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Abstract:

Let G be a fuzzy graph without isolated vertices. The dominator coloring
problem seeks a proper coloring of G with the additional property that every
vertex in the graph dominates an entire color class. In this paper, a new
concept of fuzzy dominator coloring and fuzzy chromatic number is
introduced on Cartesian product of simple fuzzy graph such as fuzzy path,
fuzzy cycle and complete fuzzy graph. Fuzzy dominator coloring, chromatic
number of fuzzy complete graph, fuzzy path, and fuzzy cycle has been
discussed. Bounds for fuzzy dominator coloring, chromatic number have been
found. The relationship between domination number, fuzzy dominator
coloring and chromatic number is derived.
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1. Introduction:

Graph is a simple model of relation and it is a convenient way of representing
information involving relationship between objects. The object is represented by
vertices and relations by edges. When there is vagueness in the description of the
objects or in its relationship or in both we need to design fuzzy graph model. One of
the most important properties of fuzzy graph model is fuzzy graph coloring which is
used to solve problems of combinatorial optimization like traffic light control, exam
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scheduling, register allocation etc. In these applications, fuzzy dominator coloring
plays a vital role. The concept of fuzzy Dominator coloring was introduced by
Ralucca Michelle Gera in 2006 [1]. In the same time, the fuzzy coloring of a fuzzy
graph was defined by the authors in Eslachi and Onagh[2]. Then pourspasha [3] also
introduced different approaches to color the fuzzy graph. In fuzzy graph, it is very
important to identify the nature of arcs. In this paper, we consider all arcs as strong
arcs for deriving the bounds in theorem. In this paper we determine the fuzzy
dominator coloring, fuzzy chromatic number for cartesian product of fuzzy path,
fuzzy cycle and complete fuzzy graph. The fuzzy dominator coloring of a graph GxH
is a proper coloring in which each vertex of the graph dominates every vertex of
atleast one color class. The minimum number of colors requiredfor a fuzzydominator
coloring of GxH is called the fuzzy dominator chromatic number andit is denoted

befd(GXH).

2.  Preliminary Notes
In this section, basic concepts of fuzzy graph and coloring are discussed. Notation and
more formal definitions which are followed as in [1], [2], [4], [10].

Definition 2. 1[4]:
A fuzzy graph G=(o, W) is a pair of functions 6: V— [0, 1] and n:VxV—J[0, 1], where
for all u, ve V, we have lW(u, v)< o(u)Ac(v).

Definition 2. 2[10]:
The order p and size q of a fuzzy graph G=(o, W) are defined to be p =Y ey 6(x) and

qZnyEV H(XY)'

Definition 2. 3|2]:
Two vertices u and v in G are called adjacent if (2)[o(u) A o(V)] < p(uv).

Definition 2. 4]2]:

An arc (u, v) is said to be a strong arc or strong edge, if pw(u, v) > p*(u, v) and the
node v is said to be the strong neighbor of u. A node u is said to be isolated if p(u, v)
=0 for all u # v. In a fuzzy graph, every arc is a strong arc then the graph is called
thestrong arc fuzzy graph.

Definition 2. 5[4]:
u is a node in fuzzy graph G then N(u) = {v: (u, v) is a strong arc} is called the
neighborhood of u and N[u] = N(u) U{u} is called closed neighborhood of u.

Definition 2. 6[2]:
A path in which every arc is a strong arc then the path is called strong path and the
path contains n strong arcs is denoted by Py,.
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Definition 2. 7|2]:
A cycle in G is said to be fuzzy cycle if it contains more than one weakest arc.

Definition 2. 8[10]:
A fuzzy graph G=(o, W) is called complete fuzzy graph if u(u, v)=c(u)Ac(v), for all u,
ve V and is denoted by K.

Definition 2. 9[4]:

Two nodes of a fuzzy graph are said to be fuzzy independent if there is no strong arc
between them. A subset S of V is said to be fuzzy independent of if any two nodes of
S are fuzzy independent.

Definition 2. 10[10]:
G is a fuzzy graph on V and S €V, then the fuzzy cardinality of S is defined to be X
VvES 6(v).

Definition 2. 11[4]:

The Cartesian product G=GxXG,=(V, X) of graphs G; and G;. Then V=V xV,, and
X={(u, w2), (u, v2)| ue Vi, (uz, vo)e Xo yu{(ui, w), (vi, w)| ue Va(uy, vi)e X; }.

