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Abstract: Table constraints define an arbitrary constraint explicitly as a set of solutions or non-solutions. Generalized arc consistency
(GAC) is the most widely used consistency for solving non-binary constraint satisfaction problems (CSPs). Simple tabular reduction
(STR), which dynamically deletes invalid tuples during search, speeds up the process of updating supports for variables and can restore in
constant time when backtrack occurs. STR achieves dynamically maintaining valid parts of tables during search, which has been shown to
be efficient for enforcing GAC. Recent research on improving STR mainly focuses on the compressed representation of tables. In this
study, a new algorithm is proposed based on dynamically maintaining valid parts of tables, which deletes invalid tuples and updates
supports when enforcing GAC on table constraints. The proposed algorithm is applied to original table constraints and can also restore in
constant time. Experimental evaluations show that the proposed algorithm outperforms existing STR algorithms without table
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compression. In some classes of problems, the proposed algorithm is even more efficient than state-of-the-art compression based STR
algorithms.
Key words: constraint satisfaction problem; simple tabular reduction; table constraint; generalized arc consistency
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stamp[c] 38 & 44 A {x,y,z},dom(x)={a,b},dom(y)={b},dom(z)={a,c}.
o [ 1) ERIM ¢ KT x BIA Bk, BRI position(c)[0]F] position(c)[10]H, TG % T x HIH R PE.8-th~
10-th JC 4145 M K5, currentLimit(c)=7.
o 1)K ¢ XT y BIE B, BRI position(c)[0]F] position(c)[7]H, ST =T y B R 2-th~
4-th, 7-th JCABMIER currentLimit(c)=3.
o 1(d) R ¢ 5%F z (A 20, RIS position(c)[0]81 position(c)[3] 7 JG4H 5% F z (45 2 .5-th . 0-th
TG M B, currentLimit(c)=3.
WZ,c FIHETAROTA N 6-th, 1-th JoAL.
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Fig.1 Demonstration of executing STR2* on the constraint ¢
K1 STR2*ERZA K ¢ LIHATE R

STR2*[¥1 45 2 #5730 BT 5000 1 S 12 47~38 26 47, 53093 7l o AR I (B 20 8 B0 S T I R 80 A7 S 11
AR AR AN R R AR A AR, WS 1T ROTH kAR 2 size=|dom(x)|INF, dom(x) Hh i A7 {8 2 4 3 52
FRVEBR TR R TR L RAE 20 4T 2 22 4T TR v R AR YRR 1D A% A TR N (R R, N SR A
Xevt.c T AL S AL RS BT ¢ 1R I TR R

&% 1. STR2*(c:constraint):set of variables.

1 Save currentLimit(c) to levelLimit(c)

2 foreach xescp(c) do
if stamp[x]<stamp[c] then

continue

w

for i=currentLimit(c) to 0 do
index=position(c)[i]
if table(c,x)[index]zdom(x) then
Swap position(c)[i] and position(c)[currentLimit(c)]

0 N o o1 b
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9 currentLimit(c)=currentLimit(c)-1
10 if currentLimit(c)=—1 then

11 throw inconsistency

12 Xevt«

13 foreach xescp(c) do

14 if xis assigned then

15 continue

16  size=|dom(x)|

17 dom(x)«&

18  for i=0 to currentLimit(c) do

19 index=position(c)[i]

20 if table(c,x)[index] dom(x) then
21 dom(x)=dom(x)wa

22 if |[dom(x)|=size then

23 break

24 if [dom(x)[=size then

25 setStamp(x)

26 Xevt=Xevtux

27 setStamp(c)

28 return Xevt

B % 2. setStamp(m:index of variable or constraint).

