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Abstract: Some variables in a constraint-based configuration model may not have any immediate or indirect
relationship between them; therefore, these variables will never intervene with each other in a constraint
propagation. According to this characteristic of configuration, this paper proposes a preprocessing approach based
on equivalent class partition, which can be used in the process of building the product model, so that the original
configuration problem can be effectively divided into several sub-problems, and these sub-problems can be solved
independently. The two backtracking-strategies are used in testing this method. The experimental results show that
this method can effectively improve searching efficiency. Moreover, the method is integrated with the
QUICKXPLAIN algorithm to compute conflict explanations, and the result show that it can also improve the
efficiency of the algorithm.

Key words: constraint satisfaction; configuration; equivalence class; backtracking; conflict explanation

B B ATHRGREEAFT LA LT EINFAEEMABERAFGHRXZ IHG T EIRRTHR
TS AR AL A T E PR X — 4 8 3 T —F S M AR 900 S48 0 T M = AR R AT e TR B4
KT A BN R AL X 5 4 2 FF AL, B T 3X 2 F )2 T vA o051 & 224 51 KA P At ) ) SRomi xR g A it
7T MK, R AR RS H BOLR FH R BAE BB FMEX S k5 EMAF QUICKXPLAIN Mk & At B
o RAEHE, MR R A, BT FN R R 05 FIAET A B Gt g AR eg 2k

KEER:  HRBEREFNE @A R

HEESZES: TPISI X ERFRIZES: A

LA R0 ML ] 8 (constraint satisfaction problem, & #% CSP)!E A T4 BE A — AN/ T 2L/ 43 32,18 £ N 1)
i 850 T DA £ A AR ) ke S T V- R P G O R VR R I AR 4 B A )

« FEGTUH: EFRAREERESE (60773097, 60873148, 60973089); ¥ M4 FHE K i 114120071106, 20080107)
Wk I T] s 2009-04-29; 16 XU 18] 2009-11-26; 5E Rt A]: 2010-01-05

© HEBEERAET hipd/ www, jos. org. cn



930 Journal of Software A5 3R Vol.22, No.5, May 2011

CSP=(X,D,C), i X 32— MHRKMERRES (x1.x0,...x, 1D EJTH & BN N KEE{D,,D,,....D,} & D,
XoF I x; IRAE 30 C S — N R 20 AR B — AN 2 o0l A i) R e e T AR o AE LB D, s I — M
MR —ANEA ST S h T AR S IE I . C i I6) T 240 R 240 R0 A2 i) R S B 2 b A AN a3 ik
5 3 BT T S o ) 705 20 o AL o S (1A e Lo T ) S AR, L4 R T 0 e g e AN S A R
i W A S AR b S B PR oK 2 AR R ) R R R e e AR e S 2R R SR AR 2 S [m] e R Ik
(backtracking, i Bk BT)PUE — AN 58 # AOAZ O 50 (H 1 T L R AR BAR, H i C 2 1R D bl R H s okl ik
5N (] I B 5 o S S S ML R T SR AR ALK 1993 4, Ginsberg 3 H 1 3 2 5] 99 7 92 B [ i s s 1 e R
AR AZ 7 V0 A A 2 Vv (1 A 5 PR A i S, 1 R e R — L R 224 7 2 R A A (L e 7 R A o i s
B A% L P08 T4 224 T2 5 ) A o 0 2 B 5 L4 [ 900 T 1544 7 2 8 G 9 0 28 B A P B oK 8 4 T FE R T4,
PR T 3R T I 5 U)o 4 SR A R e R T N 31 BT SR HE S 4 AL B 32 ZE LT A R Ay
FL I A F A L AC3PLACAT I AC200171 4 £ %1994 4F Freuder # H T 4E 5 9 AH %% (maintaining arc
consistency, i Fk MAC)PL.MAC 757 8 22 1 F5t v 4 35 9 20K A R BB 5 R AC Sl AT 20 s
P, 2 A3 3] — AN DI 25 1R R UG AE Bl By, 75 U AE R I MAC 2 — A IR I R B TR A e b i 72
rh Y FE K B I TR, DR U, 2008 AR AN it 5T R R % A AR N B T — iR T AL B 24 SR AL ) K i AR
BT-+MPACY % 55 15 3K A 5 5606 T A 2% B 0 A7 1 Ak 3 465 AN AR 8 PO L 53, 7 SR A 3o 2 v s AX K 2 1) i P 2
OB o T T IR 25 4k 7 T 404 14D I )

