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Improved Algorithm for Tabu Search of Graph Coloring Problems

WANG Jian-chang, WANG Shuo, LI Zhuang and JIANG Hua
School of Software, Yunnan University, Kunming 650504 ,China

Abstract The graph coloring problem is an NP-hard problem,which has a wide range of applications in reality,such as register
allocation,airport scheduling and so on. Tabu search algorithm is a classic heuristic search algorithm,which is widely used in the
algorithm design of graph coloring problems. As a low-level operator, the tabu search algorithm is also commonly used in the de-
sign of graph coloring algorithms such as hybrid evolutionary algorithm(HEA) , which plays a key role in the performance of the
algorithm. Therefore, the improvement of the tabu search algorithm has practical significance for promoting the research of graph
coloring algorithm. Aiming at the problem of graph coloring, this paper proposes an improved version of Tabucol+ to enhance the
concentration of search. Based on the traditional tabu search strategy,the proposed algorithm introduces a new scoring strategy.

Experimental results show that the new algorithm can significantly reduce the number of iterations andsearch time. In some ca-

ses,even the improvement of the number of colors has been achieved.
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ITEVEUT) 126 A2 i) DIMACS JE i B 917, 45 1 s 4
K ZHE R8I B Y 1T 55 A 30 4 J1 1 Tabucol i fE ik 2 1 %
ORCR ZEH D 10 ME ERRCRIE T Mai R EH#H AR R
Bk, I E DSJR500. 5. col By (RN Z A A 128 Fh i (4
MR 127 Fh B 65 RE 56 B

ARSCHE 2 TR 2 BB AR R 3 AR —Fb
B TT 43 5 s 0 R ) SR S B B 4 I N S 5 SR E AT A
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2 BEBEANSEEIRIEE

2.1 Tabu Search &%

HREREEE-FNMHTZHSRRIFNE XA
T BERERTHREENGEM LIIAZRRR BLETS
% K B 1k B A SR 8 s A DA S B T A A 48 R 4 R i L AR Y B
By Horh 2 i et TT LS i O 2 — R 5 6, B Ok B Ak
e R R AR P [0 Bl D5 ] A 5 81, 2R R R B
R T XA — R, B — A RERE A3 R L — A 4
MREHLERE = A 2 M E RN, RN RARES 4
FRNFHEERE S S BN RRESE S, M ETELE R B
WAREE L IRIEBAE RN R, By — MR R Ak F
T — i 5 2R Y A U0 A O3 2 v A U 0 3 4D I 158 R AL
DU 24l R O U e 8 A S PAT AR R W B A L A5 0
BEPLEAT IR 2 & M SEAZ1E . BAh, 75 BB — %
AR DN FE T R AR Lk v S R R L R O A R RN AR S A
E 0 B AE M R SR
2.1.1 ZEERAM

B4 — A m x 0 B ZHEH0H TabuList FEEEE2AH . m 1Y
(EIR TR H s n (B B 85 AT 7 TabuLise[i][j 13 R Tk
P MBS RAE R A SCIB AR RE WG AL S AR AL Y
AR A S — A 0~7 W BENLIE 2 Fl . Bl AN T 32 AR 22 2
BRI iterNum EF TabuList[i ][I0 TS i G j BifhixX
NEEG LA R H BT — AT AR R SRR A E
IMAEE R AR AT , AT B A s k.
2.1.2 4k

Wl RIERRECN maz Trer, WVR 1/ 09 2% AAREL dter-
Num % F maxlter , ¥if5E 1F 1 &R,
2.1.3 ok

A3 —A~ mox 0 B T HEBUA ScoreList vm W {E BT A5 50,
n B AE BUZ (080, AT & ScoreList[i][j 1R /RTS i Y 5 BE IR
W RUIE SR i O Rl SR S E AN 0 =1
2.1.4  AF#AN

WA Y 4 ) VR AR B AR IS Uk /D ] G w98 i B i, it
RWEEBPAIT XA G O B1E .
2.2 Tabucol

