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Abstract

This paper proposes an algorithm that proves an NP-complete 4-color theorem by employing a
linear time complexity where O(n). The proposed algorithm accurately halves the vertex set V of

the graph G=(V;,E) into the Maximum Independent Set (MIS) €, and the Minimum Vertex
Cover Set €. It then assigns the first color to €, and the second to C,, which, along with G, is
halved from the connected graph G=(V,,E), a reduced set of the remaining vertices.
Subsequently, the third color is assigned to C;, which, along with C,, is halved from the connected
graph G=(V,,E,), a further reduced set of the remaining vertices. Lastly, denoting ¢, as C,, the

algorithm assigns the forth color to C,. The algorithm has successfully obtained the chromatic
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number x(G)
The proposed “four color algorithm”,

determine four—color for planar graphs.

» Keywords : Minimum Vertex Cover

(MVC),

=4 with 100% probability, when applied to two actual map and two planar graphs.

therefore, could be employed as a general algorithm to

Maximum Independent Set (MIS),

Minimum Degree, Chromatic Number
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Table 1. 4-Color Algorithm for Map Graph
(a) ¢ Jehz
k Vertex (deg (v)) v | u MIS(Cy) MVC(C)
5(G) =1—9(1).17(1).30(1) {9} {9+ {10}
8(G)=1—17(1).30(1) {17} {9.17} {10.11}
5(G) =1—12(2).16(2).30(1) {12} {9.12.17} {10.11.13 1
5(G) =1—14(3).16(2).30(1) {14} {9.12,14.17 } {10.11.13.15 }
3(G)=0—16(2) {16} {9.12.14.16.17} {10.11.13.15
5(G)=1—3001) {30} 14,16,17.30 }
5(G)=1—25(2) {25} }
G {24} 9.12,14,16.17.24,25.
5(G)=2—1(2).6(2).8(3 E {28} {9.12.14,16.17.
5(G)=2-1(2).6(2).8(3).18( {18} {9.12,14,16,17.18,
0(G)=1-6(2) {6}
5(G)=1-43) {4} 16.9.12,14.16.17.18, 8,10,11,13,15,19,23
s(G)=1-1(2) {1} {1,4.6,9.12,14,16,17,18,24,25 8,10,11,13,15,19.23,26
5(G)=2—20(5).2 {20} {1.4.6.9.12.14.16.17.18.20. 24 25.28.30 }
5(G)=1—13(1).15(1),26(1) {13} {13}
5(G)=0—15(1) {15} {13,15}
6(G)=1—26(1) {26 } {13.15.26 }
2 [0(G)=2—8(2).10(3).22(2).23(3).29(2) {10} {10.13.15.26 |
5(G) =2—19(3).22(2).23(3) {19} {10.13.15.19.26
8(G)=1—22(2) {22} {10.13.15.19.22.26 }
5(G)=2—2(3).3(3).5(4) {5} {5.10,13.15.19,22,26 }
5(G)=0-11(0).29(0) {11.29} 2
0(G)=1-8(1),23(1),27(1) {8} {7}
3 |0(G)=1-3(2),21(2).23(1 3} {2 {3.8.11,29 }
8(G) =0—21(2) {21} {o} {3.8.11.21.29 }
5(G)=1—23(1).27(1) {23} {27} {3.8.11.21.23.29 }
4 - — - {2,7.27} —
(b) 6 4=
k Vertex (deg(v)) v u MIS(Cy) MVC(C)
(G =0-49(0).50(0) {49.50} o} {2}
3(G)=1—1(1) ) )
—2(3).6(2),18(2).20(2),45(2) {24 1451
»6(2).7(3) [ {6}
7)=2—8(3),18(2),20(2).45(2) {8} {9,11} .
10} {12.13 7.8,10,49,50 |
{18} 14,19 8.10,18,49,50 }
ETHIREY X
45} (42,46} 19 n)
8} {44.47 (1’/\101*’01;1‘(19
B 43} 13040 43.45.48.49.50)
{41} {37

—27(4).313)
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2~ 21(3).31(3).34(6) [EN .10, 18,20,27,34,38, 41,4345, 48 49,50 | {3.4,5.6.0,11.12,13,14,10,23,24.28,29,32,33,35.37,30,40, 42,44, 46,47
> 36(5) (36} 4.36,38,41,43,45,45,49.50 | {3456 14,19.23.24,25.29,30.32.33.35.37,39.40.42, 44,16 47 |

(31} 31,31,36,35,11,13,45,45,19,50 } 13,1,5,6.9,11,12,13,11,19,23,21,26,25,29,30,32.33,35,37,39, 10,12, 11,16,17 }
{7} 1,34,36,38.41,43,45,45,40.50 | 13.4.5,6.9,11,12,13,14,16,19.23,24,26,28,29,30,32,33,35,37,39,40,42, 44, 46,47 }
[EX 131.34,36,33,41,43,45,45,49,50 1 13.4.5,6.9,11,12.13,14,16,19,22,23.24,26,25,29,30.32.33.35.37,39.40.42, 41, 46,47

1-15(5).21(3) {15} {1.2.7 810 15, 17 18, 20 25.27,31.34.36,38.41.43,45.48.49, 50}‘/31 6.9.11.12,13,14,16.19.21.22,23,24,26.28,29.30.32, 5.37.39.40,42,44.46,47 }
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—6(1) 6}
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0 11(1)

1—32(1).37(1).44(1)

{3

6,11

{3.4.6.11.1

3.

