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Abstract 

 For a graph 𝐺, if 𝐸(𝐺) can be partitioned into 𝐸1, 𝐸2, … . , 𝐸𝑚 such that the subgraph of 

𝐺 induced by 𝐸𝑖 is 𝐻𝑖 for all 1 ≤ 𝑖 ≤ 𝑚, then 𝐻1, 𝐻2, … . , 𝐻𝑚 decompose 𝐺 and is written as 

𝐸(𝐺) = 𝐸(𝐻1) ∪ 𝐸(𝐻2) ∪ … .∪ 𝐸(𝐻𝑚). If for 1 ≤ 𝑖 ≤ 𝑚, 𝐻𝑖 ≅  𝐻, we say that 𝐺 has a 𝐻-

decomposition. In this paper, we show the necessary and sufficient condition for the 

decomposition of cartesian product and corona product of path and some standard graphs into 

paws, stars, cycles, and paths. 

 

2020 Mathematics Subject Classification: 05C38, 05C51, 05C76. 
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Introduction 

 All graphs considered here are finite and undirected unless otherwise stated. Let 𝑃𝑟 be the path 

on 𝑟 vertices. In [4], S. Arumugam, I. Sahul Hamid and V. M. Abraham gave the decomposition 

of a graph G on 𝑛 vertices (not necessarily connected) into ⌊𝑛/2⌋ paths and cycles.  For any 

two graphs 𝐺 and 𝐻, their cartesian product, denoted by 𝐺 □ 𝐻 has vertex set 𝑉(𝐺 □ 𝐻) =

𝑉(𝐺) × 𝑉(𝐻) and edge set 𝐸(𝐺 □ 𝐻) = {(𝑔, ℎ)(𝑔ˈ, ℎˈ): 𝑔 = 𝑔ˈ, ℎℎˈ ∈ 𝐸(𝐻), 𝑜𝑟 𝑔𝑔ˈ ∈ 𝐸(𝐺),

ℎ = ℎˈ}. It is well known that the cartesian product is commutative and associative. R. Frucht 

and F. Harary in their paper [2], introduced a new and simple operation on two graphs 𝐺1 and 

𝐺2 called their corona product. For any two graphs 𝐺1 and 𝐺2 of orders 𝑚 and 𝑛 respectively, 

mailto:roshniqueen333@gmail.com
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their corona product 𝐺1◉ 𝐺2 is the graph obtained by taking one copy of 𝐺1 and 𝑚 copies of 

𝐺2 such that the 𝑖𝑡ℎ vertex of 𝐺1 is connected to every vertex in the 𝑖𝑡ℎ copy of 𝐺2. In [3], M. 

Illayaraja, K. Sowndhariya and A. Muthusamy, 2020, Decomposition of Product Graphs. Here 

in this paper, we focus on the decomposition of cartesian product and corona product of path 

and some standard graphs. 

Theorem 1.1. For any two positive integers 𝑚, 𝑛 with 𝑚, 𝑛 ≥ 2, 𝑃𝑚□ 𝑃𝑛 is decomposed into 

𝑝 copies of 𝑃2𝑚 and 𝑞 copies of 𝑃2 if and only if (2𝑛 − 1)[𝑝 − (𝑛 − 1)] + 𝑞 = 𝑚 − 1. 

Proof: 

 Let 𝐺 = 𝑃𝑚□ 𝑃𝑛. 

Let 𝑉(𝐺) = {𝑥𝑖,𝑗/1 ≤ 𝑖 ≤ 𝑚, 1 ≤ 𝑗 ≤ 𝑛} and  

𝐸(𝐺) = {𝑥𝑖,𝑗𝑥𝑖,𝑗+1, 𝑥𝑘,𝑙𝑥𝑘+1,𝑙/1 ≤ 𝑖 ≤ 𝑚, 1 ≤ 𝑗 ≤ 𝑛 − 1, 1 ≤ 𝑘 ≤ 𝑚 − 1, 1 ≤ 𝑙 ≤ 𝑛}. 

Suppose that 𝐺 is decomposed into 𝑝 copies of 𝑃2𝑚 and 𝑞 copies of 𝑃2. 

Since |𝐸(𝐺)| = (2𝑛 − 1)𝑝 + 𝑞, 

we have (2𝑛 − 1)𝑝 + 𝑞 = (2𝑛 − 1)(𝑛 − 1) + (𝑚 − 1). 

Therefore, (2𝑛 − 1)[𝑝 − (𝑛 − 1)] + 𝑞 = 𝑚 − 1. 

