQ1 * ‘quei“QZ)((e,IZ) (f,a)) = \/{‘uLleiacLl (ef),‘quei“Qz (11)}
= \/{01/ 0‘2}61'\/{0.1,0.2}71’ — 0.26i0.27r.

fora € Voaand ef € Ey. Similarly, Mo for all others nodes and edges can be calculated.
Proposition 1. Maximal product of two CFGs 1 and 1, is a CFG.

Proof. Suppose 71 = (Q1,L1) and ©» = (Q2, L») are two CFGs on crisp graphs
G1 = (V4,E1) and Gy = (V,, Ep), respectively and ((uq, up)(wy, wy)) € E1 X E;.

i) ifuyg=w=m

(1, €™ ™) ((m, ) (m, w2))
= V{pg, e (m), pr,e2 (uywy) }
< V{pg, e (m), Mpi0,e™ @ (112), 110,e™ % (w) }}
= N{V{ng,e"® (m), po,e™ % (12)}, V{ng,e™ % (m), po,e™ % (wy)}}
= A{(p, "% # g, %) (m,u2), (g €™ # pg,e™%2) (m,w))}.

(i) fup=wp=z

(pr, ™ % pgye™i2) (1, z) (w1, 2))
= V{pL, ™1 (ugw7), po,e™® (z)}
< VA L, €™ (), pg,e™ 2 (2)}
= A{V{pL ™ (), 1g,e™ % (2)}, V{{po,e™@ (w1), pg,e™ % (2)} }}
= M (1, €™ % 1o, %) (11, 2), (g ™ * po,e™® ) (wy,2)}.

We conclude that 77 * 7 is a CFG. O
Theorem 2. Maximal product of two strong CFGs 11 and 13 is a strong CFG.
Proof. Suppose 71 = (Q1,L1) and 7 = (Qy, L) are two strong CFGs on two crisp graphs

and ((uy,up)(wy,w2)) € Ey X Ep.

1) ifuyy=w=m
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(i, ™1 % ppye™2) ((m, u2) (m, ws)) = V{pg,e™ @ (m), pr,e™ (uw,) }
= V{pg, e (m), A{pg,e" % (12), ng,e™ % (w,) }}
= A{V{pg, e (m), 1o, % (u2)}, V{{pg, e (m), ng,e™ % (wy) }}}
(i) if i Q{z%%e;%l * 1,0 %) (m,102), (€1 * 1,92 ) (m, w)) }.
(pr, €™ % €2 ((uy, 2) (w1, 2)) = Vg, €™ (uywy), pg,e™ (2)}
= V{A{pr, ™ (1), g e (2)}
= AV {1, e (), 1g,e % (2)}, V{{pg, e (w1), pg,e™ (2)} }}
= Mg, €™ * pg,e™2) (11, 2), (g, * pg,e™%) (wy,z)}.

Hence, 11 * 17 is a strong CFG. O

Example 6. Suppose 11 and 1y are two strong CFGs as shown in Figure 10.

(a7 C)<0,257U'27") ((lﬂ d)(0'2€1,0.27r)

a(0.2¢7-2m) c(0.1€1m) 0.2¢10-27

0,167"0'17‘-

0.16“"17{
0.2¢10-2m
0.2¢%0-27

) 0.1
b(0.1¢01) d(0.2¢70-2) 0-1e

(b, ¢)(0.1¢70-17) (b, d)(0.1¢i%17)

T1 * T2
n - 1% T2

Figure 10. CFGs.

Hence Gy * Gy is also a strong CFG.

Remark 1. If maximal product of two CFGs 71 = (Q1, L1) and v = (Qa, Lp) is a strong, then
7 = (Q1,L1) and ©p = (Qy, Ly) not necessary to be strong, in general.

Example 7. Suppose 11 and 1 are two CFGs as in Figures 11 and 12. We can see that the maximal
product of two CFGs 1y and Ty, that is Ty * Tp in Figure 13.

(O.Z@iO'QW)
a(0.2¢%0-2™) b(0.3¢7037)
Figure 11. 7;.
(0.26i0‘277)
¢(0.2¢%0-2m) d(0.1¢i0-17)

Figure 12. 1.
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(a,c)(0.2¢%0-27)

0.2¢i0-27 (a, d)(0.2¢10-27)
S o
2 Y
2 S
S ¥
. 0.3 i0.37
(b, ¢)(0.3¢7-37) 0.3e (b, d)(0.3¢"57)

Figure 13. 71 * 1.

