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Abstract

Let G be a connected graph with Steiner number s(G). A decomposition © = {G;, G,, ..., G, } is said
to be a Steiner decomposition if s(G;) = s(G) for all i (1 <i <n). The maximum cardinality
obtained for the Steiner decomposition 7 of G is called the Steiner decomposition number of G and
is denoted by 74 (G). In this paper we present a relation between Steiner decomposition number and
independence number of G. Steiner decomposition number for some power of paths are discussed. It
is also shown that given any pair m, n of positive integers with m > 2 there exists a connected graph
G such that s(G) = m and . (G) = n.

Keywords: Independence number; power of path; realization theorem; steiner decomposition
number; steiner number.

1. Introduction

All graphs considered in this paper are connected, simple and undirected. For basic graph theoretic
terminologies we refer to (Harary, 1988). The concept of Steiner number of a graph is introduced by
Chartrand and Zhang (Chartrand & Zhang, 2002). Let G be a connected graph. Fora set W <€ V(G),
a tree T contained in G is a Steiner tree with respect to W if T is a tree of minimum order with W <
V(T). The set S(W) consists of all vertices in G that lie on some Steiner tree with respect to W. The
set W is a Steiner set for G if S(W) = V(G). The minimum cardinality among the Steiner sets of G
is the Steiner number s(G). Steiner concept is considered to be the extension of geodesic concept and
hence it provides a new way to study the structure of graphs based on distance. Further investigation
on this concept is seen in the works (Pelayo, 2004; Hernando et al., 2005; Yero & Rodriguez-
Velazquez, 2015).

Decomposition of graphs is considered as one of the most prominent areas of research
because of its significant contribution towards Structural graph theory and Combinatorics. A
decomposition of graph G is the collection of connected edge disjoint subgraphs G, G, ..., G,, such
that E(G;) UE(G,) U ... UE(G,) = E(G). In literature, different types of decomposition of graph
have been studied by imposing conditions on the subgraphs G; such as decompositions given in
(Merly & Jothi, 2018; Romero-Valencia ef al., 2019). A parameter called decomposition number is
also studied along with the decomposition techniques. Some of these parameters are found in
(Nagarajan et al., 2009; Abraham & Hamid, 2010; Arumugam et al., 2013; John & Stalin, 2021).
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Motivated by the results and applications of the decomposition parameters stated in those papers, we
introduced a new decomposition technique called Steiner decomposition of graphs (Merly & Mahiba,
2021a) and initiated the study of the parameter Steiner decomposition number of graphs. In (Merly
& Mahiba, 2021b), Steiner decomposition number of Complete n — Sun graph is presented. A Steiner
decomposition is a decomposition @ = {Gy, G5, ..., G} such that s(G;) = s(G),(1 <i <n). The
maximum cardinality of a Steiner decomposition 7 is called the Steiner decomposition number of G
and is denoted as 4 (G). A graph G is said to be Steiner decomposable graph if g (G) = 2. A graph
G is said to be non Steiner decomposable graph if ;. (G) = 1.

For a connected graph G, a set S € V(G) is said to be an independent set of G if no two
vertices of S are adjacent in G. An independent set S is said to be maximum if G has no independent
set S’ with |S’| > |S|. The cardinality of the maximum independent set is called the independence
number of G and is denoted by a(G). In a connected graph G, a vertex of degree one is said to be
pendant vertex and a vertex whose removal makes the graph disconnected is said to be cutvertex. Let
G, = (V},E;) and G, = (V,, E,) be two simple graphs. The union of G; and G, denoted by G; U G,
is the graph with vertex set V; U V, and edge set E; U E,. Star graph K, , is a tree of order n + 1 with
one vertex having degree n and all other vertices having degree one. Bistar denoted by B, ,(m,n =
2) is a graph obtained by joining the central vertices of star graphs K ,, and K; ,, with an edge. A
spider tree is a tree with atmost one vertex of degree > 3 and the vertex of degree > 3 is called as
branch vertex. A leg of spider tree is a path from the branch vertex to a pendant vertex of the tree.
S, (m) denote a spider tree of n legs with one leg having length m > 2 and other (n — 1) legs having
length one. U (k) denote a unicyclic graph created from the cycle C3 by attaching k pendant vertices
to a vertex of C3. Us(k4, k,) denote a unicyclic graph created from the cycle C3 by attaching k;
pendant vertices to a vertex of €53 and attaching k, pendant vertices to another vertex of Cs.