Conversely, suppose that (2𝑛 − 1)[𝑝 − (𝑛 − 1)] + 𝑞 = 𝑚 − 1. 

Case (i): 𝑚 is even. 

When 𝑚 is even, 𝑥1,𝑗𝑥1,𝑗−1𝑥2,𝑗−1𝑥2,𝑗𝑥𝑚−1,𝑗−1𝑥𝑚,𝑗−1𝑥𝑚,𝑗 forms 𝑃2𝑚 ∀ 𝑗 = 2, 3, … , 𝑛. 

Also, 𝑥𝑖,1𝑥𝑖+1,1 ≅  𝑃2 where 𝑖 = 2, 4, … , 𝑚 − 2. 

Also, 𝑥𝑖,𝑛𝑥𝑖+1,𝑛 ≅  𝑃2 where 𝑖 = 1, 3, … , 𝑚 − 1. 

Case (ii): 𝑚 is odd. 

When 𝑚 is odd, 𝑥1,𝑗𝑥1,𝑗−1𝑥2,𝑗−1𝑥2,𝑗𝑥𝑚−1,𝑗−1𝑥𝑚,𝑗−1𝑥𝑚,𝑗−1 forms 𝑃2𝑚 ∀ 𝑗 = 2, 3, … , 𝑛. 

Also, 𝑥𝑖,1𝑥𝑖+1,1 ≅  𝑃2 where 𝑖 = 2, 4, … , 𝑚 − 2. 

Also, 𝑥𝑖,𝑛𝑥𝑖+1,𝑛 ≅  𝑃2 where 𝑖 = 1, 3, … , 𝑚 − 1. 

In both the cases, 𝐸(𝐺) = [𝐸(𝑃2𝑚) ∪ 𝐸(𝑃2𝑚) ∪ … ∪ 𝐸(𝑃2𝑚)(𝑛 − 1) ‐ 𝑡𝑖𝑚𝑒𝑠] 
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∪ [𝐸(𝑃2) ∪ 𝐸(𝑃2) ∪ … ∪ 𝐸(𝑃2)(𝑚 − 1) ‐ 𝑡𝑖𝑚𝑒𝑠] 

Theorem 1.2. For any two positive integers 𝑚, 𝑛 with 𝑚, 𝑛 ≥ 2 and 𝑛 is even, 𝑃𝑚◉ 𝑃𝑛 is 

decomposed into 𝑝 copies of 𝐾1,3 + 𝑒 and one copy of 𝐶3 if and only if 2𝑝 = 𝑚𝑛 − 2. 

Proof: 

 Let 𝐺 = 𝑃𝑚◉ 𝑃𝑛. 

Let 𝑉(𝐺) = {𝑣𝑖, 𝑣𝑖𝑗ˈ/1 ≤ 𝑖 ≤ 𝑚, 1 ≤ 𝑗 ≤ 𝑛}, where 𝑣𝑖1ˈ, 𝑣𝑖2ˈ, … , 𝑣𝑖𝑛ˈ are the vertices in the 

copy of the path corresponding to each 𝑣𝑖. 

Suppose that 𝐺 is decomposed into 𝑝 copies of 𝐾1,3 + 𝑒 and one copy of 𝐶3. 

Since |𝐸(𝐺)| = 4𝑝 + 3,  

we have 4𝑝 + 3 = 4 (
𝑚𝑛

2
− 1) + 3. 

⇒ 4𝑝 = 2(𝑚𝑛 − 2). 

Therefore, 2𝑝 = 𝑚𝑛 − 2. 

Conversely, suppose that 2𝑝 = 𝑚𝑛 − 2. 

Now, the induced subgraph < {𝑣𝑖2ˈ, 𝑣𝑖1ˈ, 𝑣𝑖 , 𝑣𝑖+1} > ≅  𝐾1,3 + 𝑒 ∀ 1 ≤ 𝑖 ≤ 𝑚-1. 

The induced subgraph < {𝑣𝑖(𝑗−1)ˈ, 𝑣𝑖𝑗ˈ, 𝑣𝑖} > together with the edge 𝑣𝑖(𝑗−2)ˈ 𝑣𝑖(𝑗−1)ˈ, where 

𝑗 = 4, 6, … , 𝑛 forms 𝐾1,3 + 𝑒 ∀ 1 ≤ 𝑖 ≤ 𝑚. 