Then 1) and Ty * Tp are strong CFGs, but 15 is not strong. Since y Lzei”‘Lz (up, wp) = 0.2¢10-27,
on other hand N{pq,e"2 (1), pg,e (wz)} = A{0.26027,0.16017} = 0.1£7017,
Hence pup,e™'2 (uz,w2) # NMpg,e™2 (u2), po,e™2 (w2) }.

Remark 2. The maximal product of two complete CFGs may or may not be a complete CFG because
(u1,up) € Eqand (w1, wy) € E; do not exist in the definition of the maximal product of two CFGs.

Definition 17. Suppose 11 = (Q1,L1) and 1 = (Qa, Ly) are two CFGs. V(uq,up) € Vi x V,

(e ) oy (11, 12) = Y (nr ™11 pup,e™2) ((uy, un) (w1, ws))
(uq,up) (wy,wy)EET X Ep.

= Y Ving " (uy), pr,e™2 (upwy) }

Uy =wi,Uupwr€Ey

+ Z \/{yL]ei”‘Ll (ulwl),szei"‘Qz(uz)}

uyw €Ey,up=wy

Theorem 3. Suppose 71 = (Q1,L1) and 1 = (Qy, Ly) are two CFGs. If‘quei"‘Q] > VLZEMLZ/
and pg,e*C >y e, Then for every ¥ (uy,u3) € Vi x V,
(dp)el v, (ur,u2) =(d) G, (u2) pg, % (u1) + (d)g, (1) o, (u2)

Proof.
(dpia ) 127y (1, U2) = B (€= 5 o™ ) ((un, u2) (w1, wy))

(u1,u2)(w1,wy) EE1 X Es.

= Y V{pg, e (ur), pr,e't2 (upwy) }
Uy =wi,Uupwr€Ey

+ Y. V{ur,eh (mwr), po,e % (u2)}
urwy €Eq,up=wy

= Y. pr,e 2 (upwy) + Y pr et (ugw)

upwy €Ep,uy=wq uyw1€E,uy = wy
= (), (u2)pg, e + (d)g, (u1)pg,e"®
O

Example 8. Take the CFGs Ty, To, and Ty * T as in Figure 14. Since pug, > pr,, &9, = &L,,
HQ, = MLy, XQ, = &r,, by Theorem 3.8, we have the following.
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(due™) 6,16, (a,d) = (d)c, (d) g, " (a)
+(d)c, (a)po,e"% (d) = 1+ (0.3¢°37) + 1 (0.3¢0%7) = 0.6,

(a,c)(0.3e70-37) (a,d)(0.3¢7-%7)
a(0.3¢70-37) ¢(0.2¢7-2m) 0.3¢10-37
& 5] & o
8 S s s
< S S
i0.27
b(0.2¢027) d(0.3¢10-37) 02¢

(b, ¢)(0.3¢70-3m) (b, d)(0.3¢10-37)

T1 * T¢
- o 1T

Figure 14. CFG3.

By direct calculations:

(dye o, (b,d)) = 0.2¢077 403037 = 0.5¢0°7,
(dyeg‘l*Gz(a,c)) = 0.5¢10°7,
(duel, g, (a,d)) = 0.6
(e, (b,€)) = 04047

We conclude from the above calculations that "the degrees of nodes determined by using the
formula of the above theorem and by the directed method are equal”.

Definition 18. Let 7y = (Qq,L1) and & = (Qy, L) be two CFGs. V(uy,up) € Vi X V;

(td ypia ) 1y 51y (U1, 112) = (nr, €™ 5 pupye™2) ((ug, ua) (wy, ws)) + (wg, * wg, (11, i2)
(u1,u2) (wy,wp) €E1 X Ey.