2. Main Results
In this section we derive a relation between g (G) and a(G).

Theorem 2.1. (Merly & Mahiba, 2021a) For any graph G with q edges, s(G) = 2 if and only if
m(G) = q.
Theorem 2.2. (Merly & Mahiba, 2021a) For any Steiner decomposable graph G with s(G) = 3,

7 (G) < L("—G) .

Theorem 2.3. (Merly & Mahiba, 2021a) Let G be a connected graph of size q.

a) For any Steiner decomposable graph G with s(G) > 3, g (G) = %G) if and only if G; =
Kis@) VL
b) For any Steiner decomposable graph G with s(G) = 3, m4(G) = % if and only if G; = K, 3 or

KiVi.
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Theorem 2 4. Let G be a connected graph such that \V(G)| = p,|E(G)| = q and s(G) = 4. If

e (G) = B then a(G) = |V(G) — S| where S is the collection of cutvertices of all the subgraphs

in the Steiner decomposition of maximum cardinality.

Proof. Let G be a connected graph on p vertices, q edges and Steiner number s(G) = 4. Assume
s (G) = ( )

maximum cardinality for G. Let S be the collection of all cutvertices of G;, 1 < i < (—G) Any pair of
vertices in V(G) — S is non adjacent in G, if not it contradicts 7 is a decomposition for G. Therefore

V(G) — S is an independent set and hence a(G) = |[V(G) — S|. a

This implies that 7 = {G; = Ky 56) /1 < i < —} is the Steiner decomposition of

Corollary 2.5. Let G be a connected graph with p > — Then s (G) * = zfa(G) <p-— E

Proof. Assume a(G) <p—% To prove 1y (G) iﬁ Suppose 74 (G) = % then m =

{G4, G, ..., G_a_} is a Steiner decomposition for G. By the above theorem, a(G) = |V(G) — S| where
5(6)

S is the collection of all cutvertices in the decomposition 7. Since p > (—G) ,1S] <
a(G) = |V(G) — S|
= |V(G)| — |S]| (sinceV(G) 235)
—|S]

S
= p s(G)

which is a contradiction to our assumption. Therefore 14 (G) # E

3. Steiner decomposition of power of path

Definition 3.1. (Lin et al., 2011) The k** power of the graph G denoted by G* has the same vertex
set as G and two distinct vertices u and v of G are adjacent in G* if and only if their distance in G is

atmost k.

Definition 3.2. Let G be a simple graph. For S € V(G), graph G — S is obtained by removing each
vertex of S and all its associated incident edges from G. For T € E(G), G — T denote the graph
obtained from G by deleting each edge of T.

Let P,,, denote the path of order n + 1. PX,, denote the k" power of path P,,,. The number of

edges of the graph P¥, | is k ((n +1) - (ki)) If k > n then P, is the complete graph on n + 1

vertices. We proved that complete graph is non Steiner decomposable graph (Merly & Mahiba,
2021a). Hence in this section we consider only the graphs P¥, ; where 2 < k < n for our discussion.
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Theorem 3.3. (AbuGhneim et al., 2014) If n = qk + r where q is a positive integer and 0 < r < k,
then s(P¥, ) =1+ 1.

Result 3.4. If Pk is the graph withn = qk + 1 then nst(P,’fH) = S(Zn —k+1).
Sincen = gk + 1, s(P,’fH) = 2. By theorem 2.1, the result is attained.
Result 3.5. For P, wherem > 1, s(PX,) = k.

