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Abstract 

A proper coloring 𝒞= {𝒞1, 𝒞2, … … … 𝒞χ} of a graph 𝐺 = (𝑉, 𝐸) is a dominator color class 

dominating set of 𝐺 if each 𝑣 ∈ 𝑉(𝐺) is dominated by a color class 𝒞𝑖 ∈  and each 𝒞𝑖 ∈𝒞   

dominates a vertex 𝑢 ∈ 𝑉(𝐺).The minimum number of color classes that satisfy the above 

condition is known as dominator color class domination number of 𝐺 and is denoted by 

𝛾χ
𝑑(𝐺). In this paper, we find the dominator color class domination number of ladder, open 

ladder and slanting ladder graphs. 

Key Words: dominator color class dominating sets, dominated color class domination 

number. 

AMS Classification: 05C69. 

 

1 Introduction 

 In this paper, we only consider ladder,open ladder and slanting ladder graphs. Further 

terminology can be found in [3].  

A proper coloring 𝒞= {𝒞1, 𝒞2, … … … 𝒞χ} of a graph 𝐺 = (𝑉, 𝐸) is a dominator color class 

dominating set of  𝐺 if each 𝑣 ∈ 𝑉(𝐺) is dominated by a color class 𝒞𝑖 ∈  and each 𝒞𝑖 ∈𝒞   

dominates a vertex 𝑢 ∈ 𝑉(𝐺).The minimum number of color classes that satisfy the above 

condition is known as dominator color class domination number of 𝐺 and is denoted by 

𝛾χ
𝑑(𝐺).This notion was introduced by A. Vijayalekshmi and P. Niju in [2]. 
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The cartesian product of two graphs 𝐺1 = (𝑉1, 𝐸1)and 𝐺2 = (𝑉2, 𝐸2) , denoted by 𝐺1 × 𝐺2 is a 

graph with vertex set 𝑉1 × 𝑉2 and edges between two vertices (𝑢1, 𝑣1) and (𝑢2, 𝑣2) if and only 

if either 𝑢1 = 𝑢2 and 𝑣1𝑣2 ∈ 𝐸(𝐺2) (or)𝑢1𝑢2 ∈ 𝐸(𝐺1) 𝑎𝑛𝑑 𝑣1 = 𝑣2. A ladder graph can be 

defined as 𝑃2 × 𝑃𝑛  where 𝑛 ≥ 2 and is denoted by 𝑎𝑛𝑑 𝐿𝑝|𝑉(𝐿𝑝)| = 2𝑛  , 𝑛 ≥ 2.An open 

ladder graph𝑂(𝐿𝑝), is obtained from two paths of length 𝑛 − 1 with 𝑉(𝐿𝑝) = {𝑢𝑖𝑣𝑖/ 1 ≤ 𝑖 ≤

𝑛} and 𝐸(𝐿𝑝) = {𝑢𝑖𝑢𝑖+1, 𝑣𝑖𝑣𝑖+1/ 1 ≤ 𝑖 ≤ 𝑛 − 1} ∪ {𝑢𝑖𝑣𝑖 ∶  2 ≤ 𝑖 ≤ 𝑛 − 1}. A slanting 

ladder graph 𝑆𝐿𝑝 = 𝑆𝐿2𝑛  (𝑛 ≥ 3) is agraph obtained from two paths 𝑢1, 𝑢2 … … . 𝑢𝑛 and 

𝑣1, 𝑣2 … … . 𝑣𝑛by joining each 𝑢𝑖with  𝑣𝑖+1( 1 ≤ 𝑖 ≤ 𝑛 − 1). In this paper, we obtain 

dominator color class domination number of ladder graph, open ladder and slanting ladder 

graph. 

2  Main Results 

Theorem 2.1. Let 𝐿𝑝 be a ladder graph of order 2𝑛. Then 

𝛾χ
𝑑(𝐿𝑝) = {

𝑝           𝑖𝑓 𝑝 𝑖𝑠 𝑒𝑣𝑒𝑛
𝑝 + 1   𝑖𝑓 𝑝 𝑖𝑠 𝑜𝑑𝑑

. 