= Y V{pg ™ (ur), ur ™2 (upwn) }

uq :wl,uzw2€E2

+ Y v (mwr), po,e™% (u2)}

u 1wy EEl,uzsz

+ V{10, ™ (u1), 0, (1) eV (1 ()0 (1)}

Theorem 4. Suppose 71 = (Q1,L1) and 172 = (Qy, Ly) are two CFGs. If pg, > pr,, ag, > &,
and po, > pr,, &g, > &r,. Then for every V(uy,up) € Vi x Vo

(td i)y 0y (111, 112) =(d) G, () ety (u) + (d), (1) g, (1) + Vg, e (ur), p,e™ 2 (u2)}
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Proof.
(td’mia)Tl*Tz(ull u2) = Z (VLlele *yLzeiaLz)((ul, uz)(wl,wz))
(u1,2) (w1,w) EE1 X E,.
+ (o, €™ * pg,e™ ) (ug, up)
= D Vo, e (ur), e (upwy) }

uliwl,u2w2€E2
i ¥ Vd{ar, (mwr),eqg, (u2)}
+ Z \/{HLl (lel),HQZ(HZ)}e uywy €Eq up=wy

uywy €Eq,upy=w,
+V{pg e (1), pg,e™ (u2)}
= Y ™ (unw)

Upwy € Ey, iy =wq

+ ) pr, et (uywy)

10y € E =,
+max{pq, e (u1), pg,e % (uz)}
= ()G, (u2)pg, €% (u1) + (d)g, (1) Q€™ % (u) + max{pq, e (u1), pg,e™ % (u)}
O
Example 9. Let 7y = (Q1,L1) and ©» = (Qy, Ly) be two CFGs. If‘quei“Ql > yLzei”‘Lz and
VQZEWQZ > VLlele'

In Example 9, we calculate total degree of nodes of Ty * Tp by using Figures 7-9. We calculate the
total degree of nodes in the maximal product. Choose node (e,a).

()2 (6,8) = ()G, (€) gy €% (2) + (d) gy (@) gy 2 () + V{ g, (e), gy ()}
= 1(0.1€i0'17f) + 3(0.2€i0'2ﬂ) + \/(02/ 0'1)61'\/(0.2,0.1)7'[
= (0_1 +0.6+ 0'2)ei(0.1+0.6+0.2)7r _ 0'961‘0.971

Similarly, we can calculate it for other nodes.

Definition 19. Symmetric difference Ty & 7 = (Q1 ® Q2, L1 @ Lp) of two CFGs 11 = (Q1,L1)
and ) = (Qy, Lp) is defined as

(i)
(g, €™ @ pg,e™ ) ((u1,u2)) = A{ng,e™ @ (1), ng,e™% (1)}
V(Ml, uz) S (Vl X Vz),
(ii)
(e, @ pp,e™2) ((m,up) (m,ws)) = A{pg,e™@ (m), pr,e™2 (uywn) }
Vm e Vyand upw, € Ey,
(iii)

(nr €™ @ pry)e™ ((ug, z) (w1, 2)) = Mz, €™ (ugwy), ng,e™ (z)}

Vz e V,and uywi € Eq,
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(iv)

(n €™t @ pp,e™2) (11, uz) (wi,w2)) = A{pg, e (11), o, e (w1), pr, etz (upws) }
forall uvywy ¢ Eq and upw, € Ep
or

= /\{anzeiaQZ (Mz), VQzesz (w2)/ yLlei‘XLl (ulwl)}
forall uvywy € Eq and upw, ¢ Ep

Example 10. Take 7y and 1, as CFGs as shown in Figures 15 and 16. We can see the symmetric
difference of two CFGs 11 and T, that is 71 © T in Figure 17.

L] Py
a(0.2¢%0-27) (0.2¢%0:27) b(0.3¢%0-37)
Figure 15. 77.
c(0.1¢%0-17) 0.1e%0.17 d(0.2¢%0-27)
L

©
N
mu.
S
N
3

[,

F£(0.4e0-4m) 0.3¢%0:3™

(03103

Figure 16. 1.

