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Abstract  

     Maplesoft is a technical computation forms which is a heart of problem solving 

in mathematics especially in graph theory. Maplesoft has established itself as the 

computer algebra system for researchers. Maplesoft has more mathematical 

algorithms which is covering a wide range of applications.  A new family 

 (           ) of 6-bridge graph still not completely solved for chromatic number, 

chromatic polynomial and chromaticity. In this paper we apply maplesoft on a kind 

of 6-bridge graph ( ) to obtain chromatic number, chromatic polynomial and 

chromaticity. The computations are shown that graph   contents 3 different colours 

for all vertices, 112410 different ways to colour a graph such that any two adjacent 

vertices have different colour by using 3 different colour, graph   has isomorphic 

graph which has same chromatic polynomial of graph  . The odd number of 

vertices located in one of these bridges made chromatic number 3. The chromatic 

number was the important factor that made the number of way 112410. A bijection 

function   created isomorphic graph   to graph   and the chromatic polynomial of 

  was  (   )   (   ). 
 

Keywords: Chromatic Number, Chromatic Polynomial, Chromaticity, 6-Bridge 

Graph, Maplesoft. 

 

لنوع من بيانات الجسور الستة باستخدام  واللونيةطريقة حل عدد التلوين ومتعددة حدود التلوين 
 Maplesoftبرنامج 

 
 زياد طارق حبيب

 .امعة الوطنية الماليزية، سيلانجور، ماليزياقسم الرياضيات، كمية العموم والتكنولوجيا، الج
 

 الخلاصة
ىو أحد اشكال الحساب الفني بحيث يمثل جوىر حل المشكمة في الرياضيات  Maplesoftبرنامج      

خصوصا في نظرية البيانات. ىذا البرنامج أسس نفسو كنظام جبري لمباحثين. كما انو يحتوي عمى العديد من 
 بيان الجسور الستةالخوارزميات الرياضية التي تغطي نطاق واسع من التطبيقات. احدى العوائل الجديدة ل

لاتزال لم تحل من ناحية عدد التموين ومتعددة حدود التموين والمونية. في ىذه الورقة البحثية  (           ) 
سوف نقوم بإيجاد عدد التموين ومتعددة حدود التموين والمونية ليذا النوع من بيانات الجسور الستة باستخدام 

يانات يحتوي عمى ثلاثة ألوان مختمفة لجميع . تُظير الحسابات ان ىذا النوع من البMaplesoftبرنامج 
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ان أي رأسين متجاورين مختمفة لتموين رؤوس البيان بحيث  طريقة 112410الرؤوس، كما يحتوي عمى 
مختمفين في الون باستخدام ثلاثة ألوان مختمفة، ىذا البيان لو بيان متماثل بحيث ان البيان المتماثل لو نفس 

ثلاثة. ان الجسور لذلك البيان يجعل عدد الألوان  أحدمتعددة حدود التموين. العدد الفردي لمرؤوس الموجودة في 
  . ان الدالة المتقابمة 112410ذي جعل عدد الطرق لتموين ذلك البيان ىي ىو العامل الميم ال التموينعدد 

متعددة حدود تموين البيان ىي التي أنشأت البيان المتماثل والذي بدورة امتمك متعددة حدود تموين مساوية ل
 .الأصمي

1. Introduction  

     At the core of maple, symbolic computation engine is second to none in terms of scalability and 

performance. Indeed, symbolic was the core focus when maple was first conceived at university of 

waterloo in 1980 and to this day maple continues to be the benchmark software for symbolic 

computing [1]. Maplesoft combines symbolic manipulation, numerical mathematics, outstanding 

graphics and sophisticated programming language. Maplesoft has established itself as the computer 

algebra system of choice for many computer users including commercial, government scientists, 

engineers, mathematics, science, engineering teachers, researchers, student enrolled in mathematics 

science and engineering courses. However, due to its special syntax required to make maple perform 

in the way intended [2]. Some kinds of 6-bridge graphs still not completely solved for chromatic 

number, chromatic polynomial and chromaticity. For each integer    , let    be the multigraph with 

two vertices and   edges. Any subdivision of    is called multi-bridge graph or  -bridge graph, 

denoted by  (          ) where              and              to be the graph 

obtained by replacing the edges of    by paths of length            respectively [3].  ( ) is a 

chromatic number of graph   which is the minimum number of colours in a proper  -colouring of   