Since mk —1 = (m — 1)k + (k — 1) by theorem 3.3, s(P,’,‘lk) = k.

Lemma 3.6. a(P¥,,) = [Z:i

Proof. Let V(PF,1) ={vy, vy ., Vns1}. Let Vi ={v(—1yksjo V(j—1yktjtr - Vjksjp 1 < J <

[Z—:i — 1 and V[n_+1 = { (n+1] ) n+1], (n+1 _1)k+[n_+1]+1, ...,Un+1}. We have, |V}| =k+1,1<

k+1 k+1 k+1 k+1 k+1

< k + 1. Generate the set S by choosing the first vertex from the vertex

jS[Z—H]—land

=

k+1

subsets V;, 1 <j < [—] The set thus formed will be S = {vl,vk+2,v2k+3, e ([n+1] ) [n+1 }

k+1 k+1
For any two distinct vertices of S, their distance in P, is atleast k + 1 and so they are non adjacent

in PY, ;. Therefore S is an independent set. Suppose there exists an independent set S’ with |S’| > |S|
then atleast two vertices of S’ belong to the same vertex subset V,, (say). In PX, ,, any pair of vertices

of ;,1<j < [n—ﬂl is adjacent. This contradicts that S’ is an independent set. Hence S is a maximum

n+1

independent set. Thus « (Pn+1) [k 1

Throughout the section we consider the vertex set of G = P¥,, as V(G) = {vy, V5, ..., Vps1}
Define the set A; for 1<i<n as A4; = {viﬂ-/l <j<ki+j<n+ 1}. Construct the
decomposition Y = {Hq, H,, ..., H,} such that H;, 1 < i < n is a star graph with cut vertex as v; and
the vertices of 4; as pendant vertices. Construction of the subgraphs H; € ¥, 1 < i < n is shown in
figure 1. By making necessary alterations on H;’s belonging to i, we obtain the desired Steiner
decomposition.
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Fig. 1. Decomposition v of P¥

Theorem 3.7. For the graph G = P, with k = 2n,n > 1,m1,(G) = mk —n — 1.

Proof. Let G = P¥, and k = 2n,n > 1. The decomposition 1 can be reframed and written as ¥ =
{Hl' Hz' T Hmk—3n—1} U {Hmk—3n: Hmk—3n+1r ) Hmk—Zn—l} U
{Hmk—Zn' Hmk—2n+1: e Hmk—n—l} U {Hmk—n; Hmk—n+1' e Hmk—1}~

Letus define G5 = Hpg—3n4s Y Hmg—nts, 0 < s <n—2.LetV'(Gs) € V(G5),0 <s <n—2such
that V'(G5) = {vmk—2n+(s+1)' Umk—2n+(s+2)s =+ vmk—2n+(n—1)}-
To obtain the Steiner decomposition of the graph, define
Gl=Hl,1SlSmk—3n—1
Gmk-3n+s = G5 —V'(G5),0<s<n-—-2
Gmk-2n-1 = Hmk-2n-1 Y Hig—1
Gmk-2n = Hmik-2n

Construct Gyx—zner 1 <17 < n —1 from the graph H,,,;_,,4+, by attaching the edges removed from
Gs,0 < s <n — 2inthe process of constructing G,,x—3n+5, 0 < s < n — 2 with one of the end vertex

as Umk—2n+r-

Consider the decomposition of PX,, k evenasm = {G,;/ 1 <1 < mk —3n — 1} U {Gimx—3n+s/ 0 <
s <n—2}U{Gnk—2n-1, Gmr-2n} Y {Gmk—2nr/ 1 <7 <n—1}

G Gm—on =Ko 1<1<mk—-3n-1
Gmk—Zn—l = Sk(z)