(0_167‘,0.11()

; i0.2 .
(0.2¢70-27) (0.2e"0-27) (0.2¢10-27)
0.1 10.2 , i0.2
(o) (0.1e%0-17) (a, d) (0.2¢10-27) (a,e) (0.2¢10-27) (o )
<)
(0-1520 0
. (2
~ o
¢ N
[a]
o
(0.1 ) =
549) ~
1%) S
3 s
N. N
5 B,
3, e
- N
° el
o
02'0
2,
—~ J
3
a
5
3
S
(b, ¢) (0.1e80-17) (b, d) ((0.2¢90-27) &, e
(0.1%0-17) (0.2£10-27)

(0301037 (b, )

(0.3¢10-3m)

Figure 17. 71 @ 1.
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For node (g, f), we calculate My, IDv and NMv as follows:

(‘qu 7 MQZ)((a,f))ei(le eag,)((a.f) _ /\{‘qu (a), 1o, (f)}eiA{thl (a).q, ()}
= /\{02[ 0.4}€i/\{0'2’0'4}n — O.ZEiO'Zﬂ,

fora € Viand f € V5.
For arc/edge (a,d)(a, e), we calculate the Mv.

(nren) @ (nr,e2)((a,d)(a,€)) = A, (a), ur e (de)}
= /\{0.21 0'2}61'/\{0.2,0.2}7r _ 0'26i0‘27r,

fora € V; and de € E,.
Now, for edge (a,d)(b,d) we have

(ur, €™ @ up,e™2)((a,d)(b,d)) = AL, €™ (ab), ug,e™ (d)}
= /\{0‘2/ 0‘2}61'/\{0.2,0.2} — 0.2027

forab € Eyand d € V,.
We can calculate Mv for all other nodes and edges.

Proposition 2. Symmetric difference of two CFGs 11 and 12 is a CFG.

Proof. Suppose 71 = (Q1,L1) and » = (Qy, Ly) are two CFGs on two crisp graphs and
pp p grap
((ul,u2)(w1,w2)) € E1 X Es.
(i) It U =wy=m
(nr €™ @ ppye’i2) ((m,u2) (m,w2)) = AM{pg, e (m), up,e™ (upws) }
< A{pg,e"e (m), min{pq, e (u3), jg,e™2 (w2) }}
= MA{{ng, e (m), po,e™ = (1)}, AM{jug, e (m), pg,e™ (wp) }}
= A{(p0, 0™ @ ng,e™) (m, uz), (1o, ™% & na,e™)(m,ws)}.
(i) Hup=wr=z2
(yLlei“Ll @yLzei“Lzei(ocLl ®ar,))((ug,z)(wy,z)) = A{yLlei”‘Ll eing, (ulwl),szei“Qzei“Qz (z)}
< A{A L e (), pg,e2e 2 (2)}
= A{A{pg, "™ (1), p,e e (2)}, A{{png, e @ e (w)), po,e™2e™ 2 (2)}}
= M (o, "™ @ pg,e™2e™) (uy,2), (1o, A ™A @ pg,e™2e™) (wy,2)}.

(iii) If uqwy ¢ Eq and upw, € Ep

(ureiar, @ur,e™2) ((ug,u2) (w1, w2)) = A{pg,e™ (1), pg,e™ (wr), pr,e™ (upws) }
< AMpg, ™ (1), g €™ (wr), min{pug,e™ (1) pg,e™ % (w2) }}
= A{A {10, €™ (1), 10pe™ 2 (2)}, {0, €91 (1), 1y (w2) }
= A{(VQleHXQl D I’leesz)(ull uZ)/ (VQle“le S I’le)el“Ql (wlr wZ)}

(iv) If uqwy € Eq and uyw, & E;
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(HLlemLl @HLzé’mLz)((ul,Mz)(wbwz)) = /\{FQZQMQZ (”2)/P‘Q2€MQ2(wz)zﬂLleiMl (uqwr)}
< AMpg,e" 2 (1), pg,e™ % (wy), M{pg, e (u1)pg, e (w1)}}
= MM g, e (u1), pg,e @ (uz)}, {po, e (w1), pg,e" (wa)}
= /\{(VQleHXQl S I’leesz)(ull MZ), (.uQ1emQ1 S VQzesz)(wlr wZ)}
Hence, 1 @ » isa CFG. [

Definition 20. Suppose Gy = (Q1,L1) and Gp = (Qa, Ly) are two CFGs. For any node
(uy,up) € Vy x Vo, we have

(dyeie) 1y @ v (11, 142) = ) (e, @11 @D pre™i2) (1, 12) (w1, 2))

(u1,u2) (w1, wp) EEy X Es.