[4].  (   ) is a chromatic polynomial of graph   which is the number of distinct  -colourings of   

[5]. The study of chromaticity of a graph   consist of basic problems which is “  chromatically 

unique and if it is not unique, then what can be said about it”. Two graphs   and   are said to be 

chromatically equivalent or, simply,  -equivalent, denoted by    , if  (   )   (   ) [3]. A graph 

  is said to be chromatically unique or in short  -unique if     this means (  is isomorphic to  ) 

for any graph   such that     [6]. This paper obtains chromatic number, chromatic polynomial and 

chromaticity for some kinds of 6-bridge graphs which is represent as new families  (           ). 
Moreover, the methods will be different from the previous ways to obtain chromatic number, 

chromatic polynomial and chromaticity using maplesoft. 

2.  Methodology 

     Maplesoft is a key material which used in this study. To describe a key procedure and technique for 

maplesoft to compute chromatic number, chromatic polynomial and chromaticity are given as the 

following: 

2.1 Computing Chromatic Number of  (           ) 
     To compute chromatic number, we will give it by the following steps of commands. 

i. > with(GraphTheory)  

ii. > G:=Graph (19, {{1, 2}, {2, 3}, {3, 19}, {19, 5}, {5, 4}, {4, 1}, {1, 6}, {6, 7}, {7, 19}, {19, 10}, 

{10, 9}, {9, 8}, {8, 1}, {1, 11}, {11, 12}, {12, 13}, {13, 14}, {14, 19}, {19, 18}, {18, 17}, {17, 16}, 

{16, 15}, {15, 1}}) (to determine a kind of graph which is an undirected unweighted graph with 19 

vertices and 23 edges) 

iii. > DrawGraph(G, style=planar)  

iv. > ChromaticNumber(G, „col‟)  

v. > col  

     To illustrate the method of chromatic number function, it is by create a graph  . Then determine a 

kind of a graph   which is an undirected unweighted graph consists of order pair, the first part is the 

number of vertices 19 and the second part is a group of sets such that each set is an edge in a graph  . 

After that choosing the type to draw a graph  . Finally computing chromatic number of graph   and 

assigned the list of colour classes of an optimal proper colouring of vertices which is [1, 3, 5, 7, 9, 12, 

14, 16, 18], [2, 4, 6, 8, 10, 11, 13, 15, 17] and [19]. 
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2.2 Computing Chromatic Polynomial of  (           ) 
     To compute chromatic polynomial, we will give it by the following steps of commands. 

i. > with(GraphTheory)  

ii. > G:=Graph (19, {{1, 2}, {2, 3}, {3, 19}, {19, 5}, {5, 4}, {4, 1}, {1, 6}, {6, 7}, {7, 19}, {19, 10}, 

{10, 9}, {9, 8}, {8, 1}, {1, 11}, {11, 12}, {12, 13}, {13, 14}, {14, 19}, {19, 18}, {18, 17}, {17, 16}, 

{16, 15}, {15, 1}}) 

iii. > DrawGraph(G, style=planar)  

iv. > P:=ChromaticPolynomial(G, „‟)  

 

   (    )(   )(       )(       )(                      

                                          

                 ) 

      (1) 

v. > asympt(P, )  

 

                                                         

                                            

                                          

                                  

(2) 

vi.> eval((2), [=3]) 

     To clarify the use of chromatic polynomial function, it is by create a graph  . Then determine a 

kind of a graph   which is an undirected unweighted graph consists of order pair, the first part is the 

number of vertices 19 and the second part is a group of sets such that each set is an edge in a graph  . 

After that choosing the type to draw a graph  . Finally determined the polynomial (Equation 2) in 

which will be substituting 3 colour to obtain chromatic polynomial. 