Gmk—3n+s = Bn+s,n—sr 0<s<n-2



Some results on Steiner decomposition number of graphs

Cmk-2n+r = Kl,k' l<sr<n-1

By the result 3.5, Steiner number of G is k. Since S(Kl'k) = s(Sk(Z)) =k and s(B,HS,n_S) =2n=
k, decomposition m = {Gy, Gy, ..., Gmr—n-1} 1S a Steiner decomposition for G. Now to prove

s (G) = mk —n — 1. By theorem 2.2, w5 (G) < s(q_a)J On calculating the value of l% ,

sl = [mie=(5)

lka—z(k+ 1)J

= 2o Ct DL (since 2mk — (k + 1) is odd)

2

4mn—-(2n+1)-1
2

=2mn—-n-—1
=mk—-n-—1
= cardinality of m
Therefore 7 is a Steiner decomposition of maximum cardinality for G and so 7, (G) = mk —n — 1.

Theorem 3.8. Let G = PX,.. Ifk is odd and 1 <m < k—:l then mg;(G) = mk —n — 1.

Proof. LetG = PX,, where k=2n—1,n>3and 1<m< % The decomposition Y can be

reframed and written as Y = {Hy, Hy, ..., Hpp—3n) U {Hmk—3n+1 Hmk—3n+2> - » Hmi—2n—2} U
{Hmk—Zn—b Hmk—Zn: Hmk—2n+1} U {Hmk—2n+2' Hmk—2n+3» ey Hmk—n—l} U
{Hmk—nf Hmk—n+1: L Hmk—3: Hmk—z: Hmk—1}~

Let us define G§ = Hpk—3n+(s+1) U Hmk—n+s, 0 S s <n—3. Let V'(G;) c V(G5),0<s<n-—-3

such that V'(Gy) = {Umk—3n+(s+2)r Umk-3n+(s+3)s ++» Vmk-2n-1, vmk—n—(s+1)}-
To obtain the Steiner decomposition of the graph, define
Gl=Hl,1SlSmk—3n

Gmk—3n+(s+1) =G, —V'(G),0<s<n-3

Gmik-2n-1 = Hpk—2n-1
Gmk—-2n = Hmk—2n U Hpie—2
Gmik-2n+1 = Hmk—2n+1 U Hpge—q

Let E'(GS), 0< s < n — 3 be the set of edges removed from E(Gg) while constructing Gy —3n+(s+1)-
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Construct Gpg—n—(s+1), 0 < s <n — 3 from the graph Hp,,_p_(s41) by attaching the edges in the set
E'(GY).
Consider the decomposition of G as m ={G,;/1 <1l <mk —3n}uU {Gmk_3n+(s+1)/ 0<s<n-—
3} U {Gmk—2n-1, Gmk—2n, Gmk—2n+1} Y {Gmk—n—(s+1)/ 0<s<n- 3}-

Gi, Goi—on—1 = K1 o1 < 1 < mk — 3n

Gnk—2n = Uz(1, k —2)
Gnk—2n+1 = Uz(k — 2)
Gmk-3n+(s+1) = Bnsn-1450 <s<n—3
Gmk-—n-(s+1) = Bu-s+2)n+(s+1y 0 Ss<n—4

Gmk—2n+2 = Sk (2)

Since S(Kl,k) = S(U3 Lk - 2)) = S(U3 (k — 2)) = S(Bn—s,n—1+s) = S(Bn—(s+2),n+(s+1)) =
S(Sk (2)) =k = s(G), misa Steiner decomposition for G. The cardinality of  is mk — n — 1. Now,
we have to prove s (G) = mk —n — 1. From lemma 3.6, S =

{vl, Vier2r Vok+3) ...,v( mk] it m_k]} is a maximum independent set for G. We have, (m — 1)k +

k+1l™ k+1

m = mk — (k — m). Since m<E,k—m>k— K1) For k>1k— 1) S 0and so k —
2 2 2

m > 0. This implies (m — 1)k + m < mk. We know that distance between any pair of vertices
belonging to S is atleast k + 1 in the graph G and clearly mk + (m + 1) > mk. Hence we can

conclude [km—il = mand so a(G) = m.

