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E-mail: cheneh@ustc.edu.cn
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: NP
, (connected row-convex, CRC)
Deville , CRC ,
CRC . CRC , (row-convex, RC)
, PR ( P Q ) , CRC
on’dd, .n d
’ CRC
;RC ;CRC PQ ;CRC
: TP301 A
(constraint satisfaction problem, CSP) (D) SS
(2) S (3) S .CSP S
, CsP
. , , , CSP (constraint
satisfaction network, CSN), ; :
, , CSN
CSP . ,CSP NP- 1,
, CcsP ,CSP - , CSP
csp ; CSP,
CSP
, [5] ‘RC ,
[5.6] RC ——CRC , CRC
[5,6] , CRC
1
1.
* : 2000-06-10; : 2001-03-01
: (60005004); 973 (G1998030509)
(1968 ), 1972 ),
(1948 ),
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N=(Var,D,C),
(1) Var={xy,Xa, ..., Xn} Xi J=12,....n;
2 D=LHJDi xeD;,i=1,2,...,n,D; Xi ;
i=1
(3) C={ CjjIxi.x e Var,CijeDixD;,i,j=1,2,...,n}.
, (v\w)eC; Cij(v,w). N=(Var,D,C), d=
max{ |Di|li=1,2,...,n} ,arc(N)={ (i,j)|C;jeC,i,j=1,2,...,n}.
N=(Var,D,C), D; , D N, G
CijeDixDj, Cj Ci;eDixD; M;j .V veD;,weDj,My, =1 Cij(v,w), ,M=0
, Gij
2.
N=(Var,D,C), (vi,Vo,...,Vy) N Vv (i,j)earc(N),(vi,v) €C;;.
3. (RC).
N=(Var,D,C),C;eC,C; G ‘IR , , “1”
“0" . Gjj
4, /
M aM 0 () M ()
5.Cj .
N=(var,D,C) , GC; Xi\%; Ci Gy Gy
o G . Xi Di(Ci)),  Di(Cij)={v| 3weD,
Cij(vw)}.
6. .
N=(Var,D,C),C;jeC C; veDi(Cyj), Image(v)={w|<v,w>eCj} Y
G ,Image(v) Di(Cy) [W1, W
wy=min({ wiC;(v.w)});
Wiy=max ({ w| Cij(v,w)}).
Cij, V weD;(C;)),Pred(w,D;(C;)) w Dy ,Succ(w,D;(C;) w - Di(Cy)
D;(C;i) Di(Cy) , Succ(w),Pred(w) w
7. .
N=(Var,D,C),C;eC  C; Cij” [ab] [a,b].
b'> Pred(a)na’s Succ(b), G :
, —(b'> Pred(a)aa’s Succ(b)), b'<Pred(a)va’>Succ(b).
: [ab] [a,b].[ab]n[a,b]=a,
8. (CRQC).
N=(Var,D,C),.C; C.G; c/.Ci :Ci .Cii’
(5] Cy .Gy Cif on
Ci .G’
RC CRC CRC ( ).CRC RC , CRC
, CRC RC ; , RC , RC
CRC 1 RC CRC 1 , 1,
0. 1 RC CRC ,CRC RC
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RC constraints CRC constraints
Fig.1 Matrix representation of binary RC and CRC constraints
1 RC CRC
[6] RC , PQ- i U={u,
Ug,...,Um} - PQ U , , U g
U ; P Q ... P@®
(reduce) . , :Bubble  Reduce.Bubble(T,S) S PQ T
,Reduce(T,S) Bubble(T,S) .
PQ M 1 ( 1). 1,
M mxn (0,1)- M 0 f, O(m+n+f).
1 M 1
Boolean Procedure Consecutive(M)
Begin
Let U be the set of columnin M;
T=T(U,U);
Forj=1ton /iIn M
Begin
Let She the set of columns which have aonein row j;
T:= Bubble(T,S);
T:=Reduce(T,S);
if T=T(¢,¢) then return false
End
Return true
End
N=(Var,D,C), [6] N=(Var,D,C)
Findorder(C,n). on’dd, .n . n=|Var|d
,  d=max{|Dj|,i=1,2,...,n}.
2 CRC
21
1
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1111 1111
A= 1110 A= 1011 A A 2 4 ’
1100 1001
1000 1000
Rowlndex(A)=<(1,1),((2,2),(3,3),(4,4)>,Columnindex(A)=<(1,1),(2,2),(3,3),(4,4)>,
Rowlndex(A)=<(1,1),((2,2),(3,3),(4,4)>,Columnindex(A)=<(1,1),(2,4),(3,3),(4,2)>,
RowlIndex(A) A , (a,b),a b
.Columnindex(A) A , (a,b),a b
2. .
void Swap_Matrix (M,flag,n1,n2) //M Jflag ,n1,n2
Begin
int temp;