BT LS P ) OV R R (0 240 SR A ) R, 7 SR T R A X Y CSP R I XA AN
SR T TG AR (R B A5 %R CSPHp (K] D, 231 2 B B A8 2 18] [ ) 49 56 R R %I CSP AP (1) €5 3% T 4 31
T 1) AR L FC ] R LA 3 AR R

(1) 7= R T I 30 P9 AN 25 A

(2) TCH i) BRSO A v o St IR 58,0 T 4 5 P R AT I TR A A R 4 HH b SRR

(3) T o A4 7 it R O St 24 SR R A 14 T, AN [ 7 38 44 2 TR) R e AN A7 R 249 R G 3R, 1)

BERY ] BEAFAE — LA G AR Bt

2y R A ) SR AR B9 5 A 3 T ) AR A, R A AR A M A SRR AR O R LR — A CSP R L
B T B S 57 4 B AT DU o R 56 € F) — BUME SR 56 A I X i B AT B 2 T ) R R AR A 1L
AP T PR A T o A 43 3 AR (¥ S SCiR[11,12]

A, TSR 5 10 32 4 g R N SCRIEAR A B R U482 N SRS 75 B0 SR 22 I A AH 2545 2, L g R AR
Foht ATMS 7L AR R AR 2L QuickXplain!"> 4 A4, 1% 75 1A 75 B0 SR AH O A MM SR A B 47 B, e 3 S e
SR SRFH 43 S I HLnT LUARAE FH P (60 405 45 BR AR R 2 F S AR R 1Y) - TV

H TG V88 B 745 [ 5 258 . BT+MPAC HEAT I il 0S8 6T, 21 SR ) 50 e AR gt SR AT 43 248585 380, D0 ] LA 9k
/b — 60 FY 1) [T R 3t ) 4 R R ATMS D7 v F S AR R 15 BB i o, ol FH A RVROR, O LA 2 0 2 52 2
QuickXplain 15 MRERE 7 10 AR IE S T ATMS J7 v (1 i B, AL 1h 3-8 4 R 2 3 ) (45 R T 43 84 3, I
1M A T P SRV AR /N e 5 e v i T AR 22 T8 R S AR

AR SCEE X TG ) AR a3, 4 R A SR 43 0 7 vk T 4 SR T ) R R AT ) AR A S TG TG
) 50 ) AL B30 Jo A5 AP 2SR 43 7 s g D ) REASE AR A3 i kg JUAS il R ) A R, B v SR AR R U R .
T T AL 24 SR R 10 RSLADL Y P G A T, S 5 4 SR W6 T RT3 A £ BE AL ) L B BT+MPAC 55
VRBEAT SRR I AR AT Y AR R AT T 0 48 5 SR O I BRI AR A T LA R 3000 5 A L
I3 FH B0 25 [l 990 SRV AT SR A I, 5 A7 Rl 4 T Adk B 1 B0 V28 0 3 A Il AR AL K I A A W S 8 s 55 M T IR
2 N 20 QuickXplain 53454 THEMEREI, 15 )5 A ¥ QuickXplain 5 AH b AT W 5 ook /D> — SO A 7 1) T8

ARSCH 1 AT SRS SR K VRS 2 T R AE B I AN AR 43 I SR A T I SOk 5 3
ST TSN ZE R 1K) QuickXplain HUIE KR 55 4 3545 7 SR MR RN MRE 19 Dy THI 10 512 56 45 L s 4 Hh 4 e
R,

© HEBEERAET hipd/ www, jos. org. cn



FEW FATEM AR S0 E RS BT os1

1 EMENS

h T E T A ) R FRAT T T I e 1 2 TR A ) R BR T s 2 SR e SCHR[ 16,1714 HY AR A AR R
WP Sk e il 5 AR 5 AR L BRAT S IE XA — A CSP 1 X={a,b,c,d,ef},D={1,2,3,4} (KRR GANAE &
I IR — ), C={azd b=e,c>e f>d} AEX AN LI R 2 18 T ,a IE TG IR BREHATAREHBASZmE b
A [FIRE f BB AL AN 252 00 3 b (U HE— 2P WA TRAT R N ,a BENE T I 29 A AL 7G5 0 20 1 U fd AN
. FFE SR a,dd W af XK a.f,d 2 [0 I 20 A% 37 AR R0 ,b,c.e TAHSEM, {a,d f},{b,c,e} X IR A
r (1 A B A TG VS B W 1) 53 A — A S A P 7R S R A5 o SR AR B RS A 2R A ) 4%=4096 4t J5 ] 4 1 N
AT S R A AR K 42 +4°=128,12 18 a-b-c-d-e-f (WA 7 R P T80 313k 306 47 SR AR, i 004 e 1) 1
JiR.

