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Genetic Algorithm with Intelligence Chaotic Algorithm and
Heuristic Multi-Point Crossover for Graph Coloring
Problem

Seyyed Ali Sadati Tilehboni, Hamid Jazayeriy* & Mojtaba Valinataj
Department of Computer Engineering, Babol Noshirvani University of Technology,
Babol, Iran

Abstract

Graph coloring is a way of coloring the vertices of a graph such that no two adjacent vertices have the same
color. Graph coloring problem (GCP) is about finding the smallest number of colors needed to color a given
graph. The smallest number of colors needed to color a graph G, is called its chromatic number. GCP is a
well-known NP-hard problems and, therefore, heuristic algorithms are usually used to solve it. GCP has
many applications such as: bandwidth allocation, register allocation, VLSI design, scheduling, Sudoku, map
coloring and so on.
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We try genetic algorithm (GA) and chaos theory to solve GCP. We proposed a heuristic algorithm
called CMHn to implement multi-point crossover operation in GA. To generate initial population, a fast
greedy algorithm is used. In this algorithm, the degree of each node and the number colors in its neighbor is
used to assign a color to each node. Mutation operation in GA is used to explore the search space and scape
from the local optima. In this study, a chaotic mutation operation is presented to select some vertices and
change their color. The crossover and mutation parameters in the proposed algorithm is tuned based on
some experiment.

To evaluate the proposed algorithm, some experiment is conducted on DIMACS data set. Among
DIMACS sample graphs, DSJ, Queen, Le450, Wap are well-known challenging samples for graph coloring.
The proposed algorithm is executed 10 times on each sample and the best, worst and mean results are

reported.

Results show that the proposed algorithm can effectively solve GCP and have comparable outcome
with the recent studies in this field. The proposed method outperforms other algorithms on very large

graphs (Wap graphs).

Keywords: Graph coloring problem, genetic algorithm, heuristics, multi-point crossover, chaotic

mutation.
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(Figure-1): A sample graph colored by 3 colors.
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Function HeuColoring()

C « zeros(1,N)
Calculate vetor Y

p < the node with maxY

MaxColor « 1

C(p) « MaxColor

while all nodes are not colored do

Calculate f(v)of nodes that are adjacent to p

p < the node with max f
MinSize « oo, SelectedColor « 0
for i =1to MaxColor do

Si<—®

forall v € TN(p) where C(v) = ido
Si «— Si V] TN(U)

end for

if size(S;) < MinSize then
MinSize « Size(S;)
SelectedColor « i

end if
end for

if SelectedColor = 0 then
MaxColor « MaxColor + 1
C(p) = MaxColor

else

C(p) = SelectedColor

end if
end while
return C

Ol el Ky g comwlie 0,5 Oliiil gy 5Kl AS duds (Y - JK5)

(Figure-2): Pseudocode for selecting a node to be colored in the next step.

GI,5 slao,s ‘5},,‘07&3) 9 wlaiil cga K] pis oKl Glyal dnlol :(Y—Jguz)

(Table-1): Next steps of graph coloring by selecting a candidate node and assigning a color to it.

Prev. Color (C) X F
tep node

v, [010200000 [002011002 [00201.181002.182]

0] 2]
Vg 010200003 [000000210 [0000002.181.18 0 0]

0] 0]
vy 010200203 000020020 [00002.09002.0900]

0] 0]
Vs 010230203 [000000030 [0000000300]

0] 0]
Vg 010230213 [000000000 [1020010002]

0] 0]
V3 [013230213 [000000000 [T000010002]

0] 0]
V1o 013230213 [000000000 [TO00010000]

3] 0]
vy [213230213 [000000000 [0000010000]

0 3] 0]
Vg 213231213 [000000000 [0000000000]

1 3] 0]
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(Figure-3): Evaluating the proposed crossover to set crossover parameters.
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(Figure-4): Setting mutation parameter based on some experiments.
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Function CMHn(Py, P,) // Py, P, are input parents
Create an empty Child
If P; is valid
CutPoint1= select a number in [1..N-1] randomly
Else
CutPoint1 = the first conflicting position in P,
End
CutPoint2= select a number in [CutPoint1..N-1] randomly
Temp, = P{(CutPoint2 + 1: N )
. Child(1: CutPoint1 ) = P, (1: CutPoint1)
. Pi; = P{(CutPointl + 1: CutPoint2)
. Fori=1to SizeTemp,
If Temp (i) hasn’t any conflicting color in Child ()
Child(index of Temp,(i) in P;) = Temp, (i)
Else
Pi,(SizeP;, + 1) = Temp (i)
End if
. End for
. Fori=1to SizeP;,
If P,,(i) hasn’t any conflicting color in Child ()
Child(index of P,,(i) in P,) = P, (i)
Else if P;, (i) hasn’t any conflicting color in Child ()
Child(index of P;,(i) in P;) = Py, (i)
Else
Child(index of P,,(i) inP,) = @
End if
. End for
. Color all empty gens in Child by heuristic algorithm.
. Return Child

PR R WD

[ NS T NS T NG TN NG T NG T N T NS T NS T NG T N T e e e e e e T =)
N Y N N R R RSP SO,

CMHD S 3 55 Jos o5 andd (8- JS)

(Figure-5): Pseudocode for crossover operator.