1 ) . k+1y . .
—) (since k is odd, mk — <T) is an integer)

>m
= a(G)

__1
Therefore, a(G) < S(6)

Also we have, p > s(q—G). Hence by corollary 2.5, m,(G) # mk — (%) That is mg(G) #= mk —
n. Hence 7 is a Steiner decomposition for G with maximum cardinality. Therefore 7y, (G) = mk —
n—1.

Theorem 3.9. For G = P, withm > 0,1, (G) = 17 + 16m.

+20m
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Proof. Let G = P542 +20m> M = 0 be the graph with order p and size q.
p—1=524+20m—1
=244+20m

=4(5(1+m)) +4

By theorem 3.3, s(G) =5. The decomposition 1 can be reframed and written as P =

{HL Hy, ..., H20(1+m)} U {H21+20mr Hj2420ms Ha3420ms H24+20m}
Define

G = Hyysj U< {Vgysjvi14s;} > 0 <j <3 +4mk = 2,345
G* = Hy1420m Y H2z2420m Y Hazr20m Y Hza420m
Clearly m = {Gj,/ 0 < j <3+ 4m,k = 2,3,4,5} U{G"} is a decomposition for G.
Gy = Kys; 0<j<3+4mk=2345
G" =K

Since S(KLS) = s(G*) = 5, m is a Steiner decomposition for G. The cardinality of w is 17 + 16m.

Now,
q _ 4((s*+20m)-3)
@) 5
=18+ 16m
4 _ 2 =
S(G)—18+16m<5 +20m=p
q
Therefore, p > 6
52 +20m
a(G) = [—}
5
=5+4m (1)
__ 1 _ 52 _
OB 5%+ 20m — (18 + 16m)
=7+4m (2)
From Equations (1) & (2),
a(6) <p-—=
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Hence by corollary 2.5, 4 (G) # 18 + 16m. Therefore 7 is a Steiner decomposition with maximum
cardinality and so g (G) = 17 + 16m.

4. Realization Theorem

Definition 4.1. The contraction of pair of vertices v; and v; of a graph produces a graph in which
the two vertices v; and vj are replaced by the new vertex v such that v is adjacent to the union of

vertices to which v;, v; were originally adjacent.

Definition 4.2. (Ghosh et al., 2021) Globe graph (Gl,,) is obtained from two isolated vertices that
are joined by n paths of length two.

Theorem 4.3. For any positive integer m,n (m = 2) there exists a connected graph G such that
s(G) =mand n, (G) = n.

Proof. Casel: m <n
Subcase 1: m = 2

Path graph on n + 1 vertices, P, satisfies the required properties.
Subcase 2: m > 2

For 2 < m < n, the Complete bipartite graph G = K,,, , has the properties s(G) = m and
5 (G) = n.

Case2: m>n
Subcase I:n =1

Star graph K ,,, is a non Steiner decomposable graph with S(Kl'm) = m. Therefore it satisfies
the required properties.

Subcase 2: m,n both odd and n = 3

Construct the graph with the desired properties as follows:

o Take % copies of the globe graph Glm+1. Label the two vertices of degree mzi in each copy
2

. n—1 .
of Glm+1 asu; and v, 1 <1 < 5 respectively.
2

e Take % copies of the globe graph Glm-1. Label the two vertices of degree mz;l in each copy
2

of Glm-1as x; and y;,1 < i < nT_lrespectively.
2

e Consider the set S={(v;,x)/ 1<i< nT_l} U{rpuip)/ 1<i < nT—3} By vertex

contraction process, contract the pair of vertices given in each ordered pair of S.
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e Take a copy of the star graph K, m-1 and by vertex contraction process, contract its cut vertex
’2

with the vertex u;.

