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An Approach of Solving Constraint Satisfaction Problem Based on Preprocessing
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Abstract  As an effective technology for solving constraint satisfaction problem, consistency
technology plays an important role not only in preprocessing, but also in searching. Firstly, this
paper proposes two new consistency algorithms called Pre-AC and Pre-AC* applied during
searching, which are based on the performance on an improvement of consistency during prepro-
cessing and information extraction. Secondly this paper presents two new searching algorithms
called BT+MPAC and BT+MPAC* by embedding those two consistency algorithms into the BT
framework respectively. Thirdly, after proving the correctness of Pre- AC and Pre-AC", this pa-
per analyzes their time complexity. It is evidently that the complexities of Pre-AC and Pre-AC"”
are O(nd) and O(ed”) respectively, which are apparently lower than O(ed’), the complexity of
arc consistency algorithm. In the experiments on several kinds of instances, efficiency of the pro-

posed algorithms is 2~50 times higher of that of maintaining arc consistency.
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BT-framework(CSP: P)

P’ < pre_process(P); / % pre-process phase * /
if (isnosolution(P’)) then return nosolution;
freevariables< P.X;
while (not empty ( freevariables)) do

/ % bt solve phase * /
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select a variable = and a value v for x;
x<v;
freevariables< freevariables— {x} s
push(P');
P’ < localconsistency(P’) ; / * local consistency * /
if (isnosolution(P’)) then
P’ < pop(P");
freevariables< freevariables\J {x} ;
return the assignments;
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R AR A HOR . 48 R BRI T 5 e T4
GBI Py kA7 5040 FERAE 45 58T 19 a8 P,y X 0]
P CKAR R X SR o, 15 B B F R A P, T
PA T o fiff 22 086 2 SE Rl AR 25 0 L 19 21— A7 1 - )
Py o T J5 R IX AN ] @ 17 SR e UG S 4 L G 2R 4
FlR 2 3% 1 [B) R U] S B [ ).
P, P, P,
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A= DGR cdeleteSAC[i a ], B 5 [ G 45 1)
support[iva ]l AN I o A6 AL B3 B o X0 F VG
a) €D, EA D=deleteSAC[i,a |Usupport[isal. B}
TEHE SAC AT b R B2 DN support [isalh
B th—ME AR E AL X MEB M BN EE G deleteSAC[i,
a ] mr B TR ) P ASCRAL B A5 3 B4 a)
P,=SAC(P,) ., % TV (i.a) € D' (D' &0 {8 P, K6
WO S deleteSAC i a I AFARAR B & SR < X
[P, AR R | LMk o G TS EIET RSN P, X
B K S A deleteSAC [iva JH A MR M P %
AL IX A RE R TE [R]85 Y. R B R AT
Ji SACH i i BB W i F iR, Hd S
deleteSAC[i a JWIHRAL 28 GX BLUH 45 i SAC 51k
1) FE LR ED.
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functionpropagatesubAC(in (X; D; C), in Q, k. ¢):

boolean

while pop j from Q do
for each (i.a) € D such that 3C; € C do

if not 36€ D; and C;; (a,b) then
Di<=Di\{a};
deleteSAC[k,c]<deleteSAC[k,c]U{(isa)};
Q< QU {i};
if D;= then return false;
return true;
procedure updatesubproblems(in (i;a): Value)
for each (j,b) € D such that (i,a) €support[j,b] do
support[jb)<—support[j.bI\{(i.a)};
deleteSACLj,b]<deleteSAC[j.01U{(i,a)};

QLj»b]<QLj.0o1U i}
PendingList< PendingListU{(j b))} ;
RS P Y R L propagatesubAC, IR AINET 2
Bk O MR G| HIR B A2 5 25 517 ek B0 A9 18 35K
D AHXT I deleteSAC. FE Y SAC 5k, &
YW support [isa ] # HH I - 500K 2% (5 A 21
deleteSACLisa . FIEH R 6,13 17 LB X D
i delereSAC 74l B9 A5 B AT 45 i 1Y
BRI FRAR 25 P B Pre- AC Y BLAE ly . F 24 28 & 4
LB I a W) HERE deleteSAC Liva ] AIME MK
UM TR] R rR RS 33 R At 38 21 1 % 48 R AR Y B H
18 5 DT 52 125 SR AR 038 A SR AE R i (B0 3 i v B
A7 B B8 U A R [T S8 0 BT SRk
Sy 519 AL R A 0 b 3L R R AT SR AL ORGSR
Fr.
Pre-AC & i%.
functionPre- AC(in P: Problem. (i,a): Value) : boolean
for each (j.b) € D such that (j.b) € deleteSAC[ira]
do
D;<-D;\{b};
if D= then return false;

return true;