YE—ANTME GV.E) . H Dsatur B 5 R & — 4T 4
PATOIR ARG . SRS 3 T B — A TR 7R T A e g R
$8 1 7T LA D w5 0 e 2 W A E AT S 6, 8 N B — TR
AT 1 G € I A T A AT RE AR 0 < 1) 7 76 05 2 A5 Bl R AR
R Y 0, 20 A Bl 28 2, I 4 9 M A B AT 3 A e 5 Bl 1
2) Fe i A Y B SRR AR 2 8 A B ML % — A de i U
SIEAT YA, S R R EIAXE G Ra, MR E G R

— RN I T AN e R A Bk, RATMH
H R B m/ N B AR R B, TS & —FE 2 L B, 767
P GCP [0 F 7 A R BRCR ™

N7 WP NEN i} (R S EERCN PR S STy T FEAPSEL Je g =R
Tabucol FYSZIA IR, BILM REW N . 5 e —1
BREBRPICF BRSO R A NE, MR T W R
AE 5 U6l 20 T s e 58500 B Gt (0 Sl i R AR AT IR kg B
SAE 75 W BEHLERAT 70 B 1 g 6 301 . AR 40 B e 1Y
ROPEAELA PR FE DR AIERT RO, Bk
1A 98 2 R (5 S AR B4 2 B AR AR A 3 b o, 3
A 785 BB HAL R R R AP TEARE P — A BR AT
k1 B @ RA DL Tabucol
Input:G=(V,E),k,maxIter
Output:c,if () =0 & & f(c—1)1=0;

1. begin

2. k<—initialized color number

3. T<initialized current step+{(c) +an random number

4. S<—initialized number of vertex neighbors to dye vertex colors mi-

nus number of colors to be dyed in vertex neighbors

5.1<0

6. while f(¢) >0 and i<maxIter do

7. updateTabuList(T,i) // update value of TabuList

8.  updateScoreList(T,i,k) // update value of ScoreList

9. if TabuList[i][j]>iterNum and 3 ScoreList[i][j]>>0 Then

jump out of the tabu and dye vertex with the color

10.  else if TabuList[i][j]< =iterNum

11. if 3 ScoreList[i][j]>>best_score Then dye vertex with this
color and update best_score

12. else if 3 ScoreList[i][j]= =best_score Then select a color
with the highest score to dye randomly

13, i<i+1

2.3 Tabucol B f#

Pl 1 A4 Tabucol % i, DIMACS 3 i 4] 15 31 1l L
AN 9 AT 17 S B TE T A . 2 E 4 B BT X
B et TiE ALCoH T BURAT 6, Tl ELF.G, B 3 ik
LT D Gl e, T J e, A1 Z2EEAY
T o B AL 2 IBCHY — O IR 2 0 TR A Y Gt (B S AR AR TE 3
Aoy Bl m g G B AR, BT R TR F 646,
WAAEH GO B 2, R B 3 A J 6 3 1R R B
B2 M54 Tabucol 2 BEHLREHF — Y 4 S 1 AT B A4
ek P BE Ry 1/3 4 BUEAE o A I m o B G i, A
P EVEB T IR 1/n, K 2 BB L DT F
e nl B 0 1Y 7R A1 1A

B R TR R ED
Fig. 1 Original drawing
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Fig. 2 Legend of traditional scoring strategy

3 Mgt &E ik Tabucol +

3.1 FHIES KBS
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AR AT H I KMk 48 S Ak BT Y A, A LL
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RS2 A BT, MR EEZ A B AT Y
TR BOHH [R) P B AL 3 45 — A Y 0 s VR SRAT e £, HL AR SE 81
B EBEEBRF P — A best_size —YEEA B K EUE
HBEE n AR BB EE RGN EE., SHEAES
A B 15 43 Y 8 B VR, i LG L B A TE Dest_size KU T 1Y
HRUAA L 38 8 doe R BRI 17 G 68 3/ AT 4
3.2 Tabucol 5| X\ ¥ K B&

