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ABSTRACT

ISSN:2 guaso A labeled graph G which can be gracefully numbered is said to be graceful.

Labeling the nodes of G with distinct nonnegative integers and then labeling
the e edges of G with the absolute differences between node values, if the
graph edge numbers run from 1 to e, the graph G is gracefully numbered. In
this paper, we have discussed the gracefulness of some the graphs formed
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INTRODUCTION
Labeled graphs form useful models for a wide range of applications. An graceful labeling f of a graph G

with g edges is an injective function from the vertices of G to the set {0,1,2,...,q} such that when each edge xy
is assigned the label |f(x)-f(y)| , the resulting edge labels are distinct and nonzero. The concept above was put
forward by Rosa in 1967. In this paper, some new classes of graphs have been constructed by combining some
subdivisions of dragon graphs with the star graphs St(n), (n = 1). Only finite simple undirected graphs are
considered here. Our notations and terminology are as in [1]. We refer to [2] for some basic concepts.

2. SOME RESULTS ON GRACEFUL EXTENDED KOMODO DRAGON GRAPHS

Definition 2.1: A dragon graph is formed by attaching a path to the vertex of a cycle.

Definition 2.2: A komodo dragon graph is formed by attaching a path to a three degree vertex of a cycle with a
chord and attaching star graphs to the end points of the path.

Definition 2.3: A komodo dragon graph with many tails D(t, b, h, m, n) is formed by attaching many paths of
length two to an endpoint of the path in the komodo dragon graph. In this paper we form D(t, b, h, m, n) as
follows: Let a,a;,a,,...,an,a, where h is odd, be a cycle. Form the chord a, @ (1)52- Let P:vy,v,,v3,..,v, be a path.
Join the vertex v, to the vertex a and rename it as v;. Let St(m) be a star graph with center u and pendant
vertices Uy, U,,...,Un. Let St(n) be a star graph with center w and pendant vertices wy,ws,...,w,. Attach the vertex
u to the vertex v, and rename it as v, and merge the vertex v, with the vertex w and rename it as v, to form a
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komodo dragon graph. Let P;i:si1, Sip, Siz, 1 = 1,2,...,t be paths of length two. Attach the vertices s11,5,1,531,+.-,511
to the vertex vy, and rename the vertex as vy, to form a komodo dragon graph with t tails D(t,b,h,m,n). It has
(m+n+h+b+2t) verticesand (m+n+h +b+2t+1) edges.

We investigate the gracefulness of the extended komodo dragon graph , which is a komodo dragon
graph with many tails, with b> 4. In particular we choose b =4.

Remark:Let G = D(t,b,h,m,n). The vertex set V(G) = {si, Si3, Vj, ar, UW, /1=1,2,...t; j=1,2,.,b;k=1,2,..h;x =
1,2,..,m and y = 1,2,..,n}. The edge set E(G) ={ajvi, anvi, apmeyvilHakaws / k = 1,2,..,(h=1)}\ Ny, vy /
i71,2,., (=) P spv, /i =1, 2.t} Wspsa /i =12, tH Huw, /x =1, 2, ., mPHwyv, /y=1,2,..., n}

Let f be the labeling on the set of vertices of G and g be the induced labeling on the set of edges of G.
The vertex label set of G can be written as AUBUT,UT,U UT, UulUW,i=1,2,.,t where A={f(a) / k=
1,2,.,h}, B={f(v) /j=1,2,.., b}, Ti={f(s;,) /2= 1,2}, U= {f(u,) / x = 1,2,...,.m}and U = {f(w,) /y = 1,2,..., n}.

The edge label set of G can be written as J;UJLUKULULUMUN where J; = {g(a;v1), g(anva),
glapsn2vi)}h 2= {8laaia) / k= 1,2,..., (h = 1)}, K={g(vj vjs1) / j = 1,2,..,(b = 1)}, Li={g(spv) /i =1, 2,..,t}, Ly =
{8(sisis) /1=1,2,..,t}, M={g(uv;) /x=1,2,..,m}and N = {g(w,v,) /y=1,2,...,n}. Letm21,n21.

Definition 2.4 Let A be any graph and B be any tree graph. Ao B denotes the new graph formed by attaching a
center vertex of B to a vertex of A.[3],[4],[5],[6].