Let o; be a fuzzy subset of V; and let W; be a fuzzy subset of X;, i=1, 2. Define the
fuzzy subsets 61%c, of V and [ X, of X as follows:

(o1%02)(u1, uz)= min{o;(u;), c2(uz)} for all (u;, uy)e VvV

(Lixp2)((u, u), (u, v2)) = min{c;(u;), U2(uz, v2)} for all ue V; and (uy, v2)e Xs
(Lixp2)((ur, w), (vi, w)) = min{ca(w), Wi(uy, vi1)} for all we V, and (uy, vi)e X,

Then the fuzzy graph G=(c;%0,, Wi xU2)1 is said to be the cartesian product of G,=(c1,
}J,]) and G2=(02, }J,z)

Definition 2. 12[4]:

A dominating set D of fuzzy cardinality |D|= X o(u), for all ue D= y(G) is called
minimum dominating set or y-set. A dominating set D of a fuzzy graph G is called the
minimal dominating set if and only f for each vertex ve V, D-{u} is not a dominating
set of G.

The minimum fuzzy cardinality taken over all minimal dominating sets in G is called
the domination number of G and is denoted by Y(G).

Definition 2. 13[2]:

A family T = {y1, 72, ..., Yk} of fuzzy sets on V is called a k-fuzzy coloring of G = (V,
o, W if

a) vl=oc

b) 7YiAy=0 )

c) For every strong edge uv of G, vyi(u) Ayi(v) =0 for I <i<k.
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A fuzzy graph G is k-fuzzy colorable if G has a proper k-fuzzy coloring. The fuzzy
chromatic number xr (G), of a fuzzy graph G, is the minimum k for which G is k-
fuzzy colorable.

The above definition of k-fuzzy coloring was defined by the authors Eslahchi and
Onagh [2] on the fuzzy set of vertices.

Definition 2. 14[1]:
A fuzzy dominator coloring (FDC) of a fuzzy graph G is a proper fuzzy coloring in
which each vertex of G dominates every vertex of atleast some color class.

Definition 2. 15[1]:
Fuzzy dominator chromatic number of a fuzzy graph is the minimum number of color
classes in a dominator fuzzy coloring of G. It is denoted by ¥ (G).

3.  Results on domination number of Cartesian product of fuzzy graphs
In this paper, the Cartesian product on same type of two fuzzy graphs (say G and H)
such as fuzzy path, fuzzy cycle and complete fuzzy graph. The order of H should be
greater than or equal to the order of G. Let G=(V,, o1, W) be a fuzzy graph. and
==(V, 02, W2) be a fuzzy graph. The Cartesian product GxH=(V, X) of fuzzy graph
G and H. where V=V xV,, X={((u, u2), (u, v2))| ue Vi, (nz, v2)e Xa} U{((u;, w), (vi,
w)) | w € V3, (uy, vi)e X;}. Using these notations, the following theorems are defined.
To derive the theorem we use independent fuzzy path and fuzzy cycles which does
not have unique strong neighbors in fuzzy path and fuzzy cycle of GxH.
In 1941, Brook’s gave an upper bound for the chromatic number in case of crisp
graphs and stated that ‘For a connected graph which is neither an odd cycle nor a
complete graph, the chromatic number ¥(G) < A(G)’[6].

Proposition3. 1:
If G and H are fuzzy path on m and n vertices and the cartesian product GxH of G and
H is a fuzzy graph on mn vertices. Then x(GxH)=2.

Proof:
In GxH, consider a fuzzy path with distinct vertices say P;= {(ui, v1), (u1, v2),.. (ui,
)}, Po= {(n2, V1), (U2, V2),.., (U2, Vo) }, -..ee, P= {(Um, V1), (Um, V2), ..., (Um, Vn)}. The

vertices in P; assign colorl and color2 alternatively. Depending upon the color of
verticesin P;, assign alternate color class 2 and colorl in P, andso on. We get
XG> LILL
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Example 3. 2:

G: H:
u10.6 0.5 0.6 0.8 0.4
V1 V2 V3 V4
0.2 *~0os * 08 * 03 °
Fig 2. Fuzzy path on 4 vertices (P4)
uz 0.5

Fig 1. Fuzzy path on 2 vertices (P1)