Proof: Let  𝐿𝑝 = 𝐿2𝑛 = 𝑝2 × 𝑝𝑛  and let 𝑉(𝐿𝑝) = {𝑢1, 𝑢2, … … . 𝑢2𝑛}withdeg𝑢𝑖 = 2 for  

 𝑖 = 1, 𝑛, (𝑛 + 1), 2𝑛 and deg𝑢𝑗 = 3 for all 𝑗 ≠ 𝑖. 

We take 𝑁(𝑢𝑖) = {𝑢𝑖−1, 𝑢𝑖+1, 𝑢𝑖+𝑛} for 𝑖 = 2,3, … … … . . (𝑛 − 1) and  

𝑁(𝑢𝑗) = {𝑢𝑗−1, 𝑢𝑗+1, 𝑢𝑗−𝑛} for 𝑗 = (𝑛 + 2), (𝑛 + 3), … … . (2𝑛 − 1). We consider two cases 

Case (1): When 𝑝 ≡ 0(𝑚𝑜𝑑2) 

Decompose 𝐿𝑝 in to 
𝑝

2
 copies of 𝐿2. Assign new colors, say 2𝑖 − 1, 2𝑖 (1≤ 𝑖 ≤

𝑝

2
)to the 

vertices {𝑢2𝑖−1, 𝑢2𝑖+𝑛} and {𝑢2𝑖 , 𝑢2𝑖+(𝑛−1)} respectively. We attain a 𝛾χ
𝑑 coloring of  𝐿𝑝. So  

𝛾χ
𝑑(𝐿𝑝) = 𝑝. 

1       2       3       4       5       6       7      8      9      10    11      12 

 

 

2       1       4        3       6       5      8       7      10    9     12       11 

Figure1 𝛾χ
𝑑(𝐿12) = 12 
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Case (2): When𝑝 ≡ 1(𝑚𝑜𝑑2) 

Since 𝑝 − 1 ≡ 0(𝑚𝑜𝑑2), 𝐿𝑝 is obtained from, 𝐿𝑝−1followed by   𝑝2. As in 

case (i) 𝛾χ
𝑑(𝐿𝑝−1) = 𝑝 − 1. Assign two new colors, say, 𝑝 𝑎𝑛𝑑 𝑝 + 1 to the  

vertices {𝑢𝑛} and {𝑢2𝑛} respectively. We get a 𝛾χ
𝑑- coloring of   𝐿𝑝.Thus  

𝛾χ
𝑑(𝐿𝑝) = 𝑝 + 1. 

 

1      2       3       4       5      6      7      8      9      10     12 

 

 

 

2        1       4       3       6      5       8      7      10     9       11 

 

Figure2 𝛾χ
𝑑(𝐿11) = 12 

 

Theorem 2.2. Let 𝑂(𝐿𝑝) be an open ladder graph. Then 

𝛾χ
𝑑(𝑂(𝐿𝑝) = {

𝑝 + 1   𝑖𝑓   𝑝 ≡ 1(𝑚𝑜𝑑 4)
𝑝 + 2        𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 

Proof: Let 𝑉(𝑂(𝐿𝑝))={𝑢1, 𝑢2, … … … … … … 𝑢2𝑛}with deg 𝑢𝑖 = 1 

𝑓𝑜𝑟 𝑖 = 1, 𝑛, (𝑛 + 1), 2𝑛 and deg 𝑢𝑗=3 ∀ 𝑗 ≠ 𝑖 . 

We have 2 cases. 

Case (1): When 𝑝 ≡ 1(𝑚𝑜𝑑 4) 

Assign four distinct colors, say 1,2, 𝑝 𝑎𝑛𝑑 𝑝 + 1 to the pendent vertices 

{𝑢1}, {𝑢𝑛}, {𝑢𝑛+1}and {𝑢2𝑛}respectively. 