Theorem 2.5: D(t, b, h, m, n) is gracefulfort=1,b=4,h=3, m,n> 1.

Proof: Consider a komodo dragon graph with 1 tail G=D(t, b, h, m, n), where t=1, b=4,h=3,m,n 2 1.G
has (m + n + 9 ) vertices and (m + n + 10) edges.

Let the labeling f on the vertices of G be defined by f(a,) = (m+n+5+k) for k=1, f(a,)) = (m + n + 8 + k)
for k=2, f(ay) = (k—3) fork =3, f(vj) = (m + n + 8 +j) for j=1, f(v;) = (m=1+]) for j=2, f(v;) = (m+n+5+j) for j=3,
f(v;) = (m=2+j) for j=4, f(s;;) = (m+n +6 +i) for i = 1, f(s;3) = (m + 2 +i) for i = 1, f(u,) = (x) for 1 <x < m, f(w,) = (m +
3+y)fory=1,flw)=(m+5+y)for 2<y<n.

The induced labeling g on the edges of G is defined by g(a,v4) = (k + 2) for k = 1, g(ayv;) = (k— 1) for k =
2, g(ayv1) = (m+n+6+k) for k = 3, g(aiaw. 1) = (k + 3) for k = 1, g(axar. 1) = (m+n+8+k) for k = 2, g(v;v;, 1) = (n+7+j) for
i=1, g(vjvj+ 1) = (n+54j) for j = 2, g(vjvjs 1) = (n+3+j) for j = 3, g(sipva) = (n+ 4+1i) fori =1, g(sipsi3) = (n+ 3 +1i) for i=
1, g(uyvy) = (m+n+9—x) for 1< x < m, g(w,v,) = (1+y) for y=1, g(wyv,) = (3+y) for 2<y < n.

The vertex labels of G can be arranged in the following order. A = {0,(m + n + 6), (m+n+10)}, B ={(m+1),
(m+2), (m+n+8), (m+n+9)}, T, ={(m+3), (m+n+7)}, U ={1,2, ..., m}, W = {(m+4), (m+7),...,(m+n+5)}. The set of
vertex labels of G is AUBUT, VUV W ={0,1,2,...,(m+4),(m+7), ..,(m+n+10)}.

The edge labels of G can be arranged in the following order. J; = {1,3,(m +n+ 9)}, J, = {4,(m + n+ 10)}, K
={(n+6),(n+7),(n+8)}, Li={(n+5)}, LL={(n+4), M={(n+9),...,(m+n+8) }, N={2,5, ...,(n +3)}. The set of
edge labelsof Gis J; U L, UKU LU LUMUN={1,2,3,..,(m+n+10)}.

Therefore the set of vertex labels and edge labels are distinct . So f is a graceful labeling. Hence G =

D(t, b, h, m, n), is graceful for t=1,b=4,h=3, m,n > 1.

Corollary 2.6: D(t, b, h, m, n) o St(r) is graceful fort=1,b=4 ,h=3, m,n,r>1.

Theorem 2.7: D(t, b, h, m, n) is gracefulfort=2,b=4,h=3,m,n > 1.

Proof: Consider a komodo dragon graph with 2 tails G =D(t, b, h, m, n), where t=2,b=4,h=3,m,n > 1. G
has (m + n + 11) vertices and (m + n + 12) edges. .

Let the labeling f on the vertices of G be defined by f(a,) = (m+n+7+k) for k = 1, f(a,) = (m+n+10+k) for
k=2, f(ay) = (k= 3) for k =3, f(v)) = (m + n+10+j) forj=1, f(v;) = (m =1 +j) forj=2, f(v) =(m+n+7 +j) forj=3,
flv)=(m=2+j)forj=4,f(sp)=(m+6+i)for i=1,f(s) =(m+4+i)for i=1,f(sp) = (m+n+7+i) fori =2, f(s;3)
=(m+1+i)for i=2,flu)=(x)forl<x<m,f(w,)=(m+7+y)forl<y<n.