= Y /\{leei“Ql (1), P, e™ (upwy)}

Uy =wi,Uupwr€Ey

+ ). AN pr, e (ugy, 1,2 (un) }

uyw €Eq,up=wy

- Y NMpg, e (1), o, e (wr), pr,e™ 2 (upws) }
uywq ¢E1and upwyr€Ey
+ ). App et (uyws), po,e'® (1), pa,e % (wa) },

uiwy €Ejand upywy ¢Eyp

Theorem 5. Suppose 71 = (Q1,L1) and 1 = (Qa, Y2) are two CFGs. If ug, "o > yLZei”‘Lz
and pg,e % > pp et Then V(uy,up) € Vi x Vo

(d) e, @ (w1, u2) =q(d)z (u1) + 5(d), (u2) where s = | Vi | — (d)g,(u1) and q = | V2 |
— (d)g, (u2) -
Proof.

(dyei) v @ (U1, U2) = )y (. €™ @ pr,e™) ((u, u2) (wy, w3))

(u1,u2) (wl,wz)eEl X Ej.

= Y /\{;4Qlei"ch (u1), up,e™ (upws)}

U =wy,Upwr EEy

+ Y Az, €0 (ugwy), po,e™ (ua) }

uyw EEq i =w,

+ Y N, €™ (ur), ng,e™ (wy), ™2 (upws) }
wywy €Erand upw, €Ey
+ )» Mpr, e (unwn), pg, e (12), pg,e™ (ws) }

uywy EEyand upw, €y

= Y upe™(uwy)+ Y ™ (ugwy)

upwyr€Ey uiwi €Ey

+ )y pr e (upwy) } + ). pr, e (ugay)

uywy €Erand upw, €E, wywi €Eyand upw, Ey

= q(dy)n (u1) +5(dy) v (u2),

We conclude that (d) ¢ gy, (41, 42) = q(d) ¢ (u1) +5(d)r, (u2), wheres = | Vi | — (d)g, (41) and
q=1V2| = (d)g,(u2). O

Example 11. In Figure 18, ug, > pr,, Yo, < $1,, ko, = M1,  and g, < ¢r,. Then, the total
degree of vertex in the symmetric difference is calculated by using the following formula:

(dyei"‘)cl@cz(mhmz) = q(dr)g,(m1) + s(dr)c,(m2),
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(i) Gy, (4, €) = 1+ (0.2077) +1-(0.2677) = 0447,
(dein )Gy w6, (a,d) = 1+ (0.26027) 1+ (0.26027) = 0.4¢47,

(a,c)(0.2¢7-27) (a,d)(0.3¢7037)
a(0.3¢10-37) (0.2¢70-2) 0,340
5 5 € .
2 S 3 5
S = a 3
b(0.2¢%0-27) 4(0.3¢70-37) 0.2¢%0-27
(b, c>(0.2e1ﬂ0.27r) (b, d)(0_26i0.2ﬂ)
1 T .

Figure 18. Symmetric difference.

So, (d)G,w6,(a,¢) = 0.4¢94 and (d) g, wc, (a,d) = 0.4¢047. Applying the same technique,
we can obtain (d),qc,(b,c) = (d)c,ac,(b,d) = (0.4,0.9,0.9). Now by direct calculations we
have:
dyeic) G006, (4 ¢) = 0.2¢027% 4 0.2¢027 = 0.4¢7047,

a,d) = 0.2¢027 4 026027 = 0.4¢047,
,€) = 0.2¢0%7 + 026027 = 0.4¢047,
dyin) GG, (b,d) = 026077 4026027 = 0.4¢047.

It is obvious from the above calculations that the degrees of nodes determined by using the
formula of the above theorem and by the direct method are equal.