1,6,11,19,26,

(3.4,

6,11,19,26,32,37,44,46 }

7.39.44.46 1

37.39.44.46 ]

33,40,42.47}

30.33,40,12.47 }

15,9,14,22,23.24,29,30,33,40.42.47

— 12(3),13(3), 16(4) {3.4.6,11,16,19,21,26,28,32,35,37.39,44,46 |
—5(0).22(0).23(0).24(0).33(0).4000) | — 5.22,23,24.33.40}
»0(1).14(1).20(1).30(1).42(1).47(1) | {9}
—12(2),14(1),29(1).30(1),42(1).47(1) | {12} 13,14
—29(1).30(1),42(1).47(1) {13.14.30}

—42(1),47(1)

(59122223 4,29.33,40,42 } ‘

{13,14,30,47 )

{13,14,30,47 ) |

S Al "Jﬂi"‘i‘?‘r. Ak
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(c) ¢ Z2H
Vertezx (deg (v)) v u MIS(Cy) MVC(C,)
§(G)=5—1(5).2(5).3(5).4(5).5(5).6(5).8(5).10(5).12(5).13(5).14(5).17(5) {1} {3.5.10.12.17 } {1} 5.10.12.17 }
§(G)=4—7(6).9(6).11(6).15(6).16(6) {7} {6.9.14.16 } {1.7} .5.7.10.12,17 }
6(G)=3—2(5).4(5).11(6).13(5).15(6) {11} {4.8.15} {1.7.11} {1.3.4.5.7.8.10.11.12,17 }
5(G)=1—2(5).13(5) {2} {13} {1,2,7,11} {1.3.4.5.7.8,10.11,12.13.17 }
5(G)=3—3(3).5(3).8(3).12(3).14(3).17(3) {3} {5.10.15 } {3} {5.10.15 }
§(G)=2—-8(3).9(4).12(3).17(3) {9} {1417} {3.9} {5.10.14.15.17 }
5(G)=1—12(3) {12 {16} {3.9,12} {5.10,14,15.16,17 }
5(G)=2—6(4).8(3) {6} {4.13} {3.6.9.12} {4.5.10.13.14,15.16.17 }
3(G)=0—8(3) {8} {o} {3.6.8.9,12} {4.5.10.13.14,15.16.17 }
5(G)=1—5(1),14(1),15(1),17(1) {5} {16 } {5} {16 }
5(G)=1—4(2),14(1).15(1).17(1) {4} {13} {4.5} {13.16 }
5(G)=0—14(1) {14} {2} {4.5.14 } {13.16 }
§(G)=1—15(1).17(1) {15} {10} {4.5.14.15 } {10.13.16 }
5(G)=0—17(1) {17} {o} {4.5.14.15.17 } {10.13.16 }
- - - {10.13,16 } -
F 2. DI N JefTol 4-4) ATRS
Table 2. 4-Color Algorithm for April Fool’s Joke Graph
Vertez (deg (v)) ‘ v ‘ u ‘ MIS(C,) ‘ MVO(G)
G=(V.E).V=1"N\{13} »1(14).3(10)°) ¥ 282
5(G)=2-12(2) {12} [ (121} {121}
5(G)=34(3).1004),31(3) {10} | {0.19.20}
6(G) =3—4(3),8(4),31(3) {8} 17,18}
0(G) =3 >4(3).6(4).31(3) {6} | {5.15.16} {5.7.9.11.15,16.17.18.19,
3(G) =2-4(3) {4} {13.14} 15.7.9.11.13.14.15. 1 8,19.20,21 }
5(G)=2-31(3) 131} {3047} 9.11,13,14.15,16,17.18,19,20.21,30,47 }
0(G) =3—29(1).32(6) 132} | 133.55.56 ) 14,6.8,10.12.31.32 } {5.7.9.11,13.14,15,16,17,18.19.20,21.30.33,47.55.56 }
5(G)=3—20(4).34 134} | {35.57.38} 14.6,8.10,12.31,32,34 }
5(6)=3-20(4).36(6 136} | {37.59.60}