¢ Take a copy of the star graph K, m+1 and by vertex contraction process, contract its cut vertex
T2

with the vertex yn-1.
2

In figure 2, the resultant graph G and its Steiner decomposition indicated by horizantal lines is given.

(l m - 3 (l Lo 1
T >

ap as

(11 [I*) (1 m—1 (i m+1
P —_— -

Fig. 2. Graph G with m,n bothodd, n > 3and m > n

Total number of edges of G is mn. Minimum Steiner set of G = {a,- /1<i< mT_l} u{d;/1<i<

mTH} and so s(G) = m. Since each subgraph in the decomposition is the star graph Kj ,,by theorem
2.3, T[St(G) =n.

Subcase 3: m even

Construct the graph with the desired properties as follows:

10
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e Take (n — 1) copies of the globe graph Glm. Label the two vertices of degree % in each copy
2

of Glmasu; and v;, 1 < i < n — 1respectively.
2

e Consider the setS = {(v;,u;41)/ 1 <i <n—2}. By vertex contraction process, contract
the pair of vertices given in each ordered pair of S.
e Take a copy of the star graph K, m and by vertex contraction process, contract its cut vertex
’2

with the vertex u;.
e Take another copy of the star graph K, m and by vertex contraction process, contract its cut
’2

vertex with the vertex v,,_.

In figure 3, the resultant graph G and its Steiner decomposition indicated by horizantal lines is given.

Total number of edges of G is mn. Minimum Steiner setof ¢ = {q;/ 1 < i < E} U{c;/ 1<i< m}
2 2

and so s(G) = m. Since each subgraph in the decomposition is the star graph K; ,, by theorem 2.3,
e (G) = n.

Fig. 3. Graph GG with m even and m > n
Subcase 4: m odd and n even (n > 2)
Construct the graph with the desired properties as follows:

e Take a copy of the globe graph Glm+1. Label the two vertices of degree % as u; and v,
2

respectively.

1"
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e Take a copy of the star graph K, m-1 and by vertex contraction process, contract its cut vertex
’2

with the vertex u,. Label the new vertex as u;.
e Take another copy of the star graph K, m-1 and by vertex contraction process, contract its cut
2

vertex with the vertex v,. Label the new vertex as vy.
o Take ( n; — 1) copies of the globe graph GL,,,. Label the two vertices of degree m in each copy

of Gl,asx;and y;, 1 < i < g— 1 respectively.
e Consider the set S ={(y;,x;41)/ 1<i< %— 2} U{(v{,x1)}. By vertex contraction

process, contract the pair of vertices given in each ordered pair of S.
In figure 4, the resultant graph G and its Steiner decomposition indicated by horizantal lines is given.
Total number of edges of G is mn. Minimum Steiner set of ¢ = {a;/ 1 <i < mT_l} U{c;/ 1<i <

mT_l} U {y§—1} and so s(G) = m. Since each subgraph in the decomposition is the star graph K; ,,, by
theorem 2.3, 7, (G) = n.

Subcase 5: modd and n = 2

Construct the graph with the desired properties as follows:

e Take a copy of the globe graph Glm+1. Label the two vertices of degree % as uy and v,
2

respectively.

12
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Fig. 4. Graph G with m odd, n even (n > 2) and m

>N

o Take a copy of the star graph K, m-1 and by vertex contraction process, contract its cut vertex

2
with the vertex u;.

o Take a copy of the star graph K, m+1 and by vertex contraction process, contract its cut vertex

2
with the vertex v, .

In figure 5, the resultant graph G and its Steiner decomposition is given.

Total number of edges of G is 2m + 1. Minimum Steiner setof ¢ = {a;/ 1 <i < mT_l} U{c;/ 1<

i < mTH} and so s(G) =m. By theorem 2.2, mw,;(G) <2 and since m = {G,,G,}is a Steiner

decomposition of cardinality 2, wy(G) = 2.