The induced labeling g on the edges of G is defined by g(ayv;) = (k + 2) for k =1, g(ayvi) = (k1) for k =
2, g(awv1) = (m+n +8 +k) for k =3,g(akay: 1) = (k + 3) for k=1, g(ayaks 1) = (m+n+10+k) for k= 2, g(v;v;. 1) = (n+9+j)
for j=1, g(vjvj. 1) = (n+7+j) for j =2, g(vjvj. 1) = (n + 5 +j) for j = 3, g(sipva) = (4 +1i) for i = 1, g(sipsiz) = (1+1i) fori=1,
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g(siava) = (n+ 5 +i) for i=2, g(sisi3) =(n+4 +i) fori=2,g(uwy)=(m+n+11-x)forl< x < m, g(wyvy) =(5+
y)forl<y<n.

The vertex labels of G can be arranged in the following order. A={0, (m + n + 8), (m + n + 12)}, B={(m
+1), (m+2), (m+n+10), (m+n+11)}, T;= {(Mm+5), (m+7)}, T, ={(m+3), (m+n+9)}, U = {1,2,...,.m}, W =
{(m+8),...,(m+n+7)}. The set of vertex labels of G is AUBUT,UT,UUUW ={0,1,2,...,(m + 3), (m + 5), (m+7), ...,

(m+n+12 )}

The edge labels of G can be arranged in the following order. J; ={1,3,(m+n+ 11)}, J, = {4, (m+n+12)}, K
={(n+8), (n+9), (n+10)}, L, = {5, (n+7)}, L, = {2, (n+6)}, M = {(n + 11),...,(m + n + 10)}, N = {6,7, ...,(n + 5)}. The set
of edge labels of G is J; U L, UKULULUMUN={1,2,3,..,(m+n+12)}

Therefore the set of vertex labels and edge labels are distinct. So f is a graceful labeling. Hence G =
D(t, b, h, m, n), is graceful for t=2,b=4,h=3, m,n > 1.
Corollary 2.8: D(t, b, h, m, n) o St(r) is graceful fort=2,b=4,h=3,m,n,r>1
Theorem 2.9: D(t, b, h, m, n) is gracefulfort=3,b=4,h=3, m,n> 1.
Proof: Consider a komodo dragon graph with 3 tails G=D(t, b, h, m, n), wheret=3,b=4,h=3,m,n 2 1.G
has (m + n + 13) vertices and (m + n + 14) edges. .

Let the labeling f on the vertices of G be defined by f(a,) = (m+n+9+k) for k =1, f(ay) = (m + n +12+k) for
k=2, f(ay) = (k—3) for k = 3, f(v;) = (m+n+12+j) for j = 1, f(v;) = (m — 1+ j) for j = 2, f(v;) = (m+n+9+j) for j = 3, f(v;)
=(m=-24j) forj=4, f(s;) = (m+n+10+i) for i =1, f(si3) = (m+2+i) fori =1, f(s;) = (M+8+i) fori=2, f(s;i3) =(m+3 +
i) fori=2, f(sp) = (m+6+i) for i=3,f(s3)=(m+4+i)fori=3,flu)=(x)forl<x<m,f(w,)=(m+7+y)fory=
1, flw)=(m+9+y)for2<y<n.

The induced labeling g on the edges of G is defined by g(ayv,) = (k + 2) for k =1, g(ayvy) = (k— 1) for k =
2, g(ayvi) = (m+n+10+k) for k = 3, g(akak. 1) = (k + 3) for k = 1, g(aak 1) = (m+n+12+k) for k = 2, g(v;vj, 1)= (n+11+j)
for j=1, g(vjvj+ 1)= (n+9+]) for j=2, g(vvj« 1) = (n + 7 +j) for j = 3, g(sipva) = (n + 8 +1i) for i =1, g(s;283) = (n +7+1) for i
=1, g(sipva) = (6+4i) for i =2, g(sipsiz) = (3 +1i) for i =2, g(sipva) = (4 +1i) for i =3, g(sipsiz) = (i — 1) for i =3, gluwvy) =
(m+n+13—x) for 1< x < m, g(w,v,) = (5+y) fory =1, g(wyv,) = (7 +y) for2<y <n.

The vertex labels of G can be arranged in the following order. A = {0,(m+ n+ 10), (m+n+14)}, B = {(m +
1), (m+ 2), (m+n+12), (m+n+13)}, T, = {(m + 3), (m+n +11)}, T, = {(m+5), (M+10)}, T; = {{Mm+7), (m+9)}, U
{1,2,..m }, W = {{m+8), (m+11),..., (m+n+9)}. The set of vertex labels of G is ALBUT,UT,UT,LIUUW

{0,1,2,..., (m+3), (m+5),(m+7), .., (m+n+14)}.

