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Abstract: A connected graph G = (V, E) is called Hamiltonian if G contains a spanning cycle and if a
graph G contains a spanning path between arbitrary pair of its vertices is called Hamilton-connected. A
bipartite graph is called Hamilton-laceable if there exist Hamiltonian path between vertices of different
partite sets and a graph G is random Hamiltonian-t*- laceable if there exists a u — v Hamiltonian path
for at least one pair u,v € V(G) for t* distance. In this paper, we have studied the Hamiltonian laceble
and random Hamiltonian-t*- laceable graphs of total transformation graph ¢~** of graphs viz. path P,
cycle C,,, complete bipartite graph K, 5, n-dimensional convex polytopes D,,, H, and G,,.

Keywords: Hamiltonian graph, Hamiltonian connected, Hamilton-laceable, total transformation graph.

1. Introduction

Let G be a finite, simple, connected and undirected graph. A cycle in a graph G is called Hamiltonian if it
passes through every vertex of G exactly once. Likewise, a Hamiltonian path is a path that visits all the
vertices without repetition. However, not all graphs include Hamiltonian cycles. For example, trees are
acyclic and therefore cannot contain any Hamiltonian cycles, although they may still possess Hamiltonian
paths.

A graph G is classified as Hamiltonian if it has at least one Hamiltonian cycle. By nature, both cycle graphs
and complete graphs (also known as cliques) are Hamiltonian. A graph is said to be traceable if it includes
at least one Hamiltonian path. While every Hamiltonian graph is necessarily traceable, the reverse is not
always true. A classic instance of a traceable but non-Hamiltonian graph is the Petersen graph.

If a graph contains a Hamiltonian path between every pair of distinct vertices, it is referred to as Hamilton-
connected. This notion was introduced by Ore[1] in 1963. Frucht [2] investigated trivalent Hamiltonian
graphs and their canonical representations.

Bipartite graphs cannot exhibit Hamilton-connectivity, as a Hamiltonian path cannot exist between two
vertices in the same partite set. In such cases, if Hamiltonian paths do exist between vertices of opposite
partite sets, the graph is termed Hamilton-laceable.

There is a significant amount of research dedicated to the study of Hamiltonicity and Hamilton-connectivity
in graphs. Chartrand et al. [8] demonstrated that squaring a block graph results in a Hamilton-connected
graph. Thomassen [9] explored Hamilton-connectivity in tournament graphs. Chang et al. [10] analyzed
various aspects such as panconnectivity, Hamiltonian fault-tolerance, and Hamilton-connectivity in
alternating group graphs, treating them as interconnection network models.
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Kewen et al. [11] identified a sufficient condition for a graph to be Hamilton-connected. Zhou and Wang
[12] presented Hamilton-connectivity criteria based on factors like edge count, spectral radius, and signless
Laplacian spectral radius.

Further contributions by Zhou et al. [13] involved the computation of the Wiener and Harary indices for
Hamilton-connected graphs with considerable diameter. Wei et al. [14] developed spectral versions of
Erdds' theorems in the context of Hamilton-connected graphs. Hung et al. [15] delved into Hamilton-
connectivity in alphabet grid graphs.

Zhou et al. [16] built upon a result by Fiedler and Nikiforov by proposing signless Laplacian spectral criteria
for Hamilton-connectivity in graphs with a large minimum degree. More recently, Shabbir et al. [17]
focused on the Hamilton-connectivity properties of Toeplitz graphs.

A finite connected bipartite graph G is called Hamilton-laceable if for any two vertices v,w € V(G) from
different bipartition classes of G there exists a Hamilton-path whose endvertices are v and w.

Laceability in the brick products of even cycles was explored by Alspach et.al. in [22]. A characterization
for a 1-connected graph to be Hamiltonian-t-laceable for t = 1; 2 and 3 is given in [10] and this was extended
tot=4and 5 by Thimmaraju and Murali [34]. Leena Shenoy [33] studied Hamiltonian laceability properties
in product graphs involving cycles and paths. More results in the laceability properties of product graphs
canbefoundin[27],[28],[29],and[30].

By preserving the vertex-edge incidence relation in convex polytopes, their graphs are constructed. Baca
[18] was the first researcher to consider these families of geometric graphs. In [19] Baca studied the problem
of magic (resp. graceful and antigraceful) labeling of convex polytopes, whereas, in [20] the problem of
face antimagic labeling of convex polytopes was studied. Miller et al. [21] studied the vertex-magic total
labeling of convex polytopes.