GxH:
1 2 1 2
0.5 0.6 0.6 04
(1. vi) (11, v2) (u. v3) {ug, v4)
0.4 0.6 0.3
0.2 02 0. 02
0.4 0.5 0.3
(u2. v1) (uz. v2) (2. v3) (2. v4)
0.5 0.5 0.5 04
2 1 2 1

Fig 3. Cartesian Product of Fuzzy path on 2 and 4 (P;=P4) with 2 fuzzv coloring

The two independent fuzzy paths are P1= {(uy, vi), (w1, v2), (us, v3), (ui, va)}, Po= {uy,
vi), (12, v2), (U2, v3), (12, v4)}. Color 1 and color 2 are assigned to the vertices of
P;alternatively. However, color 2 and color 1 are assigned to the vertices in
P,alternatively. Thus y(G>xH)=2.

Consider the fuzzy graph of GxH in figure 3. The fuzzy chromatic number
1A G*xH)=2 since there exists a family I'={[];, [1,}. Satisfying the definition of fuzzy
coloring for fuzzy graph GxH is shown in the table below.

Table 1: Fuzzy coloring of P,xPy4

Vertices| [ ;| ], |[Maximum
(ul, V1) 0 5 0 0 5
(uj,v2) 1 010.3 0.3
(ur, v3) 0.6/ 0 0.6
(u,v4) | 010.4 0.4
(uz, V1) 0 0 5 0 5
(uz, V2) 0.5 0 0.5
(uz, V3) 0 0 5 0 5
(u, v4) 0.4/ 0 0.4
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Proposition 3. 3([5]:

Let G and H be a fuzzy path on m and n vertices and GxH be a fuzzy graph on mn
vertices.

1)  If m=4 then y(GxH) = n+1

il)  If m=5 then y(GxH) = n+2

iii))  If m=6 then y(GxH) = 2n-3

iv) If m=7 then y(GxH) > m+n

v)  If m=8 then y(GxH) = 2n+2

vi) If m=9 then y(GxH) = 3n-3.

Proposition 3. 4:
Let G be a fuzzy path on 2or 3 vertices and Hbe a fuzzy path on n vertices. GXH is a

mn

fuzzy graph on 2n or 3n vertices. Then ¥ (GXH) = [m] + EJ + [%]

Theorem 3. S:
If G isa fuzzy path on m(= 4) vertices and H is a fuzzy path on n(= m) vertices. GxH
is a cartesian product of fuzzy paths with mn vertices then ¥ (GxH) = y+2.

Proof:

Let G be a fuzzy path on m (= 4) vertices and H be a fuzzy path on n vertices.
Applying the cartesian product on GxH. We know that the resulting graph is also a
fuzzy graph. GxH is a fuzzy graph whose underlying graph is a grid graph on mn
vertices.

In GxH, split the vertices as some independent set of 4 strong neighbor vertex, 3
strong neighbor vertex and 2 strong neighbor vertex. To assign the color to the
vertices of GXH in the following ways, based on the structure of GxH, we consider
two types of vertices. One is internal vertices and the other is vertices on the border.
Clearly, in internal, one of the four vertices of GXH dominates itself and its
neighboring vertices. In GxH, 2n vertices on the border and mn-2n vertices in the
internal part. Consider the vertices in the border as (uj, vi), (U1, v2),.. (U1, Vn), (U2, V1),
(uz, Vn), (us, v1), (us, vn),.. (Um, V1), (Um, V) and in the internal vertices as (uz, v2), (uz,
V3),... (U2, Vn1), (U3, v2), (U3, v3),.. (U3, Vo1),.. (Um, V2),.. (Um, Vn.1). We should use
atleast 2n non repeated colors to obtain minimum fuzzy dominator coloring in the
border and also in the border, there exists a 3 strong neighbor vertex which have 2
strong neighbor in the border and one strong neighbor in internal vertices.

Choose the centre vertex (uj, vj), 1<1<n, j=1, n, as a dominant vertex which assigns a
color 1. Consider 4 strong neighbor vertex which lie in the internal part which assign
color i (1 <1 <y(GxH)). Follow this procedure, we get a Dominating set, D={((uj,
v3), (U2, vi)...(us, va))}. ..|D|=Y(GXH). The strongneighbors only to the dominant
vertices assign color y+1 and y+2 alternatively.

Thus ¥ (G*xH)=y+2.