The edge labels of G can be arranged in the following order. J; ={1,3,(m +n+13)}, J, = {4, (m+n+14)},
K ={(n+10), (n+11), (n+12)}, Ly ={7, 8, (n+9)}, L, = {2,5,(n+8)}, M ={(n + 13),..., (m+ n + 12)}, N={6,9, ..., (n + 7)}.
The set of edge labels of Gis J,; J,UKULULUMUN ={1,2,3,... ,(m+n+14)}.

Therefore the set of vertex labels and edge labels are distinct. So f is a graceful labeling. Hence G =
D(t, b, h, m, n), is graceful for t=3,b=4,h=3,m,n > 1.
Corollary 2.10: D(t, b, h, m, n) o St(r) is gracefulfort=3,b=4,h=3,m,n,r>1.
Theorem 2.11: D(t, b, h, m, n) is graceful fort=4,b=4,h=3, m,n>1.
Proof: Consider a komodo dragon graph with 4 tails G = D(t, b, h, m, n), wheret=4, b=4,h=3, m,n > 1.G
has (m + n + 15) vertices and (m + n + 16 ) edges.

Let the labeling f on the vertices of G be defined by f(ay) = (m+n+11+k) for k = 1, f(a,) = (m + n + 14+k)
fork =2, f(ax) = (k—3) fork=3, f(vj)) = (m + n + 14+ j) forj=1, f(v) =(m =1 +j) forj=2, f(v) = (m+n+ 11 + j)
for j =3, f(vj) = (m=2+j) for j = 4, f(s;;) = (m +n+12+i) fori =1, f(si3) = (m + 2 +i) for i = 1, f(s;) = (M + n+9+ i) for i
=2, f(si3) =(m+ 3 +i) fori=2,f(si) = (m +n+7 +i) fori=3, f(s;3) = (m +n+ 5+ i) fori=3, f(s;) =(m+n+5+i) for
i=4,f(s3)=(m+i)fori=4,f(u)=(x)forl<x<m,f(w,)=(m+6+y)forl<y<n.

The induced labeling g on the edges of G is defined by g(a,v,) = (k + 2) for k = 1, g(ayvy) = (k — 1) for k =
2, g(avy) = (m + n + 12+k) for k = 3, g(axax. 1) = (k +3) for k =1, g(akak. 1) =(m+n+14+k) for k=2, g(vv, 1) = (n+13+j)
for j=1, g(v\vj« 1) =(n+11+j) for j=2, g(v;vj. 1) = (n+9+]) for j=3, g(si,va) = (n+10+i) for i=1, g(sisi3) = (n+9+i) for i =1,
g(sipva) = (n+ 7 +i) fori=2, g(sipsiz) =(n+ 4 +i) fori=2, g(spva) =(n+5+i) fori=3,g(spsis) =(i—1) fori=3,
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g(sipva) =(n+3 +i)fori=4,g(spsis) =(n+1+ i)for i=4,g(uwv)=(m+n+15-x)forl<x<m,g(wywvs) =(4+y)
forl<y<n.

The vertex labels of G can be arranged in the following order. A = {0, (m+n+12), (m + n + 16)}, B = {(m
+1),(Mm+2),(m+n+14),(m+n+15)}, T;={m+3),m+n+13)}, T,={(m+5), m+n+11)}, T3={(m+n +8),
(m+n+10)}, Ta={(m+4),(m+n+9)},U={1,2,..m}, W={m+7),..,(m+n+6)}. Theset of vertex labels of
Gis AUBUT,UT,UT,UT,UUUW=/{0, 1, 2,..,(m+5),(m+7),..,(m+n+6), m+n+8),.. (m+n+16)}.

The edge labels of G can be arranged in the following order. J; ={1,3, (m+n+15)}, J, ={4, (m + n + 16)},
K={(n+12),(n+13),(n+14)}, L;={(n+7),(n+8),(n+9), (n+11)}, L, ={2,(n+5),(n+6), (n+10)}, M={(n +
15),...,(m+n +14)}, N={5,6, ..., (n + 4)}. The set of edge labels of G is J;UJ,UKUL,ULUMUN ={1,2,3, .., (m

+n+16)}

Therefore the set of vertex labels and edge labels are distinct. So f is a graceful labeling. Hence G =

D(t, b, h, m, n), is graceful for t=4,b=4,h=3, m,n > 1.

