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A membrane evolutionary algorithm for solving graph coloring
problem
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Abstract: The graph coloring problem is one of the popular NP-hard problems in graph theory. Various heuristic
algorithms have been proposed to solve this problems; however, they often suffer from poor quality and long
computation time. In recent years, the membrane evolutionary algorithm has shown unique advantages in dealing
with NP-hard problems. Based on the membrane evolutionary algorithm framework, this study proposed a
membrane evolutionary algorithm to solve the graph coloring problem. Six membrane evolutionary operators,
namely, copy, fusion, division, cytolysis, fusion-division, and tabucol were designed to facilitate the evolution of
the membranes and membrane structures, leading to the discovery of more optimal solutions. Experiments were
conducted on 40 challenging datasets from DIMACS, and the results were compared with three latest algorithms.
The resalts show the proposed algorithm effectively reduces the computation time while maintaining the solution
quality, outperforming the other algorithms in 58% of the instances.
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PLSCOL(improving probability learning based local search for graph coloring). TensCol(population-based
gradient descent weight learning for graph coloring problems) fl HEAD(variations on memetic algorithms for
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A :G=(V,E), K, Maxlter, P = 4, max,,_;
0 1 5 B
M = PopulationInitialization (G,K,P);  //2.3717
gen =0, m, = m,, M.fusion(my); // fusion#{E ILI& 5(b)
while(gen < max,,, && f,(m,)>0) {
B84 BERENL AT 1% 2 4~ 4 g, g, 5/ Bl 3(b)
S g kA% g i = 1,25 /A0 A2 B B 43 AN HEAT 1R BRI RAE AR B 4 AR, 2.4.1 T RTE] 3(c)

m," = fusion_division(g,, 0), m,' = fusion_division(g,', 1);// fusion_division I, 2.4.5 77

m,' = fusion_division(g,, 0), m,' = fusion_division(g,', 1);
for 1<i<P do
m, =Tabucol(G, m/', Maxlter); //2.4.677
if (£, (m,)>f,(m)
m,=m;
end for
gent+;
§
end while;
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.1k 2: PopulationInitialization //49] U £k JIE Fh 4
fWiA:G=(V.E),K,P;

% 4 : the membrane population M;
B — 23 1Y R BEE
fori=1to Pdo
m, = Random_init(G, K); /&% 3
M. fusion(m,); /€] 5(b)
end for

IR 5] M,

Random_init( &9k 3) 58 AP HE RS BE AL R Ak o SEAR i 2B 8 K DS i T (1 8 447) o X F A TS
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9% 3:Random_init /KLY 46 1k
MA:G=(V,E),K;
By 1R 2
for(1<i<K)
Bl — Az TR Y,
m.fusion(¥); /&l 5(c)
end for
for velV do
C[v] = random(1, K); //CvIIR K v YL, BEBL LS v T — > 1 2 K 10 5064 5
if(Clv]==1)
Ve {v};

end for

R m;
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BN cm,omy, f5 /1 B2 ARG £(0 or 1)
Bt am s R 1
1 m F om0 @S ST RS W om,; //2.4.275
Bl — A= m,'s
for 1<L<K do
if (L +£)% 2 is odd, then 4=1,else 4=2;
W m, PR Z TV, A<k BT PR T A TR STV, G S m ARG m T 5 TR Y,

AR 0 T 453 450 o
L++;
end for
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ICHRZ 5, s A 22 R AR A, HAR DL 3(d) T
$9% 5: Tabucol /35 B RE T
i\ : G, m, Maxlter;
Wi om,;
Set m, = m and iter = 0; //m, fCFR %A T (1) 5 AL HE
BE A2 FR T m, 5 /140 1E] 8(b) T 7R
while iter != MaxIter do
SR m by v K VA Z B Vb v AR m i AR R AN O
if(m_ T v ¢4 0)
Em BNV Y FEm A8y B ARG S/, IR A 2 EH 1
if f,(m) < f.(m,), then set m,=m ;

else
Em Y 1
iter ++;
end while

R[5 m,;
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1)PLSCOL™, 3 T HE 5 2 > 1 J5y 30 48 & 5k, Y18 & J& C++, 78 Intel Xeon E5-2760 2.7 GHz i 4b 3 23
S S A R 5 he

2) TensCol™: J& Bt T i #F 19 AL T M %22 2 . A9 1F & /& Python, #£ GPU & & [ iz 17, FI H 9% ff ik
RTX2080Ti 2. <l 12GB f N7+«

3)HEADY . J #i B A #E AL . I8 5 & C++, IFATIZ4T7F 4 #% 3.1GHz ¥ Intel Xeon &b FE 25 .

T SC AR SR LU B A 2 A SR WA A0 R SR e L A A B, T LA AR P AR OR i )
WG D7 o BRI A BT — A 1 %) €6 B0 &5 TR ME 79, B DA 28 bl e B0, L2 i T o, i D s AR 3 3 1 0R0 0k
S RS E BRI T LR o () INE SR A I ] 9 < 2 B T I — R B
32 5HMEZENILL

KT €6 1) B 85, O AR 240 WA 0 B BT, U AR SIS TR A i 25 R M R B R . S
P& # 5 HEAD® . PLSCOL" I TensCol ™8 ikt 17XF kb, & A2 300 JUAT 2F 3R i B Ty 35 SR fift 50 % 4B 2 A 75 1
Bk T VLI X TR L SR | 48 38 A SR ] SO S B A sk U AR 0 5 AL TR A AR DG SR
H 2SR . DR R FE A8 3 S B B B i AR AR W 25 SR b 1 K 280 S % Gk i S5 SR8 5 .