Input: L //Number of gens to be mutated
Output: Child // a offspring by mutation
b = Select a chromosome which has conflict from population
Child=b
For i=1 to conflict number of child
Calculate the Z; of equation (3)
End for
fori=1toL
9. k = Select a conflict gen of chromosome b by roulette wheel selection mechanism
10. p = Select a number in [1..N] randomly
11. Child, = 1 + (u.bx(MaxC — by) mod MaxC)
12. End for
13. return Child

PN WD

90T G 38 Jos aS dand (5 - JKS)

(Figrue-6): Pseudocode for mutation operator.
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(Table-2): Graphs in dataset and their specifications.

K, 1,5 ol K™ SI,5 ol
J‘ °) J' °)
5 1450 5 1 DSJC12
714 50 a 472 25 51
5 1e450_5 3 DSJC12
734 50 bl 7 891 25 55
9 1450 5 6 DSIC12
803 50 cl 4 961 2 59
9 1e450_5 3 DSJC25
757 50 d 218 50 0.1
8 1e450 1 2 DSJC25
5 168 50 sal 2 7897 50 0.9
8 1e450 1 1 DSJC25
5 169 50 sbl 8 5668 50 0.5
1 1e450 1 1 DSJIC50
5 6680 50 sel 2 2458 00 0.1
1 1e450 1 6 DSJIC50
5 6750 50 sdl 8 2624 00 0.5
8 1e450 2 1 DSJIC50
5 260 50 sal 26 12437 00 0.9
8 1e450 2 4 DSJIC10
5 263 50 sbl 0 9629 000 00.1
1 1e450 2 1 DSJR50
5 7343 50 sl 4 21275 00 0.1c
1 1e450 2 5 DSJR50
5 7425 50 sd]l 22 882 00 05
3 . 1
7 07350 o0 A0 10871 368 Wap0la
6 qg.orde 1
0 2400 600 140.col 11742 464 Wap02a
2 qg.orde 2
0 12400 600 160.col g6722 730 Vap03a
4 ash331 2
185 62 GPIA 04902 231 Wapl4a
7 ash608 4
844 216 GPIA 3081 464 Wap0sa
1 ash958 4
2506 916 GPIA 3571 47 Wap0éa
1 1- 1
227 02 Insertions 5 03368 809 Wapl7a
5 2- 1
41 49  Insertions-4 04176 870 Wap08a
2 Queen 2 Queen
2 596 44 12412 90 6 6x6
3 Queen 7 Queen
3 328 69  13x13 28 4 8.8
4 Queen 1 Queen
4 186 96  14x14 0 056 1 9,9
5 Queen 1 Queen
5 180 25 1545 1 470 00 10x10
6 Queen 1 Queen
6 320 56 16x16 1 980 21 qpa1
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(Table-3): Best, worst and mean results in 10 times executions.

oSl N e K SISl ol iy e K 31,5 ol
5 1e450 5a 5 5 5 5 DSJC125.1

5 1450 5b | 217 18 17 17 DSJC125.5

45 6 S 5 1e450_5c 45 47 44 44 DSJC125.9
25 6 S 5 1e450 5d 4.8 9 8 8 DSJC250.1
2.16 17 16 15 1e450 15a | 475 76 75 72 DSJC250.9
18 18 18 15 1e450_15b 30 30 30 28 DSIC250.5
417 18 17 15 1e450 15¢ 14 14 14 12 DSJC500.1
6.17 18 17 15 1e450 15d | 2.52 53 52 48 DSJC500.5
25 25 25 25 1e450 25a | 2132 135 131 126 DSJC500.9
25 25 25 25 1e450_25b 22 22 22 20  DSJC1000.1
427 28 27 25 1e450 25¢ 6.85 86 85 84  DSIR500.1c
828 30 28 95 le450 25d | 8.124 126 124 3 DSJR500.5
4.105 108 103 o7 Latin 44 45 4B wap0la
40 40 40 40  qg.orderd0.col 44 45 43 § wap02a
4.60 61 60 60  qg.order60.col 648 49 48 § wap03a
4 4 4 ¢ ash331GPIA 46 46 46 § wap04a