Definition 1. A graph G = (V, E) with |V| = 2, is random Hamiltonian-t*- laceable if there exists a u —
v Hamiltonian path for at least one pair u, v € V(G) for t* distance.

Definition 2. For U € V(G) and v;,v; € V(G), IfU = {u; 1 < i <p}thenv;o{u;1 < i <pj}ov;
means that v; ~ u; and u,, ~ v; and adjacency in the rest of uis (2 < i < p) stays the same.

Transformation graphs takes information from the original graph and converts source information into a
new structure. If it is possible to figure out the given graph from the transformed graph in polynomial time,
such  operation may be used to survey  miscellaneous  structural  properties
of the original graph considering the transformation graphs. Therefore it fosters to study the research of
transformation graphs and their structural properties .

Definition 3. Let G = (V, E) be a graph and x, y, z be three variables taking values + or —. The total
transformation graph G*¥# is a graph having V(G) U E(G) as a vertex set, and for a, 8 € V(G) U E(G),
a and g are adjacent in G*¥Z if and only if

1. a,B€V(G),a pBareadjacentin G if x = +and a and B are not adjacent in G if x = —
2. a,f€EV(G),a pareadjacentinGif y = +and a and f are not adjacent in G if y = —
3. a,B€EV(G),a pareadjacentinGif z= +and a and f are not adjacent in G if z = —

Note 1. Since there are eight distinct 3-permutations of {4+, —}, we obtain eight graphical transformations
of G. It is interesting to see that G*** is exactly the total graph T(G) of G
and G~~~ is the complement of T(G). Also for agiven graph G, G**~and G~~*, G*"Tand G~*—, G~ **
and G+~ are the other three pairs of complementary graphs.
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Figure 1. A graph G and its total transformation graphs.

2. Hamiltonicity of G=**

Theorem 1[3]. G~** is connected for any graph G.

Theorem 2[3]. Let G be a graph then diam(G~**) < 3 and the equality holds if and only if
diam(L(G)) > 2.

Theorem 3. Let G be a graph with of order at least three then G~** is Hamiltonian.

Proof. Let G = (V,E) be a graph of order n and size m where n > 3. Clearly, by Theorem A, G~** is
connected. Next, we need to show that G ~** contains a Hamiltonian path if |[V(G)| = 3. On the contrary,
assume that G~** is Hamiltonian and |V (G)| < 3. Then either G = K;, K, or K,, in all these cases, it is
easy to check that G~*7 is not Hamiltonian. Next assume that |V (G)| = 3 now need to show that G~*7 is
Hamiltonian. Let X be the set of maximum edge-independent set of G, and let H be a graph of order n such
that every pair of vertices are adjacent. Clearly, G is a subgraph of H with |V(G)| = |V(H)|, and there
exists a spanning cycle C in H containing every edge of X. Suppose e, e,, ..., e, = X' are the edges of G
on C, then clearly X € X’. Note that if X’ = E(G), then it is easy to obtain a spanning cycle of G~** by
removing each edge u;v; of C by the path u;e;v; of length 2 for i = 1,2, ..., m. Otherwise, E(G) \ X' is
non-empty, since X is the maximum set of independent edges of G, then E(G) \ X' is incident to at least
some vertex, say v. To get the spanning cycle for G~**, we should include all the edges of G into C. By
replacing every edge of C by a path, we get a Hamiltonian cycle for G ~**. This completes the proof.

Theorem 4. Let G = P,;n = 3, then
1t {random Hamiltonian 2* — laceable, ifn < 3,4;

n random Hamiltonian 3* — laceable, n > 5.