Definition 21. Let 7y = (Q1,L1) and 7 = (Qy, Lp) be two CFGs. For any vertex (uy,uy) €
V1 x Vs, we have

(td i)y @ 1o (141, U2) = )3 (e, ™ @ pr,e™2) (11, ) (wy, w5))

(u1,u2)(wy,wp) €EE X Ey.
+ (VQ1 e @ VQzesz (”1/ UZ)
= Y Mug, €@ (uy), VLZEMLZ (upwy) }

up=w1,UupwyEEy

+ Y M ™ (mwy, pg,e 2 (ug)}

uywy €E1,up=wy

+ Y Mg, e (1), g, e (wr), jr,e™'2 (uxwy) }
uywy €Erand uywyo €Ey
+ )3 M (ura01), pg,e® (u2), pg,e*® (w2) }

uywy €Ejand upywy €Ey

+ A {0, ™ (1), po,e™ (u)},

Theorem 6. Suppose 7y = (Q1, L1) and 7 = (Qy, Y2) are two CFGs. If
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1o, = pi, and po, > ur, then ¥(uy,up) € Vi x V,
(tdyei"‘)"fl D (Ml, M2) = q(tdyei"‘)Tl (u1> + S(tdi,{gioa)Tz(uZ)
— (q — Ve (1) = v{pe™ (), pe™ (1)}

V(ur,ua) € Vi x Vo, s= | Vi [ = (d)g, (1) and q = [ V2 | = (d)g, (u2) -

Proof. V(uq,up) € Vi x V;

(td e )7, @ 7, (11, 12)
= Z (‘u[d gle @ VLzemLz)((ulluZ)(w1/w2)) + (.“’lQ1€i[XQ1 @ VQzeian)(uLMZ)

(u1,u2) (w1,w2) EE X Es.

= Y Muge @ (u), pr,e™a (ugwy)}

Uy =w, UpwyrEEy

+ E A{Hhem] (ulwl)r ‘quei‘XQz (u2)}

uiwi €Eq,upy=w,

+ ) Mrg, e (), VQlei'le (w1), pr, %2 (ugwn) }
uywi €Erand upyw, €Ep
+ Z /\{VL1EML1 (ulwl)/ ]’leesz (uz), VQZEMQZ (ZUz)}

uywy €Eyand uyw, ¢Ey
+ V{pg, e (1), g, ™ (1)}
= Y pnda(nw)+ Y pre(uw)

urwo €Ey u w1 €E,

+ Y pL, e (upws) } + Y pr e (uywy)

uywy €Erand uywy €E; uywy €Eyand upyw, €E;
+V{ng, e (), pg, e (uz)}
= Y e (mwy)+ Y e (mw) + )3 HL,e™ 2 (uawn) }

uywr €Ey uywi €Eq wywy €Erand uyw, €Ey

+ ) Hr, et (uwn) + g, e (ur) + p,e % (2)

uywi €Erand upwr ¢E»
— V{pg,e (1), p,e™ (1)}
= q(td, i) r (1) + 5(td i )7, (112)
= (q—D)pe™ (ug) — V{ue™, (u1), pe™ 1 (u1)}

where value of s and q as follows s = | V1| — (d)g, (#1) and g = | V3| — (d)g, (u2). O

Example 12. We find the total degree of nodes by using Example 10.

(dyei"‘)T1 on(ae) =q(dy)y(a) + S(dyei"‘)Tz(e)
s = V1| —(d)g,(a)
=2-1=1
Now,

q=| V2| = (d)g,(e)
=4-2=2
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(td‘)ﬂl Doy (a,e) = q(tdyeik )T1 ({1) =+ S(td}wm )Tz (E)
= (s = 1pe's,(e) = (q = Dpe'™ (@) = V{pe™ (a), pe™, (¢)}
= 2(0.2¢%7 4 0.2¢27) + 1(0.3¢77 4 0.3¢037 4 0.2¢027)
— (1 —=1)(0.3¢037) — (2 — 1)(0.2¢07) — v{0.2¢7027,0.3¢0-37}
=2(0.4+0.8 — 0.2 — 0.3)04+08-02-037

= 1117

(td)r, @w(ae) = 1.1e117

We conclude from the calculations that the total degrees of nodes calculated by the
formula of the above theorem and by the direct method are equal.

4. Application of CFG

CFGs play a great role in fuzzy decision making and image segmentation. We pre-
sented a few factors in the application which will help in a physical way. For this, the
government of Pakistan wants to construct COVID-19 Designated Tertiary Hospitals in any
district that has a plan to make the minimum number of COVID-19 Designated Tertiary
Hospitals in the district so that many people can benefit from this project. For this purpose,
the following are some parameters taken into account: (1) a good place to build a COVID-19
Tertiary Hospital; (2) patients; (3) an urban location; (4) access to the facility; (5) security
and safety; and (6) cost and efficiency. Assume that members of a team select 10 areas
where they are engaged in the established COVID-19 Designated Tertiary Hospitals so that
they may assist more patients for their treatment purposes. They see the following two
scenarios: Constructing a COVID-19 Designated Tertiary Hospital in 1 of the 10 approved
locations.