Fuzzy Dominator Coloring and Fuzzy Chromatic Number 251

Example 3. 7:

G H:
0.6 0.5 0.6 0.8 0.4
V1 V2 Vi V4
0.2 ¢ o3 * 06 v 03 °

Fig 5. Fuzzv path on 4 vertices (Py)
uz 0.3
Fig 4. Fuzzy path on 2 vertices (P3)

GxH:
A 5 1 B
0.5 0.6 0.6 04
(1. v1) (a1, v2) ,V3) (uy, v4)
04 0.6 0.3
0.2 0.2 Q.
0.4 0.3 0.3
(u2. v1) (u2. v2) (uz. v3) u2, v4)
0.3 0.3 0.3 04
2 5 5 3

Fig 6. Cartesian Product of Fuzzv path on 2 and 4 (P;=P4)
with fuzzy dominator coloring

The dominating set, D={(ui, v3), (12, v1), (12, v4)}. The vertices in D assign color 1,
color 2 and color 3. They dominate the color classes of 1, 2 and 3. The strong
neighbors of (uy, vi) assign color 4. The strong neighbors of (u;, v3) assign color 5.
Since the vertices (u;, vi) and (u;, v2) has strong arc. The strong neighbor of (uz, va)
already assigned the colors.
=Y (GxH)= 3. de(GXH) =3.

Observation 3. 8:
If GXH is a cartesian product on fuzzy paths with mn vertices then ¥ (GXH) <y
(GxH), where m and n are the number of vertices in fuzzy paths of G and H.

Proposition 3. 9:
If G and H are fuzzy cycle on m and n vertices and the cartesian product GxH of G

and H is a fuzzy graph on mn vertices then x(GxH) <3.

Proof:
If G and H is fuzzy cycle on m and n vertices. Applying the cartesian product on G
and H we get GxH is a fuzzy graph on mn vertices. In GxH, suppose there exists m



252 R. Muthuraj and A. Sasireka

independent fuzzy cycles with n vertices. Say C,, Ca,.. Cy. consider the cycle Cy, If n
is odd then the vertices in C; assign color 1, color 2 alternatively but the nth vertex
could not assign color 1 and 2 because it is strong neighbor of vertices in colorl and
color 2. so n™ vertex assign color3. Using ;C; combination all the vertices in GxH
assign colorl, 2 and 3. Consider the cycle C;, If n is even then the vertices in C,
assign color 1, color 2 alternatively. Using ,C; combination all the vertices in GXH
assign colorl and 2. Theny(GxH) < 3.

Example 3. 10:

G H:
u; 0.6 vy 0.4
0.2 0.3
0.9 v, 3 0.5
Fig.7 Fuzzy cycle on 3 vertices (Cj) Fig.8 Fuzzy cycle on 3 vertices (C3)
G=xH:
1 2 3
0.4 (up,vy 0.6 (ugvs) 53) 0.5
0.4
0. 0.2 0.
2 1
0.3 (uz,v1 3] 43 uz,vy) 0.3
0.1 0 5
0.4 (ua,v1) 02 0.8 (naig=) 04 us,va) 0.5
3 1 2
3

Fig.9 Cartesian Product of Fuzzy cycle om C3x Cs

Consider the fuzzy graph GxH in figure9. The chromatic number of xr (GxH) < 3.
Since there exists a family I" = {y1, .. y3}. Satisfying the definition of fuzzy coloring
for fuzzy graph GxH is shown in the table below.
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Table 2: Fuzzy coloring of C3xCs

VERTICES| vy, | v | v; Maximum
(u,vi) 0.401]0 0.4
(uy, v2) 010.6/ 0 0.6
(uy, v3) 0]1]010.5 0.5
(uz, v1) 010.3 0 0.3
(uz, v2) 0/010.3 0.3
(u, v3) 10.3]01]0 0.3
(usz, v1) 0/010.4 0.4
(us,vo) 0.8 00 0.8
(us, v3) 010.5 0 0.5

Proposition 3. 11[5]:

Let G and H be a fuzzy cycle on m and n vertices and GxH be a fuzzy graph on mn
vertices.