Proof. Let G = P, be a path withn > 3. Let V(B,) = {v,v,,v3,-, v} and E(P,) = {eq1,€2,€3,**, em}-
Clearly by Theorem 1, P, ™+ is connected and by Theorem 2, diam(P; **) < 3. Also from Theorem 3,
B, ** Hamiltonian. Hence B; ** is either random Hamiltonian 2*- laceable or random Hamiltonian 3*-
laceable. Consider the following cases:

—++,
P3 .v1~v3~ez~el~vz

VOLUME 9 ISSUE 5 2025 PAGE NO: 38


https://doi.org/10.71058/jodac.v9i5004

JOURNAL OF
"DYNAMICS AND CONTROL

https://doi.org/10.71058/jodac.v9i5004

Hence, P; ** is random Hamiltonian 2*- laceable.
Letn = 4, then G = P, with V(P,) = {v1,v5,v3,v,} and E(P,) = {e;, €5, €3}. Then V(P +) =
{v1, V5,3, 74, €4, €2, €3} Clearly, d(vy,v,) = 2. We need to show that P, ** contains v; — v,
Hamiltonian path. i.e.

Prttiv ~vy~e3~v3~e, ~eg ~ 1y

Hence, P, ** is random Hamiltonian 2*- laceable.

pi-ttl o oy, ~ ~ Ve o~ g e~ ~ ~ V. ~ ~
n ‘€1 \¥) € V3 €3 €m-1~ Vn-1 \41 Vn €m

Hence, B; ** is random Hamiltonian 3*- laceable.

Path Graph Transformation of Path graph
x ¥
x ¥
oo
a b c c
x y z
x v z
——o— oo

Figure 2. A graph G and its total transformation graphs.
Theorem 5. Let G = C,;; n = 3, then

it {random Hamiltonian 2* — laceable, ifn < 3,4,5;
n random Hamiltonian 3* — laceable, n = 6.

Proof. Let G = C,, beacyclewithn > 3. LetV(C,) = {vy,v3,v3,--, vy} and E(Cy,) = {eq,e5,€3,*, em }-
Clearly by Theorem 1, C;;** is connected and by Theorem 2, diam(C,;**) < 3. Also from Theorem 3,
C,** Hamiltonian. Hence C,;*™* is either random Hamiltonian 2*- laceable or random Hamiltonian 3*-
laceable. Consider the following cases:

—++,
C3 .171~€3~173~€3~€1~U2
Hence, C; *™ is random Hamiltonian 2*- laceable.

—++,
C4 .v1~el~e4~v4~e3~v3~ez~vz

Hence, C; ** is random Hamiltonian 2*- laceable.
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Cottivy~e ~es~Vg~e,~Vy~e3~V3 ~ey ~1,

Hence, C<*™ is random Hamiltonian 2*- laceable.
—++ .
o 1€~V Y €pm ~Vyp Y €qpg ~ Vp1 Y €pp YV Yt Y V3 Y E3 Y€ YV

Hence, C;** is random Hamiltonian 3*- laceable.

Figure 3. A graph G and its total transformation graphs.
Theorem 6. Let G = K, ;; 2 < r < s, then K, ;" is Hamiltonian connected.

Proof.Let G=K,;2<r<s with V(K.5) ={v,vp,v3 v uUy -, us}, E(K.5)=
{e1,e5,€3,+, 6,5} aNd H = Kr‘;*. We prove this result by definition. For this, we have to show that there
exist Hamiltonian paths between any pair of vertices of H. Let P, (u,v) be a Hamiltonian path between
verticesu and v in H. Let V(H) =V, UV, U E,, where V. = {vq,v,,v3, -, V. }, Vo = {uqg,uy, -+, ug} and
Ers = {el: €2,€3, ", €pg }

The existence of the Hamiltonian path between every pair of vertices of the H completes the proof.

r-vertices
N A
i;' 09

)
i
I

e .

r+ s regular graph

NV
>z

s - vertices
complete graph Ks

Complete bipartite graph

Transformation graph of complete bipartite graph

Figure 4. A graph G and its total transformation graphs.
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Theorem 7.Let G = Ky ,—1; n = 4, then K1, is Hamiltonian connected.

/\
A<

ZAN \

Figure 5. A graph G and its total transformation graphs.

Theorem 8. Let D,, denote the n-dimensional convex polytope with n > 4, then D,; **is random
Hamiltonian t*-laceable.