Constructing a COVID-19 Designated Tertiary Hospital between any 2 of the selected
10 places. Suppose that P = {Islamabad, Thatha, Okara, Lailpur, Sakhar, Nawabshah,
Vihari, Lahore, Foortabas, Layia} is the set of locations where the team wishes to construct
the COVID-19 Designated Tertiary Hospital as a node set. Assume that, after carefully
analyzing the various characteristics, 80 percent of the specialists on the panel agree
that Islamabad will have a COVID-19 Designated Tertiary Hospital. As a result, we can
determine the term of membership. The phase term, which defines the time, must be
computed for this. Twenty percent of professionals believe that Islamabad always manages
a large number of patients. We will make a model of this information as 0.8¢%2” >. Hence,
it is their final argument. The team now wished to travel to Thatha. Assume that 70 percent
of the team’s specialists feel that Thatha will have a COVID-19 Designated Tertiary Hospital
after thoroughly analyzing the various factors. As a result, we may determine the terms of
the membership functions. The phase term, which defines the period, must be computed
for this. According to 50 percent of professionals, Thatha led a large number of patients
at one point in time. We make a model of this information as < 0.7¢%% >. After this,
they visit Okara for their valuable mission. Suppose the model information about Okara is
< 0.4¢%37 > This means that 40 percent of the population prefers this location. However,
30 percent of those polled are opposed to it. In a similar way, they go to every place and
collect all the information as follows:

< Lailpur : 0.8¢047 >~ < Sakhar : 0.1e%5™ > < Nawabshah : 0.2¢%57 > < Vihari :
0.2¢957 >, < Lahore : 0.3¢%°™ >, < Foortabas : 0.5¢*°™ >, < Lyia : 0.5¢*4™ >. We can
denote this model as
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< Islamabad : 0.8¢02™ >
< Thatha : 0.7¢%57 >

< Okara : 0.3¢%27 >

< Lailpur : 0.8e047 >

< Sakhar : 0.1¢%57 >

< Nawabshah : 0.2¢%57 >
< Vihari : 0.2¢%57 >

< Lahore : 0.3¢067 >

< Foortabas : 0.5¢%67 >
< Lyia : 0.5¢%47™ >

The complex membership of the nodes represents the positive characteristics of a
specific parameter for choosing a city for the COVID-19 Designated Tertiary Hospital. Now,
we have truth membership function

Islamabad = 0.8,
Thatha = 0.7,
Okara = 0.3,
Lailpur =0.8,
Sakhar = 0.1,
Nawabshah = 0.2,
Vihari =0.2,
Lahore = 0.3,
Foortabas = 0.5,
Lyia = 0.5,

To determine the optimal choice, we see 10 truth membership functions. The value of
Islamabad and Lailpur are the same. Now we add tradition and phase terms, for Islamabad,
0.8 + 0.2 =1 and for Lailpur, 0.8 + 0.4 = 1.2. Lailpur city is the best choice for the COVID-19
Designated Tertiary Hospital. This is the application of CFG where it has no edge between
vertices. CFG with no edge is shown in Figure 19.

Figure 19. CFG with no edge.

Take P = {Islamabad, Thatha, Okara, Lailpur, Sakhar, Nawabshah, Vihari, Lahore,
Foortabas, Lyia} = {Rl, Rz, R3, R4, R5, R6, R7, Rg, Rg, RlO}-

Now the team goes to look at situation two as follows: we find other edges according
to the condition of the team.
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< RiR,

< RiRj3:
< RiRy:
< RyR5:

< RiRg

< RyRy7:
< RiRg:
< RqRg :

< R1Ryp

< RyRj3:
< RoRy:
< RyRs5:

< RyRg

< RyR7:
< RyRg :
< RyRg :