Also, the induced subgraph < {𝑣𝑚(𝑗−1)ˈ, 𝑣𝑚𝑗ˈ, 𝑣𝑚} > together with the edge 𝑣𝑚𝑗ˈ 𝑣𝑚(𝑗+1)ˈ, 

where 𝑗 = 2, 4, 6, … , 𝑛 − 2 forms 𝐾1,3 + 𝑒. 

And also, the induced subgraph < {𝑣𝑚, 𝑣𝑚(𝑛−1)ˈ, 𝑣𝑚𝑛ˈ} > ≅ 𝐶3. 

Thus 𝐸(𝐺) = [𝐸(𝐾1,3 + 𝑒) ∪ 𝐸(𝐾1,3 + 𝑒) … ∪ 𝐸(𝐾1,3 + 𝑒) (
𝑚𝑛

2
− 1) ‐ 𝑡𝑖𝑚𝑒𝑠] 

                           ∪ 𝐸(𝐶3). 

Hence 𝑃𝑚◉ 𝑃𝑛 is decomposed into 𝑝 copies of 𝐾1,3 + 𝑒 and one copy of 𝐶3. 

Theorem 1.3. For any two positive integers 𝑚, 𝑛 with 𝑚 ≥ 2, 𝑛 ≥ 3 and 𝑛 is odd,  

𝑃𝑚◉ 𝑃𝑛 is decomposed into 𝑝 copies of 𝐾1,3 + 𝑒, 𝑞 copies of 𝐾1,2 and one copy of 𝑃2 
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 if and only if  𝑝 +
𝑞

2
=

𝑚𝑛−1

2
. 

Proof: 

 Let 𝐺 = 𝑃𝑚◉ 𝑃𝑛. 

Let 𝑉(𝐺) = {𝑣𝑖, 𝑣𝑖𝑗ˈ/1 ≤ 𝑖 ≤ 𝑚, 1 ≤ 𝑗 ≤ 𝑛}, where 𝑣𝑖1ˈ, 𝑣𝑖2ˈ, … , 𝑣𝑖𝑛ˈ are the vertices in the 

copy of the path corresponding to each 𝑣𝑖. 

Suppose that 𝐺 is decomposed into 𝑝 copies of 𝐾1,3 + 𝑒, 𝑞 copies of 𝐾1,2 and one copy  

of 𝑃2. 

Since |𝐸(𝐺)| = 4𝑝 + 2𝑞 + 1,  

we have 4𝑝 + 2𝑞 + 1 = 4(
𝑚(𝑛−1)

2
) + 2(𝑚 − 1) + 1. 

⇒ 4𝑝 + 2𝑞 = 2(𝑚𝑛 − 1). 

Therefore, 𝑝 +
𝑞

2
=

𝑚𝑛−1

2
. 

Conversely, suppose that 𝑝 +
𝑞

2
=

𝑚𝑛−1

2
.  

Now, the induced subgraph < {𝑣𝑖(𝑗−1)ˈ, 𝑣𝑖𝑗ˈ, 𝑣𝑖} > together with the edge 𝑣𝑖𝑗ˈ 𝑣𝑖(𝑗+1)ˈ, where  

𝑗 = 2, 4, … , 𝑛 − 1 forms 𝐾1,3 + 𝑒 ∀ 1 ≤ 𝑖 ≤ 𝑚. 

Also, the induced subgraph < {𝑣𝑖𝑛ˈ𝑣𝑖ˈ, 𝑣𝑖𝑣𝑖+1} > ≅  𝐾1,2 ∀ 1 ≤ 𝑖 ≤ 𝑚 − 1. 

And also, the induced subgraph < {𝑣𝑚𝑣𝑚𝑛ˈ} > ≅ 𝑃2. 

Thus 𝐸(𝐺) = [𝐸(𝐾1,3 + 𝑒) ∪ 𝐸(𝐾1,3 + 𝑒) … ∪ 𝐸(𝐾1,3 + 𝑒) (
𝑚(𝑛−1)

2
) ‐ 𝑡𝑖𝑚𝑒𝑠] 

                         ∪ [𝐸(𝐾1,2) ∪ 𝐸(𝐾1,2) … ∪ 𝐸(𝐾1,2)(𝑚 − 1) ‐ 𝑡𝑖𝑚𝑒𝑠] 

                         ∪ 𝐸(𝑃2). 

Hence 𝑃𝑚◉ 𝑃𝑛 is decomposed into 𝑝 copies of 𝐾1,3 + 𝑒, 𝑞 copies of 𝐾1,2 and one copy  

of 𝑃2. 