12 MEA_GCP #3575 1 6 Hu g S5, Ho v 5 i i 245 51 FDRLIAR R | © - 7R 78 AR . 19 SCRk R % 45
o S A A R . 5 1B R SE R 4 R B 2 81 KR AR R B /N EUB, T T 4 KB 4 )k 4 R
MIBE IR o ko AU HIZ I A e A0 (K, S, AR A 30 (Sl U B 8 a8 A7 B TR B, () R 5025 19 ~F 2 I (]
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32 TR K FFIR % 46 %
#£1 MEA_GCP.PLSCOL.TensCol.HEAD 3236 %5 8 3t tb
Table 1 Experimental results of MEA_GCP, PLSCOL, TensCol and HEAD
L%, Ko PLSCOL TensCol HEAD MEA_GCP
ko S. t/s Ky S. t/s ko Sy t/s kot S. t/s
DSJC125.1 5 5 10/10 <60 5 10/10 40 5 20/20 <0.6 5 10/10 0.02
DSJC125.5 17 17 10/10 <60 17 10/10 68 17 20/20 <0.6 17 10/10 0.11
DSJC125.9 44 44 10/10 <60 44 10/10 22 44 20/20 <0.6 44 10/10 0.07
DSJC250.1 8 8§ 10/10 <60 8 10/10 95 8 20/20 <0.6 8 10/10 0.12
DSJC250.5 28 28 10/10 4 28 10/10 199 28 20/20 0.6 28 10/10 1.80
DSJC250.9 72 72 10/10 <60 72 10/10 87 72 20/20 1.2 72 10/10 1.20
DSJC500.1 12 12 7/10 43 12 10/10 1098 12 20/20 6 12 10/10 4.80
DSJC500.5 47 48 3/10 1786 48 5/10 7807 47 Y 48 48 10/10 11.40
10 000

DSJC500.9 126 126 10/10 747 126 6/10 18 433 126 13/20 72 126 3/10 20.40
DSJC1000.1 20 20 1/10 3694 20 10/10 10225 20 20/20 12 20 10/10 9.00
DSJC1000.5 82 87 10/10 1419 84 9/10 32495 82 3/20 2 880 83 10/10 215.40
DSJC1000.9 222 223 5/10 12094 224 6/10 58 084 222 2/20 5160 223 8/10 637.80
DSJR500.1 12 12 10/10 <60 12 10/10 7 - - - 12 10/10 0.18
DSJR500.1¢c 85 85 10/10 386 85 10/10 298 85 1/20 12 85 3/10 0.60
DSJR500.5 122 126 8/10 1 860 122 10/10 4310 - - - 122 9/10 106.20
flat300_26_0 26 26 10/10 195 26 10/10 176 - - - 26 10/10 0.60
flat300_28 0 28 30 10/10 233 31 10/10 586 31 20/20 1.2 31 10/10 1.20
flat1000_76_0 81 86 1/10 5301 83 3/10 34349 81 3/20 3600 82  8/10 409.80
flat1000_50_0 50 - - - - - - 50 20/20 18 50 10/10 15.60
flat1000_60_0 60 - - - - - - 60 20/20 30 60 10/10 27.00
latin_square_10 97 99 8/10 2005 98 10/10 28925 - - - 100 6/10 1240.00
le450_5a 5 - - - - - - 5 20/20 <0.6 5 10/10 0.19
le450_5b 5 - - - - - - 5 20/20 <0.6 5 10/10 0.24
1e450_5c 5 - - - - - - 5 20/20 <0.6 5 10/10 0.20
le450_5d 5 - - - - - - 5 20/20 <0.6 5 10/10 0.19
le450_15a 15 15 10/10 <60 15 10/10 333 15 20/20 <0.6 15 10/10 0.27
le450_15b 15 15 10/10 <60 15 10/10 333 15 20/20 <0.6 15 10/10 0.23
1e450_15¢ 15 15 7/10 1718 15 10/10 507 15 3/20 1.2 15 4/10 1.20
le450_15d 15 15 3/10 2499 15 10/10 301 15 1/20 1.8 15 1/10 1.20
le450_25a 25 25 10/10 <60 25 10/10 87 25 20/20 <0.6 25 10/10 0.19
le450_25b 25 25 10/10 <60 25 10/10 12 25 20/20 <0.6 25 10/10 0.19
le450 25c¢ 25 25 10/10 1296 25 10/10 19 680 25 20/20 1800 25 10/10 792.00
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le450_25d 25 25  10/10 1704 25 10/10 9549 25 20/20 5400 25  8/10  4753.20

R125.1 5 5 10/10 <60 5 10/10 0 - - - 5 10/10 0.02

R125.5 36 36 10/10 <60 36 10/10 6 - - - 36 7/10 0.60

R250.1 8 8 10/10 <60 8 10/10 0 - - - 8 10/10 0.07

R250.5 65 66  10/10 705 65 10/10 33 65 1/20 780 66 7/10 627.00
R1000.1 20 20 10/10 <60 20 10/10 15 - - - 20 10/10 0.20
R1000.1c 98 98  10/10 256 98  10/10 4707 98 3/20 12 98 10/10 27.00

R1000.5 234 254 4/10 7818 234 2/10 23692 245 20/20 14640 245  3/10 14 400.00
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Table 2 Percentage statistics of experimental results

(ERTF AN IR G S A9 K/ A) S RS2 A1 /%
PLSCOL 3/34 9
TensCol 9/34 26
HEAD 6/32 19

MEA GCP 23/40 58
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