1)  Ifm=3, 4 then y(GxH) =n

il)  If m=5 then y(GxH) > 2n-m

i) If m=6 then vy (GxH) < m+n-2

iv) If m=7 theny (GxH) < m+n

v) If m=8, 9 then Y(GxH) = m+n

Proposition 3. 12:

Let G be a fuzzy path (cycle) of length m (= 2) and H be any fuzzy path (cycle). GxH
is the cartesian product of fuzzy paths (cycles). We have

L xa(G) < xu(H) <xu(G<H).

ii.  Max{x(GxH), [(GxH)} < yu(GxH)< x(GxH) + LI(GxH)

Observation 3. 13:
For a fuzzy graph GxH, the fuzzy chromatic number ¢ (GXH) < AY(GxH)+1. Where
A’ (GxH) is the maximum vertex strong degree of GxH.

Theorem 3. 14:
If G and H is a fuzzy cycle with m and n vertices. GxH is a cartesian product of fuzzy
cycles G & H with mn vertices. Then

if |GxH|=0 (mod 10)or
i GXH) — {V +3

‘mn are odd numberstmmn >5.

y + 2, othrwise

Proof:

Let G be a fuzzy cycle on m vertices and H be a fuzzy cycle on n vertices. Applying
the Cartesian product on G and H. we get a fuzzy graph of GxH with mn vertices.
From observation we know that the fuzzy graph GxH must contain m cycles with n
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vertices. Let it be denoted by C;, C,,.. C. Hence we get cycles of length n. now the
vertices have to assign the color as follows.

Case (i): if |GxH|=0 (mod 10)

The fuzzy graph GxH contain m cycles of length n. Every cycle should contain atleast
one dominating vertex so its need [] colors because every dominating vertices assign
individual colors. Randomly choose a cycle, there exists a one dominant vertex in
cycle Cy, the strong neighbors of the dominant vertex assign [1+1™ color.

Choose the dominant vertex in second cycle. In C2, the strong neighbors of the
dominant vertex assign [142™ color. Because there exists, a strong arc between the
strong neighbors of dominant vertex in C; and C,. Some cases the vertices are stron%
neighbors of two dominant vertices, for proper coloring the vertex may assign [1+1°
or [1+2" color.

Any one of the cycles should contain atleast two dominant vertices. The strong
neighbors of these dominant vertices having strong arc between the vertices which
assigned 1+1™ and [1+2™ color so this vertex assign [1+3™ color. Thus
Ya(GxH)=[+3. Similarly, if GXH contains a odd number of cycles with odd length (=
5)then xw(GxH)= [1+3.

Case (ii): if |GxH|zn(mod 10) for all 1 <n <9.

GxHis a fuzzy graph and k is a minimum fuzzy dominator coloring of GxH with
colors 1, 2, 3, ...xwa(GxH). for each color class of GxH, (ux, vi) is a vertex in the color
class k with 1<k<y(GxH). we know that D={(ux, vx) /1<k<yu(GxH)} is a
dominating set.

Let (uj, vi)e V(GXH). by the definition of fuzzy dominator coloring, each vertex of
GxH will dominates vertices of some color class. Since D contains atleast one vertex
of each color class, every vertices of GXH dominates some vertex of D. Thus D is a
fuzzy dominating set.

Every minimum fuzzy dominator coloring of GxH gives a fuzzy dominating set of
GxH. if the fuzzy chromatic number of GxH is 2, we can color the vertices of GXH
by using two colors 1 and 2. Assign colors 3, 4,.., [1+2 to the vertices of D and give
colors 1 and 2 to the rest of the vertices of GXH. 1. e., the strong neighbors only to the
dominant vertex assign color 1 & 2 alternatively, such that two strong adjacent
vertices will have different colors. That is, the strong neighbors dominate the color
class, which contain their dominant vertex.

Hence yw(G*xH)= [1+2.

Example 3. 15:
Case (i): If |G|=4 and |H|=5 then |GXH|=20 |=0 (mod 10)
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G: H:
vy 0.8
05w 02 w03
03 6
0.2 1 0.6 vs v20.7
04uy 03 u30.8 0.1 0.4
Fig 10. Fuzzyv cvcle of length 4 (Cy)
0.2 vy 0.1 v 0.5

Fig 11. Fuzzy cycle of length 5 (Cs)

Fig 12. Cartesian Product of Fuzzy cycles on Cy and Cs (G4 ® Cs) with fuzzy dominator coloring

In the above example, there exists a 4 cycles with length 5. ie., C;, C,, C; and Ca.
C1={(u1, V1), (ul, Vz),.. (ul, Vs)}, C2={(u2, V1), (uz, Vz),.., (uz, Vs)}, C3={(u3, V1), (u3,
V2),.., (U3, vs)}, Ca={(us, v1), (Us, V2),.., (s, vs)}. All cycles contain atleast one
dominant vertex and every dominating vertex assign individual colors by the
definition of fuzzy dominator coloring.
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Let D be the minimal dominating set. D= {(uy, v3), (uz, v1), (u3, va), (U4, V2), (U4, Vs)}.
Y(GxH)= 5.