Bl 1A 2 F RoR IR RN R AR TS RO R B, 2R B B 1 R R IR AT 9 IR 3
B, 0 ¥ L AL TR B A A B S {a.d f, {(b.ee) S FFIRE G EBIE 2 FRilamtkET 6
YR IET0, P i L3 T = 380 P A — A 140, AE 4 i [P 90 o 0 S22k 2D . 0 1 A R i S ok 2480 v 11 i) 850 4 8t S
ALIRATIEA Hh— 8 5E 3L

a
1] 1]
b | d
1 N2
l/ ¢ \2 F 1 4 3
/I\
1 4 3 1 d 2 F 2F
/2| \ /\ 1|
F e e F e ¢
1
3 1/[\3 1 2
F F F FFF S e e
N m !
1 2 2
r F S F F F S
Fig.1 Searching tree with order abcdef Fig.2 Searching tree with order adfbce
Bl 1 abedef T R Bl 2 adfbce il T 48 2 A

EX 1(EEEX). ST —A CSP MEWX,D,0),MRHA xieXxe X, I HATE—%LIWK ce CAHR xeX(0),
x2€ X(0), JUBK xy,00 ZIAEAE BEEAH KR K R I X(oRRE ¢ HRMERES.

EX 2(E3FEHEX). ST —A CSP M (X,D,C), WHEH x,e X6 X, 3 HAFE x;e X, & x, 5 x; ZAFAEH
FANK KR 32 5 x5 ZIMAFAE A DR R, UK AN & x) 5 x, Z MIAFAE AR R,

TE X (AR RR). EEAHHRI A KGR A M LKA,

PERT 1. MR BA M ML B SR xy ey Z AP AEAR DGR R ey, Z AR AR AEAE D80G 2, 00 x5 Z ]S
TEAEAH R K R,

EX 4(ZFEME). X T—4 CSP HBWX,D,C), TMK—ANLRES X ZIXA CSP n] B — A5 2,
X S A

(1) X X4

(2) XM R AR B 2 WA AAAE A DR OR R

Q) XHHMTEZRE x 5 XX HHTRER y ZNEAFEM KR

N LA SR A ) A — AN AN A I — AN T T B R — A A SR A ) S (AT S AN AR B AT A
AHIE IR R, R AN 2 S0 2 ) TR 3 H — A DL R S50 8 URRIX AN CSP 1) 4 AN AR S 2.

X —A~ CSP @ (X,D,C), & B — AN SEM IS E il i 3 P &% 1 /3310

© HEBEERAET hipd/ www, jos. org. cn



932

B 2 [ LUK CSP ) BRI 43 B TS 1 e L

HRABEM I 3 PTR).

Algorithm 1. Computing an equivalence class.
Get_a_Subset(X,D,C)
Begin
X={}
if X is not empty then
choose a x; from X
X=X'U{x};
else return X is empty;
while get a x; that is not dealed from X" do
X'=X"U{all the x; that associate with x;};

Journal of Software A5 3R Vol.22, No.5, May 2011

HIANAR S A B8 ORI 50, 55005 2 fnth P 14 2R

Algorithm 2. Computing all equivalence classes for a CSP.
Decompose(X,D,C)
begin
while X is not empty do
onesubset=Get_a_Subset(X,D,C);
X=X-onesubset,
subsets=subsets\U{onesubset};
return subsets,
end

x; is dealed;
return X’;
end

Fig.3 Equivalence class partition algorithm description
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Algorithm. QUICKXPLAIN(B,C,<). Algorithm. QUICKXPLAIN'(B.E,C,<).

if E#Q and not isConsistent(B) then return &;

if C={a} then return {a};

let ay,ay,...,a, be an enumeration of C that respects <;
let k be split(n) where 1 <<k<n;

Cy:={ay,ay,...,ar} and Co:={ap+1,Ak+2,...,0n};
E»:=QUICKXPLAIN' (BUC;C1;Ca;<);
E:==QUICKXPLAIN' (BUE>;E»;C1;<);

return E,UE;

1. if isConsistent(BUC) return ‘no conflict’
2. else if C=J; then return null;
3. else return QUICKXPLAIN'(B,B,C,<);

P NN R WD

Fig.4 Description of QuickXplain algorithm
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Table 2 Consistency check times with equivalence class partition
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Fig.6 Experimental results of dynamic backtracking
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