Proof. The vertex set of D,, consists of four layers of vertices, i.e., wy, x,, ¥, and z,. That is to say that
V(Dy) = {wp, %, ¥p,2,: 1 < p < n}. Accordingly, the edge set of D,, is as follows:

E(D,) = {wpwp+1,zpzp+1, WpXp, XpVp, Xp+1Vp YpZp: 1 S p <} 3)
The subscripts are to be considered modulo n. The layer of vertices comprising wy, is called the inner
layer, whereas the layer comprising z,, is called the outer layer of D,,. The vertices x, and y,, 1 <p <n

form the middle layers. Let D,; ** denote the generalized transformation graph of D,,. By the definition,
The vertex set and the edge set of D,; ** is given by:

VD) = {wp,xp, v, 20 1 < p S 0} U{WuWyi1, 2pZp 41, WXy, Xp Vs Xps1Vps YpZpt 1 < p < m}
and |E(D;;*")| = |E4| + |E;| + |E5|, where
Ex(D;*") = {ziz}U{z, ¥} U{z, %3} U{zp w3 U {93 U (v %3 U (v, wi}

U {3 U {og, i U {wg, wy}
Where, Zi * Zj, Z; * Vi Zi * Xj, Z; * Wi, ¥i * Vi Yi * Xj, Vi * Wj, X; * Xj, Xj * wj and w; * wj.

E2 (Dr;++) = _l{Wpr+1»Zpr+1lprprxpyprxp+1yp:ypzp: 1< p= n}l
[V (Dn)l
+ 3 Zl deg,,, (v)?)
=
E3 (Dn) = Zl{Wpr+1'Zpr+1' WpXp, XpYpr Xp+1Ypr YpZp: 1< p < n}l

Now, by Theorem 2, diam(D,**) < 3. Hence we need to show that there exists a pair of vertices
v;, v; € Dyt such that d(v;, v;) = 3 such that Py (v;, v;) exists in D, **. By looking at the structure of
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D,, it is obvious that the outer layer U=, z; will form a cycle in D, **, therefore, u = z;z; and v = 2,z
are the vertices at a maximum distance 3 in D;;**. Hence by Proposition 5, the result follows.

Semitotal-line graph of Dn

Figure 6. A graph G and its total transformation graphs.

Theorem 9. Let H,, denote the n-dimensional convex polytope with n > 5, then H,, **is random
Hamiltonian t*- laceable.

Proof. the vertex set of H,, consists of four layers of vertices, i.e., v,, wy, Xp, yp,, and z,,. That is to say
that V (H,) = {vy, wp, x,, ¥, 2,1 1 < p < n}. Accordingly, the edge set of H,, is as follows:

E(Hy) ={vpVps1, VpWp, WpVp i1, WyWp i1, WpXp, XpXp41
The subscripts are to be considered modulo n. See Figure 2 to view the n-dimensional convex polytope
graph H,. Let H,; ** denote the generalized transformation graph of H,,. By the definition, The vertex set
and the edge set of H,; ** is given by:
V(H;*t) = {vp,wp,xp,yp,zp: 1<p< v} u {vpvp+1,vap,wpvp+1,wpwp+1,wpxp,xpxp+1}
{xpyp'prp+1'Ypyp+1'ypzp'zpzp+1: 1< p < n}
and |E(H,;*1)| = |E1| + |E;| + |E3|, where
Ei(H;™) = {zz}U{zy;}U{zx} VU {z;w;} U {z;v;}
U vy} U {yixi} U {yw;} U {yv}
U {xx} U {gwid U {xgv))
U {ww;l U{wiv}u v}
Where, Zy * Zj, Zy * Y, Zp * X, Zp 2 Wy, Zp RV Y YL Y P X Y W Y Ry X R X X W
X; * Vj, Wi * W, W; * vj and v; * vj.
[V (Hn)|
By = B +5( ) deg, @
i=1

Es(Hp) = 2|E(Hy)
Now, by Theorem 2, diam(H,; **) < 3. Hence we need to show that there exists a pair of vertices
v;, v; € Hy** such that d((v;, v;) = 3 such that Py (v;, v;) exists in H;**. By looking at the structure of
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H,, it is obvious that the outer layer Ui, z; will form a cycle in H;*™, therefore, u = z;z; and v = 2,z
are the vertices at a maximum distance 3 in H,, **. Hence by Proposition 5, the result follows.

Semitotal-line graph of Hn

Figure 7. A graph G and its total transformation graphs.

Theorem 10. Let G,, denote the n-dimensional convex polytope with n > 5, then G,; **is random
Hamiltonian t*- laceable.