Pre- AC R 25 £ £ AR J& A T 340 3B B 1 5
SRR SR A I L A MR A T e 4 RO AE 98 2l B b
1 B 1 200 B A A P A il A 9 2 [ R ) R
[, JE T 4R o 18 R AR BAR SV 2 A BORER
AESE BLIX — DI RE - Mo AH 2 BOR AR A A BOR 55
BB ATTBEA 78 53 1 A T FAL B R B A A7 S BE EE B
(2 BT AT EAROR B B | m AR A8 2 AL 7% L T FRAT]
(4 Pre- AC SEIE I AT L AEAT L9 AR AL 4 | 3X FF il BE st
A e A IS 8] O . K Pre- AC ik A B ik i ik 9
BT HEZL 133 (0T 2R M A AN IR 2 BT +
MPAC.

AW GESF Pre- AC A BEWS MR HE 15 9TUAH 28 1L AR
L REEZMITARME, WK 5 hAER X MY Z[H
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— SR Y RIME D TR X BRI 22 k. B
F bR X PIE 2 7R Y BB S AR S
(HRY H 1 AE E— W Pre- AC BOA T E &
BMBR) . it FATAT PIAE Pre- AC 533k B0 A 71
MOIE— 20 BORR A 5 S AN AL B AR ITE Pre- AC A0
ZJa K A=Ak S W AR A% G ) SICHE A S35 IR R o P
A I A A i A AE 24 R OG AR Y R A B A L Y
KA EZ I A ORI — 2 B9 A& 4 A PR XA T LLAE
AR IS [R] MR 8 0 5303 9 SR AT I 1) B ik 31— A He 8%
PR RHOR. AT X ik A2 J5 1558y Pre- AC™ 57
%FEmR.

Pre-AC" & k.

functionPre- AC” (in P,(i,a)): boolean

for each (j,6) €D such that (j,b) EdeleteSAC[i,a] do
D;<=D;\{b};
if D;=( then return false;
Q<—QU{j};
while pop j from Q do
for each i€ X such that 3C; €C do
for each a€ D; do
if not 36€ D; and C,; (a.b) then
Di<=Di\{a};
if D;=¢ then return false;

return true;

4 EFEMEMREDHT

PSR o R AR ST U O R AR
Pre- AC il Pre-AC™ HY 1 RE » A 79 %) 31X W A58 15 1Y

23 () 52 25 FE TN 8] 52 2% B8 AT 43 T TR BE X B AT Y
T A 4 I .

T 1. B Pre-AC Hl Pre-AC™ 4 fi 31 23
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a;) € deleteSAC i, a; ], #tm ] UG H (X, ,a,) &
support [isa; 1, 7 HF ). LA 503 Pre- AC 2
IER Y. 55 Pre- AC™ (IERA PR AT IE.  IEEE.

5 FLHHER

X BAE T = ORI R 43 S 2 BE ALY 2
SR A 0] R 22 LT 0 [ T A — S o 1) U 3K
FH] (benchmark) . 38 32 X 3 26 451 - (1) W3 7T LA R
WO A AR L R MAC FER0CR B & A
FEEEM 4R . 76 T B R . BT+ MAC REREL
Sy [ 9 5 vk P A A 4E 9 H R L BT + MPAC FI
BT+MPAC" 73| 2 7s 18 R i B 4 5F Pre- AC
FHZSPERN Pre- AC™ AHZSPE. 3% = i 48 2 53006 76 I 3
AR P R AR A P e /N1 U R AU g ] C+-+
BEEHAT 6 ERERT WK R 5 -
ff DELL Intel PIV 3. 0GHz CPU/512MB RAM; %%
4 Windows XP Professional SP2/Visual C+-+6. 0.
Forp A I3 10 YIBCE B Dy i i 46