2.3  Computing Chromaticity of  (           ) 
     To illustrate the chromaticity, we need to show that   is chromatically unique this means   is  -
uniqe if     for any graph   such that  (   )   (   ). 
     If we want to determine whether or not these graphs are isomorphic. In order to determine the 

isomorphism, we check the following  

i. Number of vertices are equal 

ii. Number of edges are equal 

iii. Same structure similarities or differences this means (degree of vertices) 

iv. Is there any bijection function    ( )   ( ) which preserves adjacency and nonadjacency this 

means (    ( )   ( ) ( )   ( )). 
Define a function     ( )   ( ) such that  

                        
                           
                              
     

then  

 (  )                (  )   ( )  (  )   ( ) 
 (  )                (  )   ( )  (  )   ( ) 
 (    )             (    )   ( )  (  )   ( ) 
 (    )              (    )   ( )  (  )   ( ) 
 (  )                (  )   ( )  (  )   ( ) 
 (  )               (  )   ( )  (  )   ( ) 
 (  )                 (  )   ( )  (  )   ( ) 
 (  )                 (  )   ( )  (  )   ( ) 
 (    )             (    )   ( )  (  )   ( ) 
 (     )          (     )   ( )  (  )   ( ) 
 (    )             (    )   ( )  (  )   ( ) 
 (  )                 (  )   ( )  (  )   ( ) 
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 (  )                (  )   ( )  (  )   ( ) 
 (    )             (    )   ( )  (  )   ( ) 
 (     )           (     )   ( )  (  )   ( ) 
 (     )            (     )   ( )  (  )   ( ) 
 (     )           (     )   ( )  (  )   ( ) 
 (     )           (     )   ( )  (  )   ( ) 
 (     )           (     )   ( )  (  )   ( ) 
 (     )          (     )   ( )  (  )   ( ) 
 (     )          (     )   ( )  (  )   ( ) 
 (     )          (     )   ( )  (  )   ( ) 
 (    )             (    )   ( )  (  )   ( ) 
 

     thus   is a bijective since it is a map from a set  ( ) to a set  ( ) that is (one-to-one and onto). 

Therefore, the graph   is isomorphic to  . 

 

To make sure, we will give it by the following steps of commands. 

i.> with(GraphTheory)  

ii.> G:=Graph (19, {{1, 2}, {2, 3}, {3, 19}, {19, 5}, {5, 4}, {4, 1}, {1, 6}, {6, 7}, {7, 19}, {19, 10}, 

{10, 9}, {9, 8}, {8, 1}, {1, 11}, {11, 12}, {12, 13}, {13, 14}, {14, 19}, {19, 18}, {18, 17}, {17, 16}, 

{16, 15}, {15, 1}})  

iii.> H:=Graph (s, {{a, b}, {b, c}, {c, d}, {d, e}, {e, f}, {f, g}, {g, a}, {a, h}, {h, i}, {i, j}, {j, k}, {k, e}, 

{e, l}, {l, m}, {m, a}, {a, n}, {n, o}, {o, p}, {p, q}, {q, e}, {e, r}, {r, s}, {s, a}})  

iv.> DrawGraph([G, H])  

v.> IsIsomorphic(G, H, )  

vi.>  

     To compute chromatic polynomial, we will give it by the following steps of commands. 

i.> with(GraphTheory)  

ii.> H:=Graph (s, {{a, b}, {b, c}, {c, d}, {d, e}, {e, f}, {f, g}, {g, a}, {a, h}, {h, i}, {i, j}, {j, k}, {k, e}, 

{e, l}, {l, m}, {m, a}, {a, n}, {n, o}, {o, p}, {p, q}, {q, e}, {e, r}, {r, s}, {s, a}})  

iii.> DrawGraph(H, style=spring)  

iv.> P:=ChromaticPolynomial(H, „‟)  

 

 

   (    )(   )(       )(       )(                      

                                          

                 ) 
(3) 

v. > asympt(P, )  

 

                                                         

                                            

                                          

                                  

(4) 

vi. > eval((4), [=3]) 

     To show that the use of isomorphic and chromatic polynomial functions, it is by create two graphs 

  and  . Then determine a kind of a graph   which is an undirected unweighted graph consists of 

order pair, the first part is the number of vertices 19 and the second part is a group of sets such that 

each set is an edge in a graph  . Similarly, for graph  . After that choosing the type to draw two 

graphs   and  . Finally finding out whether graphs are isomorphic or not and making a mapping from 

  to  . To clarify the use of chromatic polynomial function, it is by create a graph  . Then determine 

a kind of a graph   which is an undirected unweighted graph consists of order pair, the first part is the 

number of vertices 19 and the second part is a group of sets such that each set is an edge in a graph  . 