B 2SS 1 AR gl AR . i — 1K
GV ED FBER kB B RIERREL maxTter Jy 5X107, &5
R R B RIE AR/ 4. & 58 Dsatur
BT E G PRk % 0, Dsatur 5035 & — Fh B 5 @@ T 36 B
P RCRIE T RENLE (8, RGN B — DY A EYE P — 4%
SR T AR I T 82 G BTk AP B Trer Num 24 5 b 28
E £ BK—BENLEE B AH random Num Z 1, B AL 5 (H H
1~7 WIBENLIE . 53 Sh i — A3 B3R ScoreList AFAH1E A
B A T 22 T o 9 30 50 Ul 2 % ol At 0 0 1) o 58 i B iR
WRMED () 1=0 K FH Y7 LRI currentIter WH ik
B R IRE maxlter GEAWHERE 6, HILESLESER
Bk R B — b B B ) e B AT e e, B 2
e — R0 T A e (B VR38R B, 2R A 3 w2 B
2 BE U D Dy s o 5 300 B g B A Ll S AR R AT IR B AE
7 D) Al 18 25 P B e v L e T A 5 22 1 8 o € T A 1Y)
OIVEPAT . WERAE G 5009 e 3 E A 2 ME— 1Y, il Bl AL
B — DR EITERAT RO, Bk 2 F58 THRERK, Y
R E A R A ERAT R A,
ik 2 KO EAL Tabucol 51 A Kb
Input:G=(V,E),k,maxIter
Output:c,if f(0)=0 & & f(c—1)1=0;

1. begin
2. k=<initialized color number
3. T=<initialized current step+{(c) +an random number
4.  S< initialized number of vertex neighbors to dye vertex colors
minus number of colors to be dyed in vertex neighbors
i<=0
while f(¢) >0 and i<maxIter do
updateTabuList(T.) // update value of TabuList

updateScoreList(T.i,k) // update value of ScorelL.ist
if TabuList[i][j]>iterNum and ScoreList[i][j]>>0 Then

© 0 ~ o Ul

jump out of the tabu and dye vertex with the color

10. else if TabuList[i][j]<<=iterNum

AR S8 R UGk
11. if 3 ScoreList[i][j]>>best _score Then dye vertex with this
color
12. else if 3 ScoreList[i][j]= best_score Then select the

color with the most vertices to dye(best_size)
13. else if 3 ScoreList[i][j]=best_score and exits some best_
size Then select an color randomly

14. i<i+1
3.3 Tabucol+

Tabucol+2HE L 1 MIAE L 2 WHAF L RATME L1
ML 90 %6 B 2 1Y L 10% . Tabucol J2& £ 43 ¥ 5%
KEJUA G @ 34 P EEHLIE — 44T . Tabucol+ 1 1056 1)
e, B 1F 2 8 43 Kl i BB Y T0Us e 2 10 68 T 7 1 e 6430
YE BENLIE 5 — S E BT T 90 %0 1 e 6 S 1R AR 38 4% 4t
Tabucol 2 W MEAF H] . 7544 % Y € 30 45 Jr 10 BE 44 E 7 18 vk
HEI T AR R, B R BT B 20 o gD i 6 LB
WG E, k3 AT Tabucol+ LS.
Hik3 EYa R RA D Tabucol+
1. while {(¢)>0 and i<<maxlIter do
2. generate random numbers 1~100
3. I random number >>=10 Then execution H ¥ 1
4. else execution 5T 2
3.4 Tabucol + B fi

Tabucol + & — 4& P& W e 0, 3 45 5 #2 b 4l 47— A B2 ok
el MRS T AR (0 2 Y T A B AR AR 10 %6 1 T g
8 0 B g 10 L © g TO0 s i e 22 1 B0 60 T T 1 2t €, 5l
YESAT . 1 o AE7E 3 A /b oh S T i 2 19 e 62 30 A, 45
BUEHTUR FRRAE Eafga, Hhiafmgac
TR 1A LT TR 4 A4, B G ERL
BB 2 BT, W) Tabucol + I TH & F YL 4T ¢, A 3
Bz BT 90 % Al RE T f 2E £5 4 4 3 1 5 % Tabucol Flf# .