(1) BEDL 2 o 36 2 41

Bl BIL ] 07 A e B AL L A= 8 T 24 oG A2 ) it
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[Fa) 5T P 2 FRRLASE T LAAR 91 2 B ) 1 R 45 i
T Ia) R A BEDLE BT DA 4 K 43 38 1] 24 oK figg 55
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BEDLZT R 2 ) A 4 DR S B eams prapa) s
Horp n ARRAZ T E L m AR R R/ GX
BRI T A A S S ORI AR TRD & oo AR I 24 TR
)R 8 B L B AR R 1 SR n X (n—1) /2
(SE 2 B A EO 0 HAE . p. WD ZTTA R
Py B BE . A SCRF R B Ry n=m =30, ZJ )% iy
0. 40, po 4t 0. 40~0. 61 2 [ia] iy Fi] 4] 47 ) 3, 552
A RAnE 6 A 7. K 6(p. T 0.40~0.50
) AT LA H L F T BT+ MPAC Fl BT+ MPAC™ £
FEIPATHOR ERRF L BT+HMAC 925 2~4 1.
mXFFE 7Cp, /T 0. 51~0. 61 ZJa]) , BT + MPAC

BT + MPAC™ 83k B 04T 2R & 30k BT +
MAC ) 4~9 f.

350

s00L —e— BT+MAC
—m— BT+MPAC
2501 —A— BT+MPAC’
L 200
E
E 150}
100
500
O 1 1 1 1 1 1 1 1
0.4 0.41 0.42 0.43 0.44 0.45 0.46 0.47 0.48 0.49 0.5
)2
B 6 [H(30,30,0.40,p:),p: 4/ F 0.40~0.50 Z [A]
18 —e
16 L —— BT +MAC
14k —8— BT +MPAC
12+ —&— BT +MPAC’
Lot
pg
z 8
6 .
4k
2 | .
0 1 1 1 1 1
0.51 0.52 0.53 0.54 0.55 0.56 0.57 0.58 0.59 0.6 0.61
V2
B 7 [E<30,30,0.40,p,) po /T 0.51~0. 61 Z i

(2) & B 45 o [0]

& 8, 0] 2 — A AE 28 8y [ 38 1) L, 02
29 SR AL ) i v Al HG LA R e M A ) . 3 e B L
AR 2 I 3 RE B Chttp://ai. uwaterloo. ca/~
vanbeek/software/csplib. tar. gz) , 43 il M3 P4 &5 4,
ATLAG € P 2 ] @t , HC rp B3 28 [a] U &5 A1 200 A>T
FA9T5 S50 R — 2 R) AR 4y S A i 1 G
i 1 P A 0 Cel T B B 2R 8 B A AT RE 2 — R
T L i AR B il 0 7T BE PR D o 43 il A7 iR
FECAL. W% 1 v BB i s B 2 [R) R i 31 2 0
filf BRI D0 J5 SR A I 0. AR 1 AT LAY I b R
XA N O, # dcolor [A] 8, FRATHY BT+
MPAC % #: fl BT+ MPAC" 8 1 i 047 30 % 12 R
HHEE BT+ MAC 1 10 % 1 X = Scolor [a] @1 fij
BT+MPAC B LA BT + MPAC™ 835 i $A 47
R JE BT+MAC BEE 1 50 5. 100 X5 A fi 1 5
JCitJ2 # 4color [} J& # Scolor [ {8, 5.3 BT+
MPAC #1 BT+MPAC" {447 RO &5 % BT+
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correctness of them theoretically. Besides, experiments show
that the proposed algorithms have a better performance. All
our algorithms mentioned in this paper were implemented in
C—+ + and embedded into the constraint solving platform
"Ming Yue 1. 0" designed by the authors. The idea of this
paper is inspiring since it does not follow the traditional
mode. Moreover it exploits the information enough in pre-
processing to reduce the search space and speed up solving
process by removing the inconsistent values. This paper was
supported by the National Natural Science Foundation of Chi-
na (grant No. 60773097).