The color classes are [1;={(u1, v3)}, 2= {(u, v1)}, (3= {(us, va)}, Lla= {(u4, V2)},
Hs={(us, vs)}, Ue= {(u1, v1), (w2, v2), (U2, vs), (us, vi)} LI7= {(u1, v2), (u1, va), (uz, v3),
(Il3, V2), (Il4, Vl)a (Il4, V3)} g = {(Ill, V5)a (u2a V4)a (Il3, V3)a (Il3, V5)a (Il4, V4)}'
.'.de(GXH)=8.

Example of Case (ii): If |G|=4 and |[H|=4 then |GxH|=16 = 6 (mod 10)

G: H:
0.2 w 0.1 u0.9 0.7v; 04 vy 0.5
0.1 0.5 0. 0.3
0.7 uy 0.4 w306 0.6vy 0.5 w300
Fig. 13 Fuzzy Cycle of length 4 (C4) Fig. 14 Fuzzy Cycle of length 4 (C4)

0.7(ug.v1) :
6 6

Fig 15. Cartesian Product of Fuzzy cycles on C4 and C,4 (Cy = Cy)
with fuzzy dominator coloring
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In the above example, there exists a 4 cycles with length 4. ie. C;, C,, C3 and C4. And
C1={(u1, V1), (ul, Vz),.. (ul, V4)}, C2={(u2, V1), (uz, Vz),.., (uz, V4)}, C3={(u3, V1), (u3,
V2),.., (U3, Va)}, Ca={(us, v1), (Us, V2),.., (s, va)}. All cycles contain atleast one
dominant vertex and every dominating vertex assign individual colors by the
definition of fuzzy dominator coloring.

Let D be the minimal dominating set. D= {(u1, v2), (w2, va), (us, v2), (U, Va)}.
Y(GxH)= 4. The color classes are [11={(ui, v2)}, 2= {(uz, va)}, [3= {(us, v2)}, [l4=
{(Ll4, V4)}’

s= {(Ill, Vl)a (ll], V3)a (Ilz, V2), (ll3, Vl)a (ll3, V3)a (Ll4, V2)}a

. He= {(u1, va), (w2, v3), (U2, vs), (us, va), (s, v1), (U4, v3)}.

S x(GxH) = 1+2

= 4+2=06.

Observation 3. 16:
If GXH is a cartesian product on fuzzy cycles of m and n vertices then }{(GxH) <y
(GxH), where m and n are length of fuzzy cycles of G and H.

Theorem 3. 17:
The fuzzy dominator coloring of a cartesian product of complete fuzzy graph GxH is
m+n-1 where m and n are the number of vertices of complete fuzzy graph G and H.

Proof:

As every pair of vertices is strongly adjacent and the strong degree of each vertex is
m+n-1 in GXH. In GxH, there exists an m complete fuzzy subgraph with n vertices.
Each vertex in complete fuzzy subgraph dominates itself and they dominate one
vertex in m subgraphs. So the m dominant vertices assign m colors and the strong
neighbor of dominant vertices in each complete fuzzy subgraph assign n-1 color.
Thus, yu(GxH)=m+n-1.

Example 3. 18:

G H:

u; 0.6 vy 0.4

0.3 . 0.6
0.3 uz 3 0.8

Fig.13 Complete fuzzy graph (K3) Fig.14 Complete fuzzy graph (Ki)
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0.4
Fig.15 Cartesian Product of Complete Fuzzy Graph on K3 x K1

Dominating set D = {(uy, v1), (02, v3), (uz, v2)}. .~. =3, 1={(u1, v1)}, (2= {(uz, v3)},
3= {(u3, v2)}, La= {(u1, v3), (w2, v1), (u3, v3)}, Lls= {(u1, v3), (uz, v2), (u3, v1)},
S X(GxH) = m +n-1 = 3+3-1= 5.
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