Corollary 2.12: D(t, b, h, m, n) o St(r) is gracefulfort=4,b=4,h=3,m,n,r>1.

Theorem 2.13: D(t, b, h, m, n) is graceful fort=5,b=4,h=3, m,n > 1.

Proof: Consider a komodo dragon graph with five tails G = D(t, b, h, m, n), wheret=5, b=4,h=3, m,n > 1.
G has (m + n + 17) vertices and (m + n + 18) edges.

Let the labeling f on the vertices of G be defined by f(a,) = (m+n+13+k) for k = 1, f(a)) = (m + n+16 + k)
fork=2,f(ay) =(k—=3)fork=3,f(v)=(m+n+16+j)forj=1,f(v)=(m—-1+]j)forj=2,f(v)=(m+n+13 +])
forj=3, f(v;) = (m =2 +j) forj =4, f(s) = (m +n+14+i) for i = 1, f(s;3) = (m+2+i) for i = 1, f(s;) = (m +n +11+ ) for
i=2,f(szs)=(M+4+i)fori=2,f(sp)=(m+n+9+i)fori=3,f(si3) =(m+1+i)fori=3,f(s;y) =(m+n+7 +i) fori
=4, f(s;z) = (m+1+i) fori=4, f(sp) =(M+n+2+i) fori=5, f(s;zg) = (m +n+4+i) for i=5, f(u,) = (x) forl <x<m,
f(w,) = (m+6 +y) for 1<y <n.

The induced labeling g on the edges of G is defined by g(av,) = (k + 2) for k = 1, g(ayvi)= (k—1) for k =
2, glagvy) = (m +n+14+ k) for k = 3, g(akar. 1) = (k + 3) for k =1, g(acaw 1) = (m+n+16+k) for k = 2, g(vjvjs 1) =
(n+15+j) for j = 1, g(vjvjs 1) = (n+134j) for j = 2, g(vvjs 1) = (n+11+j) for j=3, g(spva) = (n+12+i) for i=1, g(si,Sis)
=(n+11+i) fori=1, g(sipva) =(n+9+i)fori=2,g(s;si3) = (n+5+i) fori=2, g(sipva) = (n+ 7+ i) fori =3, g(spsis)
=(n+5+i)fori=3, g(spvs) = (n+5+i)fori=4,g(spsis) = (n+2+i) fori=4, g(sivs) = (n +i) fori=5, g(sisiz) = (i
—3)fori=35, g(uwvy) = (m+n+17—-x) for 1 <x<m, g(wyvs) = (4 +y)forl<y<n.

The vertex labels of G can be arranged in the following order. A = {0,(m+n + 14), (m +n + 18) }, B={(m
+1),((m+2),(m+n+16),m+n+17)}, T;={(m+3), (m+n+15)}, T,={(m+6), (m+n+13)}, T3={(m + 4), (m
+n+12)}, Ta={(m+5), m+n+11}, Ts={(m+n+7), (m+n+9)}, U={1,2,..,m}, W = {{m+7),...,(m+n +6)}. The
set of vertex labels of Gis AUBUT,UT,UT,UT,UT,UUUW ={0,1,2,...,(m+n+7), (m+n+9), (m+n+11), ..,

(m+n+18)}L

The edge labels of G can be arranged in the following order. J; = {1,3,(m+n+17)}, J, ={4, (m + n + 18)},
K={(n+14), (n+15),(n+16)}, L;={(n+5),(n+9), (n+10), (n+11), (n+13)}, L, ={2,(n+6),(n+7),(n+8), (n
+12)}, M={(n+17),..., (m+n+16)}, N={5,6,...,(n + 4)}. The set of edge labels of G is J,UJ,UKUL,UL, UMUN

={1,23,.,(m+n+18)}.

Therefore the set of vertex labels and edge labels are distinct. So f is a graceful labeling. Hence G =

D(t, b, h, m, n), is graceful for t=5,b=4,h=3, m,n > 1.

Corollary 2.14: D(t, b, h, m, n) o St(r) is gracefulfort=5,b=4,h=3,m,n,r>1.

Theorem 2.15: D(t,b,h,m,n) is graceful fort=6,b=4,h=3,m,n >1.