list *worklist; /! flag

if (flag==ROW) worklist = M.RowIndex;
else worklist = M.Columnindex;

temp = worklist[n1].b;

worklist[n1].b = worklist[n2].b;

worklist[n2].b = temp

End
2 . , n , 2
oY), O(n). :
’ mxn, m+n
3.
void indexmatrix(M) /IM
Begin

M.rowindex = (list*)mcalloc(indexnode,M.rowsize);

M.columnindex = (list* )mcalloc(indexnode,M .columnsize);

For(i=0;i<M.rowsize;i++) M.rowindex[i].a= M.rowindex[i].b =1i;

For(i=0;i<M.columnsize;i++) M.rowindex[i].a= M.columnindex[i].b =i
End

2.2 CRC

M mxn (0,1) ,CRC .M i i , i Image(i).min(Image(i))
i T ;max(Image(i)) i

1. min(Image(1))< min(lmage(2))< ...< min(Image(m));
2. max(Image(i))< max(Image(i+1))< ...< max(Ilmage(i+Kk)),
min(Image(i))=min(Image(i+1))=...=min(Image(i +k)), 1< itk m;

M CRC . 1, 2 CRC CRC .
CRC C , cC cC . C ,
1, 2 , CRC C max (Image(i))=max(Image(i+1))=...=

© DEEREBAAAIFUN bt/ www. jos. org. cn
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max(Image(i+k))  min(Image(i))=min(Image(i+1))=...=min(Image(i+k)),1< i,i+ks m c ii+1,...,i+k
1. CRC CRC .
C CRC ,row(C) C ,C' c
row (C)
() row(C)=1 ,C=C, ;
row(C)=2 , C , C=C/, , , )
, C CRC ,C' CRC .
2 row(C)=k , , row(C)=k+1 , [ab] ,Turbo([a,b]) [pred(a),succ(b)];
min(lmage(k+1))=min({ min(Image(i))|i=1,2,...,k}
Ck C k , C CRC ,Ck CRC
row(Cy) =k, Cx C,, C/ CRC
C kk+1 Image(k) Image(k+1),Cy/ k Image(k’ ),
JImage(k)< Image(k’);
Turbo(Image(k)) N Image(k+1)z &,
Turbo(lmage(k’)) N Image(k+1)z O,
C k+1 C¢ k+1 G G CRC . C/ on c
min(Ilmage(k+1))Z min({ min(Image(i))[i=1,2,...,k},
C C k , C CRC ,Cx CRC
row(Cy)=k, Cx G C CRC . ¢ 1,2,..K,
min(lmage(1'))< min(Image(2'))< ... min(Image(k’)).
C k Image(1),...,Image(k)),

{min(Image(1")),...,min(Image(k’))} ={ min(Image(1)),...,min(Image(k’))}
min(lmage(k+1))=min({ min(Image(i))[i=1,2,...,k}
min(Image(k+1))=min({ min(Image(i))}i=1,2,...,k}