Theorem 1.4. For any two positive integers 𝑚, 𝑛 with 𝑚 ≥ 3, 𝑛 ≥ 2 and 𝑛 is even,  

𝐶𝑚◉ 𝑃𝑛 is decomposed into 𝑝 copies of 𝐾1,3 + 𝑒 if and only if  2𝑝 = 2𝑚𝑛. 
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Proof: 

 Let 𝐺 = 𝐶𝑚◉ 𝑃𝑛. 

Let 𝑉(𝐺) = {𝑣𝑖, 𝑣𝑖𝑗ˈ/1 ≤ 𝑖 ≤ 𝑚, 1 ≤ 𝑗 ≤ 𝑛}, where 𝑣𝑖1ˈ, 𝑣𝑖2ˈ, … , 𝑣𝑖𝑛ˈ are the vertices in the 

copy of the path corresponding to each 𝑣𝑖. 

Suppose that 𝐺 is decomposed into 𝑝 copies of 𝐾1,3 + 𝑒. 

Since |𝐸(𝐺)| = 4𝑝,  

we have 4𝑝 = 4 (
𝑚𝑛

2
). 

Therefore, 2𝑝 = 𝑚𝑛. 

Conversely, suppose that 2𝑝 = 𝑚𝑛. 

Now, the induced subgraph < {𝑣𝑖( 𝑛−1)ˈ, 𝑣𝑖𝑛ˈ, 𝑣𝑖 , 𝑣𝑖+1} > ≅  𝐾1,3 + 𝑒 ∀ 1 ≤ 𝑖 ≤ 𝑚 − 1. 

Also, the induced subgraph < {𝑣𝑚(𝑛−1)ˈ, 𝑣𝑚𝑛ˈ, 𝑣𝑚, 𝑣1} > ≅  𝐾1,3 + 𝑒. 

And also, the induced subgraph < {𝑣𝑖(𝑗−1)ˈ, 𝑣𝑖𝑗ˈ, 𝑣𝑖} > together with the edge 𝑣𝑖𝑗ˈ 𝑣𝑖(𝑗+1)ˈ, 

where 𝑗 = 2, 4, … , 𝑛 − 2 forms 𝐾1,3 + 𝑒 ∀ 1 ≤ 𝑖 ≤ 𝑚. 

Thus 𝐸(𝐺) = [𝐸(𝐾1,3 + 𝑒) ∪ 𝐸(𝐾1,3 + 𝑒) … ∪ 𝐸(𝐾1,3 + 𝑒) (
𝑚𝑛

2
) ‐ 𝑡𝑖𝑚𝑒𝑠] 

Hence 𝐶𝑚◉ 𝑃𝑛 is decomposed into 𝑝 copies of 𝐾1,3 + 𝑒. 

Theorem 1.5. For any two positive integers 𝑚, 𝑛 with 𝑚, 𝑛 ≥ 3 and 𝑛 is odd, 𝐶𝑚◉ 𝑃𝑛 is 

decomposed into 𝑝 copies of 𝐾1,3 + 𝑒 and 𝑞 copies of 𝐾1,2 if and only if 𝑝 +
𝑞

2
=

𝑚𝑛

2
. 

Proof: 

 Let 𝐺 = 𝐶𝑚◉ 𝑃𝑛. 

Let 𝑉(𝐺) = {𝑣𝑖, 𝑣𝑖𝑗ˈ/1 ≤ 𝑖 ≤ 𝑚, 1 ≤ 𝑗 ≤ 𝑛}, where 𝑣𝑖1ˈ, 𝑣𝑖2ˈ, … , 𝑣𝑖𝑛ˈ are the vertices in the 

copy of the path corresponding to each 𝑣𝑖. 

Suppose that 𝐺 is decomposed into 𝑝 copies of 𝐾1,3 + 𝑒 and 𝑞 copies of 𝐾1,2. 

Since |𝐸(𝐺)| = 4𝑝 + 2𝑞,  

we have 4𝑝 + 2𝑞 = 4(
𝑚(𝑛−1)

2
) + 2𝑚. 
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Therefore, 𝑝 +
𝑞

2
=

𝑚𝑛

2
. 

Conversely, suppose that 𝑝 +
𝑞

2
=

𝑚𝑛

2
.  

Now, the induced subgraph < {𝑣𝑖1ˈ, 𝑣𝑖2ˈ, 𝑣𝑖 , 𝑣𝑖+1} > ≅  𝐾1,3 + 𝑒 ∀ 1 ≤ 𝑖 ≤ 𝑚 − 1. 