Proof. The vertex set of G,, consists of four layers of vertices, i.e., wy, x;,, y,, and z,,. That is to say that
V(Gpn) = {wp,xp, ¥, 2,: 1 < p < n}. Accordingly, the edge set of G, is as follows:
E(Gy) ={Wpr+1' XpXp+1) YpYp+1> ZpZp+1 WpXp, XpVp,
The subscripts are to be considered modulo v. Figure 3 presents the n-dimensional convex polytope G,
with proper labeling of vertices which will be used to show its Hamilton connectivity. Let G, ** denote
the generalized transformation graph of G,,. By the definition, The vertex set and the edge set of G, ™ is
given by:
VGt = {wpxp Y5, 2p1 1 < p S nfU{WuWp i1, Xp X041, Yo Ypa1s ZpZpe1, WpXp, XpYp, }-
{.ypxp+1,ypzp: l1<p<n- 1}
and |[E(G; )| = |E;| + |E,| + |E3]|, where
Ei(Gr*") = {ziz3U{z,y;} U {zi,x}U{z,w;} U {yi,y;} U {yi, %3 U {y;, w;}
U {x 3 U {xg, wit U {wg, w;}

where, Zi * Zj, Zy * Vi, Zp * X, Zp * W Vi * Y Vi F X Y WX R X X W and Wi * Wj.

[V (Gl
1
E G = —|E<Gn)|+§(z deg, (v)?)
i=1
Es(Gy) = 2(EGy)l.

Now, by Theorem 2, diam(G,;; ) < 3. Hence we need to show that there exists a pair of vertices
v;, v; € G+ such that d((v;, v;) = 3 such that Py (v;, v;) exists in G, **. By looking at the structure of
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Gy, itis obvious that the outer layer Ui, z; will form a cycle in G, **, therefore, u = z;z; and v = z;.z;
are the vertices at a maximum distance 3 in G,; **. Hence by Proposition 5, the result follows.

Semitotabine graph of Gn

Figure 8. A graph G and its total transformation graphs.

References

(1]
[2]

B3]
(4]

[5]

(6]

[7]

8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

VOLUME 9 ISSUE 5 2025

O. Ore, "Hamilton connected graphs", Journal of Mathematics and Mechanics, vol. 12, no. 5, pp. 451--460, 1963.

R. Frucht, “Canonical representation of trivalent Hamiltonian graphs", Proceedings of the American Mathematical
Society, vol. 13, no. 5, pp. 556--562, 1962.

J. A. Bondy and U. S. R. Murty, Graph Theory with Applications, Macmillan, London, UK, 1976.

R. J. Gould, “Updating the Hamiltonian problem--a survey”, Journal of Graph Theory, vol. 15, no. 2, pp. 121--157,
1988.

R. J. Gould, “Advances on the Hamiltonian problem--a survey”, Graphs and Combinatorics, vol. 19, no. 1, pp. 7--52,
2003.

R. J. Gould, “Recent advances on the Hamiltonian problem: survey 111 ”,Graphs and Combinatorics, vol. 30, no. 1, pp.
1--46, 2014.

Y. Zhao, Y. Guo, and B. Wu, “Recent advances on the Hamiltonian problem ”, Discrete Mathematics, Algorithms and
Applications, vol. 5, no. 1, Article ID 1330001, 2013.

G. Chartrand, S. F. Kapoor, L. Lesniak, and D. Lick, “Generalized connectivity in graphs”, Bulletin of the Bombay
Mathematical Colloquium, vol. 1, pp. 1--6, 1979.

C. Thomassen, “Hamilton-connected tournaments ”, Journal of Combinatorial Theory, Series B, vol. 31, no. 1, pp. 58--
64, 1981.

J. M. Chang, W. E. Chen, and J. J. Miao, “Panconnectivity, fault-tolerant Hamiltonicity and Hamiltonian-connectivity
in alternating group graphs ”, Theoretical Computer Science, vol. 407, no. 1--3, pp. 66--77, 2008.

L. Kewen, L. Baogang, and X. Jin, “A sufficient condition for a graph to be Hamilton-connected ”, Graphs and
Combinatorics, vol. 28, no. 5, pp. 685--690, 2012.