6(G)=3—29(4).38(6).46(6) 139.61.62 )
6(G) =3-22(5).29(4),46(6) .54}

5(G) =2—28(1)
6(G) =3-22(5).53(6).69(6)

G=GUtut

5(G)=2-69(6)

0(G) =3—22(5).43(6).71(6). 81

5(G) =3-2(4).22(5).25(5).66(6).71(6).50(6)

5(G) =2—80(8) 131.32,34,36.38, 43,46.53, 66, 6

5(G) =3-2(4).22(5).25(5).50(6).71(6).82(6).59 (6) {4.6.8.10.12,28,31.32.34,36.35.43, 46.50.53.66.69.50 }
§(G)=2—2%(5) {4,6,8,10,12.25,25,31,32,34,36. 38,43, 46,50.53,66.60,50 }

6(G) =2-23(4)

{4.6,8,10,12 31,32,34,36,38,43, 4 3.66.60,50 }

5(G)=1—18(6)

T1.6.5.10.12.23.25,25.31,32.31,36.35. 13, 16. 18,50.53.66.60.50 |

6(G)=3—T1(6).75(6),77(6).82(6).59 (6

{4.6.5,10,12,23,25,28,31,32,34,36,35,43,46.45,50,53.66.69. 71,80 }

0(G) =3—73(6).75(6).77(6).89(6).92(6) {1.6.8.10.12.2; 1.32.31.36.38.43, 46, 48.50.53.66.69.71.73.80 |
5(G) {4.6.8,10,12.23.25.28,31,32.34.36.,38,43,46.45.50.53.66.69.71.73.75.80 |
6(G)=2-77(6) {4.6.8,10.12,23,25,28.31,32,34.36.35.43. 46,45, 50.53.66.69.71,73.75.77.80 }

98}
100}

G)
3G =3

§.10.12.23,25,25. 31,32, 34,36, 38, 43,46, 48.50.53. 66, 180,80}

§.10.12,23,25,28,31,32.34,

5(G) =3—04(6).95(6),96(6).105 (6)
5(G) = 1-96(6)

95,101,102 |
{103}

10.12,23,25,28,31.32.34,36,35.43, 46,
{4.6.5,10,12,2 2.34,36,38. 43,46, 4

25.28.31

0.80.92,94,96

5(G) =3—101(6).105(6).107(6) {105.108.109

14,6.5.10,12.23.25,28.31.,32,31.36.35, 43. 46, 15.50.5

7.80.89,92.94.96,104 }

6(G) =2—106(6).107(6).110(6) {107,110}

14,6,8,10,12,23,25,28,31,32,34,36,38, 43,4648, 50,53,66,69,71,73,75, 77,80,89,92, 94,06, 104,106 }

Vertex (deg (v))

MIS(C,)

MVe(c;)

2).7(2),9(2),11(2),13(2),27(2),29(2).30(2)

3(G)=2—5(2).7(2).9(2),11(2),13(2),29(2),30(2),42(3).45 (3).52(3)

7)

)

—5(2),7(2),9(2),11(2),13(2),29(2),30 (2),40 (4],45 (3. 6

(G 3).68(3).79(3)

3(G)=25(2).7(2).9(2).11(2).13(2).20(2).30(2).45(3).65(3).63(3).79(3) {2.27.40,42.45,52 }

3(G) =1—30(2).68(3) {2.27.40,42,45,52,68
3(G)=1-30(2) {2,27,30.40,42,45,52,68 }
3(G) =1—-13(2).55(3) (2.27.30,40,42,45,52,55,68 )

3G =1-13(2)

3G =1—=5(2

3G =1-3304) 27,30.33.40.42.45.52.55.68 }

3(G) =1-70(1)

.27,30.33.40, 12,4

8,70 }

3(G)=2—7(2).9(2),11(2).65(3),79.(3),91 (4)

7.30,33,40,42,45,52.55,68,70,91 }

30,33,40,42,45,52.

55.68.70,79.91 |

3(G)=1—-T79(3)
=1-6:(3)

79,91}

(20,11(2).63(4),88(3),98(4)
(20,11(21,39(4),88(3),98(4)

8.70.79,91 )

79.91}

2),88(3),98(4)

168,70,79,91,98 1

+30.33,39,40,42,4

52.55.63.65.68.70.79.88,91,98 }

2).100(4).109(3)