The induced subgraph < {𝑣𝑚1ˈ, 𝑣𝑚2ˈ, 𝑣𝑚, 𝑣1} > ≅  𝐾1,3 + 𝑒. 

Also, the induced subgraph < {𝑣𝑖𝑗ˈ, 𝑣𝑖(𝑗+1)ˈ, 𝑣𝑖} > together with the edge 𝑣𝑖(𝑗−1)ˈ 𝑣𝑖𝑗ˈ, where 

𝑗 = 3, 5, … , 𝑛 − 2 forms 𝐾1,3 + 𝑒 ∀ 1 ≤ 𝑖 ≤ 𝑚. 

And also, the induced subgraph < {𝑣𝑖(𝑛−2)ˈ𝑣𝑛ˈ, 𝑣𝑛𝑣𝑖} > ≅  𝐾1,2 ∀ 1 ≤ 𝑖 ≤ 𝑚. 

Thus 𝐸(𝐺) = [𝐸(𝐾1,3 + 𝑒) ∪ 𝐸(𝐾1,3 + 𝑒) … ∪ 𝐸(𝐾1,3 + 𝑒) (
𝑚(𝑛−1)

2
) ‐ 𝑡𝑖𝑚𝑒𝑠] 

                         ∪ [𝐸(𝐾1,2) ∪ 𝐸(𝐾1,2) … ∪ 𝐸(𝐾1,2) 𝑚 ‐ 𝑡𝑖𝑚𝑒𝑠] 

Hence 𝐶𝑚◉ 𝑃𝑛 is decomposed into 𝑝 copies of 𝐾1,3 + 𝑒 and 𝑞 copies of 𝐾1,2. 

Theorem 1.6. For any two positive integers 𝑚, 𝑛 with 𝑚, 𝑛 ≥ 2 and 𝑛 is even, 𝑆𝑚◉ 𝑃𝑛 is 

decomposed into 𝑝 copies of 𝐾1,3 + 𝑒 and one copy of 𝐶3 if and only if 2𝑝 = 𝑚𝑛 − 2. 

Proof: 

 Let 𝐺 = 𝑆𝑚◉ 𝑃𝑛. 

Let 𝑉(𝐺) = {𝑣1; 𝑣𝑖 , 𝑣𝑖𝑗ˈ/1 ≤ 𝑖 ≤ 𝑚, 1 ≤ 𝑗 ≤ 𝑛}, where 𝑣𝑖1ˈ, 𝑣𝑖2ˈ, … , 𝑣𝑖𝑛ˈ are the vertices in the 

copy of the path corresponding to each 𝑣1; 𝑣𝑖. 

Suppose that 𝐺 is decomposed into 𝑝 copies of 𝐾1,3 + 𝑒 and one copy of 𝐶3. 

Since |𝐸(𝐺)| = 4𝑝 + 3,  

we have 4𝑝 + 3 = 4 (
𝑚𝑛

2
− 1) + 3. 

Therefore, 2𝑝 = 𝑚𝑛 − 2. 

Conversely, suppose that 2𝑝 = 𝑚𝑛 − 2. 

Now, the induced subgraph < {𝑣𝑖1ˈ, 𝑣𝑖2ˈ, 𝑣𝑖 , 𝑣1} > ≅  𝐾1,3 + 𝑒 ∀ 2 ≤ 𝑖 ≤ 𝑚-1. 

The induced subgraph < {𝑣𝑖𝑗ˈ, 𝑣𝑖(𝑗+1)ˈ, 𝑣𝑖} > together with the edge 𝑣𝑖(𝑗−1)ˈ 𝑣𝑖𝑗ˈ, where 
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 𝑗 = 3, 5, … , 𝑛 − 1 forms 𝐾1,3 + 𝑒 ∀ 2 ≤ 𝑖 ≤ 𝑚. 

Also, the induced subgraph < {𝑣1(𝑗−1)ˈ, 𝑣1𝑗ˈ, 𝑣1} > together with the edge 𝑣1𝑗ˈ 𝑣1(𝑗+1)ˈ, where 

𝑗 = 2, 4, … , 𝑛 − 2 forms 𝐾1,3 + 𝑒. 

And also, the induced subgraph < {𝑣1, 𝑣1(𝑛−1)ˈ, 𝑣1𝑛ˈ} > ≅ 𝐶3. 