Proof: Consider a komodo dragon graph with six tails G = D(t, b, h, m, n), wheret=6,b=4,h=3, m,n > 1.
G has (m + n + 19 ) vertices and (m + n + 20 ) edges. .

Let the labeling f on the vertices of G be defined by f(ay) = (m+n+15+k) for k = 1, f(a,) = (m + n+18 + k)
fork=2, f(ay) = (k—=3) fork=3,f(v) =(m+n+18 +j)forj=1,f(v) =(m—=1+]j) forj=2, f(v) =(m+n+ 15 +])
forj=3, f(v;)) = (m—2+]j) for j = 4, f(s;p) = (m +n+16+ i) for i = 1, f(s;3) = (m +2+i) fori =1, f(s;) = (m + n +13+)
fori=2, f(si3) = (m+5+1i) for i=2, f(s;;) = (m +n+11+i) for i=3, f(s;3) = (m +n+6+i) for i=3,f(sp)=(M+n+9 +
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i)for i=4,f(sz)=(m+i)for i=4,f(sp)=(m+n+7+i)fori=5,f(sz) =(m+i)for i=5,f(si) =(m+n+2+i) for
i=6,f(sz)=(m+n+4+i)fori=6,f(u,) =(x) forl<x<m,f(w)=(m+7+y)forl<y<n.

The induced labeling g on the edges of G is defined by g(ayv;) = (k + 2) for k = 1, g(ayvy) = (k= 1) for k =
2, g(ayvy) = (m+n+16 + k) for k = 3, g(akay. 1) = (k + 3) for k = 1, g(axak. 1) =(m+n+18+k) for k=2, g(v;v;, 1) =(n+17+j)
for j=1, g(vjvj+ 1) =(n+15+]) for j=2, g(v;vj, 1) = (n+13+j) for j = 3, g(sipva) = (n+14+i) for i = 1, g(sizsi3) = (N+13+i)
fori=1, g(si;va) = (n +11+1i) for i =2, g(sisiz) = (n +6+i ) fori =2, g(si,va) = (n + 9 +1i) for i = 3, g(sipsiz) = (2+ i) for
i=3, g(spva)=(n+7+i)for i=4, g(sipsis) =(n+5+i)fori=4,g(si;va) =(n+5 +i) for i=5, g(sisiz) =(n+2+1i)
for i=5, g(sipvs) = (n +i) fori=6, g(spsi) = (i—4) for i=6, g(uev;) = (M+n+19—x) for 1< x < m, g(w,v,) = (5+y) for
1<y <n.

The vertex labels of G can be arranged in the following order. A = {0,(m+n +16), (m+n+20)}, B = {(m +
1), (m+2), (m+n+18), (m+n +19)}, T, = {(m+3), (m+n+17)}, T,={(m + 7), (m + n + 15)}, T3={(m +n +9), (m + n
+14)}, T4 = {(m+4), (m+n+13)}, Ts = {(m+5), (m+n+12)}, Tg = {(m+n+8), (m+n+10)}, U ={1,2,...m}, W = {{m+8), ...,
(m+n+7)} The set of vertex labels of Gis AUBUT,UT,UT,UT,UTUT,JUUW =0,1,2,...,(m + 5), (m +7),

o (M+n+10),((Mm+n+12), .., (Mm+n+20)}

The edge labels of G can be arranged in the following order. J; ={1,3, (m+n+19)}, J, = {4, (m + n + 20)},
K={(n+16),(n+17),(n+18)},L;={(n+5), (n+86), (n+10), (n+11), (n+12), (n+13)}, L,={2,5,(n+7), (n +8),
(n+9), (n+14)}, M={n+19),..,(m+n+18)}, N ={6,7, ..,( n + 5)}. The set of edge labels of G is
JLULUKULULUMUN={1,2,3,..,(m+n+20)}

Therefore the set of vertex labels and edge labels are distinct. So f is a graceful labeling. Hence G =

D(t, b, h, m, n), is graceful for t=6,b=4,h=3, m,n > 1.

Corollary 2.16: D(t, b, h, m, n) o St(r) is graceful fort=6,b=4,h=3,m,n,r>1

Theorem 2.17: D(t, b, h, m, n) is graceful for t=7,b=4,h=3, m,n 21

Proof: Consider a komodo dragon graph with seven tails G =D(t, b, h, m, n), where t=7,b=4,h=3,m,n2
1. G has (m + n + 21) vertices and (m + n + 22) edges.