8(4),109(3)
16(4).109(3)
3 58, §5,91,95,100.109 }
4(G) =2—9(2),103(1),107(5) {2,5.11,13.16.27.30.33.39.40.42.15.,52.55.58.63.65.68.70.79,53.85,91,98. 100, 107,109 |
3(G)=2—9(2).95(4) (2,5, 11,13,16,27.30,33,39,40,42, 5,52, 55,55, 63,656 . {86.87}. 186,76 }. {76.87 }
5(G)=2—9(2),60(4).61(4) 12,5.11,13,16,27,30,33,39, 40,42, 45,52, 5,58, 60,63, 65.65. 70, 79,33, 36,83, 91,95,100, 107,100 |
4(G)=2-9(2).15(4).19(4) {2.5.11.13.16.15.27.30.33.39,40.42.45.52, 60,63,65.05.70,79..53,56,58,91.,95, 100, 107,109 }]
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k Vertes (deg (v)) v u MIS(Cy) MVe(c;)
§(G) = 026,29, 44,47.51.54.67.78 {26,29,44,47,51,54,67,78 } {7}
5(G)=1-7(1), 90 310,15 (1),221).20(1),56 (1,57 (). 620 88200, [ _ 1 96 21 51 5467 78} P

90(1).97 \l\lﬂ)\l 1001) 7| A7} 17.26,29,44,47,51,54,67.78 } {17}
3G = Hqu ll\l)lrl\“\lr’l’lr?n ),56(1),57(1).62(1).8L(1).82(1), | . . ofs 20 R — (1750}
SR SRR {3} | {59} 26,20,35,44,47,51,64.67.78 | (17,5

5(G)=1—911),14(1),15(1),22(1),24(1),56(1),57 (1),62 (1), 72(2),81(1),82 (1)

T.26,29,33,44,47.51,54,67.72,78

90(1).07 (11,105 (1,101} {2} | ts4}
§(6) =1~ )R 20(1),56(1)57(1),62(1),81 (1 D qogy | 100y 17.26.20.35,44.47.5L54.67.
5(G) = 159(1)-14(1).15(1),22(1).24(1).56 (11,57 (1).62 (1).8L(1)-82(1).90 (1)
11.105(1),110(1)
L 0(G)=2—85(3),102(3) 185} |{74.95 ) 17.26,29,35,44,47,51,54,67. 72,78, 85,
56 901).14(1),15(1),22(1).20(1),56 (11,57 (1),62 (11,51 (1,521,572, | {1091 | ¢ s . .
90(17,97 (11,102(3), 1051101 {2} ) {103} 3,444,351 2 ¢
5(6 ) [CARE 17.26.20.35,44.47.51.54, 102} {17.50.74,54,95, 101,103}
) = e o6 (187 (1).62(1) 81 (1) 8210 872), | 47 | (76) 7.96,20,35,44,47.51,34.67.72. 97,102} {17,59.74.76.84.95.101,103 }
s MO s T R A P R {7.26.20,35.44.47.5L.54,61.4 {17.49.50,74.76,84.95.101,103 }
Sle)=amnl L) 2 (1):41(2).56(1),57(1),62(1). 8L (8210 | 1y} | faa) 20,35, 4L, 44, 47,51, 34,6, {17.24,49.59.74.76.51.95.101.103 }
162(1),81{1),82(1).90 ()05 (1) | 051 | {110) (7.26,20,35,41,44,47,51,54,64, {17,24,49,50,74,76,84,95,101,103,110
s e D
« WC: {61} |{37.62) (7.26,29,35,41,44,47,51.54,61,64,67. 72 {17,24,37,49, 5
5 D)L 0 20 ) 80007 1),90(1).105(1) Xo oy 93 23
L 3(G) =2-19(3).2 2) wcxumy» Eal 19} [(9.20 {7,19,26,20,35,41,44,47,51,54,61,64,6 37,49.59.,62,74,76,54,95, 101,103,110 }
5(G) — 1 14(1).15( (1).57(1),81(1),82(1)90(11.105(1) {21} | {2} 17.19.21,26.29.35.41, 44,47.51.54,6L.61. 95.101.103.110 )
(sl ).90(1).105(1)
sy | 1 95.101,103,110}
11),57(1),61(1),82(1),90(1), 105(1) 156} | 157 $1.95,101.103.110}
1.90(1).105(1) i81} | 482} {9. 95.101.103.110 }
190} | (99 9 54,95,99,101,103,110
105} { 85,87,90,93,97,102,105, 108} {9,15, 84,95,99.101.103,110
U3F | 421 |{3.7.14,19.21,26,29,35.4144.47,51,54.56, 61,64, 67.72,75.51,55,87,00.93.97,102, 105,108} {9.15.17.2 5.99. 101,103,110 |
DERER {1.9,15,17,20,22,24,37.49.57.59.62.74.76.82.84.95.99.101.103.110 }
<) =0 23] H ZTrl=2 3 =) [ ] e ”
H el 3 EfE O(n) o2 AFEHE 243 4) M. Moore, “Four Color Theorem,” Department of
2= x =ZmEl 2~ o ° =0 . . . . -
71Nz E A SHE 4 It AtE duEEe Mathematical Sciences, University of Arkansas,
= 2006.
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