Let 𝐻 = 〈𝑢2, … . . 𝑢𝑛−1, 𝑢𝑛+1, … … 𝑢2𝑛−1〉. Then 𝐻 ≅ 𝐿𝑝−2. Decompose 𝐻 into ⌊
𝑃−2

4
⌋ copies of 

𝐿4 and one copy of 𝐿3. 
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Assign distinct colors 4𝑖 − 1, 4𝑖, 4𝑖 + 1 𝑎𝑛𝑑 4𝑖 + 2 (1 ≤ 𝑖 ≤ ⌊
𝑝−2

4
⌋ to the vertices 

{𝑢4𝑖−1,  𝑢𝑛+4𝑖−2, 𝑢𝑛+4𝑖}, {𝑢4𝑖−2,  𝑢4𝑖, 𝑢𝑛+4𝑖−1}, {𝑢4𝑖+1} 𝑎𝑛𝑑 {𝑢𝑛+4𝑖+1} 

respectively. Also assign 2 distinct colors say,  (𝑝 − 2)and  (𝑝 − 1) to the vertices 

{𝑢𝑛−3, 𝑢𝑛−1, 𝑢2𝑛−2} and {𝑢𝑛−2, 𝑢2𝑛−3, 𝑢2𝑛−1} respectively, we attain a 𝛾χ
𝑑 – coloring of 

𝑂(𝐿𝑝). Thus 𝛾χ
𝑑 (𝑂(𝐿𝑝)) = 𝑝 + 1. 

 

 1        2      1       4        6       7      6      8      10    11     10     12     14    

 

 

          3       1       4       5       4       6       8      9      8      10     12     13      12 

 

Figure 3 𝛾χ
𝑑(𝑂(𝐿13)) = 14 

Case (2):  When 𝑝 ≡ 0, 2,3 (𝑚𝑜𝑑4) 

We have three subcases 

Subcase 2.1: When 𝑝 ≡ 0(𝑚𝑜𝑑4) 

Assign 4 distinct colors say 1, 2, (𝑝 + 1) 𝑎𝑛𝑑 (𝑝 + 2) to the pendant vertices of 𝐿𝑝. As in 

case (1) 𝐻 is decomposed into ⌊
𝑝−2

4
⌋ copies of 𝐿4 and one copy of 𝐿2.Assign distinct colors, 

say 4𝑖 − 1, 4𝑖, 4𝑖 + 1 𝑎𝑛𝑑 4𝑖 + 2 (1 ≤ 𝑖 ≤ ⌊
𝑝−2

4
⌋ to the same vertices as in case (1). Also 

assign 2 distinct colors say (𝑝 − 1) and 𝑝 to the vertices {𝑢𝑛−2, 𝑢2𝑛−1} and {𝑢𝑛−1, 𝑢2𝑛−2} 

respectively. We attain a 𝛾χ
𝑑 – coloring of 𝐿𝑝. Thus 𝛾χ

𝑑(𝑂(𝐿𝑝)) = 𝑝 + 2. 

 

1        2      1       4        6       7      6      8      10    11    10     14 

 

 

3    1  4 5       4      6       8      9      8    10    12      13 

 

Figure4 𝛾χ
𝑑(𝑂(𝐿12)) = 14 
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Subcase 2.2: When 𝑝 ≡ 2(𝑚𝑜𝑑4) 

Since 𝑝 − 2 ≡ 0(𝑚𝑜𝑑4) and as in case (i), 𝐻 can be decomposed into 
𝑝−2

4
 

copies of 𝐿4. Assign each 4 distinct colors 4𝑖 − 1, 4𝑖, 4𝑖 + 1 𝑎𝑛𝑑 4𝑖 + 2 

(1 ≤ 𝑖 ≤
𝑝−2

4
) to the said vertices above, we get a 𝛾χ

𝑑 – coloring of 𝐿𝑝. So 𝛾χ
𝑑(𝐿𝑝) = 4 +

(
𝑝−2

4
) 4 = 𝑝 + 2. 