< RoRqp

< R3Ry:
< R3R5:
< R3Rg :
< R3R7:
< R3Rg:
< R3Rg :
< R3Rqp:

< R4Rs

< R4Rg :
< R4R7:
< Ry4Rg:

< R4Rg

< R4Ryp:
< R5Rg :
< R5R7:

< R5Rg

< R5Rg :
< R5Rqp:
< RgR7:
< RgRg :
< RgRg :

< RgRqp
< RyRg
< Ry7Rg
< R7Rq9
< RgRg
< RgRqp
< RoRqp

: 0.7¢037
0.4¢0-27ti
0.6¢0-37
0.2¢0-37
: 0.3¢037
0.1¢0-37i
0.6¢0-37
0.7¢0-37
£ 0.56037 >
0.4¢0-27
0.3¢0:47i
0.2¢0-47
: 0.3047
0.10-47i
0.8¢0:47i
0.7¢0-37
: 0.5¢047
0.4¢0-27i
0.2¢0-27ti
0.3¢0-27
0.1¢0-27
0.4¢0-27i
0.2¢0-27t
0.4¢0-27
: 0.2¢047
0.3¢0-47i
0.10-47i
0.6e0-47i
: 0.3¢0.37
0.6e047 >
04057 >
0.1e047 >
£ 0.2¢057 >
0.2¢%-37 >
026047 >
0.1e047 >
0.3¢067 >
0.3¢0371 >
£ 0.3¢047 >
£ 01047 >
£ 0.1e037 >
:0.1e%47 >
£ 0.3¢037 >
£ 0.6e047 >
£ 04037 >

V V.V VYV V VYV

V.V V. VYV, VVVVVYV,VVVVVVYV
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traditional membership values of edges are given

RiRy; =07, R1R3 = 04, R1R4 = 0.6, R1R5 = 0.2, R1Rs = 0.3,
RiR7 = 0.1, RiRg = 0.6, RiR9 = 0.7, RiR19 = 0.5, RoR3 = 0.4,
RyR4 = 0.3, RpR5 = 0.2, RpRg = 0.3, RpR7 = 0.1, RpRg = 0.8,
RyRg9 = 0.7, RaRq9 = 0.5, R3R4 = 0.4, R3R5 = 0.2, R3Rs = 0.3,
R3R; = 0.1, R3Rg = 0.4, R3R9 = 0.2, R3Ry9 = 0.4, R4R5 = 0.2,
R4Re = 0.3. R4R7 = 0.1, R4Rg = 0.6, R4Rg = 0.3, R4Ry9 = 0.6,
R5R¢ = 0.4, RsR7 = 0.1, RsRg = 0.2, RsRg = 0.2, R5Rjp = 0.2,
RgR7 = 0.1, RgRg = 0.3, RgRg = 0.3, RgRq9 = 0.3, RyRg = 0.1,
R7R9 = 0.1, R7R19 = 0.1, RgRg = 0.3, RgRy9 = 0.6, RyRyg = 0.4
S(RzRg) is the largest value and therefore more suitable for making the COVID-19 Desig-
nated Tertiary Hospital. CFG with an edge is shown in Figure 20.

(R1R10)

<]
oz

Figure 20. CFG with edge.

5. Conclusions

Complex fuzzy models have greater flexibility and comparability than fuzzy models.
The CFG is a FG extension. Each vertex and edge in a complex fuzzy graphical model
has only one complex membership grade. To improve the approximation, CFG can be
employed. Different sorts of degrees of vertices were employed in this project. Only the
overall contribution of the amplitude in the system is determined by the degree of vertices
in FG. The overall information and contribution of the amplitude and phase components are
given by the degree of vertices in CFG. This article looked at the communication between a
few hospitals. The CFGs and their associated network systems were the exclusive focus
of this study. This strategy can only be used if one-directed thinking occurs in a linked,
complex fuzzy graphical system. Obtaining accurate data is not always easy. We defined
the order and size of the CFG. We determined the operations on CFG, including union,
intersection, and join of CFG. We discussed the degree and total degree of vertex of the
CFG. Finally, we described how CFG can be used to solve decision-making problems in
the COVID-19 environment. The maximal product and symmetric difference of CFG are
discussed. In the future, our aim is to introduce (1) bipolar-CFG and (2) rejection of CFG.
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