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ABSTRACT 

 

Generally, plane coloring is the assignment of different colors to different points of a plane. 

Plane can be represented via graphs and hence can be colored using graph coloring. So the 

chromatic number of a plane is equivalent to finding the chromatic number of the equivalent 

graph of the plane. The unit distance graph can be used to find the chromatic number of a 

plane. The main application of unit distance graphs is the unit distance wireless networks 

(UDW), in cellular networks; the geometric regions are partitioned into hexagonal cells. Unit 

distance graph can represent the hexagonal cells, and coloring the hexagonal regions implies 

distribution of frequencies among the hexagonal cells. Different heuristic based algorithms 

viz. contraction based RLF, DSATUR and IDO based graph coloring algorithms are used in 

this study in order to color the unit distance graphs. And, different simple unit distance graphs 

used during the study include wheel graph, cycle graph, grid graph, etc. as test cases for these 

coloring algorithms. 

 

The optimality of plane coloring, nowadays, is no more just confined to the minimal number 

of colors rather the coloring time makes importance. Since, coloring time is important in the 

field of cellular networks as the assignments of the frequency in a geometric regions and 

assignment of data to registers in program execution in minimum time. Since, these problems 

can be resolved through graph coloring.  In this context, this study analyzes on optimal 

coloring of planes using heuristic based approaches so as to suggest an effective coloring 

paradigm. 

 

 

 

 

 

 



iii 
 

Table of Contents 

Acknowledgement  i 

Abstract            ii 

List of Figures  v 

List of Listings  vii 

List of Tables  viii 

Abbreviations           ix 

1 Introduction  1 

1.1  Thesis organization  3 

2 Problem Formulation and Background        5 

2.1 Problem Definition          5 

2.2 Background of the study         5 

3 Literature Review          8 

3.1 Simple Unit Distance Graphs         8 

3.2 Four Coloring of a Plane using Moser Graph       9 

3.3 Nine Coloring of a Plane         10 

3.4 Seven Coloring of a Plane  11 

3.5 Three coloring of a plane via Petersen Graphs      12 

3.6 Graph Coloring Algorithms         13 

3.6.1 Contraction based RLF graph coloring algorithm 13 

3.6.2 Ordering based heuristic coloring algorithms  14 

3.6.2.1 DSATUR sequential graph coloring algorithm 15 

3.6.2.2 Incidence degree ordering heuristic algorithm 16 



iv 
 

4 Implementation  17 

4.1  Implementation Model  17 

4.2  MATLAB  17 

4.2.1 Matgraph          17 

4.3  Flowchart for the implementation        18 

4.4  Implementation of unit distance graphs  19 

4.5  Implementation of Simple Unit Distance Graphs  22 

4.6  Implementation of Graph Coloring Algorithms      24 

4.6.1 Contraction based RLF graph coloring algorithm    24 

4.6.2 DSATUR sequential graph coloring algorithm    26 

4.6.3 Incidence degree ordering heuristic algorithm    27 

5 Analysis            30 

6 Conclusion and Future Work         40 

6.1 Summary and conclusion         40 

6.2 Further Recommendations         40 

Appendix 

References 

Bibliography 

 

 

 

 

 



v 
 

List of Figures 

Fig 1.1: Plane coloring is equivalent to graph coloring      1 

Fig 3.1: Even nodes Cycle Graph         8 

Figure 3.2: Odd nodes Wheel Graph        8 

Figure 3.3: Grid Graph          9 

Figure 3.4: Star Graph          9 

Figure 3.5: Two coloring of a line        9 

Figure 3.6: Three coloring of a plane       9 

Figure 3.7: Moser Graph          10 

Figure 3.8: Unit square-based 9-coloring of the plane      11 

Figure 3.9: Hexagon- Based 7-coloring of the plane       12 

Figure 3.10(a): The well known Petersen graph of 10 vertices and 15 edges   13 

Figure 3.10(b): Symmetrical Petersen graph using rotational symmetry    13 

Figure 4.1: Implementation model.        18 

Figure 5.1: A line chart for time elapsed while coloring UDG formed by random unit  

distance points           31 

 

Figure 5.2: Line chart for time elapsed while coloring UDG formed by unit distance tree 32 

 

Figure 5.3: Line chart showing detail of time elapsed while coloring wheel graph  34 

Figure 5.4: Line chart showing detail of time elapsed while coloring star graph  35 

Figure 5.5: Line chart showing detail of time elapsed while coloring cycle graph  36 

Figure 5.6: Line chart showing detail of time elapsed while coloring grid graph  37 



vi 
 

Figure 5.7: Line chart showing detail of time elapsed while coloring Petersen graph 38 

Figure A.1: Unit distance graphs using random unit distance points colored by DSATUR 

and RLF algorithm 42 

 

Figure A.2: Unit distance graphs using random unit distance points colored by IDO based 

algorithm            42 

 

Figure A.3: Unit distance graphs using unit distance tree      43 

Figure A.4: Cycle graph for even nodes        43 

Figure A.5: Cycle graph for odd nodes       43 

Figure A.6: Grid graph by DSATUR and RLF      43 

Figure A.7: Grid graph by IDO based algorithm       43 

Figure A.8: Petersen graph by DSATUR and RLF       44 

Figure A.9: Petersen graph by IDO based algorithm      44 

Figure A.10: Wheel graph for even nodes        44 

Figure A.11: Wheel graph for odd nodes        44 

Figure A.12: Star graph          44 

 

 

 

 

 

 



vii 
 

List of Listings 

Listing 4.1: Selection of unit distance points  19   

 Listing 4.2: Creation of unit distance  20 

Listing 4.3: Creation of unit distance graph  21 

Listing 4.4: Creation of Petersen graph  22 

Listing 4.5: Creation of cycle graph  23 

Listing 4.6: Creation of wheel graph  23 

Listing 4.7: Creation of grid graph  23 

Listing 4.8: Creation of star graph  24 

Listing 4.9: The contraction based RLF algorithm  26 

Listing 4.10: DSATUR algorithm  27 

Listing 4.11: IDO based algorithm  29 

Listing 4.12: Index degree finding function  29 

 

 

 

 

 

 

 

 

 



viii 
 

List of Tables 

Table 5.1: Coloring time and number of colors used by UDG formed from unit distance 

points            30 

 

Table 5.2: Coloring time and number of colors used by UDG formed using unit distance 

tree            32 

 

Table 5.3: Time factor and number of colors obtained while coloring wheel graph  33 

Table 5.4: Time factor and number of colors obtained while coloring star graph  34 

Table 5.5: Time factor and number of colors obtained while coloring cycle graph  35 

Table 5.6: Time factor and number of colors obtained while coloring grid graph  37 

Table 5.7: Time factor and number of colors obtained while coloring Petersen graph 38 

 

 

 

 

 

 

 

 

 

 

 

 



ix 
 

List of Abbreviations 

UDG      Unit Distance Graph 

UDW      Unit Distance Wireless Networks 

RLF      Recursive Largest First 

SC      Sequential Coloring 

DSATUR     Degree of Saturation 

LDO      Largest Degree Ordering 

SDO       Saturated Degree Ordering 

IDO      Incidence Degree Ordering 

MATLAB     MATrix LABoratory 

 