After that choosing the type to draw a graph  . Finally determined the polynomial (Equation 4) in 

which will be substituting 3 colour to obtain chromatic polynomial. 
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3- Results  

Table 1 -Computing chromatic number 

6-bridge graph  ( ) Colour (1) Colour 2 Colour 3 

 

 (           ) 
 

3 

 

[1, 3, 5, 7, 9, 12, 14, 16, 

18] 

 

[2, 4, 6, 8, 10, 11, 13, 15, 

17] 

 

[19] 

 

 

 

 
Figure 1-Graph   contains 19 vertices and 23 edges. 

 

Table 2 -Computing chromatic polynomial 

6-bridge graph  (   )  (   ) 
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Figure 2-2-D Plot of G 

 

Table 3 -studying the chromaticity 

6-bridge graph Graph    ( )   ( ) Relation  (   )  (   ) 
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Figure 3- Isomorphic Graph   contains 19 vertices and 23 edges. 

 

 
Figure 4- 2-D Plot of Graph   

 

4- Discussion 

     The report data of chromatic number on graph   indicated that the computing of chromatic number 

is 3. From this number, it was fairly evident that the first set of vertices [1, 3, 5, 7, 9, 12, 14, 16, 18] 

was coloured by a certain colour, the second set of vertices [2, 4, 6, 8, 10, 11, 13, 15, 17] was coloured 

by another colour, while the third set of vertices [19] was coloured different than both previous sets. 

Moreover, the main factor of this result was the number of vertices located in the bridge number 4 

which were 5 vertices, especially the vertex number 10 which caused that the vertex number 19 was 

coloured by different colour than others. Regarding to the previous results which have been found 

chromatic number. Corollary of Zykov‟s theorem was the main key for findings which stated that the 

chromatic number of a graph   can be expressed as the minimum number of vertices of complete 

graphs [7]. 

     The present data of chromatic polynomial on graph   referred to the computing of chromatic 

polynomial was 112410. From this number, it was obvious that there were 112410 different ways to 

colour a graph   such that any two adjacent vertices have different colour by using 3 different colour. 
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Moreover, the main factor of this results was chromatic number after substituted in (Equation 2). 

When it was review a previous results regarding to the chromatic polynomial it noticed that this results 

relied on fundamental reduction theorem (FRT). This theorem stated that the chromatic polynomial of 

a graph   can be expressed in terms of the chromatic polynomials of two graphs the first one with an 

extra edge, and another with fewer vertices. Then the theorem can be applied again to these graphs, 

and so on. The end of process must be done when none of these graphs has a pair of non-adjacent 

vertices. Therefore, the chromatic polynomial of the given graph has been expressed as the sum of the 

chromatic polynomials of complete graphs [8]. 

     Finally, the outcomes of chromaticity on graph   gave a graph   an isomorphic property with 

graph   such that the first main factor of this result is a bijection function   from the set  ( ) to a set 

 ( ) as the following:  

[                                                           
                          ].  
     Furthermore, the computing of chromatic polynomial was 112410. From this number, it was clear 

that there were 112410 different ways to colour a graph   such that any two adjacent vertices have 

different colour by using 3 different colour. Moreover, the second main factor of this result was 

chromatic number after substituted in (Equation 4). This number of chromatic polynomial made 

 (   )   (   ), then the condition is completed to say that   is chromatically unique. The 

previous results for chromatically unique relied on (Theorem 8) in [9]. Whose proof also depend on 

some theorems and lemmas to determine the chromatically unique of graph.  

 

5- Conclusion 

     This study focuses on how to use the maple software on some kinds of 6-bridge graphs to find out 

the chromatic number, chromatic polynomial and chromaticity. during the research results it was 

observed that chromatic number of this sample was 3, chromatic polynomial was 112410. As for the 

chromaticity it has been shown that   was chromatically unique. One of the most important effect to 

make the chromatic number 3 was the odd number of vertices located in one of these bridges. 

Concerning for chromatic polynomial the important factor that made the number of way which is 

112410 to colour a graph   such that any two vertices has different colour was chromatic number such 

that whenever increasing the colours offset by an increase in the number of ways. Then the chromatic 

number depends on the minimum colour to colour  . On the other side this made the number of way is 

minimum. As talking about the factors that help the   to be chromatically unique were the bijection 

function   though which it was created isomorphic graph   to graph   and the chromatic polynomial 

of   which made  (   )   (   ). For researchers in this field will follow this method cause it rely 

on the software which is considered as one of the best way for solving. In addition to it characterized 

by a correct solution at a high rate with a little mistake.  
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