B. Zhou and L. Wang, “On Hamilton-connected graphs”, Applied Mathematics Letters, vol. 20, no. 3, pp. 315--318,
2007.

B. Zhou, Z. B. Wu, and J. Chen, “Wiener and Harary indices of Hamilton-connected graphs with large diameter”,
MATCH Communications in Mathematical and in Computer Chemistry, vol. 57, no. 1, pp. 151--160, 2007.

W. Wei, B. Zhou, and Z. B. Wu, “Spectral conditions for Hamilton-connected graphs”, Linear Algebra and its
Applications, vol. 468, pp. 87--98, 2015.

N. B. Hung, S. C. Yang, and S. J. Hwang, “Hamilton-connectivity of alphabet grid graphs ”, Graphs and Combinatorics,
vol. 32, no. 1, pp. 193--207, 2016.

B. Zhou, M. Lu, and H. Wang, “Signless Laplacian spectral conditions for Hamilton-connected graphs with large
minimum degree ”, Linear Algebra and its Applications, vol. 457, pp. 1--7, 2014.

PAGE NO: 44


https://doi.org/10.71058/jodac.v9i5004

JOURNAL OF

https://doi.org/10.71058/jodac.v9i5004

DYNAMICS AND CONTROL

[17]

[18]
[19]

[20]
[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

VOLUME 9 ISSUE 5 2025

S. Shabbir, S. Hayat, and M. Imran, “Hamilton-connectivity in Toeplitz graphs ”, Journal of Mathematical Analysis, vol.
11, no. 2, pp. 35--44, 2020.

M. Baca, “Face antimagic labeling of convex polytopes 7, Ars Combinatoria, vol. 87, pp. 137--144, 2008.

M. Baca, “Graceful and antigraceful labelings of convex polytopes”, Discussiones Mathematicae Graph Theory, vol.
28, no. 1, pp. 107--117, 2008.

M. Baca, “Magic labeling of convex polytopes ”, Utilitas Mathematica, vol. 78, pp. 67--74, 2009.

M. Miller, C. Rodger, and J. Ryan, “Vertex-magic total labeling of convex polytopes ”, Discrete Mathematics, vol. 308,
no. 23, pp. 5268--5275, 2008.

Alspach, B., Chen, C. C., Kevin McAvancy, (1996), On a class of Hamiltonian laceable 3-regular
graphs, Discrete Mathematics, 151(1), 19-38.

Anitha, R. and Lekshmi, R. S. "N-Sun Decomposition of Complete, Complete Bipartite and Some Harary Graphs”, Int. J.
Math. Sci. 2, 33-38, 2008.
Balakrishnan R and Ranganathan K, A Textbook of Graph Theory,. Universitext, Springer New York 2012.

Frank Harary, (1969), Graph Theory, Addison-Wesley series, USA.

Girisha, A., Murali, R., (2012), “i-Hamiltonian laceability in product graphs”, International Journal of Computational
Science and Mathematics, 4(2), 145-158.

Girisha, A., Murali, R., (2013), “Hamiltonian laceability in cone product graphs”, International Journal of Research in
Engineering Science and Advanced Technology, 3(2), 95-99.

Gomathi, P., Murali, R., (2016), “Hamiltonian-t*- laceability in cartesian product of paths”, Interna
tional Journal of Mathematics and Computation, 27(2), 95-102.

Gomathi, P., Murali, R., (2019), “Laceability properties in edge tolerant shawdow graphs”, Bulletin of International
Mathematical Virtual Institute, 9(3), 463-474.

Gomathi, P., Murali, R., “Laceability properties in the image graph of a prism graphs”, TWMS J. App. and Eng. Math.
V.13, N.4, 2023, pp. 1396-1407.

Harinath, K. S., Murali, R., (1999), “Hamiltonian-n*-laceable graphs”, Far East Journal of Applied
Mathematics, 3(1), 69-84.

Heuer K, “Hamilton-laceable bi-powers of locally finite bipartite graphs”, Discrete Mathematics, 345(7), (2022),
112777.

Leena N. Shenoy., Murali, R., (2010), “Hamiltonian laceability in product graphs”, International e-
Journal of Engineering Mathematics: Theory and Application, 9, 1-13.

Thimmaraju, S. N., Murali, R., (2009), “Hamiltonian-n *-laceable graphs”, Journal of Intelligent System Research, 3(1),
17-35.

PAGE NO: 45


https://doi.org/10.71058/jodac.v9i5004