3 BRI S) SR 1AL 4] (L T RO R TBD

Fig. 3 Legend of new scoring strategy
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B RIVAT 58 A (s AR AR 9 A BTE B P 28 LIk i) L B % ARk 8K
3RS bR L. AR — AR A RO R TR, BR
BE 2 Ah 3 A A 3 A P 7 B A 0 3 AR Ok B A 4 B4

WHN 4. 34X 10° M3 7. 74 X 10°, & DSJC500. 9. col
IR 20 % FREE] 10% , 1 DSJC1000. 5. col K A Zh
KM 45 % FREF] 25 % . HoAth B A9 52 56 25 S %t Lb 22 BEAR /N,

b BAR AR 2%, e AT 4 Bl J& B [1at300 28 0. col Y 3% 4R JLF R AR,
F1 TR
Table 1 Experimental results
B 4 # Tabucol Tabucol+
G_name Zcolor #suc #time/s # iteration #color #suc #Ftime/s # iteration
abb313GPIA. col 9 3/20 37 3. 44108 9 8/20 150.64 1.57x107
anna. col 1 19/20 2.75 2.70X10° 1" 20/20 0 8.29%10%
4-Fulllns_4. col 8 18/20  21.44 1.71x10* 8 19/20 0.01 4.15%x 10"
5-Fulllns_4. col 9 11/20  11.16  1,88x10° 9 12/20 0.54 9.17%10"
5-Fulllns_3. col 8 19/20 0.06 4.25% 10" 8 19/20 0. 00 2.35%10°%
r1000. 5. col 249 2/20 2638 3.50x107 249 3/20 1154 2.78x 107
r1000. 1c. col 98 6/20 1011 2.38%107 98 5/20 450 1.09x 107
DSJR500. 5. col 128 1/20 94 5.81x10° 127 1/20 216 1.34%107
DSJC250. 9. col 72 20/20 4.87 2.76X10° 72 20/20 3.10 2.25%10°
DSJR500. 1. col 12 18/20 0.01 1.56% 10" 12 18/20 0.01 5.07X10°
wap08a. col 42 1/20 191 1.08x107 42 4/20 537 3.24%107
flat1000_60_0. col 60 20/20  620.27 1,58x10° 60 20/20  659.07 1.62x10°
flat300_28_0. col 31 20/20  55.74  4.34%10° 31 20/20  77.39  7.74%10°
4.2.1 Tabucol & RH 5 /N4 S B ML AN AR b, 4 4% B2 Tabucol 19 E 1 o 43 5 BU(E

F 1 222 T 4458 Tabucol S35 43 &l 52 5 45 31 1
i, P, # color RN IR B MR /NEUEAEL # suc FoR
BRI S — S RS i PR A HE AR 5 £ time SRR AT L)
B A6 B 1)~ Y I R] L DL s g B 5 # iteration J2 04T L)
SE 1) 1 - 349 3 AR TR B I T R 3 AR R OB D B R ORI
B0 80hR #1198 anna. col,4-Fulllns_4. col,5-Fulllns_4. col, 5-
Fulllns_3. col I r1000. 1c. col B %3k 2 )5 K& X & 2% i &1L
fit . AR B Tabucol & H FIRLSR B f 1053045
4.2.2 Tabucolt+4 R N4

F 1 A2EEAHH T Tabucol+ X #43 Fl 52 16 45 |
(S S E NN 3 R b GO | - A/ W A
Tabucol ¥ A A [F] 2 B (9 2 #. 4 I £ 48 Tabucol, K
abb313GPIA. col ZEM MR L4/ T 25% » B wap08a. col 7E
B LA T 15% A TR RIEE M F; Bl anna. col. 4-
Fulllns_4. col,5-Fulllns_4. col,5-Fulllns_3. col, r1000. 5. col,
DSJC250. 9. col Fl r1000. lc. col 7 B Iy H T F 45 F 1y 15 il
T BT B A5 A S 283 A B (] 3 46 L UEBH T Tabucol + (9
WM S . RE A Bl DSIR500. 5. col A JFOR F /> 128 F 2

O RESE L (LS B H) 127 Fh (3t R o2 IS 8, SE LT B
AR

4.3 S5t
4.3.1 sTAHK a 95

o (EAR & BT 51 I 0 e LS S8 R W 7 A
Ml J3 K/, Tabucol + H1 1 o {20 i LI BAER KM, AT

5%,10%,15%,20% » —— X R FL % 2 M LB 1 —a 43 5 U
95%,90% ,85% 1 80 % A& Wk 4 HFT I IL . A SCHE 126
A~H T DIMACS et B 1 43 0 T DL B 4 F 30 e Al S 30
S A5 R R UL b 4 2 8RR X R 43 TR ) G 0 35 R R e 5 B
& 55 Tabucol T &35 B (14 85 5 , 77 16 5B 43 L il [a] 1 ik £ U 5L
T R LA B 200 A T W) ] R 2 AR R O R I I L . SR T A 2
f£4¢ Tabucol Y LB « BUME 10% 5% 2 LB 1 — o BUE
90 %6 4 A 1 55k el 1 TR Bk B 2 B 7 R 61 et
FIF LA S0 240 5 1% 4 Tabucol 1 L] o BUME K 10% , &
B2 Bl 1— o BUE N 90 % M 41 & 55 35 S Tabucol + .