R 3i {1,2,...k=1} ,min(Image(i’))< min(Image(k+1))< min(Image((i+1)"))
- G CRC
Turbo(Image(i’ )) N Image((i+1))= &
min(Image(i’ ))< min(Image(k+1))
turbo(Image(k+1)) N Image((i+1)')= &
C k+1 C¢ i’ (i+1) C¢ CRC
C¢ C
, ,Row(C)=k+1
.a@ %, m,Row(C) = m
2.CRC
CRC C
3. RC , CRC , CRC
:CRC CRC ;CRC
4. CRC RC
CRC ,CRC RC ,CRC RC
,CRC RC . CRC
) RC , . , CRC
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977

RC
2.3 CRC
CRC , 1 PQ 4
4. M T )
/IT  PQ
PQTree Procedure Consecutive(M,T)
Begin
Forj=1ton /iIn M
Begin
Let She the set of columns which have aoneinrow j;
T:=Bubble(T,S);
T:=Reduce(T,S);
If T=T(Z,9) then return NULL
End
Return T
End
Findorder 4 CRC , “  N=(Var,D,C), Var
C CRC ”
5.CRC
CRC_Findorder (C,n)
L={1,2,...,n} /In
For m=ndownto 1
Do
jelL, D :Viel,Gy ( j - )
I 4 G , T 4 )
I 1 4 T=T(D;D)
For i=1to ndo
If CjeCthen C;j’ RC ;
RC o ;
oy : ;
X m;
L=L—{j}
End
5, C, 5 , C CRC
5 ~ , RC N=(Var,D,C), Var
C RC ( [6] ).
~ RC . 3 RC
CRC
RC CRC , CRC ( ),CRC RC , CRC
4 CRC RC

© DEEREBAAAIFUN bt/ www. jos. org. cn



978 Journal of Software 2002,13(5)

6. 5 o(n’d?), n=|Var|,d=max{ |D[ji=1,2,...,n}.
~ 5 orn’dE.  ~ C
n 2.
c , ICI= ik |CI=O(n%), , ,
O(d), o(d?) . : 5
O(n%dd)+0(n?)x[O(d)+O(d)+0(d?)]=0(n°c?).
[5] CRC CRC , [6]
o(nd? , 5
3
CRC , , CRC
[5] b CRC
, CRC ) , CRC
, csp CRC
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A Fast Recognition Algorithm of CRC Constraint Networks*
CHEN En-hong, ZHANG Zhen-ya, WANG Xu-fa

(Department of Computer Science and Technology, University of Science and Technology of China, Hefei 230027, China)
E-mail: cheh@ustc.edu.cn
http://mail.ustc.edu.cn/~zzychm

Abstract: Constraint networks provide a useful framework for the formulation of many problems in computer
science. In general, constraint satisfaction problems are NP-Complete. Many problems specially restrict the
structure of constraints or the form of the constraints, then allow them to be solved efficiently. For the identification
of such tractable constraints, much work has been devoted to the study of special classes of constraints or constraint
networks. As pointed out by Deville et al., a class of connected row-convex (CRC) constraints is shown to be
tractable. This paper intends to find an efficient recognition algorithm for the class of constraint networks. In this
paper, a standardized form for the CRC constraint matrix is proposed based on the related findings on CRC
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constraint networks. The basic characteristics of the standardized form are analyzed, and a fast algorithm is
provided for the recognition of CRC constraint networks based on a recognition algorithm of the RC constraint
network, properties of PQ tree (a tree composed by P nodes and Q nodes)and an indexed matrix representation of
constraints. The time complexity of the algorithm is O(nd®), where n is the number of variables in a constraint
network and d is the maximum size of the domain for each variable. It reaches the optimum time complexity for a
CRC constraint network recognition algorithm, and hence provides a feasible solution to practical CRC constraint
satisfaction problems.

Key words: binary constraint network; RC constraint network; CRC constraint network PQ-Tree; the standardized
form for CRC constraint matrix
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