Let the labeling f on the vertices of G be defined by f(a,) = (m+n+17+k) for k = 1, f(a)) = (m +n+ 20 + k)
fork=2,f(a) =(k—3)fork=3,flvj=(m+n+20+j)forj=1,f(v)=(m-1+j)for j=2,f(v;) =(m+n+17 +])
for j=3, f(v) = (m—2+]) for j =4, f(s;) = (m+n+18+i) for i = 1, f(s;3) = (m+2+i) fori =1, f(s;;) = (m + n + 15 +1)
fori=2, f(s;3) = (m+n+10+1i) fori = 2, f(s;;) = (m+n+13+ i) for i = 3, f(s;3) = (M+n+7+1i) fori = 3, f(s;;) = (M+n+11+ i)
fori=4,f(sg)=(m+1+i)fori=4,f(sp)=(mM+n+9+i)fori=5,f(siz)=(m+1+i)for i=5,f(sp)=(M+n+7+i)
fori=6, f(si3) =(m—2+i) for i=6, f(s;,) = (M+n+2+i) fori=7,f(si3) =(m+n+4+i)fori=7,f(uy) = (x) for1 <x
<m, fwy)=(m+8+y)forl<ys<n.

The induced labeling g on the edges of G is defined by g(ayv,) = (k + 2) for k = 1, g(ayvy) = (k — 1) for k =
2, g(akv1) = (m+n+18+k) for k = 3, g(axa.1) = (k + 3) for k = 1, g(aiak. 1) =(m+n+20+k) for k=2, g(v,v;, 1) =(n+19+j)
for j=1, g(vjvj+ 1) = (n+17+]) for j=2, g(vjvj; 1) = (n+15+ j) for j = 3, g(sipva) = (n+16+ i) for i = 1, g(sizsi3) = (N+15+i)
fori=1, g(spva) =(n+13+i)fori=2, g(spsis) =(3+i)fori=2, g(spvs) =(n+11+i)fori=3, g(spsis) = (3 +1i)
fori=3,g(spva) =(n+9+i)fori=4,g(sipsis) =(n+6+i)fori=4,g(sipva) =(n+7 +i) fori=5, g(s;siz) = (n+3 +1)
fori=5, g(si;va) =(n+5+1i) fori=6, g(sipsis) =(n+3 +i) fori=6, g(siva) = (n+i) fori=7, g(sipsis) = (i—5) fori=
7, gluyg)=(m+n+21-x)forl<x<m,g(wyv,) =(6+y)forl<y<n.

The vertex labels of G can be arranged in the following order. A = {0, (m+n+18), (m + n + 22)}, B = {(m
+1),((m+2),(m+n+20),(m+n+21)}, Ty;={(m+3),(m+n+19)}, ,={(m+n+12), m+n+17)}, T3={(m+n
+10), (M +n+16)}, T,={(m+5),(m+n+15)}, Ts={(m+6), m+n+14)}, Te={(m+4), (m+n+13)}, T,={(m+
n+9),(m+n+11)}, U ={1,2,..,m}, W = {m + 9), ..,(m + n + 8)}. The set of vertex labels of G is
AUBUT,UT,UT,UT,UT,UT,UT,UUUW ={0,1,2,.., (M +6), (M+9), ..., (m+n+22)}.

The edge labels of G can be arranged in the following order. J; ={1,3, (m+n+21)}, J, = {4, (m + n+ 22)}, K
={(n+18), (n+19), (n+20)}, Ly={(n+7), (n+11), (n+12), (n+13), (n+ 14), (n +15), (n+17)},L, ={2, 5,6, (n
+8),(Nn+9)(n+10) (n+16)}, M = {(n+21),.,(m+n+20)}, N={7, .., (n + 6)}. The set of edge labels of G is
JLULUKULULUMUN={1,2,3,..,(m+n+22)}
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Therefore the set of vertex labels and edge labels are distinct. So f is a graceful labeling. Hence G =

D(t, b, h, m, n), is graceful for t=7,b=4,h=3, m,n > 1.
Corollary 2.18: D(t, b, h, m, n) o St(r) is gracefulfort=7,b=4,h=3,m,n,r>1.
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