R 52 35 45 R 43 AT o 14338 1 X 25 2R 110 5 w2 Sl ML AR Y
XA A A AR X TR A — B
L

4.3.2 sTEMG S

GHE—NE G REH m ZAMa ATURABR. Um=
nlogn AIRMER B E SR, S B G W& m >nlogn
IRF g 1 8 5T 5 0 R s i P SIS SRR B Y T £ Hoh
8] 2 T I 30 5 | 2 ) SR W %o 4t R 532 i K, 43 A Dt T Sy G o [
TR R0 2 1 i Y G PR TT s £ . A S0 U %D
L i 1) P A 1R LR e A 2 B n B o 2. R
MR A 552 56 25 5L 4 S0 0k 3 T D 1 AT 44T

(1) i . ]

2 2 BB & Tabucol & Tabucol + & — 3 43 1/j 2 8] )

2 RSP B 2 R X L
Table 2 Comparison of calculation results of simple diagrams
) 4 #r Tabucol Tabucol+
G_name Z color #suc/% #time/s # iteration Zcolor #suc/% #time/s # iteration
huck. col 11 100 0 1.9x10" 11 100 0 1.8x10!
jean. col 10 100 0 2.3%x10! 10 100 0 2.1x10!
led50_25a. col 25 100 0.01 4.77X10% 25 100 0.01 4.21X10%
le450_5c. col 5 100 0.18  2.98x10" 5 100 0.28  4.69x10"
mug88_25. col 4 100 0 2.5%10" 4 100 0 2.5%10"
myeciel3. col 4 100 0 3x10° 4 100 0 2x10°
myciel5. col 6 100 0 1.9x10! 6 100 0 1.9x10!
queen5_5. col 5 100 0 2.6%10" 5 100 0 2.3%10"
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ARAR 20 YRl 158 18 2 U (8,1 HLU S AR R, B O 5 1A 1 3 g
XFBATA K W mAR A KR . 258 Tabucol X fa] B 151 45 €5 4% 5]
RSN RGN &N e B e = i 3 D SR 7 E | I S s
HR BT /N A 200 5002 AR R E L B AT RR Y

AN

& 3 B & Tabucol +7£ — 435 22 1 I Y 0, 1) S 56 45
S, G55 R Tabucol + 48 B 2 i X 51| F Tabucol MR, L1
] G AREEE BB O BF RN TR AR B A BRI AL, X b
AR AL RFR 3 e R 1 AR /N A3 2 T AR 1 AR A . R AR AL Y %
A LUF 34D E R E I 5 — 5 R A7 R % 20 5w 4
Pt B4R 5 2) B EUR BRI Bk A ), O BT E A 5 Ta-
bucol $& B 1 fie /N €505 13 S dme 0 A 22 BEAR R 5 3) B A% 1 4R 3]
— WA RSB R A T REE R TR, B TR ¢
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Table 3 Comparison of calculation results of complex graphs

56 4 # Tabucol Tabucol+
G_name #color #suc/% #time/s #iteration  # color #suc/% # time/s # iteration
DSJC500. 9. col 126 20 815 2.76%107 126 10 1193.45 3.92x10"
r250. le. col 67 5 0.02  3.25%10% 66 10 0.62  3.84x10"
r250. 5. col 67 15 85 9.32%10° 67 20 118.63  1.59%107
r1000. 1c. col 98 30 1011 2.38%107 98 25 450.47  1,08x 107
r1000. 5. col 250 30 2094 2.94x 107 250 10 1342.91 3.43%x107
r1000. 5. col 249 10 2638 3.50%x 107 249 15 1154.25 2.78%x107
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