Thus for any positive integers m,n (m = 2) there exists a connected graph G such that s(G) = m

and 4, (G) = n.

13
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Fig. 5. Graph G with m odd, n = 2, m > n and its Steiner decomposition

5. Conclusion

This paper is an extensive study of the decomposition parameter Steiner decomposition number of
graphs. Here, a relation between independence number and Steiner decomposition number is
obtained. This result plays a vital role in justifying the value of the parameter for some graph families.
Also, Steiner decomposition number of some power of paths and a realization theorem is presented.
Future works can be carried out on obtaining the Steiner decomposition number related bounds for
any power of path and investigating the value of the parameter for other graph classes. Bounds of
Steiner decomposition number of graphs based on various graph theoretical parameters can also be
studied.

References

Abraham, V.M., & Hamid, L.S. (2010). Induced acyclic path decomposition in graphs. International
Journal of Mathematical and Computer Sciences, 6(3), 166-169.

AbuGhneim, O. A., Al-Khamaiseh, B., & Al-Ezeh, H. (2014). The geodetic, hull, and Steiner
numbers of powers of paths. Utilitas Mathematica, 95, 289-294.

Arumugam, S., Hamid, 1., & Abraham, V.M. (2013). Decomposition of graphs into paths and
cycles. Journal of Discrete Mathematics, 2013, DOI: https://doi.org/10.1155/2013/721051.

14



E.Ebin Raja Merly, M.Mahiba

Chartrand, G., & Zhang, P. (2002). The Steiner number of a graph. Discrete Mathematics, 242, 41-
54.

Ghosh, P., Ghosh, S., & Pal, A. (2017). 3-Total Sum Cordial Labeling on Some New Graphs. Journal
of Informatics and Mathematical Sciences, 9, 665-673.

Harary, F. (1988). Graph Theory. Narosa Publishing House, New Delhi.

Hernando, C., Jiang, T., Mora, M., Pelayo, .M., & Seara, C. (2005). On the Steiner, geodetic
and hull numbers of graphs. Discrete Mathematics, 293, 139-154.

John, J., & Stalin, D. (2021). The edge geodetic self decomposition number of a graph. RAIRO
Oper. Res., 55, S1935-S1947.

Lin, M. C., Rautenbach, D., Soulignac, F. J., & Szwarcfiter, J. L. (2021). Powers of cycles, powers
of paths, and distance graphs. Discrete Applied Mathematics, 159, 621-627.

Merly, E. E. R., & Jothi, D. J. (2018). Connected Domination decomposition of helm graph.
International Journal of Scientific Research and Review, 7(10), 327-331.

Merly, E. E. R., & Mahiba, M. (2021a). Steiner decomposition number of graphs. Malaya Journal
of Matematik, Special Issue, 560-563.

Merly, E. E. R., & Mahiba, M. (2021b). Steiner Decomposition Number of Complete n — Sun
graph. Journal of Physics: Conference series, 1947, DOI: https://doi.org/10.1088/1742-
6596/1947/1/012002.

Nagarajan, K., Nagarajan, A., & Hamid, LS. (2009). Equiparity path decomposition number of a
graph. International Journal of Mathematical Combinatorics, 1, 61-76.

Pelayo, I.M. (2004). Comment on “The Steiner number of a graph” by G. Chartrand and P.
Zhang:[Discrete Mathematics 242 (2002) 41-54]. Discrete Mathematics, 280, 259-263.

Romero-Valencia, J., Hernandez-Gomez, J.C., & Reyna-Hernandez, G. (2019). On the inverse
degree index and decompositions in graphs. Kuwait Journal of Science, 46(4), 14-22.

Yero, I.G., & Rodriguez-Velazquez, J.A. (2015). Analogies between the geodetic number and the
Steiner number of some classes of graphs. Filomat, 29, 1781-1788.

Submitted: 23/10/2021
Revised: 29/03/2022
Accepted: 10/04/2022

DOI: 10.48129/kjs.16863

15