Thus 𝐸(𝐺) = [𝐸(𝐾1,3 + 𝑒) ∪ 𝐸(𝐾1,3 + 𝑒) … ∪ 𝐸(𝐾1,3 + 𝑒) (
𝑚𝑛

2
− 1) ‐ 𝑡𝑖𝑚𝑒𝑠] 

                           ∪ 𝐸(𝐶3). 

Hence 𝑆𝑚◉ 𝑃𝑛 is decomposed into 𝑝 copies of 𝐾1,3 + 𝑒 and one copy of 𝐶3. 

Theorem 1.7. For any two positive integers 𝑚, 𝑛 with 𝑚 ≥ 2, 𝑛 ≥ 3 and 𝑛 is odd,  

𝑆𝑚◉ 𝑃𝑛 is decomposed into 𝑝 copies of 𝐾1,3 + 𝑒, 𝑞 copies of 𝐾1,2 and one copy of 𝑃2 

 if and only if  𝑝 +
𝑞

2
=

𝑚𝑛−1

2
. 

Proof: 

 Let 𝐺 = 𝑆𝑚◉ 𝑃𝑛. 

Let 𝑉(𝐺) = {𝑣1; 𝑣𝑖 , 𝑣𝑖𝑗ˈ/1 ≤ 𝑖 ≤ 𝑚, 1 ≤ 𝑗 ≤ 𝑛}, where 𝑣𝑖1ˈ, 𝑣𝑖2ˈ, … , 𝑣𝑖𝑛ˈ are the vertices in the 

copy of the path corresponding to each 𝑣1; 𝑣𝑖. 

Suppose that 𝐺 is decomposed into 𝑝 copies of 𝐾1,3 + 𝑒, 𝑞 copies of 𝐾1,2 and one copy  

of 𝑃2. 

Since |𝐸(𝐺)| = 4𝑝 + 2𝑞 + 1,  

we have 4𝑝 + 2𝑞 + 1 = 4(
𝑚(𝑛−1)

2
) + 2(𝑚 − 1) + 1. 

Therefore, 𝑝 +
𝑞

2
=

𝑚𝑛−1

2
. 

Conversely, suppose that 𝑝 +
𝑞

2
=

𝑚𝑛−1

2
.  

Now, the induced subgraph < {𝑣𝑖1ˈ, 𝑣𝑖2ˈ, 𝑣𝑖,𝑣1} > ≅  𝐾1,3 + 𝑒 ∀ 2 ≤ 𝑖 ≤ 𝑚. 

 The induced subgraph < {𝑣𝑖𝑗ˈ, 𝑣𝑖(𝑗+1)ˈ, 𝑣𝑖} > together with the edge 𝑣𝑖(𝑗−1)ˈ 𝑣𝑖𝑗ˈ, where  

𝑗 = 3, 5, … , 𝑛 − 2 forms 𝐾1,3 + 𝑒 ∀ 2 ≤ 𝑖 ≤ 𝑚. 
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The induced subgraph < {𝑣1𝑗ˈ, 𝑣1(𝑗+1)ˈ, 𝑣1} > together with the edge 𝑣1(𝑗−1)ˈ 𝑣1𝑗ˈ, where  

𝑗 = 2, 4, … , 𝑛 − 1 forms 𝐾1,3 + 𝑒. 

Also, the induced subgraph < {𝑣𝑖(𝑛−1)ˈ𝑣𝑖𝑛ˈ, 𝑣𝑖𝑛ˈ𝑣𝑖} > ≅  𝐾1,2 ∀ 2 ≤ 𝑖 ≤ 𝑚 − 1. 

And also, the induced subgraph < {𝑣1𝑣1𝑛ˈ} > ≅ 𝑃2. 

Thus 𝐸(𝐺) = [𝐸(𝐾1,3 + 𝑒) ∪ 𝐸(𝐾1,3 + 𝑒) … ∪ 𝐸(𝐾1,3 + 𝑒) (
𝑚(𝑛−1)

2
) ‐ 𝑡𝑖𝑚𝑒𝑠] 

                         ∪ [𝐸(𝐾1,2) ∪ 𝐸(𝐾1,2) … ∪ 𝐸(𝐾1,2)(𝑚 − 1) ‐ 𝑡𝑖𝑚𝑒𝑠] 

                         ∪ 𝐸(𝑃2). 

Hence 𝑆𝑚◉ 𝑃𝑛 is decomposed into 𝑝 copies of 𝐾1,3 + 𝑒, 𝑞 copies of 𝐾1,2 and one copy  

of 𝑃2. 
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