1 time=time+l

2 stamp[m]=time
21 ERENH

TR 1 AT 5 n ANJCALR r JTAH ¢, STR2*IS 8] 5 242 8 O(r+(Sval+Ssup)xn), H:H1,Sval 75 ¢ Hri
A stamp[x]>stamp[c] 4N %, Ssup Fo ¢ AR AR AR 5 B AN S

WA 1SR 2 4TRSS 12 AT 2R O(r) il e AL 4R 56 T DM AR RAT R ME I R 2% 0 O(n),
PRI, 28 1 823 I T 52 2% 20 O(r+Svalxn) AE ) 4 A Rtk B o) — AN R A S 20 O(n), Bl
I, 55 2 4 B IS IR) 52 2% Bk O(r+Ssupxn). STR2* (st IN 7] 52 2% & 24 O(r+(Sval+Ssup)xn). O

3 LWERKEASN

BAEAE U IER LR BB STR2* 5 STR Sk A8 M FH 521k B CSP KAl K 3¢, n] 7
http:/fwww.cril.univ-artois.fr/~lecoutre/# T 5. FeATTM IR T 1E 38 S, I35 236 2 £ 3 1) S0 A 460 o 1 2 3k
TR java 905 8178554 Intel i5@3.2Ghz 4 gs. 4GB 17 . windows10 64 471 R 4. [0 3148 2 % 1
dom/ddeg AR & & sy T ML AR &% 30 dom" 1) revise i % 3P4 A A S 451 £ SK g i) Bl 6008, T/O
FoRR R R FE L 6008, HTE FVAIFESR IS 1 AR ok K MR G 45 R

R 1R T STR2*, STR2 M STR3 72 41 5Ll 4 F -1 #3847 41 2R #4152 9] Sk 10 552 481 11
ANH;STR2*, STR2 FI STR3 43 il 37 3 FlvELVE 1)1 3438 47 i) ), B4 2 s;avgTuple & B8 R h R AR 1213
K/NavgP J& avgTuple 54746 26 20 90 K/ ) LGB avgSval J& B 2 Sval 1938 /N 6B 2 S E
T RN — AN S,
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Table 1 Mean results of different algorithms

&1 ARSI R

Instances # STR2* STR2 STR3 avgTuple avgSval avgP
rand-3-20 50 32.744 61.268 54.079 222.906 1.753 0.078
rand-3-20-fcd 50 16.343 34.709 29.868 224.488 1.752 0.078
rand-3-24 15 195.914 4T/O 4T/O 337.876 1.741 0.067
rand-3-24-fcd 17 80.814 196.757 168.854 329.807 1.738 0.066
rand-5-12 50 4.431 20.799 4.680 3077.072 1.998 0.247
rand-8-20 20 4.000 8.512 124.692 212.903 2.258 0.002
rand-10-20 20 0.024 0.052 0.132 451.551 2.634 0.045
rand-10-60 32 37.639 2T/O 68.038 12 161.600 2.461 0.237
rand-15-23 25 4.541 9.306 227.140 299.917 2.360 0.002
half-7-25 19 159.918 5T/O0 14 T/O 373.558 2.177 0.009
rand-5-2X 50 2.367 9.164 5.227 2512.614 2.536 0.100
rand-5-4X 50 13.553 60.470 37.335 2518.494 2.408 0.050
MDDO.7 8 150.795 4T/O 4T/O 1123.617 2.185 0.029
MDDO0.9 9 12.806 59.773 42.123 3751.315 2.188 0.096
bddsmall 35 3.192 7.073 M/O 4799.433 1.692 0.083
lexVg 63 1.025 2.085 1.802 356.549 5.530 0.177
ukVg 42 15.836 39.812 20.248 1 462.250 3.839 0.237
wordsVg 65 3.504 7.518 6.673 655.858 5.321 0.193
ogdVg 43 22.229 2T/O 15.029 5327.973 4.066 0.330
cril 1 188.401 269.538 423.871 28.797 1.660 0.026
tsp-20 15 1.689 2.742 4.087 33.143 1.529 0.022
tsp-25 15 26.743 43.750 70.690 20.782 1.453 0.014
jnhSat 16 0.383 0.560 0.745 28.713 1.770 0.322
jnhUnsat 34 0.164 0.252 0.311 42.254 2.008 0.493
modifiedRenault 25 19.715 35.547 31.741 284.347 2.395 0.205
varDimacs 9 36.421 36.373 78.712 2.437 1.827 0.497
aim-50 24 0.062 0.063 0.091 3.405 1.453 0.576
aim-100 14 43.092 42.630 63.289 3.516 1.361 0.593
aim-200 8 20.403 21.977 36.547 4.521 1.165 0.761