 

1     2     1     4      6     7     6     8    10   11   10   12   14   16 

 

 

 

  3     1     4     5     4     6     8    9     8    10   12    13   12   15 

 

Figure 5 𝛾χ
𝑑(𝐿14) = 16 

 

Subcase 2.3: When  𝑝 ≡ 3(𝑚𝑜𝑑4) 

Assign 3 distinct colors say 1,2 and (𝑝 + 2) to the pendant vertices say{𝑢1}, {𝑢2} 

 𝑎𝑛𝑑 {𝑢2𝑛} respectively. Let 𝐻 = 〈𝑢2, … . 𝑢𝑛−2, 𝑢𝑛+2, 𝑢𝑛+3, … . 𝑢2𝑛−2〉and 𝐻 can be 

decomposed in⌊
𝑝−2

4
⌋ copies of 𝐿4. Apply the same coloring to thevertices in 𝐻. Also apply 

two distinct colors say, 𝑝 𝑎𝑛𝑑 𝑝 + 1 to the vertices{𝑢𝑛−1} and {𝑢𝑛 , 𝑢2𝑛−1} respectively, we 

obtain a 𝛾χ
𝑑- coloring of 𝐿𝑝. So𝛾χ

𝑑(𝐿𝑝) = 𝑝 + 2. 

1      2     1     4      6     7     6     8    10   11   10   12   14   15   17 

 

 

 

 3     1     4     5      4     6     8     9     8    10   12    13   12   14   16 

Figure 6 𝛾χ
𝑑(𝐿15) = 17 



2456-8686, 5(2), 2021:132-137 

https://doi.org/10.26524/cm116 

 

137 of 137 

 

 

Theorem 2.3. Let 𝑆𝐿𝑛  be a slanting ladder graph. Then 

𝛾χ
𝑑(𝑆𝐿𝑛) = 𝑛 + 1 ∀ 𝑛 ≥ 3. 

Proof: Let 𝑆𝐿𝑝=  𝑆𝐿2𝑛(𝑛 ≥ 3) be a slanting ladder graph with 𝑉(𝑆𝐿2𝑛) =

{𝑢1, 𝑢2, … … . . 𝑢𝑛 , 𝑣1, 𝑣2, … … 𝑣𝑛}and𝐸(𝑆𝐿2𝑛) = {𝑢𝑖𝑢𝑖+1|𝑖 < 𝑛} ∪ {𝑣𝑖𝑣𝑖+1|𝑖 < 𝑛} ∪

{𝑢𝑖𝑣𝑖+1|1 ≤ 𝑖 ≤ 𝑛 − 1}. 

Assign 3 distinct colors say 1, 𝑛 − 1 and 𝑛 to the vertices say {𝑣1}, {𝑣𝑛} and {𝑢𝑛} 

respectively 

Assign distinct colors say 3𝑖 + 1 (1 ≤ 𝑖 ≤ ⌊
𝑛

3
⌋) to the vertices {𝑣3𝑖+1} 1 ≤ 𝑖 ≤ ⌊

𝑛

3
⌋. Also 

assign distinct colors say 3𝑗 − 1 and 3𝑗 (1 ≤ 𝑗 ≤ ⌊
𝑛

3
⌋)  to the vertices {𝑢3𝑖−2, 𝑢3𝑖 , 𝑣3𝑖} and 

{𝑢3𝑖−1, 𝑣3𝑖−1} respectively, we obtain a 𝛾χ
𝑑 – coloring of 𝑆𝐿𝑛. Thus 𝛾χ

𝑑(𝑆𝐿𝑛) = 𝑛 + 1 ∀ 𝑛 ≥

3. 

 

1       3      4      3      5      7      8     7     9     11   12   11   13       15 

 

 

            1       2      1      3      5     6     5     7     9      10    9    11   13     14    

 

Figure7 𝛾χ
𝑑(𝑆𝐿14) = 15 
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