4 4 4 ¢ ash608GPIA 845 46 45 ¢ wap05a

5 4 4 ¢ ash958GPIA 8.43 45 43 ¢ wap06a
25 6 R §  1-Insertions_5 843 44 43 ¢ wap07a
44 5 4 4  2-Insertions-4 242 45 41 ¢ wap08a
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6.14 15 14 12 Queen 12x12
4.16 17 16 13 Queen 13x13
18 19 17 14  Queen 14x14
18 20 17 15 Queen 15x15
8.18 20 18 16 Queen 16x16

6.7 8 77 Queen 6x6

10 11 9 9 Queen 8x8
2.11 12 10 10 Queen 9x9
4.11 12 11 11  Queen 10x10
8.12 14 1211 Queen 11x11

Al 0550 slapiy oS colod 4 Conns annlin
MLQ.A ) LgOLQ».u.,«J U"9) Lal el sols 45|)| e ‘5:|9,>
a2 &l s oo 0,50 90,0 atuiles [39] ok )65l L
oleing eyl &5 cals pledl Gl oo
Ol Led50 slacsl s 5o [34] 00,680l b (o 55, 5boas
35 9% il solgiig i, 5 diz 1S Juc
30 000 S0 9 e sz wsNl Cnl 4 S 990
30 ol Glese Egemme ;o Ll s &l g le>
PN M peS 4 o) Glp 1y el
05 o oSy LedS0 slacsl 5

@b @bl sk eadelxl slagow)
Sl sl L LeAS0 sladl,S s (solgiiny w55
Jsoz ;92016 52014 2012 2008 slo Lo solrivy
pasie (J392 (ol bt 4 a2 i b ceal a 00,51 ()
Gleiysl A Cand goliday pssl a8 ol
BOLI3] sl ,sSl 4 Coms 5 yge (3610331
i)l & i pgasds sl oals Fay (oo, jsboay
g8 3l SIS S 0 g ool eyl &5 [13]
@l ams ) 1) ey s andlys LedS0 sladil§
ol 5 [13] o2 ,s501 a5 el 53 B 5 455 )

DST gladl,5 )0 oI5 g b goldtion Lo, s8I b golesion i 595! A Lo :(F-Jgu)
(Table-4): Comparison of proposed methods with recent studies for DSJ graphs in DIMACS dataset.

& &r Er & & e & oy, K
[vAl  Levl Irsl Ival  Ivfl Dxvl Iev] osleren SIS el
6 6 7 8 5 5 6 5 5 DSIC125.1
17 19 18 20 19 20 18 17 17 DSIC125.5
44 45 44 46 46 47 44 44 44 DSIC125.9
8 10 9 9 9 9 9 8 8 DSIC250.1
72 - 74 74 82 88 75 (R DSJC250.9
28 33 31 32 34 36 31 30 28 DSIC250.5
12 - 14 14 14 15 15 14 12 DSIC500.1
48 - 53 53 62 63 55 52 48 DSIC500.5
126 - 126 130 - 161 136 31 126 DSJC500.9
20 - 22 22 25 26 - 22 20 DSJC1000.1
85 - - - 85 87 - 85 84 DSIR500.1¢
124 - - - 130 131 - 124 122 DSJR500.5
1 > > 6 8 1 7 ol 02,65 052 e
5 0 3 2 3 ! 2 &l o551 (5090 ol
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(Table-5): Comparison of proposed methods with recent studies for Le450 graphs in DIMACS dataset.

&Er &Er &Er & & Lo
Solie e, KT STl

S S ] SRy e
10 5 - 5 9 5 5 le450 Sa
10 5 - 5 9 5 5 le450_5b
5 5 5 5 - 5 5 le450_Sc
5 5 5 5 10 5 5 le450 5d
- 19 16 15 17 16 15 le450 15a
15 19 16 15 17 18 15 [e450 15b
15 16 22 15 24 17 15 le450 15¢
15 17 23 15 23 17 15 1e450 15d
25 27 25 25 - 25 25 le450 25a
25 26 25 25 - 25 25 1e450 25b
26 31 - 26 28 27 25 le450 25c¢
27 29 - 26 28 28 25 1e450 25d
2 6 2 0 7 i o8l o9 e
4 5 5 6 1 ©oleainy w-'i-.'.)sﬂl o9 Rl p
5 1 1 6 1 ©olgiinn oo, sl (g Sy

WDl o abaxlle Jgaz (pl o aS jsblen e &l iy,
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(Table-6): Comparison of proposed methods with recent studies for Wap graphs in DIMACS dataset.
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(Table-7): Comparison of proposed methods with recent studies for some samples of DIMACS dataset.
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(Table-8): Comparison of proposed methods with recent studies For Queen graphs in DIMACS dataset.
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