STR2*

STR2

STR3
Fig.2 Comparisons of STR2 and STR2*, STR3 and STR2* in duration for finding a solution
2 STR2 Fll STR2*. STR3 Il STR2* [ 3K fif iy < [ x5 bL

e STR2*VSSTR2

STR2*K H 48 i 30 4 4 Fe o AL A6 50 o I U7 12: 4k 7 GAC B30 235 =i T STR2. 4 avgTuple>>avgSval
B, STR2*AHXS T STR2 i1 A7 4 £5 LA b B8R 42+ 0 T — S8 3R 4 s AT /IS 1 52 461 ,avg Tuple 3 {055 T+ avgSval,
STR2 I STR2* 4k R 70 AL AEAT R 2 AR M #RARAR, P b S0 E I R BBl 38 1 AR 2 o 22 B mT LU Y STR2* 3%
AT STR2, 4R 2 Bt AT 2 45~4 f5 iR 48T

e STR2*VSSTR3

TE—SE 3R 29 AU AR /N (1) ) E STR2*45 25 118 H 0 2090 &5 40 13 B2 4 AN BUIG, SR A %6 = T STR3.
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T2 B0 b B A8 R W ) EAT, 70 20 28 B 4 Y R PR, avgP<30%,STR2* 4 - STR3; 75 2 $i 7 2H S 48 )
M 15249 I ,avgP>30%, 7 H R A A AR L 95 KL STR3 T STR2* WK L MK 2 v A K- v LLE a4k £ $
24 I STR2*MEF STR3;#EHB 4 SEH] I, STR2* AR & STR3 1 20 fi7 LA L.

BATREFER STR2* 5L F R K45 10 STR FLikdtAT 1 FHE L F R E 4610 STR K 20 B i1 A P 1
STRbit. % 2 H,STR2*F1 STRbit 73727 3 P ELVL I 11347 I 7], 5407 2 s. 8] 3 /& STR2*HI STRbit 24 Z %t tL
FR L R ] A AR — A Il S 48

Table 2 Mean results of STR2* and STRbit
F 2 STR2*#1 STRbit 1114 45 5

Instances # STR2* STRbit
rand-3 132 50.355 29.926
rand-5 177 23.426 17.080

rand-8-20 20 4.000 9.182

rand-10-20 20 0.024 0.047

rand-10-60 32 37.639 18.000

rand-15-23 25 4,541 14.174

half-7-25 19 159.918 143.964

bddsmall 35 3.192 8.401

crossword 213 8.935 2.762

cril 1 188.401 196.197

tsp 30 13.719 18.916

jnh 50 0.231 0.188
modifiedRenault 25 19.715 14.758

varDimacs 9 36.421 51.415
dubois 13 142,515 177.520

aim 65 122.287 148.462

STRbit

Fig.3 Comparisons of STRbit and STR2* in duration for finding a solution
Bl 3 STRbit Fil STR2* [ fift i 4 [ % L

e STR2* VS STRbit

S PSSR Ik B R AT OB AN 52 5) 1t aim, varDimacs A1 dubois, B Rl VR 4 RE T 4R TS
Ry BARAN #B LE MG, STR2* 45 2 T3 FH 14 5040 45 ey 187 2 4l 4P AN B SR AR R R AL T STRbit. 7F — 24041
A IR G RS BR 1 5245 B 50 dn rand-15-23. rand-8-20 A bddsmall, STR2*41 T STRbit, & it 2 15 iK%
TF.2¢ 2 Al LA Y, STR2*FE AT AT 16 25 i) (1 9 25+t T STRbit. i AN /] 5 1) F3U f S 491 45 v 1) S 49 A $e 22 ) e
K STRbit 2% 5 w4 rand-3. rand-5 F1 crossword X 3 25 i) f5 () 52451 g A4S Hie v 21 B A 8 SE 41 B 6006,
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1EE 3 H R E T A STRbit 782 K i BRI T STR2* AR,
4 B £

AR T — MR AR E4ERE GAC MEVE STR2* R 7 — M i I3 & 4 e e 41 A2 40 34GH0 43 (9 J V2. S5 50
£ AL 52, STR2* i GAC (3R KT STR2 Il STR3, I HL7E TG4 42 45 I e 1) i) 738 LA % G 2H 45 R 58 /N 1)
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